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Preface

Dear Colleagues,
I am delighted to present the third edition of The University of Toronto Surgical 

Oncology Manual. This is a collaborative work between the breast, general surgical 
oncology, hepatopancreatobiliary- transplant and minimally invasive fellowship 
programmes at the University of Toronto as well as our colleagues in medical oncol-
ogy, radiation oncology, plastic surgery, thoracic surgery, interventional radiology, 
dermatology, geriatrics and pathology.

The manual represents a concise, usable and practical manual for the busy resi-
dent, fellow and staff looking for the latest information on cancers that are treated 
surgically. Although the focus of this manual is surgical treatment of cancers, we 
have also included discussion of systemic and radiation treatments and how these 
treatments interact with surgery as well as non-surgical loco-regional therapies 
administered by surgeons as it reflects our current practice.

For this particular edition, we have introduced three new chapters: geriatric sur-
gical oncology, which will be an increasingly large focus of our practice, oesopha-
geal cancer and malignancy of unknown primary.

I am truly grateful for the many hours of work all present and past authors and 
editors have put into both this current edition as well as previous editions. Thank 
you to all for all your efforts.

With Thanks,

Toronto, ON, Canada Frances C. Wright, MD, Med, FRCSC MD, Med, FRCSC 
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 Adrenal Incidentaloma

 Background

An adrenal mass identified on an imaging study performed for reasons other than can-
cer staging or adrenal disease is considered an incidentaloma. Typically, this refers to 
lesions that are 1 cm or greater. According to autopsy series, clinically inapparent adre-
nal masses have a 2.1% prevalence, increasing up to 7% among those 70 years of age 
or older. However, literature reviews report an incidentalomas rate of 1–5% [1–3]. 
These lesions can be classified as functional or nonfunctional benign masses, and 
malignant tumors. More than 80% of incidentalomas are nonfunctional tumors, with 
cortical adenomas dominating as the most commonly identified incidentaloma. Of the 
remainder, approximately 5% cause subclinical or clinical Cushing syndrome (SCS), 
5% are pheochromocytomas, 1% are aldosteronoma, while <5% make up adrenocorti-
cal carcinoma (ACC), and 2.5% are a metastatic lesion [4] (See Box 1.1).
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 Workup [4]

• When an adrenal mass is identified on imaging, the patient should be evaluated 
further to determine these key features that will help direct future management:
 – Determine if the tumor is functionally active (i.e., hypersecreting adrenal 

hormones)
 – Determine the risk of malignancy

• This should start with a detailed history and physical examination of the patient. 
The exam should focus on signs or symptoms of hormone excess, a personal his-
tory of cancer.

• To determine if the lesion is functional, a biochemical evaluation is required (see 
algorithm 1). Finally, a detailed review of the imaging which identified the lesion 
is required, followed with any further imaging, if necessary (Fig. 1.1).

 Imaging
• Imaging is used to help distinguish between the different types of adrenal lesions 

in Box 1.1. Most adrenal lesions are described with CT scan or MRI [2].
• Adrenal CT protocol, which includes an unenhanced, early contrast-enhanced 

and delayed contrast-enhanced phase can help identify adenomas and differenti-
ate lipid-poor adenomas from other lesions [2].

• While a formal adrenal protocol can help differentiate between adrenal adenoma, 
pheochromocytoma, metastatic lesions, and possibly adrenal cortical carcinoma, 
it does not take the place of formal biochemical testing [4].

• To differentiate the diagnosis of an adrenal lesion, radiologists rely on several 
imaging characteristics, including contrast enhancement, washout, and the 
Hounsfield units of different tumor types (see Table 1.1).
 – Size can be helpful to determine risk of malignancy as larger lesions have a 

much higher rate of cancer than smaller masses.
 – Specific criteria which increase the risk of a lesion include size greater than 

4–6 cm on CT, tumors with ≥10 HU, a delayed washout of contrast (<40% at 
15 min), calcification, irregular margins, or invasion into surrounding struc-
tures are all concerning features for malignancy [4, 5].

 – Malignant lesions typically have rapid initial enhancement with slow wash-
out, in contrast to adenomas where contrast washout is rapid [5].

Box 1.1 Differential diagnosis for adrenal incidentaloma

Functional 
Tumours

Pheochromo-
cytoma

Cortisol 
Producing 
Adenoma

Aldosteronoma Primary Adrenal 
Hyperplasia

Nonfunctional 
Tumours

Adenoma Myelolipoma Cyst Ganglioneuroma

Malignant 
Tumours

Adrenocortical 
Carcinoma

Metastases

M. Hamidi et al.
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 Management and Follow-Up [4]

• There is a risk of mass enlargement or becoming functionally active.
 – One-, 2-, and 5-year risk of growth is 6%, 14%, and 29%, respectively.
 – One-, 2- and 5-year risk of hypersecreting hormones is 17%, 29%, and 47%, 

respectively.
• Therefore, lesions that do not meet criteria for surgical resection should be 

followed.
 – Repeat imaging at 6 months, then annually for 1–2 years.
 – Repeat functional testing can be considered.

History and physical examination
biochemical testing*

CT/MRI

Adrenal
incidentaloma

Positive

Biochemical testing

History of
cancer

No

Yes

Consider FNA-guided
biopsy for suspected 

metastasis

• Overnight 1mg dexamethasone
  suppression test (DST)
• Fractionated metanephrines
  and catecholamines
  (24-hr urine)
• If hypertensive, PAC and PRA

Confirmatory
testing • Repeat imaging in 3-6

  months then annually X
  3 yrs
• Repeat Hormonal testing
  annually X 5 yrs

• Unenhanced CT attenuation
  >10 HU
• Contrast washout <50% at
  15 min
• Irregular/heterogeneous/
  invasion

Suspicious imaging featuresBenign features

Consider surgical
resection

Growth >1cm
or gains

autonomous
hormonal
secretion

Negative

Fig. 1.1 Algorithm for workup and management of adrenal incidentaloma [23, 24]

1 Tumors of the Adrenal Gland
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 Indications for Adrenalectomy [4–6]

• Functional tumor
• Malignancy/potential malignancy (heterogeneous, irregular borders, invasion of 

surrounding structures, size ≥4 cm)
• Local symptoms
• Uncertain diagnosis
• Growth of >1 cm

 Functional Adrenal Tumors

 Pheochromocytoma

 Overview

 Workup
• All incidentalomas suspected of pheochromocytoma should be evaluated through 

history and physical examination.
 – Episodic headache.
 – Sweating.
 – Tachycardia.
 – Palpitations.
 – Tremor.
 – Hypertension.

Table 1.1 Imaging characteristics of benign and malignant adrenal masses [2, 4]

Lesion type CT MRI
Benign adenoma Homogenous, well-defined

Typically <4 cm
<10HU on nonenhanced scan
Enhanced CT scan with 15-min 
washout ≥40%

Low T2 signal intensity on MRI
Loss of signal intensity on 
opposed-phase chemical shift 
sequences on MRI

Pheochromocytoma Vascular
>20HU on nonenhanced CT scan
<50% washout at 15 min on 
contrast-enhanced CT scan

High T2 signal on MRI

Adrenocortical 
carcinoma

Large, heterogeneous, irregular, 
possible invasion into surrounding 
structures
>18HU on nonenhanced CT scan
Enhanced CT scan with 15-min 
washout ≤40%

Bright on T2-weighted MRI
No loss of signal intensity on 
opposed-phase MRI images

Adrenal metastases Irregular nonhomogeneous
>20HU on nonenhanced CT scan
<50% washout after 15 min on 
contrast-enhanced CT scan

Intermediate to high intensity on 
T2-weighted MRI

M. Hamidi et al.
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• Investigation for biochemical evidence of pheochromocytoma using measure-
ment of plasma fractionated metanephrines and normetanephrines (more sensi-
tive) OR 24-hour urinary metanephrines and fractionated catecholamines (more 
specific) [9] (see Table 1.2).

• If metastatic pheochromocytoma is suspected, further imaging may be indi-
cated [9].
 – MIBG scan.
 – Somatostatin receptor-based imaging (i.e., 68Ga-dotate PET/CT scintigraphy)a.
 – FDG-PET/CTb

a68Ga-dotatate PET/CT is more sensitive than somatostatin receptor scintigraphy 
for determining somatostatin receptor status [9]

bBoth FDG-PET/CT and 68Ga-dotatate PET/CT scintigraphy have >90% sensi-
tivity, but signal intensity was significantly greater in the latter, with lower back-
ground activity [10]

Table 1.2 Workup and management of pheochromocytoma [4, 25]

Workup
Perioperative 
management

Surgical 
management

Adjunctive therapy 
(malignant disease) Follow-up

History and physical
Laboratory 
investigations
Consider 
confirmatory test
(i.e., clonidine 
suppression test)
Imaging
Thin-cut spiral CT 
or MRI
MIBG scan (to 
assess for multiple 
tumors or 
malignancy)
  If MRI/CT 

negative and 
diagnosis still 
suspected

  >10 cm adrenal 
mass

or paraganglionoma

Preoperative
Alpha 
adrenergic 
blockade
Fluid and 
electrolyte 
repletion
Beta- 
blockade 
after 
alpha- 
blockade, as 
needed

Benign disease
Laparoscopic 
adrenalectomy
Minimal tumor 
handling to 
decrease excess 
catecholamine 
surge
Early division 
of adrenal vein 
in laparoscopic 
anterior 
approach
Close 
communication 
with anesthesia
Malignant 
disease
Resect primary 
and metastatic 
lesions if 
possible to 
reduce 
symptoms of 
hormone excess
May improve 
efficacy of 
subsequent 
treatment

Chemotherapy [7]
Consider in 
unresectable or 
rapidly growing 
tumors
Combination of 
vincristine, 
cyclophosphamide, 
dacarbazine, 
doxorubicin
~50% will respond
Radiation
For bulky 
symptomatic 
primaries
Bony metastases
I-131 MIBG [8]
If tumor takes up 
MIBG (60% of 
tumors)
Response rate of 
30%
Consider 68-Ga 
DOTATE or PRRT

Completely 
resected 
disease
Q6–
12 months
  H&P
  BP check
  Plasma 

metane-
phrines

Annually
  Consider 

imaging
Incompletely 
resected 
disease
Q3–4 
months
  H&P
  BP check
  Plasma 

metane-
phrines

  Imaging

1 Tumors of the Adrenal Gland
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 Perioperative Considerations
• All patients should have α-adrenergic blockade for 1–3 weeks preoperatively [4].

 – Always start with α-blockers (e.g., phenoxybenzamine 10  mg BID or 
doxazosin).

 – Titrate dose until patient is normotensive or intolerable side effects develop 
(i.e., orthostatic hypotension).

 – May need to add β-blockade if they have persistent tachycardia or arrhythmias.
Propranolol 10–40 mg q6–8 h most commonly used.
Must not use β-blocker if alpha-blockade not optimized.

• Encourage liberal fluid and salt intake to counteract the intravascular volume 
depletion caused by pheochromocytoma.

• Intraoperative hypertension should be controlled with nitroprusside, nicardipine, 
nitroglycerine, or phentolamine. If tachyarrhythmia develops, treat with esmolol/
lidocaine.

• Monitor for hypotension and hypoglycemia in immediate postoperative period
• Hold all antihypertensive agents postoperatively; add back agents as needed as 

some patients have underlying essential hypertension.
• Do not abruptly stop β-blockers in patients treated chronically, especially older 

patients with ischemic heart disease [4].

 Genetic Testing
• 25% of patients with pheochromocytoma have an associated genetic syndrome 

[4, 11].
 – These patients tend to present at a younger age and some with bilateral 

disease.
• Autosomal dominant familial disorders associated with adrenal 

pheochromocytoma.

Von-Hippel-Lindau (VHL) [12]
  Pheochromocytoma (20%); paraganglioma; hemangioblastoma; retinal angioma; renal cell 

carcinoma; pancreatic neuroendocrine tumors; cystadenomas of pancreas, broad ligament 
and epididymis.

Multiple endocrine neoplasia type 2 (MEN-2) [12]
  Pheochromocytoma (50%); medullary thyroid cancer (100%); primary hyperparathyroidism 

(20%); primary lichen amyloidosis (5%).
  Only 3–5% of pheochromocytoma in MEN-2 are malignant.
  Highest risk seen in RET codon mutations 918, 634, 883).
Neurofibromatosis type 1 [12]
  Pheochromocytoma (2%); café au lait patches; CNS gliomas; cognitive deficits; bony 

abnormalities.
Familial pheochromocytoma [12]
  Germ-line mutations of genes encoding succinate dehydrogenase subunits B, C, and D.
Individuals with succinate dehydrogenase B mutations are more likely to develop malignant 
disease [13].

M. Hamidi et al.
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• Due to a high association of pheochromocytoma with genetic disease, all patients 
should be considered for screening.

• Testing includes mutations for RET, VHL genes, and subunits of succinate dehy-
drogenase genes [4].

 Cushing Syndrome

 Overview

 Workup [4]
• Patients should also be evaluated for cardiovascular and metabolic comorbidities 

(diabetes, hypertension, osteoporosis) along with signs of hypercortisolism:
 – Weight gain.
 – Proximal muscle weakness.
 – Easy bruising, striae, skin atrophy.
 – Central obesity, dorsal cervical fat pad, “moon face.”

• Severe hypercortisolism suppresses immunity and predisposes to severe infec-
tions [16].

• Patients with an adenoma without physical signs of hypercortisolism may have 
subclinical Cushing syndrome (SCS) and require further testing (see Table 1.3).
 – A diagnosis of SCS is still controversial, and many consider it a continuum 

between no functional excess and Cushing Syndrome; however, many con-

Table 1.3 Workup and management of cortisol-producing adenoma

Workup
Perioperative 
management

Surgical 
management Medical Management

History and physical
Laboratory 
investigations
Screen with one of the 
following [14, 15]:
1 mg overnight 
dexamethasone 
suppression test
Midnight salivary 
cortisol (≥2)
24-h UFC ≥ 2
Confirmatory testing 
if +ve
If hypercortisolemic, 
perform serum ACTH 
(8 am
cortisol)
Imaging
Thin-cut adrenal 
CT ± MRI

Preoperative
VTE prophylaxis 
(>10-fold greater 
risk of VTE)
Manage 
hyperglycemia
Manage HTN
Postoperative
Maintain 
glucocorticoid 
therapy—may need 
stress dosing
Manage 
hyperglycemia

Adrenalectomyb

  Unilateral for 
confirmed 
cortisol-producing 
tumor

  Bilateral for 
AIMAH or 
PPNAD

If surgical treatment 
not possible or to 
control cortisol 
secretion while waiting 
for surgery
  Agents include 

metyrapone, 
ketoconazole

UFC urine free cortisol, AIMAH ACTH-independent macronodular adrenal hyperplasia,  
PPNAD primary pigmented nodular adrenocortical disease

1 Tumors of the Adrenal Gland
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sider the diagnosis established if the serum cortisol is >5.0 ng/dL after a 1-mg 
DST [4], while excluded if ≤50 nmol/L (≤1.8 μg/dL) [6].

 – May need a 2-day low-dose DST to confirm the diagnosis—consider referral 
to endocrinologist.

• The overnight 1 mg DST should be administered at 11 pm and fasting plasma 
cortisol and ACTH level measured between 8 and 9 AM the following day [4].
 – Cortisol suppression <1.8  ng/dL has the best negative predictive value for 

Cushing syndrome.

 Perioperative Considerations
• Patients with SCS should have individualized treatment plan.

 – No consensus on long-term benefits of adrenalectomy (see Table 1.4)
 – Adrenalectomy typically reserved for younger patients with recent onset or 

worsening HTN, diabetes, dyslipidemia, or osteoporosis [4].
• Patients with long-standing hypercortisolism should be considered immunosup-

pressed and given antibiotic and peptic ulcer prophylaxis.
• Increased thromboembolic risk precludes preoperative VTE prophylaxis.
• Those with cortisol-producing adenomas have a suppressed HPA axis should 

receive glucocorticoids postoperatively until recovery (which may take 
6–18 months), there has been some evidence to check ACTH stimulated cortisol 
in the immediate postoperative period which if not suppressed can guide steroid 
replacement [4].

 Autonomous Cortisol Secretion  
(Subclinical Cushing Syndrome (SCS))
• Patients have an elevated cortisol without overt signs or symptoms of Cushing 

syndrome.

Table 1.4 Metabolic outcomes after adrenalectomy for SCS [18–20]

Study Author (year) Methods Results
Biochemical and 
clinical benefits of 
unilateral
adrenalectomy in 
patients with subclinical
hypercortisolism and 
bilateral adrenal
incidentalomas

Perogamvros 
et al. (2015) 
[18]

33 pts with bilateral AI
14 pts underwent 
unilateral adrenalectomy
19 pts f/u only
Measured 0800 h plasma 
ACTH, 12 AM serum 
cortisol (MSF), 24-h 
urinary-free cortisol 
(UFC) and serum cortisol 
after a 2-day low-dose- 
dexamethasone- 
suppression test
Assessed arterial HTN, 
impaired glucose tolerance 
or diabetes mellitus, 
dyslipidemia, and 
osteoporosis

Surgical group had a 
statistically significant 
reduction in all 
biochemical markers 
(p < 0.05)
Comorbidities only 
improved in the 
surgical group as 
measured by objective 
tests and medication 
use
(OGGT, BP readings, 
DEXA)
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 – However, many observational studies have reported complications typical of 
hypercortisolism such as obesity, diabetes, hypertension, dyslipidemia, and 
osteoporosis [16].

• Data is lacking for which localization studies may be effective in diagnosing 
SCS in patients with bilateral adrenal nodules.

• SCS is reported in 5–48% of incidentalomas making it the most frequent hor-
monal abnormality among these patients [17].

Table 1.4 (continued)

Study Author (year) Methods Results
Adrenalectomy may 
improve cardiovascular 
and metabolic 
impairment and 
ameliorate quality of 
life in patients with 
adrenal incidentalomas 
and subclinical Cushing 
syndrome

Iacobone 
et al. (2012) 
[19]

20 pts with AI underwent 
laparoscopic 
adrenalectomy
15 managed 
nonoperatively
Measured corticosteroid 
secretion, arterial blood 
pressure (BP), 
glycometabolic profile 
(lipid profile, hemoglobin 
A1C, fasting serum 
glucose, BMI), and quality 
of life (by the SF-36 
questionnaire) at baseline 
and the end of follow-up
Follow-up was median 
36 months

Compared to 
conservatively 
managed group 
(which had no 
improvements):
Lab corticosteroid 
parameters 
normalized in all 
surgical pts 
(P < 0.001)
A decrease in BP 
occurred in 53%, 
glycometabolic 
control improved in 
50%, and BMI 
decreased (P < 0.01)
SF-36 evaluation 
improved (P < 0.05)

Outcome of 
adrenalectomy for 
subclinical 
hypercortisolism and 
Cushing syndrome

Raffaelli 
et al. (2017) 
[20]

Retrospective review of 29 
pts with SCS and 50 pts 
with CS who underwent 
unilateral laparoscopic 
adrenalectomy
Assessed baseline and 
follow-up comorbidities 
(BMI, HTN, diabetes)
Measured ACTH, AM 
cortisol, 1 mg DST, UFC, 
blood glucose
Outcomes: OR time, 
intraoperative/
postoperative 
complications, need for 
postoperative 
glucocorticoid 
replacement, clinical and 
hormonal outcomes
Mean F/U 51 months

Hypercortisolism 
resolved in all patients
At long-term f/u HTN 
and diabetes improved 
significantly for all 
patients (no 
differences seen 
between SCS and CS 
groups)

Pts patients, AI adrenal incidentaloma, F/U follow-up, HTN hypertension, OGGT oral glucose 
tolerance test, DEXA dual energy X-ray absorptiometry, SCS subclinical Cushing syndrome, CS 
Cushing syndrome

1 Tumors of the Adrenal Gland
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• The clinical relevance and optimal management of SCS are still in question [16].
• Several retrospective studies have evaluated the outcomes after adrenalectomy 

on patients with SCS (see Table 1.4).
• Both American and European practice guidelines recommend an individualized 

approach to management of these patients, accounting for age, onset, and dura-
tion of any comorbidities and how well they are controlled by medical manage-
ment in addition to the extent of end-organ damage (European practice guidelines/
AAES) [4, 6].

• The AACE/AAES Adrenal Incidentaloma guidelines specify those <40  years 
with recent onset or worsening of diabetes, hypertension, or osteoporosis should 
be considered for surgery, while older patients should have a more individualized 
approach [4].

 Primary Aldosteronism

 Overview

 Workup [4, 6, 26]

• While only 1% of adrenal incidentalomas are aldosterone-producing adenomas, 
a screening workup to rule this out should still be performed specifically for 
those with hypertension (see Table 1.5).

• History and physical may reveal hypertension, headaches, fatigue, polydipsia, 
polyuria, nocturia.

• It should be emphasized that many patients with aldosteronomas do not have 
hypokalemia.

Table 1.5 Workup and management of aldosterone-producing adenoma [4]

Workup
Perioperative 
management

Surgical 
management Medical management

History and physical
Laboratory 
Investigations
Electrolytes, 
creatinine
PAC:PRA >20
Confirmatory testing 
if positive
Imaging
Thin-cut adrenal 
CT ± MRI
Adrenal vein 
sampling (AVS) if 
indicated (see 
below)

Preoperative
Control of HTN
Manage 
hypokalemia 
(spironolactone, 
KCl)

Adrenalectomy
  Unilateral for 

confirmed 
lateralization on 
AVS

If no lateralization or 
bilateral involvement 
(cortical adrenal 
hyperplasia):
  K+-sparing diuretics 

and restriction of 
sodium intake 
(<100 mEq/day)
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• A plasma aldosterone concentration (PAC) (ng/dL) to plasma renin activity 
(PRA) (ng/mL) (aldosterone-to-renin ratio [ARR]) should be measured when 
patient is off any mineralocorticoid receptor blockers.
 – A ratio >20 should prompt confirmatory testing.
 – One study reported a sensitivity and specificity of 90% and 91%, respectively, 

with a PAC:PRA >30 combined with a PAC >20 ng/dL.
 – This is most sensitive when measured in the morning after being seated for 

5–15 min.
 – Spironolactone/eplerenone should be held for 4–6 weeks.
 – ACE inhibitors and ARBs can improve the diagnostic power of the PAC:PRA.
 – β-blockers and clonidine suppress the PRA➔ increased false positive rate.

• Confirmatory testing is positive if aldosterone or ARR suppression occurs with:
 – Oral Na  +  load (with >200  mEq/day of Na  ×  3  days) and 24-hr urine 

aldosterone.
 – IV Na  +  load (2–3  L of NaCl 0.9% over 4–6  h) with plasma aldosterone 

measurement.
 – Fludrocortisone suppression and ARR measurement.
 – Captopril challenge.

 Adrenal Vein Sampling

• Primary hyperaldosteronism can be due to an aldosteronoma, primary (unilat-
eral) adrenal hyperplasia (PAH).

• Adrenal vein sampling (AVS) can be performed to delineate between these 
lesions.

• Those with unilateral microadenomas (<1 cm) or bilateral abnormal appearing 
glands should be considered for AVS [27].

• It is important to have AVS done by a high volume center who is comfortable 
with ACTH stimulation.

• Spironolactone should be held for 6 weeks and eplerenone for 4 weeks prior to 
AVS [4].

• A “lateralization index” or corrected aldosterone to cortisol ratio > 4:1 is indica-
tive of unilateral source of aldosterone excess.
 – These patients are more likely responsive to adrenalectomy [4].

• Factors associated with lateralization on AVS include an adrenal mass ≥ 3 cm on 
CT scan, a low renin value and high plasma ARR [28].

 Perioperative Considerations

• All patients with unilateral primary hyperaldosteronism should be considered for 
surgical resection.

1 Tumors of the Adrenal Gland
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 – Untreated hyperaldosteronism can lead to myocardial fibrosis, increased clot-
ting and ischemic events, left ventricular hypertrophy, and increased mortality 
from CHF [4].

 – These changes occur despite medical management of hypertension and 
hypokalemia.

• Preoperative medications for most patients include mineralocorticoid receptor 
antagonist, antihypertensive agents, potassium chloride to maintain 
normokalemia.

• These agents are stopped postoperatively; if blood pressure remains elevated, 
add back antihypertensive medications [5].
 – Normotension (without medication) may take several weeks.
 – 90% of patients will have significant reductions in blood pressure, with reduc-

tion in dosing and number of antihypertensive medication.
 – 30–60% will discontinue all medications.
 – 100% will achieve normokalemia.

 Prediction of Cure (Aldosterone Resolution Score)
• There are numerous factors associated with hypertension resolution after 

adrenalectomy.
• Zarnegar et al. developed an aldosterone resolution score (ARS) to predict reso-

lution of hypertension based on 4 clinical variables [21].
 – ≤2 antihypertensive medications.
 – BMI ≤25 kg/m2.
 – Duration of HTN ≤6 years.
 – Female sex.

• Taking two or fewer antihypertensive medications has the strongest independent 
predictor of resolution [21].

• Other factors that have been implicated include ≤1 first-degree relative with 
hypertension, higher preoperative ARR, higher urinary aldosterone secretion, 
and strong positive response to spironolactone [22].

 Adrenocortical Carcinoma

• Adrenocortical carcinomas (ACCs) are rare tumors occurring with an incidence 
of 0.5–2 per million patients per year. ACC has a bimodal age distribution with 
increased incidence in children <6 years and in adults in their 40s and 50s [29]. 
ACCs may be either nonfunctional or associated with symptoms of hormonal 
excess. An overview of the workup and management of ACC is presented in 
Table 1.6.

• ACC appears to be mostly sporadic; however, in ~10% of cases it is associated 
with a hereditary cancer syndrome including [30]:
 – Li-Fraumeni syndrome (4–8% of adult-onset ACC) or SBLA syndrome (sar-

coma, breast cancer, lung cancer, and ACC) [31]
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 – Lynch syndrome (MLH1, MSH2, MSH6, PMS2 mutations) in ~3% of ACC 
cases (all ACCs should be screened for microsatellite instability).

 – Multiple endocrine neoplasia (MEN) type 1 [parathyroid, pituitary and pan-
creatic neuroendocrine tumors and adrenal tumors (ACC << adrenal adeno-
mas)] in 1–2% of ACC cases [32].

• 60% of ACCs present with symptoms of hormone excess [29].
 – 40% Cushing syndrome alone.
 – 25% mixed virilization and Cushing.
 – <10% virilization alone.
 – <10% feminizing (all feminizing tumours in men are malignant).
 – <10% hyperaldosteronism—this is usually to cross reactivity of the aldoste-

rone receptor from cortisol at high concentrations.

 Preoperative Workup [33]

• Biochemical evaluation (as per incidentaloma)
• Imaging:

 – CT chest (evaluate for pulmonary metastases)
 – CT abdomen (adrenal protocol: precontrast, portal, and delayed venous phase) 

and/or MRI
 – Bone scan (if clinical suspicion)
 – FDG-PET/CT reserved for indeterminate sites of potential metastases
 – CT characteristics: Irregular, heterogeneous (due to tumor necrosis), unilat-

eral, >20HU (Hounsfield units), heterogeneous enhancement with IV con-
trast, delayed washout, possible tumor calcification.

• Biopsy:
 – Generally not advisable due to low sensitivity and risk for tract seeding. 

Indications for biopsy include unresectable cases (where tissue is needed for 
initiation of systemic therapy) or high suspicion for adrenal metastasis. It is 
important to consider that adrenalectomy is a good diagnostic procedure as 
well for atypical lesions and may take the place of biopsies. Pheochromocytoma 
must be ruled out prior to consideration for biopsy.

Table 1.6 The ENSAT staging system for ACC

Presentation
5-year overall 
survival

Tumor ≤5 cm confined to the adrenal gland without local invasion  
[Stage I, T1N0M0]

82%

Tumor >5 cm confined to the adrenal gland without local invasion  
[Stage II, T2N0M0]

61%

Any size with local invasion, ± invasion to adjacent organs/great vessels 
(T3–4) or regional lymph nodes (N1) [Stage III, T3-4N0-1M0]

50%

Distant metastasis [Stage IV, TxNxM1] 13%

1 Tumors of the Adrenal Gland
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 Prognostic Factors

 1. Stage (as per the European Network for The Study of Adrenal Tumors [ENSAT], 
see Table 1.6) [34]

 2. GRAS parameters (Grade, R status, Age, Secretion)

• Grade: Weiss’ histological scoring system includes 9 features (nuclear grade, 
mitotic rate, atypical mitoses, clear cell component, diffuse architecture, tumor 
necrosis, invasion of venous or sinus structures, or tumor capsule) [35] Weiss 
score <3 usually indicates benign tumor [35], while score >6 has been associated 
with decreased overall survival (p = 0.03) [36]. Markers of proliferation (KI-67 
and mitotic rate) also indicate poorer prognosis [36–38].
 – R status: R0 (margin-negative) resection was the sole independent predictor 

of overall survival in a recent multi-institutional study (5-year OS 64.8% for 
R0 vs 33.8% for R1 resection, p < 0.001) [39]. R0 resection is also a signifi-
cant predictor of recurrence (5-year RFS 30% for R0 vs 14% for R1 resection, 
p = 0.03) [39–41].

 – Age: Older age has been associated with worse survival [36, 41].
 – Secretion: Hormone secretion, especially cortisol, is associated with worse 

survival [36, 39, 41].

 Operative Considerations

• The operation of choice is radical surgical excision with wide margins and en 
bloc resection of adjacent involved organs (if needed) [33].

• The role of regional lymphadenectomy is still debated, but recent retrospective 
studies suggest it may offer a survival benefit [42–44]. Both indications and 
extent need to be clarified.

• An open approach is currently recommended for ACC resection due to its friable 
thin capsule and potential for seeding [33]. The use of laparoscopy for ACC is 
being explored in Europe where retrospective series reported similar oncologic 
outcomes for laparoscopically resected Stage I–II tumors in highly selected 
patients [45, 46].

• For patients presenting with oligometastatic disease at time of initial diagnosis, 
surgical resection of all disease may be beneficial (in addition to systemic ther-
apy) in selected patients specifically patients with functional disease [30, 47].

 Adjuvant and Systemic Therapy

• Traditionally mitotane has been offered in the adjuvant setting, especially for 
high-risk tumors (Stage III, R1 resection, or Ki-67 > 10%) based on earlier ret-
rospective studies from Europe [48, 49], but recent studies failed to demonstrate 
any benefit [50, 51]. The ADIUVO trial (open-label RCT comparing adjuvant 
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mitotane vs observation in Stage I–III ACC, R0 resection, and Ki-67 < 10%) 
completed accrual and is expect to shed further light [52].

• Adjuvant external beam radiation has been offered in the adjuvant setting for 
high-risk tumors and was shown to decrease local recurrence in small retrospec-
tive series [53]. Further research is needed to identify the patients in whom radia-
tion may offer a survival advantage.

• For advanced unresectable and metastatic ACC, EDP (etoposide, doxorubicin, 
cisplatin)-mitotane is considered first-line therapy based on one RCT comparing 
it with streptozocin-mitotane [54]. Single-agent therapy with mitotane is an 
alternative (less toxicity). Local therapeutic measures (radiation, ablation, che-
moembolization) may also be of value [55].

• Molecular targeted agents and immune checkpoint inhibitors are currently being 
investigated for ACC (Table 1.7).

Special Notes:
There may be role for repeat surgery for recurrent disease in patients with 

recurrence- free interval >12 months and completely resectable disease [56].

 Metastases to the Adrenal Gland

• In patients with no history of malignancy, <1% of adrenal tumors represent meta-
static disease. In patients with a history of malignancy, however, 70% of adrenal 
tumors represent metastases from other sites.

Table 1.7 Overview of the workup and management of adrenocortical carcinoma

Workup
Management

Follow-upLocalized disease Metastatic disease
History and physical exam
Labs:
As per incidentaloma [33]
Imaging:
  CT abdomen +/− MRI
  CT chest
  Bone scan (if clinically 

suspicious)
  PET (for indeterminate 

remote metastases)
Biopsy:
Should be avoided (risk of 
seeding and limited usefulness 
in differentiating benign vs 
malignant). May perform if 
unresectable and needed to 
initiate systemic therapy or if 
suspicious for adrenal 
metastasis

Surgical 
excision with en 
bloc resection 
of adjacent 
involved organs 
if needed
Consider 
adjuvant 
mitotane and/or 
radiation 
therapy, 
especially in 
high-risk cases

Complete resection of 
limited oligometastatic 
resectable disease may 
be beneficial in highly 
selected patients
Radiation for bony 
metastases if 
symptomatic
RFA or embolization 
for hepatic metastases
Mitotane monotherapy
Mitotane plus 
chemotherapy 
(etoposide, 
doxorubicin, cisplatin)

Clinically:
  Cushing 

syndrome
  Virilization 

syndrome
Labs and 
imaging (q 
6 months):
  Urinary 

cortisol
  CT scan 

chest/abdo/
pelvis for 
5 years

RFA radiofrequency ablation
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• The adrenal gland is the fourth most common site of metastasis after the lungs, 
liver, and bone.

• In Western countries, lung, breast, melanoma, kidney, thyroid, and colon cancer 
primaries are most common. In a large retrospective series (including autopsies) 
from Hong Kong, most common primaries included lung (35%), gastric (14%), 
esophageal (12%), hepatobiliary (11%), or pancreatic (7%) cancer [57].

 Workup

• Imaging characteristics: Irregular, heterogeneous, frequently bilateral, >20 HU, 
enhancement with IV contrast, delayed washout.

• Workup as by the primary malignancy
• Role of FNA

 – Main utility of FNA is for diagnostic uncertainty in the setting an indetermi-
nate adrenal lesion which may represent a metastasis and excision by adrenal-
ectomy is not first choice by treatment team [58].

 – Must rule out pheochromocytoma prior to biopsy [59].
 – Laparoscopic adrenalectomy is performed for diagnostic and therapeutic pur-

poses in adrenal incidentaloma or metastatic disease.

 Indications for Resection of Adrenal Metastasis

• Potential benefit in survival for selected patients.
• Non-small-cell lung cancer: median survival 26 months [60], 5-year overall sur-

vival 34% vs 0% [61, 62].
• Colorectal cancer: median survival 29 months [60].

 – Laparoscopic approach is becoming standard for resection of metastatic dis-
ease due to lower perioperative morbidity and faster recovery and return to 
chemotherapy [63, 64].
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 Introduction

Periampullary neoplasms arise in proximity of the ampulla of Vater (within 2 cm) 
and can originate from the duodenum, pancreatic head, distal common bile duct, or 
the ampullary complex. Ampullary tumors are those arising directly from the struc-
tures of the ampullary complex distal to the confluence of the bile duct and pancre-
atic duct and represent roughly 7% of periampullary neoplasms. These rare tumors 
represent 0.5% of all GI cancers, though a subtle increase of 0.9% per year has been 
observed in recent decades [1].

Ampullary carcinoma carries a notably more favorable prognosis than other pan-
creaticobiliary malignancies. This is likely attributed to presentation with early 
clinical jaundice, and potentially, a more favorable disease biology. Curative-intent 
resection is possible in 50% of patients presenting with ampullary cancer compared 
with 10% for patients with pancreatic cancer [2]. Specific risk factors for ampullary 
cancer have not been identified, but duodenal adenomas and periampullary malig-
nancies are a well-described feature of the familial adenomatous polyposis 
syndrome.

The large majority of ampullary cancers are adenocarcinoma and are broadly 
categorized into pancreaticobiliary and intestinal histologic subtypes based on 
their morphological appearance, immunohistochemical staining pattern, and 
molecular features. Intestinal-type tumors (CDX2 positive, MUC1 negative) have 
a more favorable prognosis compared with pancreaticobiliary type (CDX2 
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negative, MUC1 positive) (~60% vs. ~20% at 5  years; median OS 116 vs. 
22 months) [3, 4]. Prognosis is determined by the stage at presentation (Table 2.1). 
Lymph node positivity is among the strongest prognostic factors and is closely 
correlated with the size of the primary tumor: <1  cm = 9%, 1–1.5  cm = 25%, 
and >1.5 cm 40–50% [4]. The recommended staging system is the International 
Union Against Cancer and American Joint Committee on Cancer (UICC/AJCC) 
8th edition [5].

Several factors conspire against the formulation of large prospective random-
ized studies for ampullary carcinoma: the rarity of the disease, histologic het-
erogeneity, differentiating from other periampullary tumors preoperatively, and 
the amalgamation with other pancreaticobiliary cancers. As such, no prospec-
tive studies exclusively evaluating ampullary carcinoma have been published, 
and management recommendations are based largely on extrapolation from the 
management of pancreatic adenocarcinoma and consensus guidelines 
(Table 2.2).

 Special Notes

• In Ontario, all patients with known or suspected ampullary adenocarcinoma 
should be referred for management at a high-volume hepatopancreaticobiliary 
surgical oncology center.

• Endoscopic resection of ampullary adenomas is associated with lower morbidity 
than surgical resection, but has a fivefold increased rate of recurrence [9]. 
Endoscopic biopsy has a false negative rate of 16–24% for invasive adenocarci-
noma [10–12]. The likelihood of coexistent adenocarcinoma increases with ade-
noma size (>2–3  cm), the presence of high-grade dysplasia, pancreatic duct 
involvement with dilation >7 mm, and endoscopic signs of malignancy (friabil-
ity, ulceration, spontaneous bleeding, and firm consistency) [9, 11–13].

• Role of Frozen Section: Frozen section is used to confirm metastatic/unresectable 
disease. In cases where a lesion is not endoscopically resectable, but is amenable 
to local resection (transduodenal ampullectomy), frozen section is used to deter-
mine margin status and to determine the need to proceed to 
pancreaticoduodenectomy.

• Laparoscopic Staging: It has limited use in upstaging ampullary carcinoma since 
the advent of high-quality multidetector CT. Appropriate in selected patients at 
increased risk of metastatic disease in the absence of unresectability on preop-
erative imaging (e.g., elevated CA 19-9, larger tumors [14]).

Table 2.1 Prognosis based on tumor extent 
at presentation [1, 6, 7] Presentation

Prognosis 5-year overall 
survival (OS)

Local 45–67%
Regional 31–55%
Distant 4–14%

L. Lau et al.
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• Medical Oncology: No consensus exists regarding optimal systemic therapy for 
ampullary carcinoma [6]. The largest RCT evaluating adjuvant chemotherapy for 
resected periampullary cancers (ESPAC-3 trial, n = 297 ampullary) showed a 
statistically nonsignificant improvement in overall survival with gemcitabine or 
5-FU over observation alone [15]. The role of molecular targeted agents remains 
to be evaluated in ampullary cancer. Treatment approaches follow guidelines 
established for pancreatic cancer regardless of subtype [16]. Patients should be 
referred for discussion of adjuvant therapy.

Table 2.2 Management of resectable periampullary tumors

Clinical 
scenario Work-up Surgical management Adjuvant therapy

Follow-up 
(F/U)

Benign 
adenoma

History and 
physical exam
Labs:
  Ca 19–9, 

CEA
  Staging:
  CT chest, 

biphasic CT 
abdo/pelvis

  MRI/MRCP
  +/− EUS to 

evaluate the 
extent of 
local 
invasion or 
for biopsy

  +/− Staging 
laparo-
scopya

Consider 
biliary 
decompression 
if jaundice 
present (ERCP 
or PTC) and 
immediate 
resection not 
available

Local resection 
recommended: 
endoscopic resection, 
duodenotomy with 
polypectomy and/or 
ampullectomya [8]

No adjuvant therapy 
indicated

Following 
local 
resection 
surveillance 
is required 
with a 
side- 
viewing 
endoscope

In situ 
disease

Pancreaticoduodenectomy 
should be considered for 
high-grade dysplasia/in 
situ disease in young 
patients and good 
performance status; 
otherwise local excision 
is recommended

CT chest/
abdo/pelvis 
every 
3–6 months 
for the first 
2 years, 
then every 
6 months to 
1 year 
thereafter

Invasive 
disease

Pancreaticoduodenectomy 
recommended [8]
 Local resection for cT1 
disease is associated with 
R1 resection rate of 
25–60% and higher local 
recurrence. Not 
recommended for good 
operative candidates
Lymphadenectomy:
 Routine LN dissection 
includes peripancreatic, 
CBD and pyloric nodes
 Extended LN dissection 
not indicated as no 
demonstrated 
improvement in outcomes

No consensus of 
optimal therapy
Consider:
  Chemotherapy 

alonea

  Chemoradiotherapya

  Observation

MRCP magnetic resonance cholangiopancreatography, ERCP endoscopic retrograde cholangio-
pancreatography, PTC percutaneous transhepatic cholangiography, EUS endoscopic ultrasound, 
LN lymph node
aSee Special Notes
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• Radiotherapy: The role of adjuvant radiation is controversial. Several observa-
tional studies suggest improved survival with chemoradiation (CRT) for tumors 
with adverse features (node positive, poorly differentiated, T3/T4) [17–20]. The 
only prospective RCT evaluating CRT for resected pancreatic and periampullary 
cancers failed to demonstrate a survival benefit for the subgroup of mixed peri-
ampullary tumors (n = 104) [21].

 Special Case: Familial Adenomatous Polyposis (FAP)

• 50–90% of patients diagnosed with FAP have duodenal adenomas.
• Overall lifetime risk of duodenal cancer is ~5%.
• Duodenal cancer in FAP has a later onset than colorectal cancer (median age 52).
• FAP patients require regular side-viewing duodenoscopy and biopsy of suspi-

cious lesions, starting at 25 years.
• A practical and effective surveillance strategy for upper GI malignancies in FAP 

patients has been developed at the University of Toronto (Table 2.3).

 Landmark Trials

Prospective RCTs regarding the management of ampullary carcinoma are few, due 
to the relative rarity of the disease and inclusion in pancreatic adenocarcinoma tri-
als. As such, treatment protocols have largely been extrapolated from trials evaluat-
ing periampullary malignancies that included subsets of ampullary carcinoma [15, 
21]. Surgical management is largely dictated by consensus statements [8].

 Referring to Multidisciplinary Cancer Conference (MCC)

 1. High-risk features (R1 resection, poorly differentiated, T3/T4, node positive, 
pancreaticobiliary histology).

 2. Locally advanced disease.
 3. Unresectable disease (Table 2.4).

Table 2.3 Management strategy for duodenal polyps in patients with familial adenomatous pol-
yposis [22]

Stage Size (mm) Histology Management
1 0 Normal EGD q 5 years
2 1–2 Adenoma EGD q 3 years
3 2.1–10 Adenoma EGD q6 months
4 2.1–10

>10
HGD
Adenoma

Endoscopic or surgical resection

5 Any Adenocarcinoma Radical surgery (e.g., pancreaticoduodenectomy)

EGD esophagoduodenoscopy (with side-viewing scope), HGD high-grade dysplasia

L. Lau et al.
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 Toronto Pearls

• Biliary obstruction associated with ampullary lesions can be intermittent (ball- 
valve effect).

• Lesions with high-grade dysplasia or carcinoma in situ on endoscopic biopsies 
have high rate of invasive cancer on final pathology. Formal resection (pancreati-
coduodenectomy) or intraoperative frozen section at ampullectomy should be 
considered in these patients.

• Formal pancreaticoduodenal resection should be considered for malignant 
ampullary lesions.

• Pylorus-preserving pancreaticoduodenectomy is generally not advised for 
ampullary lesions.

• Luminal obstruction by ampullary lesions can be palliated by endoscopic resec-
tion and/or endoluminal stent placement.
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3Anal Cancer
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Ali Hosni, James Brierley, and Alexandra M. Easson

 Introduction

Anal cancer is uncommon, representing 2.5% of all gastrointestinal tract malignan-
cies, with an annual incidence rate of 1.8 per 100,000 in the USA and approximately 
500 incident cases yearly in Canada [1–3]. Nearly two-thirds of incident cases are 
in women [2, 3]. Over the past decade, incidence has risen by 2% per year [2, 4]. 
Squamous cell carcinomas account for most anal cancers and are the focus of this 
chapter, but other histologic types including adenocarcinoma (mostly from anal 
glands), melanoma, neuroendocrine, and sarcoma occur in the anus rarely [5]. 
Annual incidence is higher in those with immunodeficiency: 6–12 per 100,000 after 
solid organ transplantation, and 50 to 145 per 100,000  in those with HIV infec-
tion [6–9].
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 Terminology

• Anal canal The anal canal extends from the anorectal ring (the palpable upper 
border of the anal sphincter at the puborectalis muscles) to the lowermost edge of 
the sphincter complex corresponding to the anal verge or introitus of the anal 
orifice (Fig. 3.1) [10]. Anal cancer is classified as anal canal cancer if the lesion 
cannot be fully visualized with gentle traction of the buttocks [11, 12]. Proximal 
to distal, the anal canal contains several types of mucosa: glandular/columnar, 
transitional (anal transition zone), nonkeratinizing squamous (anoderm), keratin-
izing squamous (the dentate line divides keratinizing and nonkeratinizing), and 
merges with the hair-bearing perianal skin (true epidermis with epidermal append-
ages) at the mucocutaneous junction (anal verge). The treatment of anal canal 

Anus, NOS
(C21.0)

Perianus
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Circular muscle

Longitudinal
muscle
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Internal sphincter
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External sphincter
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Intersphincteric
groove

D

D

Fig. 3.1 Anal cancer (A–C), perianal cancer (D), and skin cancer (E). (a) coronal cross-section 
(b) perineal view 
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tumors has been standardized for all squamous cell carcinomas irrespective of 
histological subtype (keratinizing or non-keratinizing, epidermoid, transitional, 
basaloid, or cloacogenic) due to similar prognosis and response to treatment [13].

• Perianal The perianal skin (previously anal margin) begins at the anal verge and 
extends over a 5 cm radius (Fig. 3.1). It is further defined by the presence of 
epidermal appendages, and contains the pigmented skin. Perianal cancers are 
those that can be fully visualized with gentle traction of the buttocks [11, 12]. 
Those further than 5 cm from the anal orifice are classified as skin cancers.

• Regional lymph nodes The proximal anal canal (above the dentate line) has lym-
phatic drainage to the mesorectal, superior rectal, and internal iliac nodes. Distal 
to the dentate line, drainage is to the inguinal nodes and external iliac nodes.

• Precursor lesions (anal squamous intraepithelial lesions) The Lower Anogenital 
Squamous Terminology (LAST) should be used [14, 15]. HPV-related squamous 
anogenital precursor lesions are divided into low-grade squamous intraepithelial 
lesions (LSILs) and high-grade squamous intraepithelial lesions (HSILs) based 
on mitotic activity, depth of dermal involvement, and abnormalities in squamous 
cell differentiation. LSIL can then be subclassified into condyloma (raised papil-
lary proliferation with low-grade viral cytopathologic changes), and flat lesions 
labelled anal intraepithelial neoplasia 1 (AIN1). HSIL can be subclassified into 
AIN2 and AIN3 based on depth of abnormal cells. Generally, LSIL is observed, 
and HSIL is treated. Older terms such as high-grade anal intraepithelial neopla-
sia (HGAIN) and low-grade anal intraepithelial neoplasia (LGAIN), Bowen dis-
ease, and carcinoma in situ should not be used. Similarly, these squamous lesions 
are differentiated from extramammary Paget disease which is an apocrine neo-
plasm from sweat glands; pagetoid spread, known as secondary extramammary 
Paget disease, can occur from adjacent colorectal adenocarcinoma, urothelial 
carcinoma, or melanoma [15].

• Superficially invasive squamous cell carcinoma (SISCCA) Invasive squamous 
carcinoma that invades ≤3 mm from the basement membrane has a horizontal 
spread ≤7 mm, and must have been completely excised to confirm limited extent 
of the tumor [14]. These are classified as T1 anal carcinomas by AJCC [11]. 
SISCCA are typically identified by high-resolution anoscopy (HRA) and ongo-
ing studies are investigating the role of excision alone as treatment for these 
lesions [16].

 Risk Factors and Precursor Lesions

Anal cancer is an human papillomavirus (HPV)-associated cancer, like cervical, 
vaginal, penile, and oropharyngeal cancers, with 80–90% attributable to HPV [4, 
17–19]. High-risk HPV types include HPV 16 and HPV 18 in 80–90% of cases, as 
well as HPV 31, 33, 45, 52, and 58 in a lesser proportion [17, 18, 20]. Oncogenesis 
is associated with persistent infection with high-risk HPV producing oncoproteins 
E6 and E7 which bind cellular proteins, including p53 and pRb from the tumor sup-
pressor genes TP53 and retinoblastoma, deregulating DNA repair and apoptosis, 
and stimulating cell-cycle progression [21].
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Risk factors for anal cancer largely relate to HPV exposure and immunodefi-
ciency enabling persistence of HPV infection (Table 3.1) [22, 23]. Benign anal con-
ditions such as hemorrhoids and fissures, and inflammatory bowel diseases, are not 
associated with an increased risk of anal cancer [24, 25].

HPV-related precursor lesions can be (1) clinically apparent raised condylomata, 
(2) incidentally found in anorectal surgical specimens, or (3) subclinical flat lesions 
seen on HRA or as subtle plaques, erythema, pigmentation, or pruritis. Histologically 
they are classified as LSIL or HSIL. LSIL represents morphologic features of HPV 
infection, while HSIL is a non-obligate precancerous lesion [14]. Typically, condy-
lomata are LSIL, and flat lesions can be LSIL or HSIL.

Anal condyloma acuminata (anal warts) are the most common HPV-related ano-
genital lesions, and present as exophytic, soft, cauliflower-like masses [15]. 
Typically associated with low-risk HPV types 6 and 11, condylomata are low-risk 
lesions that may recur but have little, if any, risk of progression to carcinoma [12]. 
A small proportion of condylomata, more so anal canal lesions, may be associated 
with high-risk HPV and may progress to HSIL and invasive carcinoma, but this 
association is not fully clear [15]. A condyloma is distinguished from skin stags and 
hemorrhoids clinically. Flat LSIL (AIN1) are typically within the anal canal. They 
should be differentiated from seborrheic keratosis and psoriasiform dermatitis, and 
can be histologically similar to reactive changes [14, 15]. HSIL can arise in a con-
dyloma, but typically are a flat lesion. Because the morphologic features of AIN2 
fall between HPV infection (LSIL) and precancer (HSIL), immunohistochemical 
staining for p16, a biomarker for HPV-related cell proliferation is used to confirm 
HSIL when morphological features of AIN2 are present [14]. AIN2 that is p16 neg-
ative is classified as LSIL. Use of the LAST criteria limits inter-rater discordance in 
pathology interpretation [14, 15].

LSIL may spontaneously regress or progress to HSIL.  HSIL is less likely to 
regress, and may progress to anal cancer. Population-based estimates of the rate of 
progression from HSIL to anal cancer may be as high as 2% per year (10% at 
5 years), and may be higher in those with HIV [16, 35–40]. Spontaneous regression 
of HSIL may occur in some [36, 41]. There is no conclusive evidence that treatment 
of HSIL effectively prevents incident anal cancer; retrospective studies show vari-
able results comparing treatment of HSIL to watchful waiting [16, 42–45]. Two 
ongoing randomized clinical trials (ANCHOR and HPV-SAVE) aim to investigate 
this question [46, 47]. The management of anal squamous intraepithelial lesions is 
detailed in Table 3.2

Table 3.1 Risk factors for anal cancer

HPV exposure [26–29] Immunodeficiency Other
Lifetime number of sexual partners
Prior sexually transmitted infection
Prior anogenital warts (condyloma)
Anoreceptive intercourse
Prior HPV-associated squamous anogenital 
cancers (cervical, vulvar, vaginal, penile)

HIV infection [6, 9, 30]
Autoimmune disorder [31]
Solid organ transplantation 
[6, 7]
Immunosuppressive 
medications [32]

Female sex 
[33]
Smoking 
[34]
Age
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Table 3.2 Management of anal squamous intraepithelial lesions (precursor lesions)

Work-up
Treatment

Follow-upPrimary Recurrence

LSIL 
(condyloma, 
AIN 1)

Comprehensive 
history
Digital anorectal 
examination.
High-resolution 
anoscopy 
(HRA) with 
acetic acid 3% 
and Lugol’s 
iodine [48]
Gynecological 
examination in 
female patients, 
with cervical 
cancer screening 
as appropriate
Genital 
examination in 
male patients to 
exclude 
HPV- related 
disease
HIV testing
Consider 
pathology 
review to 
confirm 
diagnosis  
by LAST 
criteria [14].

Biopsy to rule out HSIL
Watchful waiting 
recommended, may regress 
and low risk of progression
Condylomata may regress, or 
can be treated with the same 
modalities as HSIL or other 
treatments (cryotherapy, 
sinecatechins [49], 
podophyllotoxin [50])

Same as 
primary

No clear evidence 
to guide method 
or frequency. 
History, DRE, 
conventional 
anoscopy or 
HRA, and/or anal 
cytology, are all 
available options 
[43, 51]

HSIL
(AIN 2,  
AIN 3)

Watchful waiting with history, 
DRE, conventional anoscopy 
or HRA every 4–6 months
Patient-applied topical/
intra-anal treatment
  5% imiquimod cream 3/

week for 16 weeks [52–54]
  5% fluorouracil for 

9–16 weeks [53, 55]
  Cidofovir 1% gel for 

6 weeks [56, 57]
Local/ablative treatments with 
HRA
  Trichloroacetic acid (TCA) 

[58, 59]
  Electrocautery ablation [53, 

60–62]
  Radiofrequency ablation 

provides circumferential 
treatment [63]

  Infrared coagulation [64, 65]
  Cryotherapy

High rate of 
recurrence 
with all 
treatment 
options 
available
Retreatment 
and 
surveillance 
possible

If watchful 
waiting, history, 
DRE, simple 
anoscopy or HRA 
every 4–6 months
After complete 
treatment, no 
clear evidence to 
guide method or 
frequency. 
History, DRE, 
conventional 
anoscopy or 
HRA, and/or anal 
cytology, are all 
available options. 
At least yearly, 
and some 
recommend every 
6 months 
particularly in 
those with HIV 
[43, 51]

Thorough clinical assessment should be done to exclude concomitant anal cancer.
Treatment choice based on location (canal or perianal), extent (>30–50% circumference in canal), 
availability, preference (patient- or physician-applied). A topical/intra-anal can be used for greater 
extent or patient preference for self-application; local/ablative treatment for smaller or remaining 
lesions [16, 43, 51].
Ablation requires destructive ablation of only the epidermal layer; margins are not required. for 
ablative techniques within the anal canal, avoid potential stenosis by ablating <30–50% of 
circumference at one treatment.
If access to HRA is not available, clinical assessment, ablative treatments, and follow-up can be 
done with conventional anoscopy with or without acetic acid 3%, but recurrence may be increased 
due to decreased sensitivity [51]
Recurrence of HSIL is common (20–50% at 1 year), but can be retreated; recurrence may decrease 
with HRA-directed therapy allowing adequate lesion recognition and eradication [16, 60, 61, 66]
With improved topical and ablative techniques as well as HRA, mapping procedures and wide local 
excision are no longer needed even for diffuse disease. Wide excision causes extensive tissue 
destruction, wound complications, and does not have lower recurrence risk [67]. If HRA is not 
available, can consider mapping procedure under general anesthesia in high-risk patients to 
determine extent of HSIL and assist with surveillance intensity. If considering wide local excision 
(>1 cm margins), this should be done only if the lesion is <30% of the anal circumference with no 
sphincter involvement. With wide local excision, recurrence rates are up to 63% in 1 year

AIN anal intraepithelial lesion, HRA high-resolution anoscopy, HSIL high-grade squamous intraepithe-
lial lesion, LSIL low-grade squamous intraepithelial lesion
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 Anal Cancer

Almost half of patients present with bleeding; a third with mass sensation; some 
may have pain, irritation, or pruritis; and a fifth are asymptomatic [51, 68]. 
Diagnostic delay may occur if nonspecific anorectal symptoms are attributed to 
benign anorectal pathology such as hemorrhoids [51]. Pain and itching should be 
treated seriously even if invasion cannot be confirmed on biopsy. The onset of pain 
and symptoms is a key indicator of possible recurrence.

The Union for International Cancer Control’s (UICC)/American Joint Committee 
on Cancer (AJCC) eighth edition is the recommended anal cancer staging system 
[11]. This is based on tumor size, invasion of adjacent structures, regional nodal 
involvement, and distant metastases. Notable changes from UICC/AJCC seventh 
edition include staging perianal cancers such as anal canal cancers rather than squa-
mous cell skin cancers as previously done; removal of N2 and N3 categories and 
defining N1a, N1b, and N1c; and revision of stage groupings including subclassifi-
cation of stage II into IIA and IIB with differing prognosis [69]. Tumor size deter-
mines T-category: ≤2 cm (T1), >2 to ≤5 cm (T2), >5 cm (T3), and T4 can be any 
size but invades adjacent organ (e.g., vagina, urethra, bladder) [11]. Any regional 
nodal involvement is staged N1; this is subclassified into N1a (mesorectal, internal 
iliac, or inguinal), N1b (external iliac only), N1c (any N1a with external iliac) [11]. 
Regarding stage classifications, any distant metastasis is stage IV, any regional 
nodal metastasis or T4 category are stage III, larger tumors (>2 cm) without nodal 
involvement is stage II, and small tumors without nodal involvement (≤2 cm) are 
stage I.

At presentation, 50% are localized, 30% regional, and 15% distant, with 
population- based overall survival at 5 years of 82%, 64%, and 30%, respectively 
[2]. Tumor size >5  cm, regional nodal and extrapelvic metastases are the most 
important prognostic features influencing overall survival [69, 70]. Tumor >5 cm 
and tumor invasion to other organs are frequently identified as risk factors for colos-
tomy [70–72]. Currently, there are no other prognostic or predictive biomarkers 
established for routine clinical use [73].

Historically, anal cancers were treated with radical surgery by abdominoperineal 
resection; however, in a few centers radical radiation without chemotherapy was 
used to facilitate sphincter preservation. In 1974, Nigro et al. first described preop-
erative combined chemoradiotherapy in an attempt to reduce recurrence rates after 
abdominoperineal resection and observed complete clinical response in the first 
three patients and complete pathological response in the two that underwent surgery 
[74]. This led to the investigation of what has now become the standard treatment – 
concurrent radiation and chemotherapy without surgery as primary treatment, 
reserving surgery for treatment salvage of persistent or recurrent disease. Concurrent 
radiation and chemotherapy results in sphincter preservation in the majority of cases 
and allows prophylactic treatment to uninvolved nodes reducing of nodal recurrence 
[75, 76]. The management of anal cancer is detailed in Tables 3.3, and 3.4. Table 3.5 
summarizes landmark studies in anal cancer treatment.
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Table 3.4 Management of anal canal and perianal cancer: metastatic (any T, any N, M+)

Work-up Treatment
Comprehensive history
Digital anorectal examination
Clinical assessment of inguinal lymph 
nodes (FNAB if suspicious)
Conventional anoscopy, biopsy primary 
tumor for histologic confirmation
Gynecological examination in female 
patients, with cervical cancer screening 
as appropriate
Genital examination in male patients to 
exclude HPV-related disease
HIV testing
Hepatitis serology in preparation for 
systemic therapy
Fertility preservation considerations
Imaging
  CT thorax
  CT abdomen and pelvis
  Pelvic MRI

Most common sites are liver, lung, and extrapelvic 
lymph nodes; 10–20% of patients [85, 101, 102]
Limited data to guide treatment choices [78]
Systemic treatments are the main treatment 
options.
5FU + Cis has been most published and supported 
by guidelines as first-line albeit results are modest 
and treatment is associated with substantial 
toxicity [13, 78]
Other combinations are being actively studied 
including docetaxel+5FU + Cis and 
immunotherapy [78, 103–105]
There are very little data to support local 
treatments of metastatic disease including surgery 
or radiotherapy [106]
If the primary cancer and/or symptomatic regional 
node metastases are present, consider the addition 
of chemoradiation or surgical excision for local 
control (as described for M0 disease)

5FU 5-fluorouracil, Cis cisplatin, DRE digital rectal examination, FNAB fine-needle aspira-
tion biopsy

 Prevention and Screening

Vaccination should be routinely administered to everyone between ages 9–13 to pre-
vent initial HPV infection, and later if not previously immunized including MSM and 
those with immunodeficiency [13, 20, 114, 115]. HPV-9 nonvalent vaccine targets 
high-risk HPV types 16, 18, 31, 33, 45, 52, and 58, as well as low-risk HPV 6 and 11, 
accounting for nearly all causes of HPV-associated cancers and condyloma [20, 116]. 
Efficacy for preventing persistent infection is over 90% [117–119]. The prior quadri-
valent vaccine targeted HPV 16, 18, 6, 11 [117]. Safer sex practices including routine 
condom use, as well as smoking cessation should also be advocated [8].

Screening is proposed for well-established high-risk groups including persons 
living with HIV, men who have sex with men (MSM), and MSM with HIV infection 
who have even greater risk [9, 28, 30, 40, 51, 120, 121]. Screening may allow early 
detection of HPV-related precursor lesions which can be treated to prevent anal 
cancer. However, evidence is not yet available to demonstrate reduced anal cancer 
incidence, mortality benefit, cost-effectiveness, or optimal screening approach and 
follow-up [43, 120, 122]. Ongoing studies will inform screening strategies [46, 47, 
123]. At least, for those in high-risk populations, discussion of the risk of anal can-
cer and symptoms that should prompt clinical assessment and routine digital ano-
rectal examination is appropriate [124]. Screening methods include anal cytology, 
HPV testing, high-resolution anoscopy, and directed biopsies [120–122, 125, 126]. 
A strategy analogous to cervical cancer screening includes anal cytology or HPV 
testing to triage use of HRA and directed biopsy. Anal cytology is categorized using 
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Table 3.5 Landmark studies

Topic Study Methods Results
First use of 
CRT 
(preoperative)

Nigro et al. 
(1974) [74]

Case reports, n = 3
Concurrent 30 Gy 
RT + 5FU + MMC
APR after 6 weeks

CRT can induce CR
Two patients had a complete 
pathologic response at time of APR
One patient declined surgery, but had 
a complete clinical response which 
was sustained at 1-year follow-up

Radical CRT
(surgery only 
if persistent or 
recurrent 
disease)

Cummings 
et al. (1980) 
[107]

Single-arm cohort, 
n = 6
Concurrent 45 Gy 
RT + 5FU + MMC

CRT without surgery is a possible 
treatment option
All patients had cCR with retained 
continence
No local recurrence with 
6–20-month-follow-up

CRT 
protocols
(surgery only 
if persistent or 
recurrent 
disease)

UKCCCR 
ACT I 
(1996) [79]
13-year 
update 
(2010) [102]

RCT, n = 585
RT alone vs. CRT 
(RT + 5FU + MMC)

CRT is superior to RT alone 
(reporting at 12 years)
cCR (30% vs. 39%)
Locoregional recurrence (59% vs. 
34%; HR 0.46, 95% CI 0.35–0.60, 
p < 0.001)
Colostomy-free survival (20% vs 
30%; HR 0.76, 95% CI 0.63–0.91, 
p = 0.004)
Anal cancer-specific survival (51% 
vs. 64%; HR 0.67, 95% CI 
0.51–0.88, p = 0.004)
OS not statistically different (at 
12 years, 28% vs. 33%; HR 0.86, 
95% CI 0.70–1.04), p = 0.12)

EORTC 
22861 
(1997) [81]

Multicenter RCT, 
n = 110
RT alone vs. CRT 
(RT + MMC-5FU)

CRT is superior to RT alone 
(reporting at 5 years)
cCR (54% RT vs. 80% CRT)
Locoregional recurrence (18% 
higher, p = 0.02)
Colostomy-free rate (32% higher, 
p = 0.002)
Event-free survival (absolute 
difference not reported, p = 0.03)
OS not statistically different (54% 
vs. 58%, p = 0.17)

RTOG 
87–04 
(1996) [82]

RCT, n = 310
RT + 5FU vs. 
RT + MMC-5FU.

CRT with MMC + 5FU is superior 
to CRT with 5FU alone, but 
increased toxicity (at 4 years)
Locoregional recurrence (16% vs. 
34%, p < 0.001)
Colostomy-free rate (78% vs. 91%; 
p = 0.002
DFS (51% vs. 73%; p < 0.001)
Toxicity in MMC group higher (7% 
vs. 23% grade 4 and 5 toxicity, 
p < 0.001)
OS not different at 4 years

T. R. Chesney et al.
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Table 3.5 (continued)

Topic Study Methods Results
CRT 
intensification
(surgery only 
if persistent or 
recurrent 
disease)

RTOG 
98–11 
(2008) [80]
5-year 
update 
(2012) [84]

RCT, n = 682
RT + 5FU+MMC vs. 
induction Cis-5FU then 
RT + Cis-5FU

CRT with MMC-5FU is superior to 
induction chemotherapy (Cis-5FU) 
followed by CRT with Cis-5FU 
(reporting at 5 years)
DFS (68% vs. 58%; HR 1.39, 95% 
CI, 1.10–1.76, p = 0.006)
OS (78% vs. 70%; HR 1.37, 95% CI 
1.04–1.81, p = 0.026)
Colostomy-free survival (72% vs 
65%, HR 1.29, 95% CI, 0.99–1.67, 
p = 0.05).
MMC arm higher acute toxicity 
(62% vs 42% grade 3–4 toxicity, 
p < 0.001)

ACCORD 
03 (2012) 
[86]

RCT, n = 307
2x2 factorial trial (4 
arms)
Induction Cis-5FU 
then RT + Cis- 5FU 
then standard dose  
RT boost.
Induction Cis-5FU 
then RT+ Cis-5FU then 
high- dose RT boost
RT + Cis-5FU then 
standard dose RT boost
RT + Cis-5FU then 
high- dose RT boost

The addition of induction 
chemotherapy or high-dose RT boost 
did not demonstrate improved 
colostomy-free survival
Induction Cis-5FU vs. no induction; 
68% vs 58%, p = 0.37.
Standard-dose RT boost vs. 
high-dose RT boost; 73.7% vs. 
77.8%, p = 0.067.

ACT II 
(2013) [85]

RCT, n = 940
2x2 factorial trial (4 
arms)
RT + 5FU + MMC + 
maintenance 
5FU + Cis (2 doses)
RT + 5FU + MMC + 
no maintenance
RT + 5FU + Cis + 
maintenance 
5FU + Cis (2 doses)
RT + 5FU + Cis + no 
maintenance

CRT with MMC- 5FU vs Cis-5FU is 
similar (reporting at 5 years)
cCR similar (90% vs 90%; absolute 
difference − 0.9%, 95% CI -4.9–3.1,
30% without cCR at 11 weeks had 
cCR by 26 weeks
Colostomy-free survival (68% vs 
67%)
DFS similar (69% vs. 69%; HR 
0.95, 95% CI 0.75–1.19)
OS similar (79% vs. 77%; HR 1.05, 
95% CI 0.80–1.38)
Maintenance chemotherapy did not 
offer improvement over CRT alone
Colostomy-free survival (69% vs 
66%)
DFS (70% vs. 69%; HR 0.95, 95% 
CI 0.75–1.21).
OS (76% vs. 79%, HR 1.07 CI 
0.81–1.41).

(continued)
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Table 3.5 (continued)

Topic Study Methods Results
Intensity 
modulated 
radiation 
therapy 
(IMRT) to 
reduce 
toxicity

RTOG 0529 
(2013) [108]

Phase 2 trial, n = 63
IMRT+MMC-5FU

Outcomes in this prospective 
single-arm study were compared to 
conventional RT + MMC-5FU in 
RTOG98–11
Grade 2+ gastrointestinal/
genitourinary adverse events similar 
(77% in both trials)
IMRT had improved acute grade 2+ 
hematologic, 73% (98–11 85%, 
p = 0.032), grade 3+ gastrointestinal, 
21% (98–11 36%, p = 0.008), and 
grade 3+ dermatologic adverse 
events 23% (98–11 49%, 
P < 0.0001)

Hosni et al. 
2018 [109]

Prospective single-arm 
cohort, n = 101
IMRT+MMC-5FU

Most common acute grade ≥ 3 
toxicities were skin (42%) and 
hematological (31%).
5-year OS 83%
5-year DFS 76%
5-year CFS 75%

Surgery Correa et al. 
2013 [110]

Retrospective 
single-arm cohort, 
n = 111
Salvage surgery for 
persistence or 
recurrence after CRT

83% required APR with en bloc 
resection of local structures (mostly 
vagina and uterus)
77% R0 resection margin
5-year OS 25% (95% CI 16–17%)

Lefèvre 
et al. 2012 
[111]

Retrospective 
single-arm cohort, 
n = 105
Salvage surgery for 
persistence or 
recurrence after CRT 
(7% primary surgery 
for contraindication to 
radiation)

All received APR (no report of en 
bloc resection)
82% R0 resection margin
5-year OS 61%

Eeson et al. 
2011 [96]

Retrospective 
single-arm cohort, 
n = 51
Salvage surgery for 
persistence or 
recurrence after CRT

All APR
63% Ro resection margin
5-year OS 29%

ACT II 
2016 
(abstract) 
[112]

RCT, n = 940
Reporting on 291 
patients with persistent 
or recurrent disease

107 (31%) underwent attempted 
salvage surgery with 
abdominoperineal resection
2-year OS 54% (95%CI 43–63%)

Penderson 
et al. 2018 
[113]

Retrospective 
single-arm cohort, 
n = 47
Salvage surgery for 
persistence or 
recurrence after CRT

33% required APR with en bloc 
resection (almost all hysterectomy)
85% R0 resection margin
5-year OS 50%
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the Bethesda system into negative, atypical squamous cells of undetermined signifi-
cance (ASC-US), low-grade squamous intraepithelial lesion (LSIL); atypical squa-
mous cells, cannot exclude HSIL (ASC-H); or HSIL [127]. Those with any abnormal 
cytology (ACS-US or more) are then screened with HRA and directed biopsies [51, 
120, 128]. Anal cytology testing and interpretation, HRA, and follow-up strategies 
require expertise, and use of screening strategies should not be done without local 
expertise [48, 51, 129–131].

 Referring to Medical Oncology

 1. All patients with a biopsy-proven diagnosis of anal canal carcinoma should be 
referred to a medical oncologist for consideration of primary combined-modality 
chemoradiotherapy.

 2. All patients with a biopsy-proven diagnosis of perianal carcinoma not suitable 
for local excision should be referred to a medical oncologist for consideration of 
primary combined-modality chemoradiotherapy.

 Referring to Radiation Oncology

 1. All patients with a biopsy-proven diagnosis of anal canal carcinoma should be 
referred to a radiation oncologist for consideration of primary combined- 
modality chemoradiotherapy.

 2. All patients with a biopsy-proven diagnosis of perianal carcinoma not suitable 
for local excision should be referred to radiation oncologist for consideration of 
primary combined-modality chemoradiotherapy.

Topic Study Methods Results
Systemic 
treatment for 
metastatic or 
unresectable 
disease

KEYNOTE- 
028 [105]

Phase Ib trial, n = 25
Pembrolizumab 
(anti-PD-1 
immunotherapy)

Overall response rate 17% (95%CI 
5–37%).
Disease control rate 58%
Adverse events 64%, most common 
diarrhea, fatigue, and nausea

NCI9673 
[104]

Phase 2 trial, n = 37
Nivolumab (anti-PD-1 
immunotherapy)

Overall response rate 24% (95% CI 
15–33%); 5% complete response.
Grade 3 adverse event 14% (anemia, 
fatigue, rash, and hypothyroidism)

Epitopes-
HPV02 
[103]

Phase 2 trial, n = 69
Docetaxel+5FU + Cis

Progression-free survival at 1 year 
48%.
Grade 3–4 adverse event 70%, most 
common neutropenia, diarrhea

5FU 5-fluorouracil, APR abdominoperineal resection, cCR complete clinical response, Cis cispla-
tin, CRT chemoradiotherapy, DFS disease-free survival, MMC mitomycin C, OS overall survival

Table 3.5 (continued)
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 Referring to Multidisciplinary Cancer Conference

 1. All patients with clinically suspected or biopsy-proven persistent or recurrent 
anal carcinoma following primary combined-modality or surgical treatment 
should be discussed at a Multidisciplinary Cancer Conference (MCC).

 2. Patients not suitable for combined-modality chemoradiotherapy as the primary 
treatment of an anal carcinoma (due to patient comorbidities or tumor-related fac-
tors such as prior pelvic radiation, incontinence, fistula) should be discussed at an 
MCC, and considered for radical radiation alone or radical surgery (possibly with 
adjuvant preoperative or postoperative radiation with/without chemotherapy).

 3. Patients presenting with metastatic disease should be discussed at MCC.
 4. All patients with a biopsy-proven diagnosis of adenocarcinoma of the anal canal 

or perianal area should be discussed at MCC. Standard of care remains multimo-
dality treatment including surgery as well as chemotherapy and radiation, like 
that in rectal adenocarcinoma. Several small series (including the Toronto expe-
rience) have found that local control can be achieved in about 50% of cases with 
adenocarcinomas, less than about 3 cm in size using combination chemoradia-
tion alone. Treatment plans should be individualized on a case-by-case basis.

 Toronto Pearls

• For patients undergoing chemoradiotherapy, the use of intensity modulated radi-
ation therapy is associated with less treatment toxicity and better quality of life 
[132, 133].

• For patients undergoing radical salvage surgery, the use of a myocutaneous flap 
for perineal reconstruction is recommended.

• In order to achieve an R0 resection in locally advanced or recurrent disease, a mul-
tidisciplinary surgical team (including uro-oncology, plastic surgery, and/or ortho-
pedic surgery) should be used in the context of multivisceral pelvic resections.

• HIV-positive patients should be managed similarly to non-HIV-infected patients. 
The risk of excessive reaction to radiation and/or chemotherapy is low. Treatment 
should be adjusted on an individual basis based on toxicity and side-effect 
profile.

• Previous pelvic radiation is a relative, but not an absolute, contraindication to 
radiation and chemotherapy for anal cancer. Such patients should be referred to 
a radiation oncologist for assessment and discussed at an MCC.
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 Introduction

Breast cancer is the most common cancer among Canadian women with the excep-
tion of non-melanoma skin cancer. An estimated 26, 300 new cases occurred in 
Canada in 2017. Breast cancer is responsible for 26% of all new cancers in women 
and 13% of all cancer-related deaths in women. One in every 8 women is expected 
to develop breast cancer during her lifetime, and 1 in 31 women will die of breast 
cancer [1].

Presentation
Prognosis
5-Year overall survival (OS)

Early breast cancera (75–80%) 90–100%
Locally advanced breast cancera (10–20%) 36–67%
Distant metastasis (5%) 22%
aSee definitions in this chapter

The recommended staging system is the eighth edition of American Joint 
Committee on Cancer (AJCC) [2].

The surgical management of breast cancer requires an understanding of the com-
plete spectrum of breast pathology, both malignant and premalignant. As a result, an 
overview of this continuum is presented: from high-risk pathologies, through prein-
vasive disease, to invasive disease and the management of some of its various 
subtypes.

 Benign, but Worrisome

There exist pathological entities affecting the breast which bridge the divide between 
benign and malignant. They can present difficulty to the clinician, in terms of their 
appropriate management and—like many aspects of breast treatment—they are 
under constant review. Below we have summarized the clinical and pathological 
features as well as management of several of the more commonly encountered 
entities:
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ity
D

efi
ni

tio
n 

an
d 

di
ag

no
si

s
T

re
at

m
en

t [
3,

 4
]

C
om

m
en

ts

L
ob

ul
ar

 c
ar

ci
no

m
a 

in
 

si
tu

 (
L

C
IS

) 
[3

]
A

bn
or

m
al

 c
el

l g
ro

w
th

 in
 th

e 
lo

bu
le

s 
of

 
th

e 
br

ea
st

 th
at

 r
ep

re
se

nt
s 

an
 in

cr
ea

se
d 

ri
sk

 o
f 

ca
nc

er
 r

at
he

r 
th

an
 b

ei
ng

 a
 

pr
em

al
ig

na
nt

 c
on

di
tio

n 
pe

r 
se

D
is

tin
gu

is
h 

be
tw

ee
n 

cl
as

si
ca

l (
cL

C
IS

) 
an

d 
pl

eo
m

or
ph

ic
 (

pL
C

IS
) 

to
 p

la
n 

tr
ea

tm
en

t
D

ia
gn

os
is

: a
sy

m
pt

om
at

ic
, i

nc
id

en
ta

l, 
la

ck
s 

cl
in

ic
al

 a
nd

 m
am

m
og

ra
ph

ic
 

si
gn

s,
 lo

ss
 o

f 
E

-c
ad

he
ri

n 
[8

]

If
 f

ou
nd

 o
n 

C
N

B
, t

he
 a

re
a 

sh
ou

ld
 b

e 
re

m
ov

ed
 if

 th
er

e 
is

 im
ag

in
g-

pa
th

ol
og

ic
 

di
sc

or
da

nc
e

E
xc

is
e 

an
y 

no
nc

la
ss

ic
al

 L
C

IS
 (

e.
g.

, 
pl

eo
m

or
ph

ic
 L

C
IS

, L
C

IS
 w

ith
 n

ec
ro

si
s)

If
 f

ou
nd

 a
t t

he
 m

ar
gi

ns
 o

f 
an

 e
xc

is
ed

 le
si

on
 

(i
nc

lu
di

ng
 in

va
si

ve
 c

an
ce

r)
, r

e-
ex

ci
si

on
 is

 
no

t g
en

er
al

ly
 c

on
si

de
re

d 
ne

ce
ss

ar
y 

(u
nl

es
s 

no
nc

la
ss

ic
al

 L
C

IS
 is

 f
ou

nd
 a

t t
he

 m
ar

gi
n)

M
ul

tif
oc

al
/e

xt
en

si
ve

 L
C

IS
 in

vo
lv

in
g 

>
4 

te
rm

in
al

 d
uc

ta
l l

ob
ul

ar
 u

ni
ts

 o
n 

C
N

B
 m

ay
 

be
 a

ss
oc

ia
te

d 
w

ith
 a

n 
in

cr
ea

se
d 

ri
sk

 o
f 

in
va

si
ve

 c
an

ce
r 

on
 e

xc
is

io
n 

[6
]

R
el

at
iv

e 
ri

sk
 o

f 
de

ve
lo

pi
ng

 in
va

si
ve

 c
an

ce
r 

is
 7

–1
1-

fo
ld

; a
bs

ol
ut

e 
ri

sk
 is

 1
%

/y
ea

r 
an

d 
is

 li
fe

lo
ng

 [
3]

If
 th

er
e 

is
 r

ad
io

lo
gi

c-
pa

th
ol

og
ic

 c
on

co
rd

an
ce

 a
nd

 n
o 

ot
he

r 
le

si
on

s 
w

ith
 r

is
k 

of
 c

on
co

m
ita

nt
 m

al
ig

na
nc

y 
(i

.e
., 

A
D

H
, p

ap
ill

om
a,

 
ra

di
al

 s
ca

r)
 a

re
 p

re
se

nt
, u

pg
ra

de
 r

at
e 

is
 <

5%
 [

4]
 a

nd
 c

an
 o

bs
er

ve
 

w
ith

 c
lo

se
 c

lin
ic

al
 a

nd
 im

ag
in

g 
fo

llo
w

-u
p 

[3
] 

or
 e

xc
is

io
n 

[6
]

Fo
llo

w
-u

p 
w

ith
 c

lin
ic

al
 e

xa
m

 e
ve

ry
 6

–1
2 

m
on

th
s 

an
d 

an
nu

al
 

sc
re

en
in

g 
m

am
m

og
ra

m
 (

no
t b

ef
or

e 
ag

e 
30

);
 N

C
C

N
 r

ec
om

m
en

ds
 

co
ns

id
er

at
io

n 
of

 to
m

os
yn

th
es

is
 a

nd
 a

nn
ua

l M
R

I 
[6

],
 b

ut
 C

an
ce

r 
C

ar
e 

O
nt

ar
io

 c
ur

re
nt

ly
 d

oe
s 

no
t e

nd
or

se
 a

nn
ua

l M
R

I 
[7

]
Pl

eo
m

or
ph

ic
 L

C
IS

 is
 a

n 
ag

gr
es

si
ve

 v
ar

ia
nt

 o
f 

L
C

IS
 o

ft
en

 s
ha

ri
ng

 
pa

th
ol

og
ic

 f
ea

tu
re

s 
w

ith
 D

C
IS

 (
ce

nt
ra

l n
ec

ro
si

s 
an

d 
ca

lc
ifi

ca
tio

ns
),

 a
nd

 is
 o

ft
en

 tr
ea

te
d 

w
ith

 e
xc

is
io

n 
to

 c
le

ar
 m

ar
gi

ns
, 

si
m

ila
r 

to
 D

C
IS

 [
10

]

Pa
pi

lla
ry

 le
si

on
s,

 
in

cl
ud

in
g 

in
tr

ad
uc

ta
l 

pa
pi

llo
m

a 
[1

1]

In
tr

al
um

in
al

 e
pi

th
el

ia
l f

ro
nd

s 
th

at
 m

ay
 

ex
hi

bi
t a

 v
ar

ie
ty

 o
f 

al
te

ra
tio

ns
 f

ro
m

 
at

yp
ia

 o
r 

D
C

IS
 to

 c
ar

ci
no

m
a

D
ia

gn
os

is
: b

re
as

t l
um

p,
 n

ip
pl

e 
di

sc
ha

rg
e 

(o
ft

en
 b

lo
od

y)
, o

r 
no

du
le

 o
n 

ul
tr

as
ou

nd
 o

r 
by

 d
uc

to
sc

op
y

G
en

er
al

ly
, t

he
 a

dv
ic

e 
is

 f
or

 e
xc

is
io

n 
gi

ve
n 

th
e 

ri
sk

 o
f 

m
al

ig
na

nc
y,

 e
sp

ec
ia

lly
 if

 
pa

lp
ab

le
 o

r 
at

yp
ia

 p
re

se
nt

. I
f 

th
e 

ab
se

nc
e 

of
 

at
yp

ia
 c

an
 b

e 
pr

ov
en

, h
ow

ev
er

, t
he

re
 m

ig
ht

 
be

 a
 r

ol
e 

fo
r 

ob
se

rv
at

io
n,

 b
ut

 th
e 

lit
er

at
ur

e 
on

 p
ap

ill
ar

y 
le

si
on

s 
w

ith
ou

t a
ty

pi
a 

is
 m

ix
ed

 
w

ith
 li

ttl
e 

co
ns

en
su

s

W
ith

ou
t a

ty
pi

a,
 th

e 
ch

an
ce

 o
f 

m
al

ig
na

nc
y 

is
 v

er
y 

sm
al

l (
<

10
%

),
 

bu
t w

ith
 a

ty
pi

a,
 s

om
e 

au
th

or
s 

ha
ve

 r
ep

or
te

d 
th

e 
as

so
ci

at
ed

 r
at

e 
of

 
co

ex
is

te
nt

 c
an

ce
r 

to
 b

e 
as

 h
ig

h 
as

 6
7%

 [
12

].
 O

ne
 o

f 
th

e 
la

rg
es

t 
m

ul
tic

en
te

r 
se

ri
es

 (
n 

=
 2

38
) 

re
po

rt
ed

 a
n 

up
gr

ad
e 

ra
te

 o
f 

14
.4

%
, 

w
ith

 o
nl

y 
3.

7%
 u

pg
ra

de
d 

to
 in

va
si

ve
 c

an
ce

r. 
O

ld
er

 a
ge

 a
nd

 
pr

es
en

ce
 o

f 
at

yp
ia

 o
n 

co
re

 b
io

ps
y 

w
er

e 
as

so
ci

at
ed

 w
ith

 r
is

k 
of

 
m

al
ig

na
nc

y 
[1

3]
In

ci
de

nt
al

, b
en

ig
n 

pa
pi

lla
ry

 le
si

on
s 

ca
n 

be
 f

ol
lo

w
ed

 [
3]

Sc
le

ro
si

ng
 a

de
no

si
s 

[1
1]

A
 b

en
ig

n 
lo

bu
la

r 
le

si
on

 w
ith

 in
cr

ea
se

d 
fib

ro
us

 ti
ss

ue
 a

nd
 in

te
rs

pe
rs

ed
 

gl
an

du
la

r 
ce

lls
D

ia
gn

os
is

: o
cc

as
io

na
l l

um
p/

no
du

le
s 

or
 

pa
in

, a
nd

 o
cc

as
io

na
l 

m
ic

ro
ca

lc
ifi

ca
tio

ns
. P

er
fo

rm
 C

N
B

N
o 

tr
ea

tm
en

t i
s 

ne
ed

ed
 [

11
]

A
ft

er
 C

N
B

, e
xc

is
io

n 
is

 o
nl

y 
re

co
m

m
en

de
d 

in
 th

e 
fo

llo
w

in
g 

si
tu

at
io

ns
:

 
 L

im
ite

d 
sa

m
pl

in
g

 
 Pr

es
en

ce
 o

f 
at

yp
ia

 
 R

ad
io

lo
gi

ca
l d

is
co

rd
an

ce

R
is

k 
of

 s
ub

se
qu

en
t c

an
ce

r 
is

 s
m

al
l [

11
]
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E

nt
ity

D
efi

ni
tio

n 
an

d 
di

ag
no

si
s

T
re

at
m

en
t [

3,
 4

]
C

om
m

en
ts

M
ic

ro
gl

an
du

la
r 

ad
en

os
is

A
 r

ar
e 

ty
pe

 o
f 

ad
en

os
is

, r
es

em
bl

in
g 

tu
bu

la
r 

ca
rc

in
om

a,
 w

he
re

 ir
re

gu
la

r 
cl

us
te

rs
 o

f 
sm

al
l t

ub
ul

es
 a

re
 p

re
se

nt
 in

 
ad

ip
os

e 
or

 fi
br

ou
s 

tis
su

es
D

ia
gn

os
is

: m
ay

 p
re

se
nt

 a
s 

m
as

s
Pe

rf
or

m
 C

N
B

G
iv

en
 r

is
k 

of
 c

ar
ci

no
m

a,
 p

er
fo

rm
 e

xc
is

io
n

M
ic

ro
gl

an
du

la
r 

ad
en

os
is

 is
 p

oo
rl

y 
st

ud
ie

d,
 b

ut
 is

 a
ss

oc
ia

te
d 

w
ith

 
a 

ca
rc

in
om

a 
ra

te
 o

f 
ap

pr
ox

im
at

el
y 

23
%

 [
14

, 1
5]

R
ad

ia
l s

ca
rs

 a
nd

 
co

m
pl

ex
 s

cl
er

os
in

g 
le

si
on

s 
[1

1]

B
en

ig
n,

 s
pi

cu
la

te
d 

m
as

se
s 

ch
ar

ac
te

ri
ze

d 
by

 a
 s

cl
er

ot
ic

- a
pp

ea
ri

ng
 

(s
ca

r-
lik

e)
 c

en
te

r 
w

ith
 p

er
ip

he
ra

l 
en

tr
ap

pe
d 

no
rm

al
 b

re
as

t d
uc

ts
 a

nd
 

lo
bu

le
s

D
ia

gn
os

is
: a

sy
m

pt
om
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ic

. P
er

fo
rm

 
im

ag
in

g 
an

d 
C

N
B

T
he

 s
ta

nd
ar

d 
m

an
ag

em
en

t i
s 

to
 e

xc
is

e 
if

 
de

te
ct

ed
 a

s 
a 

m
am

m
og

ra
ph

ic
 le

si
on

H
ow

ev
er

, i
f 

th
e 

ra
di

al
 s

ca
r 

is
 a

n 
in

ci
de

nt
al

 
fin

di
ng

 o
n 

a 
C

N
B

 p
er

fo
rm

ed
 to

 in
ve

st
ig

at
e 

a 
su

sp
ec

te
d 

di
ff

er
en

t l
es

io
n 

an
d 

at
yp

ia
 is

 n
ot

 
id

en
tifi

ed
, t

he
re

 m
ay

 b
e 

a 
ro

le
 f

or
 

ob
se

rv
at

io
n

R
is

k 
of

 s
ub

se
qu

en
t b

re
as

t c
an

ce
r 

is
 tw

of
ol

d 
[1

6]

Ps
eu

do
an

gi
om

at
ou

s 
st

ro
m

al
 h

yp
er

pl
as

ia
 

(P
A

SH
) 

[1
1]

B
en

ig
n,

 s
tr

om
al

 (
m

yo
fib

ro
bl

as
t)

 
pr

ol
if

er
at

io
n 

th
at

 s
im

ul
at

es
 a

 v
as

cu
la

r 
le

si
on

M
or

e 
co

m
m

on
 in

 p
re

m
en

op
au

sa
l 

w
om

en
, p

os
si

bl
e 

ho
rm

on
al

 e
tio

lo
gy

Pr
es

en
ts

 a
s 

pa
in

le
ss

 m
as

s 
or

 im
ag

in
g 

ab
no

rm
al

ity
M

os
t c

om
m

on
 a

pp
ea

ra
nc

e 
on

 
m

am
m

og
ra

m
/U

S 
is

 a
 s

ol
id

, w
el

l-
de

fin
ed

, n
on

ca
lc

ifi
ed

 m
as

s

If
 d

ia
gn

os
ed

 c
on

cl
us

iv
el

y 
on

 C
N

B
, P

A
SH

 
ca

n 
be

 m
an

ag
ed

 e
xp

ec
ta

nt
ly

E
xc

is
e 

if
 d

is
co

rd
an

ce
 w

ith
 im

ag
in

g 
or

 
in

cr
ea

se
 in

 s
iz

e 
of

 le
si

on

A
lth

ou
gh

 P
A

SH
 is

 b
en

ig
n,

 r
ec

ur
re

nc
e 

af
te

r 
ex

ci
si

on
 is

 r
ep

or
te

d 
in

 
15

–2
2%

 o
f 

ca
se

s
E

xc
is

e 
if

 s
us

pi
ci

ou
s 

im
ag

in
g 

fin
di

ng
s,

 in
te

rv
al

 g
ro

w
th

, a
nd

 
sy

m
pt

om
at

ic
 le

si
on

s
N

o 
in

cr
ea

se
d 

ri
sk

 o
f 

su
bs

eq
ue

nt
 b

re
as

t c
an

ce
r

(c
on

tin
ue

d)
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E
nt

ity
D

efi
ni

tio
n 

an
d 

di
ag

no
si

s
T

re
at

m
en

t [
3,

 4
]

C
om

m
en

ts

C
ol

um
na

r 
ce

ll 
le

si
on

s 
(C

C
L

s)
 w

ith
ou

t o
r 

w
ith

 
at

yp
ia

 (
C

C
L

-A
, t

he
 la

tte
r 

al
so

 b
ei

ng
 k

no
w

n 
as

 fl
at

 
ep

ith
el

ia
l a

ty
pi

a,
 F

E
A

) 
[3

]
Fi

br
oe

pi
th

el
ia

l l
es

io
ns

, 
in

cl
ud

in
g 

fib
ro

ad
en

om
a 

an
d 

ph
yl

lo
de

s 
tu

m
or

s 
[3

, 
11

]
M

uc
oc

el
e-

lik
e 

le
si

on
s 

(M
L

L
s)

 [
4]

O
ft

en
 s

ee
n 

on
 C

N
B

 p
er

fo
rm

ed
 f

or
 

m
am

m
og

ra
ph

ic
 c

al
ci

fic
at

io
ns

E
nl

ar
ge

d 
te

rm
in

al
 d

uc
ta

l l
ob

ul
ar

 u
ni

ts
 

w
ith

 r
ep

la
ce

m
en

t o
f 

na
tiv

e 
ep

ith
el

ia
l 

ce
lls

 b
y 

1 
or

 m
or

e 
la

ye
rs

 o
f 

co
lu

m
na

r 
ep

ith
el

ia
l c

el
ls

 w
ith

 o
r 

w
ith

ou
t a

ty
pi

a
D

ia
gn

os
is

: a
sy

m
pt

om
at

ic
. P

er
fo

rm
 

im
ag

in
g 

an
d 

C
N

B
Pr

es
en

t a
s 

m
as

s 
on

 p
hy

si
ca

l 
ex

am
in

at
io

n 
or

 n
od

ul
e 

on
 m

am
m

og
ra

m
 

or
 u

ltr
as

ou
nd

 [
11

]
Si

m
pl

e 
fib

ro
ad

en
om

as
 a

re
 b

en
ig

n 
tu

m
or

s 
co

nt
ai

ni
ng

 g
la

nd
ul

ar
 a

nd
 

fib
ro

us
 ti

ss
ue

C
om

pl
ex

 fi
br

oa
de

no
m

as
 c

on
ta

in
 o

th
er

 
pr

ol
if

er
at

iv
e 

ch
an

ge
s 

(i
.e

., 
du

ct
 

ep
ith

el
ia

l h
yp

er
pl

as
ia

, s
cl

er
os

in
g 

ad
en

os
is

, c
al

ci
fic

at
io

n,
 a

po
cr

in
e 

ch
an

ge
)

Ph
yl

lo
de

s 
tu

m
or

s 
on

 h
is

to
lo

gy
 s

ho
w

 
le

af
-l

ik
e 

ar
ch

ite
ct

ur
e 

w
ith

 e
lo

ng
at

ed
 

cl
ef

t-
lik

e 
sp

ac
es

 c
on

ta
in

in
g 

pa
pi

lla
ry

 
pr

oj
ec

tio
ns

 o
f e

pi
th

el
ia

l-
lin

ed
 s

tr
om

a 
w

ith
 d

eg
re

es
 o

f h
yp

er
pl

as
ia

 a
nd

 a
ty

pi
a

R
ar

e 
le

si
on

 o
f 

di
la

te
d 

du
ct

s 
fil

le
d 

w
ith

 
m

uc
in

; e
pi

th
el

ia
l l

in
in

g 
of

 th
e 

du
ct

 c
an

 
ha

ve
 a

 r
an

ge
 o

f 
ab

no
rm

al
 p

at
ho

lo
gy

 
(a

ty
pi

a,
 D

C
IS

, o
r 

ca
nc

er
)

M
ay

 o
r 

m
ay

 n
ot

 b
e 

a 
pr

ec
ur

so
r 

le
si

on
 

to
 m

uc
in

ou
s 

D
C

IS
 o

r 
m

uc
in

ou
s 

ca
rc

in
om

a

C
C

L
s 

w
ith

 a
ss

oc
ia

te
d 

A
D

H
 s

ho
ul

d 
be

 
ex

ci
se

d
FE

A
 w

ith
ou

t a
ss

oc
ia

te
d 

A
D

H
 h

as
 

hi
st

or
ic

al
ly

 b
ee

n 
ex

ci
se

d 
bu

t i
t c

an
 n

ow
 b

e 
re

as
on

ab
ly

 o
bs

er
ve

d 
if

 th
er

e 
ar

e 
no

 o
th

er
 

in
di

ca
tio

ns
 f

or
 e

xc
is

io
n 

or
 c

on
ce

rn
in

g 
re

si
du

al
 m

ic
ro

ca
lc

ifi
ca

tio
ns

If
 f

ou
nd

 a
t t

he
 m

ar
gi

ns
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 Ductal Carcinoma In Situ

Ductal carcinoma in situ (DCIS) is a preinvasive epithelial breast cancer that 
does not penetrate the basement membrane. With the advent of organized screen-
ing, the incidence of DCIS markedly increased from 5.8 per 100,000 women in 
the 1970s to 32.5 per 100,000 women in 2004 and then reached a plateau [18]. 
Approximately 90% are asymptomatic and not palpable, with the remainder pre-
senting as a lump, discharge, or Paget’s disease of the nipple. When DCIS is 
observed in the breast lobule, the process is referred to as “cancerization of the 
lobule.”

Although evidence suggests that a significant proportion of DCIS lesions do 
not progress to invasive cancer, it is currently not possible to accurately distin-
guish which will progress and which will not. Furthermore, DCIS frequently 
coexists with invasive disease, and up to 15% of surgical specimens excised for 
a preoperative diagnosis of DCIS on core biopsy will be upgraded to invasive 
breast cancer [18]. These factors have led to an aggressive approach to all DCIS 
[19, 20].

The indications for breast-conserving surgery (e.g., lumpectomy) versus mastec-
tomy are similar in DCIS as with invasive disease, with mastectomy indicated where:

 1. Area of DCIS is large, relative to breast size.
 2. Disease is multicentric.
 3. Radiotherapy is contraindicated.
 4. Clear margins cannot be obtained with breast conservation.

The lack of true randomized data regarding breast-conserving surgery (BCS) 
and mastectomy for DCIS should be noted. The first indication that BCS—in 
conjunction with adjuvant radiotherapy—was acceptable treatment for DCIS 
came from a subset analysis of 78 patients in the NSABP B-06 study [21]. 
Originally enrolled because of presumed invasive breast cancer, these women 
were downgraded to DCIS on pathologic reanalysis. The local recurrence rate was 
9% in those that underwent radiotherapy versus 43% in those that did not. 
Retrospective studies have since confirmed that BCS provides survival rates simi-
lar to mastectomy; however, local recurrence is higher, even with radiotherapy 
[22, 23]. The recommended surgical margin of 2 mm for DCIS is discussed fur-
ther below. In patients with DCIS and microinvasion (no invasive focus >1 mm), 
the DCIS margin guideline should be used, as systemic treatment decisions in 
these patients are driven by their DCIS. This is in contrast to patients with inva-
sive breast cancer with a DCIS component, where the margin for invasive breast 
cancer (no ink on tumor) should be used [24].

As mentioned, similar to invasive disease, there is good evidence for radiother-
apy following a breast-conserving approach:
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Study Methods Results
NSABP-B17
Fisher et al. 
[25]

N = 818
RCT
Patients assigned to 
lumpectomy alone vs. 
lumpectomy and RT

At 7.5 years, RT reduced the incidence of 
ipsilateral invasive disease (13.4% to 3.9%) as 
well as ipsilateral DCIS (13.4% to 8.2%)
A subset analysis from this study also 
demonstrated that comedonecrosis was a risk 
factor for recurrence
At 17.25 years, RT reduced ipsilateral breast 
tumor recurrence by 52% (HR 0.48) [26]

EORTC 
10853
Julien et al. 
[27]

N = 1010
RCT
Patients with DCIS and BCS 
randomized to receive no 
further treatment or RT

RT reduced overall noninvasive recurrence at 
10.5 years by 48% and invasive recurrence by 
42%
At 15.8 years, RT reduced the risk of any 
local recurrence by 48% (HR 0.52) [28]

UK/ANZ 
DCIS
Cuzick et al. 
[29]
SweDCIS
Wärnberg 
et al. [30]

N = 1701
RCT
Patients with excised DCIS 
randomized to receive RT, 
tamoxifen, both or none
N = 1046
RCT
Patients randomized to RT or 
not after BCS for DCIS

RT reduced ipsilateral invasive recurrence at 
12.7 years by 68% and DCIS by 62%, but 
with no effect on contralateral breast cancer
Relative risk reduction of 37.5% of ipsilateral 
breast event after 20 years of follow-up

BCS breast-conserving surgery, HR hazard ratio, NSABP National Surgical Adjuvant Breast and 
Bowel Project, RT radiotherapy, RCT randomized controlled trial

These studies, such as NSABP B-17 [25] and EORTC 10853 [27], are marked by 
limitations relating to the pathological assessment of tumors (such as tumor size 
measurement and free margin definition), and lack of routine specimen imaging and 
postoperative mammography [31], thereby questioning the completeness of exci-
sion in both studies. As a result, many believe that these data strengthen the argu-
ment for complete surgical resection rather than an approach that relies on 
radiotherapy as a means of dealing with residual disease.

There is some evidence, however, that radiotherapy may be safely omitted in 
some cases of DCIS. The University of Southern California/Van Nuys prognostic 
index for DCIS uses four prognostic factors (tumor size, margin width, patient age, 
and pathologic classification as determined by both nuclear grade and presence or 
absence of comedonecrosis) to stratify patients by their risk of recurrence at 12 years 
of follow-up. Patients with low scores (4, 5, or 6) had a combination of being over 
the age of 60 with tumors less than 1.5 cm in size that were non-high grade (nuclear 
grade 1 or 2) and without necrosis, and a margin size greater than 10 mm. These 
patients with low scores, and patients who score 7 but have margins ≥3 mm, were 
found to gain no additional benefit from adjuvant radiotherapy following BCS in 
their 12-year local recurrence-free survival [32].

More recently, a prospective study of 670 patients [33] demonstrated a 5-year 
recurrence of 15% for high-grade DCIS, but only 6% for low- or intermediate-grade 
DCIS, when excised with a minimum of 3 mm margins. However, the authors note 
an increase in recurrences beyond 5 years for all grades of DCIS and urge caution 
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in applying these results to clinical practice. Another prospective trial of wide exci-
sion alone (over 1 cm margin) for low-to-intermediate grade DCIS found an unac-
ceptably high local recurrence rate of 12% at 5 years and 15.6% at 10 years [34]. A 
recent prospective trial found that the local recurrence rate continues to rise after 
12 years of follow-up, even in patients with favorable DCIS features [35]. While 
some studies using contemporary cohorts report that postoperative radiation after 
BCS for DCIS is associated with a reduced risk for ipsilateral recurrence with no 
survival benefit compared to observation alone [33], others report that the benefit in 
survival offered by radiation after BCS is dependent on patient factors and tumor 
biology [36, 37].

Given the difficulty in determining which patients with DCIS may be safely 
treated with wide excision alone [38], it remains the standard of practice at the 
University of Toronto to offer radiation to all patients having undergone breast- 
conserving surgery (BCS) for DCIS. Whole-breast radiation following lumpectomy 
decreases DCIS recurrence rates by 50% [39]. The standard dose of adjuvant radio-
therapy following BCS for completely excised DCIS is 4000 cGy in 15 fractions or 
4250 cGy in 16 fractions, with consideration for a boost of 1000 cGy (in 4 or 5 
additional fractions) to the tumor bed for any of the following criteria: age ≤ 50 years, 
high grade, or close (<2 mm) or positive margins [40].

The Oncotype DX® DCIS score is a multigene assay that provides additional 
molecular information from the tumor that may help guide treatment recommenda-
tions for adjuvant radiotherapy [41]. The DUCHESS (Evaluation of the DCIS Score 
for Decisions on Radiotherapy in Patients with Low/Intermediate Risk DCIS) trial 
is a Canadian multicenter prospective cohort study currently recruiting women with 
low- to moderate-risk DCIS to evaluate the utility of the Oncotype DX® DCIS 
score in guiding radiation treatment decisions following BCS, the results of which 
are eagerly awaited [42]. Recently, the updated NCCN guidelines have added that 
select patients may be considered for accelerated partial breast irradiation if they 
meet the definition of low-risk DCIS as defined by the RTOG 9804 trial: screen- 
detected DCIS, low to intermediate grade, tumor size ≤2.5 cm, and surgical exci-
sion with margins over 3 mm [39].

Adjuvant radiotherapy is generally not recommended for patients with DCIS 
who are adequately treated with mastectomy. Close or positive DCIS margins fol-
lowing mastectomy may lead to the consideration of postmastectomy radiation. 
However, the rates of chest wall recurrence following mastectomy for DCIS are low, 
even with positive or close margins [43, 44].

The NSABP B-24 study demonstrated that adjuvant tamoxifen following BCS 
and radiation for DCIS reduces a second breast event [45, 46], and subsequent ran-
domized trials showed no difference between tamoxifen and aromatase inhibitors in 
their efficacy [47]. The benefit gained from endocrine therapy has to be weighed 
against their known adverse effects (i.e., menopausal symptoms, mood and sleep 
disturbances, arthralgias, cataracts/deep vein thrombosis/pulmonary embolism/
uterine cancer for tamoxifen, and decreased bone mineral density for aromatase 
inhibitors). Adjuvant endocrine therapy is not routinely offered at the University of 
Toronto because the additional benefit gained from endocrine therapy for DCIS is 
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felt to be small following both surgical excision with clear margins and radiotherapy 
relative to the risks of adverse events. Patients with DCIS may be considered for 
adjuvant endocrine therapy on a case-by-case basis in discussion with a medical 
oncologist, in patients with a strong personal preference for avoiding radiation fol-
lowing BCS, or who decline additional surgery in the setting of a positive margin, 
but this is not standard of care [39, 48–49].

 DCIS Recurrence

Approximately 50% of recurrences are invasive disease [39, 50]. Factors associated 
with an increased risk of recurrence include palpable mass, larger size, higher grade, 
close or involved margins, presence of comedonecrosis, and age at diagnosis 
<50 years [39].

Margin status is an important predictor of DCIS local recurrence [22]. The 
NSABP-B17 [25], NSABP-B24 [45], and EORTC clinical trials [27] have all 
revealed that clear margins significantly decrease recurrence. No trials, however, 
have rigorously examined the optimum excision width. An analysis of pooled data 
from both randomized and nonrandomized studies in 2005 concluded that a margin 
of 2 mm when excising DCIS was as safe as a larger margin when followed by 
radiotherapy [51]. In 2016, the Society of Surgical Oncology, American Society of 
Clinical Oncology, and American Society for Radiation Oncology jointly released 
a consensus statement recommending a 2 mm margin for BCS with whole-breast 
radiation for treatment of DCIS [50, 52–53]. In their meta-analysis of studies 
examining varying margin widths (>0–1 mm, 2 mm, 3 mm, and 10 mm), there was 
no difference in recurrence when comparing 2 mm to 10 mm margins, while nar-
rower margins (>0 or 1 mm) had a statistically significant increase in recurrence 
compared to 2  mm margins [54]. The consensus panel did recommend clinical 
judgment when deciding upon the need for re-excision when DCIS margins are 
less than 2 mm [50, 52–53], as there is no difference in locoregional recurrence for 
patients with margins <2 mm or ≥ 2 mm if adjuvant radiotherapy is given [24, 
55–56]. Patients with DCIS that do require additional excision following BCS 
include those with margins <2 mm and do not plan to receive radiotherapy have 
multiple very close margins or evidence of residual malignant-appearing calcifica-
tions on mammography [24].

Although a high-grade lesion was originally thought to be a risk factor for recur-
rence [27], a 2006 review of the EORTC data [57] with a 10-year follow-up sug-
gested that this might not be the case. That study did confirm that comedonecrosis 
is an independent risk factor for recurrence, with 3 of 10 patients recurring by 
10 years [57]. A 2013 study found that larger DCIS size, margins <1 mm, and pres-
ence of lobular neoplasia, but not grade, were associated with increased risk of local 
DCIS recurrence [58]. Several studies with longer follow-up have since corrobo-
rated that high nuclear grade is not associated with DCIS recurrence [59, 60]. High 
nuclear grade, however, may be associated with invasive recurrence [61]. It may be 
that nuclear grade becomes less of a risk factor for recurrence in the modern era 
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when DCIS is appropriately treated with surgical excision (with clear margins) and 
adjuvant radiotherapy (with or without endocrine therapy).

Age is also a significant factor in DCIS recurrence. The EORTC trial demon-
strated a higher recurrence rate in young women under 40, quoting a hazard ratio 
(HR) of 2.54 [27]. Similarly, the NSABP B-24 trial found that the rate of ipsilateral 
(invasive and in situ) disease in women under 49 years old was 33/1000 women per 
year as opposed to 13/1000 for those over 49 years of age [45, 62]. A 2014 study of 
5752 DCIS cases in Ontario from 1994 to 2003 found that young age < 45 was sig-
nificantly associated with both DCIS (HR 2.6) and invasive (HR 3.0) recurrence 
[63]. Interestingly, one study found that women <40 years of age with DCIS were at 
higher risk for invasive recurrence than DCIS recurrence (15.8% vs. 11.5% 10-year 
recurrence risk), although mortality remained low, while the risks appeared equiva-
lent in women ≥40 years of age [64].

The management of recurrence is largely dependent on the type of recurrence, 
the surgical treatment of prior DCIS, and whether radiotherapy has been adminis-
tered. For DCIS recurrence, if radiotherapy has not been previously received, then a 
local resection may be possible followed by adjuvant radiotherapy; otherwise, a 
mastectomy should be offered [65]. There is increasing interest in the consideration 
of repeat resection and irradiation for local recurrence, with studies showing that 
this approach is safe and feasible in the setting of recurrence. However, the data 
remains limited by short follow-up and is largely confined to the setting of invasive 
disease rather than DCIS [66–68] and this approach is, therefore, not universally 
accepted. Invasive recurrences should be treated according to principles outlined in 
the subsequent section “Invasive Breast Cancer” and will be dependent on previous 
DCIS treatment and whether radiotherapy has been previously administered.

 DCIS and the Axilla

The incidence of axillary metastases in DCIS is <1%, and these are likely to repre-
sent missed invasive disease, rather than true DCIS metastases. For DCIS diagnosed 
preoperatively on core biopsy, 15% will subsequently be found to have invasive 
cancer on final postoperative pathology [18]. It should be borne in mind that the 
majority of reported sentinel lymph node (SLN) involvement in DCIS is revealed by 
immunohistochemical (IHC) techniques as isolated tumor cells or micrometastases, 
and the clinical significance of these is uncertain even in true invasive disease 
[52, 53].

The American Society of Clinical Oncology has recommended that axillary stag-
ing in patients with DCIS treated by BCS be reserved for those with invasive dis-
ease. For those undergoing mastectomy or immediate reconstruction for DCIS, 
sentinel lymph node biopsy (SLNB) is recommended, with a view to avoid axillary 
lymph node dissection in the event of an upgrade from DCIS to invasive carcinoma 
on final pathology of the mastectomy specimen, as SLNB is not possible after mas-
tectomy [69]. The current NCCN guidelines also offer similar recommendations, 
reserving SLNB for DCIS treated with mastectomy or excised in an anatomic 
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location that may compromise the performance of a future SLNB (e.g., extreme 
upper outer quadrant lesions near the axilla and central lesions involving the nipple- 
areolar complex, both likely disrupting lymphatic drainage of the breast) [39].

 Invasive Breast Cancer
In this section, the management of invasive breast cancer is discussed, focusing on 
tumors less than 5 cm with no evidence of matted or fixed axillary lymph nodes, 
corresponding to T0, T1, T2 and N0, N1 (stages 0, I, IIA, and IIB).

Work-up Surgical management Follow-up (F/U)
History and physical exam
Imaging:
  Review bilateral mammogram and 

ultrasound (assess for multifocal/
multicentric disease, as well as 
contralateral disease)

  Axillary US
   Breast MRI if indicated (see below)
Core needle biopsy to confirm the 
diagnosis
Apply clip if neoadjuvant therapy is 
considered
CCO staging recommendations [70]:
  Routine bone scanning, liver 

ultrasonography, and chest 
radiography are not indicated before 
surgery

Postoperatively:
  In women with stage I tumors, routine 

bone scanning, liver ultrasonography, 
and chest radiography are not 
indicated as part of baseline staging

  In women who have pathological 
stage II tumors, a postoperative bone 
scan is recommended as part of 
baseline staging

  In women who have pathological 
stage III tumors, bone scan, chest 
radiography, and liver ultrasound are 
recommended postoperatively

Breast (local):
  Breast-conservative surgery 

plus breast irradiation or 
mastectomy +/− 
postmastectomy radiation 
therapy [71]

Axilla (regional):
  Sentinel lymph node biopsy 

for clinical N0 patients
  Axillary lymph node 

dissection for clinical N1
Consider and discuss 
neoadjuvant chemotherapy in the 
following cases:
  Triple-negative
  Young patients (<40)
  Her2/neu +
  Reducing the size of tumor to 

facilitate BCS
  Node-positive patients

Regular clinical 
breast exam
Mammogram 
every 12 months

BCS breast-conserving surgery, MRI magnetic resonance imaging, CCO Cancer Care Ontario, US 
ultrasound

 Special Notes
• It is standard of care to obtain the diagnosis of invasive breast cancer with core 

needle biopsy. While the primary use of core needle biopsy is to establish a diag-
nosis, it is also useful in providing receptor status if neoadjuvant chemotherapy 
is considered. Furthermore, positive margin rates and the need for reoperation 
are reduced in women who have been assessed with core needle biopsy preopera-
tively [72].
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• In breast cancer of a more advanced stage, Cancer Care Ontario has recom-
mended that in women with pathological stage III tumors, bone scanning, liver 
ultrasonography, or CT abdomen and chest radiography are recommended post-
operatively as part of baseline staging. However, in women for whom treatment 
options are restricted to tamoxifen or hormone therapy, or for whom no further 
treatment is indicated because of age or other factors, routine bone scanning, 
liver ultrasonography, and chest radiography are not indicated as part of baseline 
staging [70].

• Mammography remains the mainstay of breast imaging. MRI of the breast is 
considered an adjunct to mammography. Preoperative diagnostic MRI detects 
additional ipsilateral lesions in up to 32% of patients and contralateral lesions in 
7% of patients. Sensitivity ranges from 75 to 100% and specificity from 80 to 
100% [73]. However, several studies have failed to show a decreased rate of posi-
tive margins in BCS for patients undergoing MRI [74, 75] while also showing an 
increased likelihood of mastectomy in such patients [75].

• According to the American College of Radiology, current indications for diag-
nostic MRI are as follows:
 – Axillary adenocarcinoma with unknown primary.
 – Evaluation of response to neoadjuvant chemotherapy.
 – Assessment of extent of DCIS and IDC.
 – Assessment of invasion of deep fascia.
 – Evaluation of possible recurrence.

• Diagnostic MRI can also be considered in patients with invasive lobular carci-
noma, as there is some evidence that MRI reduces the need for re-excision sur-
gery in this subset of patients, but at the cost of an increased likelihood of upfront 
mastectomy [74].

• Be aware that mucinous carcinomas often lack suspicious features on imaging 
and can be mistaken for fibroadenomas. Consider serial imaging or repeat 
core biopsies of breast lesions suggestive of fibroadenomas in older 
patients [76].

• The eighth edition of the AJCC introduced changes to breast cancer staging such 
that in addition to anatomic features, the biology of breast cancers are considered 
in determining prognosis [2]. In addition to TNM status, biologic markers of 
tumor grade and receptor status (estrogen receptor, progesterone receptor, and 
HER2/neu receptor) and results of genomic assays (including Oncotype DX® 
and EndoPredict) were included.

 Breast-Conserving Surgery

The aim of breast conservation is to achieve a balance between complete resection 
of the tumor with negative margins and preservation of as much normal breast 
tissue as possible. Volume loss is the major determinant of cosmesis after BCS. A 
good cosmetic outcome maximizes the psychosocial benefits of breast preserva-
tion [77].
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In patients with no contraindication to 
BCS, there are several points to be 
discussed with the patient

BCS includes the lumpectomy to a negative margin, 
margin revision being necessary in about 20% of 
cases
If the margin is positive after appropriate attempts at 
therapeutic breast-conserving surgery, the patient 
should be considered for mastectomy
BCS for DCIS and invasive breast cancer includes 
administration of radiotherapy
When compared with mastectomy, BCS may have a 
slightly higher risk of local recurrence. Both 
approaches, however, have equivalent survival 
outcomes

 Absolute Contraindications to BCS
 1. Early pregnancy, if radiation deemed necessary to be performed during 

pregnancy.
 2. Multicentric IDC—diffuse-appearing suspicious microcalcifications or inability 

to resect the evident disease with acceptable cosmetic results.
 3. Any contraindication to radiation therapy (e.g., active collagen vascular disease 

with severe vasculitis, ataxia telangiectasia).

 Relative Contraindications to BCS
 1. A history of collagen vascular disease, in remission.
 2. Large tumor size in relation to the breast size.
 3. A history of prior therapeutic irradiation to the breast region.

For invasive cancer, another consideration in the choice of surgical treatment of 
the primary tumor is the management of the axilla after positive SLNB.  The 
ACOSOG Z0011 trial—detailed in sect. IV of this chapter—supports omission of 
axillary lymph node dissection (ALND) after positive SLNB in many patients 
treated with BCS. However, patients treated with mastectomy were excluded and 
the current standard remains completion of ALND in those cases. This may factor 
into the decision-making process for the patient and surgeon.

 Trials for BCS Versus Mastectomy

Study Methods Results
NSABP-B06
Fisher et al. 
[62]

N = 1851
RCT
Patients in stages I and II were 
assigned total mastectomy/ALND, 
lumpectomy/ALND alone or 
lumpectomy/ALND + breast 
irradiation
Margins—no cancer cell at the 
surgical margin

Follow-up—20 years
No significant differences in disease- 
free survival and overall survival
Recurrence rate in the ipsilateral breast 
was 14.3% in the lumpectomy/ALND 
plus breast irradiation group and 
39.2% in the lumpectomy/ALND- 
alone group
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Study Methods Results
Milan Group
Veronesi 
et al. [23]

N = 701
RCT
Patients with tumor <2 cm were 
assigned radical mastectomy vs. 
quadrantectomy/ALND + 
radiotherapy
Margins—1.5–2.0 cm, with the 
overlying skin and deep fascia

Follow-up—20 years
No statistical difference in overall 
survival
Recurrence rate higher in the BCS 
group (8.8% vs. 2.3%)

RCT randomized controlled trial

 Meta-analysis to Assess Surgical Margins in BCS for Early 
Breast Cancer

Study Methods Results
Houssami 
et al. [77]

33 studies
N = 28,162 patients (1506 with 
LR)
Impact of surgical margins on LR
Model 1—effect of margin status 
in relation to LR
Model 2—effect of margin 
distance to LR (1 mm vs. 2 mm 
vs. 5 mm)

Higher probability of LR associated with 
positive/close margins vs. negative margins 
(OR 1.97)
No difference in LR with 1 mm vs. 2 mm 
vs. 5 mm margin distance
Wider margins unlikely to increase 
long-term local control

LR local recurrence, OR odds ratio

This work by Houssami et al. formed the basis of the Society of Surgical Oncology- 
American Society for Radiation Oncology (SSO-ASTRO) consensus guidelines for 
breast-conserving surgery for early-stage breast cancer. Using this data, a multidis-
ciplinary panel concluded that “no ink on tumor” should be adopted as the standard 
for an adequate margin for invasive breast cancer [78]. This guideline has since been 
endorsed by the American Society of Clinical Oncology (ASCO) and the American 
Society of Breast Surgeons (ASBrS) [79].

 Genetic Testing
In Ontario, patients who qualify for government-funded genetic testing include the 
following [80]:

 1. Male breast cancer patients.
 2. Female breast cancer under age 35.
 3. Ashkenazi Jewish patients with breast cancer < age 50 and/or ovarian cancer at 

any age.
 4. Affected breast cancer patients with 2 cases of breast and/or ovarian cancer on 

the same side of the family.
 5. Unaffected patient but has relative with known BRCA1 or BRCA2 mutation.
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 6. Unaffected Ashkenazi Jewish patient with first- or second-degree relative with 
breast or ovarian cancer.

 7. Unaffected individual with a strong pedigree of breast or ovarian cancer (>10% 
chance of carrying a pathogenic mutation).

Note that NCCN offers similar guidelines on genetic testing, which includes 
individuals with triple-negative breast cancer diagnosed ≤60 years old [81]. The 
ASBrS has also recently published a consensus guideline recommending that 
genetic testing be considered and discussed for all patients with a new diagnosis of 
breast cancer [82].

 The Axilla

Management of the axilla is arguably the most controversial aspect of the breast 
cancer treatment paradigm. Many changes have occurred in the past 20 years. From 
considering axillary lymph node dissection (ALND) as the standard of care for all 
breast cancer patients, to now omitting selected patients with proven axillary metas-
tases from further surgery, it is a complex facet of the management of invasive 
breast cancer.

Authors such as Steele et al. [83] in the 1980s challenged the belief that all 
breast cancer patients should have an ALND. They endorsed a system of axillary 
node sampling, whereby four nodes were “cherry picked” from level one of the 
axilla, and if negative for disease, no further surgery was performed. This limited 
axillary node sampling may be seen as the grandfather of SLNB, a technique 
which has supplanted ALND as the standard of care in staging the clinically nega-
tive axilla.

 Several key trials have demonstrated the efficacy of SLNB

Study Methods Results
Multicenter 
Validation 
Study
Krag et al. [84]
1998

N = 443
All patients underwent 
both SLNB and then 
ALND

It demonstrated that this technique could be 
used by surgeons
At least 1 SLN was identified in 98% of cases 
and the predictive value of a negative SLN was 
96%, with a false-negative rate of 11%

ASCO Review
Lyman et al. 
[85]
2005

N = 8059
Systematic review of 69 
SLNB trials

SLN identification was successful in 95% of 
patients
The false-negative rate was 7.3% (range 
0–29%). Using both radiocolloid and blue dye 
was more successful than blue dye alone

ALMANAC
Mansel et al. 
[86]
2006

N = 1031
RCT
Patients randomly 
assigned to ALND vs. 
SLNB with delayed 
ALND if SLN positive

SLNB group had less arm morbidity
SLNB group had better quality of life and arm 
functioning scores
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Study Methods Results
NSABP B-32
Technical 
results
Krag et al. [87]
2007
NSABP B-32
OS results
Krag et al. [88]
2010

N = 5611
RCT
Comparing SLNB, 
followed by ALND (group 
1) vs. SLNB, followed by 
ALND for positive SLN 
(group 2)

Lymphatic mapping was successful in 97.2% 
when using both radioactive and blue dye
The FNR was 9.8% in group 1. The FNR was 
inversely associated with the number of SLNs 
removed, such that the FNR was 17.7% when 
only one SLN was removed, 10% when 2 SLNs 
were removed, and so forth
No significant differences were observed in 
regional control or OS between groups at 
follow-up of 8 years
No significant differences in nodal recurrence 
as first event between the two groups

ALND axillary lymph node dissection, ASCO American Society of Clinical Oncology, FNR false-
negative rate, NSABP National Surgical Adjuvant Breast and Bowel Project, OS overall survival, 
SLN sentinel lymph node, SLNB sentinel lymph node biopsy, RCT randomized controlled trial

 Approach to the Axilla in Early-Stage Breast Cancer

The contribution of ALND to survival in women with breast cancer has been ques-
tioned since the publication of the NSABP B-04 [89] trial. It has often been the 
basis of argument against mandatory ALND. In this study, clinically node-negative 
patients were randomized to radical mastectomy (RM), total mastectomy (TM), 
plus postoperative axillary irradiation or TM alone. Forty percent of the RM group 
had subclinical lymph node involvement. One can assume that the TM plus irradia-
tion and the TM alone groups also had 40% of subclinical axillary lymph involve-
ment because of randomization. Despite not having any treatment to the axilla, the 
axillary recurrence rate, as a first failure, was only 19% in the TM alone group. 
Moreover, the three groups had a similar overall survival [90].

In the era of SLNB, the contribution of axillary dissection to survival was revis-
ited in the ACOSOG Z0011 trial [91]. In this prospective randomized noninferiority 
trial, women with T1-T2 breast cancers who were clinically node negative 
(T1-T2cN0), receiving breast-conserving therapy with only one or two positive 
SLNs and with no gross extracapsular extension, were randomized to SNLB-alone 
versus ALND groups. All patients received adjuvant systemic therapy and opposing 
tangential field whole-breast irradiation. One criticism of this study was the rela-
tively short follow-up (median: 6.3 years) period when it was first published in 2006. 
However, subsequent results published in 2017 still showed no difference in 10-year 
overall survival (86.3% in the SLND alone group vs. 83.6% in the ALND group with 
a noninferiority p  =  0.02) [92]. Ten-year disease-free survival was also similar 
between groups, with 78.2% in the ALND group versus 80.2% in the SLNB- alone 
group. This study demonstrated the noninferiority of SLNB to ALND for patients 
with T1-T2 tumors, and 1 or 2 positive SLNs who are treated with lumpectomy, 
adjuvant radiation and systemic therapy, with a noninferiority hazard ratio of 1.3.
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 Studies in support of ALND after positive SLNB

Study Methods Results
SEER Database 
Analysis
Joslyn. [93]
2002

Retrospective review
N = 257,157
Women diagnosed 
with breast cancer in 
the SEER database 
between 1988 and 
2000

Women undergoing ALND had an increased 
survival
With an increasing ratio of positive nodes to 
total number removed, there was a consistent 
trend towards reduced survival

Truong et al. [94]
2002

Retrospective 
population-based 
cohort
N = 8038
Patients treated for 
T1–2 breast cancer in 
British Columbia 
between 1989 and 
1998

Overall and cancer-specific 5-year survival 
rates were significantly worse in those who had 
not undergone ALND (68% vs. 85% and 86% 
vs. 91%, respectively). Note that the much 
larger difference in overall survival suggests 
large heterogeneity between groups

Early Breast 
Cancer Trialists’ 
Collaborative 
Group Analysis
Clarke et al. [95]
2005

78 RCTs
N = 42,000
Comparing the effect 
of different types of 
local treatment on 
recurrence and survival

While not directly examining ALND, the study 
showed that local control affects overall 
survival, a fact which is often used in support 
of ALND
Local recurrence positively impacted on the 
15-year survival

RCT randomized controlled trials, ALND axillary lymph node dissection, SEER surveillance epi-
demiology and end results (US National Cancer Institute)

 Studies suggesting ALND does not affect overall survival

Study Methods Results
NSABP B-04
Fisher et al. [96]

1985

N = 1843
RCT
Women were assigned to 
radical mastectomy vs. simple 
mastectomy plus local nodal 
irradiation, or simple 
mastectomy with delayed 
ALND if needed

There was no effect on survival of 
prophylactic ALND vs. nodal 
radiotherapy vs. no initial axillary 
treatment
This study is criticized for being 
underpowered and also for including 
many women with simple mastectomy 
who had some nodes removed with the 
breast specimen

The Breast 
Carcinoma 
Collaborative 
Group of the 
Institut Curie
Cabanes et al. [97]

1992

N = 658
RCT
Patients assigned to 
lumpectomy alone or 
lumpectomy plus ALND
All received RT, and women 
with positive LNs received 
chemotherapy

ALND was initially associated with 
significantly better 5-year survival 
(97% vs. 93%)
However, after 10–15 years of 
follow-up, survival rates were similar 
(~75%).
Regional recurrence was lower in 
women who had ALND. However, this 
needs to take into consideration the 
fact that the only women who received 
chemotherapy were in the ALND 
group

NSABP National Surgical Adjuvant Breast and Bowel Project, RCT randomized controlled trials, 
ALND axillary lymph node dissection, RT radiotherapy, LN lymph node
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 Studies in support of ALND omission after limited positive SLNB

Study Methods Results
Z0011
Guiliano 
et al.
[91, 92]
2010, 2017

N = 891
RCT
T1-T2cN0 invasive breast cancer
ALND vs. no ALND for women with 
1 or 2 positive SLNB
Exclusion: 3 or more positive SLNs, 
matted nodes, gross extranodal 
extension, neoadjuvant treatment
Planned adjuvant systemic therapy and 
opposing tangential field whole-breast 
irradiation to all patients

At median follow-up of 9.3 years, the 
10-year overall survival was 83.6% in 
ALND and 86.3% in those with 
SLNB. Importantly, 10-year disease- free 
survival was also similar, with 78.2% in 
ALND and 80.2% with SLNB
It is criticized for its low numbers and an 
approximately 20% lost to follow-up rate 
(unlike NSABP-B32 < 1%)
Inconsistent field of adjuvant radiation 
therapy (from the radiation reports 
available for 605 patients, 89% received 
whole-breast radiation and 15% also 
received radiation to the supraclavicular 
region) [98]
Powered for 1900 patients but closed 
earlier due to lower than expected 
mortality rate

AMAROS
Donker et al. 
[99]
2014
IBCSG 
23–01
Galimberti 
et al. [100] 
2018

N = 4806 → 1425 (29.7%) found to 
have positive SLNB
RCT, noninferiority trial
From 2001 to 2010, patients with 
cT1–2 N0 invasive breast cancer were 
enrolled in the EORTC phase III 
noninferiority AMAROS trial. Patients 
with neoadjuvant systemic treatment 
were excluded from the study
Protocol was amended in 2006 to 
include cT3 and multifocal disease
Patients were randomized to ALND or 
ART prior to SLNB and breast- 
conserving surgery or mastectomy. 
Patients with positive SLNs were then 
included in analysis. ART included 
radiation to level I, II, III, and 
supraclavicular lymph nodes
Primary endpoint was 5-year axillary 
recurrence rate
RandomisedRandomized 
noninferiority phase 3 trial
Primary endpoint: disease-free 
survival in T1-T2 tumors with only 
micrometastasis randomized to ALND 
or no ALND

5-year axillary recurrence was 0.43% 
after axillary lymph node dissection and 
1.19% after axillary radiotherapy. Due to 
the accrual and low number of events, the 
noninferiority test was underpowered and 
the study was statistically inconclusive
Clinical signs of lymphedema were noted 
more often following ALND than ART, 
23% vs. 11% at 5 years (p < 0.0001). 
Rates of subjectively measured 
lymphedema were not different between 
groups. Range of motion and quality of 
life measurements were not significantly 
different between the two groups
No significant difference in 10-year 
disease-free survival (74.9% in the 
ALND group vs. 76.8% in the no ALND 
group) with a hazard ratio of 0.85 (95% 
CI 0.65–1.11). This study showed 
noninferiority as a hazard ratio of less 
than 1.25
Higher rate of sensory neuropathy, motor 
neuropathy, and lymphedema in the 
ALND group

RCT randomized controlled trial, ALND axillary lymph node dissection, LN lymph node, SLNB 
sentinel lymph node biopsy, RT radiotherapy, EORTC European Organisation for Research and 
Treatment of Cancer, AMAROS the after-mapping of the axilla: radiotherapy or surgery?, ART 
axillary radiation therapy, NSABP National Surgical Adjuvant Breast and Bowel Project,  T1 or 
T2 and clinically N0
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 Special Notes
• Although by no means an exhaustive examination of the literature, the above 

studies do help demonstrate the controversy surrounding ALND.  It should be 
always remembered that with the rapid changes in adjuvant therapy for breast 
cancer, one must examine the older literature with a certain degree of care. 
Certainly, it seems that the benefit of extensive axillary surgery is questionable in 
this era of effective adjuvant therapy. Given the limitations of the Z0011 study, 
however, it is difficult at the present time to completely advocate a definitive 
move away from the procedure. Both NCCN guidelines and the American 
Society of Breast Surgeons endorse that if all Z0011 criteria are met, ALND is 
not required after SLNB.

• At the University of Toronto, we also forego axillary dissection in patients meet-
ing the Z0011 inclusion criteria.

 Isolated Tumor Cells and Micrometastases 

Isolated tumor cells (ITCs) Micrometastases
Defined by the eighth edition of AJCC as 
“small clusters of cells not greater than 
0.2 mm, or nonconfluent or nearly confluent 
clusters of cells not exceeding 200 cells in a 
single histologic lymph node cross section are 
classified as isolated tumour cells” [2] 
(pN0(i+))
No further surgery, radiotherapy, or 
chemotherapy is indicated by their presence. 
However, in the neoadjuvant setting, their 
significance is less clear [101].

Defined by a separate designation of pN1mi 
(>0.2 mm and no greater than 2.0 mm) to 
indicate micrometastases alone [2]
NSABP B-32 showed a 1.2% lower 5-year 
survival (p = 0.03) in patients with occult 
micrometastases, compared to those that were 
pathologically node-negative [88]. Thus, 
although larger than ITCs, micrometastasis are 
of limited clinical significance

 Special Notes
• The literature is populated by much discussion regarding the significance of iso-

lated tumor cells (ITCs) and micrometastases. This debate has been largely 
superseded by the publication of Z0011 and its findings relating to the signifi-
cance of macrometastases [91], along with Weaver et al. who demonstrated sta-
tistical but no clinical significance to their presence [102].

 Extranodal Extension

Extranodal extension (ENE) is defined as tumor breach outside of the lymph node 
capsule. In the literature, it has been associated with worse prognosis and involve-
ment of further non-sentinel lymph nodes with disease [103, 104]. The ACOSOG 
Z0011 trial excluded patients with gross ENE but did not further analyze the pres-
ence of microscopic ENE [91]. In a study by Gooch et al., in 331 patients with ENE 
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out of 11,730 patients meeting ACOSOG Z0011 criteria, ENE was associated with 
increased axillary burden [105]. ENE > 2 mm was the strongest predictor of greater 
than 4 positive lymph nodes at completion ALND on multivariate analysis (33% of 
patients with ENE >2 mm vs 9% of patients with ENE ≤2 mm vs 3% of patients 
with no ENE had more than 4 positive LNs at completion ALND, p  <  0.0001). 
Another smaller study demonstrated similar recurrence and mortality in patients 
with no ENE compared to patients with ENE ≤2 mm [106]. Therefore, one could 
consider avoiding ALND if only microscopic or focal ENE (≤ 2 mm) is identified 
on SLNB.

 SLNB Following Neoadjuvant Systemic Therapy

• For patients undergoing neoadjuvant chemotherapy, studies such as 
SENTINA, ACOSOG Z1071, and SN FNAC have demonstrated the feasibil-
ity and accuracy of SLNB following neoadjuvant systemic therapy if dual-
agent lymphatic mapping is used and more than 2 SLNs are retrieved. These 
studies are described in more detail in the Locally Advanced Breast Cancer 
section.

 Summary: Management of the Clinically Node-Negative Axilla 
in Patients Who Have Not Received Neoadjuvant Chemotherapy

• SLNs are pathologically negative or contain only ITCs:
 – SLNB is the standard for staging and axillary surgery [107].

• SLNs contain micrometastatic disease on pathologic examination:
 – SLNB alone can safely manage burden of disease. However, case should be 

discussed at Multidisciplinary Cancer Conference (MCC) to determine if 
identification of macrometastases would alter adjuvant therapy recommenda-
tions. If so, completion ALND may be considered if the patient does not meet 
inclusion criteria for Z0011 [107].

• SLNs contain macrometastatic disease on pathologic examination:
 – If meets all inclusion criteria for Z0011 (T1 or T2 tumor, clinical N0, 1, or 2 

positive SLNs, no gross extranodal extension, breast-conserving therapy, 
whole-breast radiotherapy planned, no neoadjuvant chemotherapy), no fur-
ther ALND is required [107].

If three or more positive SLNs and/or gross extranodal disease, consider 
completion ALND [107].

 – If patient has undergone mastectomy, has multicentric tumor, or is pregnant, 
a discussion at MCC is warranted to review the benefits/risks of completion 
ALND versus axillary radiotherapy.
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 Considerations of Adjuvant Treatment for Invasive 
Breast Cancer

 Genomic Assays

In addition to providing prognostic information regarding breast cancers and the 
risk of recurrence, genomic assays are also being used to guide the recommendation 
for adjuvant therapies. Studies are ongoing to include node-positive patients.

 TAILORx Study—Sparano et al. [108]

Methods Results
Implications for clinical 
practice

N = 10, 273
RCT
Patients aged 18–75 with hormone 
receptor-positive, HER2-negative, 
axillary node-negative breast 
cancers with mid-range Oncotype 
DX® recurrence scores (11–25) 
were randomly assigned to either 
chemoendocrine or endocrine 
therapy alone
Noninferiority study to determine 
if chemotherapy can be safely 
omitted in patients with mid-range 
(intermediate) recurrence scores

Endocrine therapy was 
not inferior to 
chemotherapy in these 
patients with regard to:
  Invasive disease-free 

survival
  Freedom from 

recurrence of breast 
cancer at a distant or 
local-regional site

  Overall survival
Chemotherapy was 
associated with some 
benefit in women 
50 years old and younger 
with Oncotype DX® 
recurrence scores in the 
16–25 range
9-year rate of distant 
recurrence:
  ~5% for women with 

recurrence scores of 
11–25

  ~3% for women with 
recurrence scores of 
10 or less

Adjuvant chemotherapy can 
be omitted in patients with 
HR-positive, HER2-negative, 
node-negative breast cancers 
who have Oncotype DX® 
recurrence scores <25 if over 
the age of 50
Adjuvant chemotherapy 
should be discussed and 
offered to women under the 
age of 50 with HR-positive, 
HER2-negative, node- 
negative breast cancers who 
have Oncotype DX® 
recurrence scores in the 16–25 
range

HR hormone receptor, RCT randomized controlled trial
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 Ovarian Function Suppression

Ovarian function suppression with LHRH (luteinizing hormone-releasing hor-
mone) analogs (e.g., goserelin (Zoladex), leuprolide (Lupron)) should be consid-
ered in high-risk hormone receptor-positive premenopausal women requiring 
chemotherapy [109, 110]. Ovarian function suppression may also be considered 
to protect ovarian function in premenopausal women during chemotherapy 
[111, 112].

 Locally Advanced Breast Cancer

Locally advanced breast cancer (LABC) is a heterogeneous entity. The term 
includes T3: tumors greater than 5 cm in maximum diameter, T4: tumors that 
directly invade skin or chest wall, as well as inflammatory breast cancer, and 
tumors that have extensive regional lymph node involvement (matted ipsilateral 
lymph nodes N2–N3) without evidence of distant metastatic disease at initial 
presentation. These tumors fall into the category of stage IIB (T3 N0) and III 
disease as per AJCC eighth edition staging. It is clinically useful to separate 
LABC into operable and inoperable (situations in which surgery is unlikely to 
remove all disease). This decision is made clinically based on physical examina-
tion and review of breast imaging. Approximately 25–30% of LABC are inoper-
able on presentation [113]. Up to 20% of patients with stage III disease are 
metastatic after staging [39]. Signs of questionable operable benefit or inopera-
bility include the following [114]:

 1. Extensive skin edema.
 2. Satellite nodule in the skin.
 3. Inflammatory breast cancer.
 4. Involvement of supraclavicular or internal mammary lymph nodes.
 5. Preoperative upper limb edema.
 6. Skin ulceration.
 7. Fixation to the chest wall.
 8. Fixed, matted ALN.

Optimal management of LABC requires multimodality treatment [39]. The usual 
order of treatment varies according to the patient and the tumor clinical stage and 
characteristics:
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Work-up Inoperable LABC Operable LABC Follow-up (F/U)
Obtain the ER, PR, 
and HER2/neu status
Imaging:
  Breast MRI
  CT scan chest, 

abdomen, and 
pelvis

  Bone scan
  PET/CT (optional)
Apply a radiologic 
marker to breast 
cancer and biopsy- 
proven involved 
node preinitiation of 
chemotherapy
Precise tumor 
measurement and 
documentation of 
skin changes
Consider discussion 
in MCC
Refer to Fertility, if 
premenopausal

Neoadjuvant systemic 
therapy and reassess 
response after each 
cycle
If response—continue 
until completion of 
planned treatment or 
maximal response—
then surgical 
management
If no response—
discuss again in 
MCC. Options:
  Alternate systemic 

therapy regimen
  If operable: 

Ssurgical 
management

  If nonoperable: 
radiotherapy 
+/− planned 
surgical treatment

Consider neoadjuvant 
chemotherapy in:
  Any patient who will 

need adjuvant 
chemotherapy [115] and 
in whom surgical 
pathology information 
is not required to 
determine regimen

  High-grade tumors 
[115, 116]

  HER2+ [116]
  Triple negative (ER/PR/

HER2−) [117]
  Luminal B [115] – 

Young patients 
<35 years [118]

  Patient has large tumor 
and seeks breast 
conservation

  Patients with node-
positive disease

Surgical management of 
the breast (usually 
mastectomy unless 
downstaging with optional 
reconstruction) and axilla 
(see below: SLNB vs. 
axillary dissection)

Regular clinical 
breast exam 1–4 
times a year for 
5 years, then 
annual
Mammogram 
every 12 months

ER estrogen receptor, PR progesterone receptor, HER2 human epidermal growth factor receptor 

2, MCC Multidisciplinary Cancer Conference, SLNB sentinel lymph node biopsy

 Special Notes
• Radiation therapy will be recommended postmastectomy or post-BCS to patients 

with LABC.
• Advantages of neoadjuvant chemotherapy:

 – Evaluation of in vivo response to chemotherapy.
 – Downstaging to facilitate breast conservation and omission of ALND in 

some cases.
Conversion from mastectomy to BCS occurs in approximately 23% of 

patients [119]. The extent of conversion depends on the criteria for perform-
ing BCS set by the individual trial.

 – Local recurrence rates in this conversion group were slightly higher than in 
the mastectomy group (15.9% vs. 9.9%, not significant) in the NSABP B-18 
study [120] and in a 2018 Early Breast Cancer Trialists’ Collaborative Group 
(EBCTCG) meta-analysis of ten randomized trials from 1983 to 2002 [121]. 
A 2012 combined analysis of NSABP B-18 and B-27 found that the 10-year 
cumulative incidence of locoregional recurrence after NACT was 12.3% for 
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mastectomy (without radiation) versus 10.3% for BCS (with radiation) [122]. 
A more recent 2016 meta-analysis of eight trials from 2000 to 2015 with a 
total of 3215 patients found that following neoadjuvant chemotherapy, the 
prevalence of local recurrence was 9.2% in the BCS group versus 8.3% in the 
mastectomy group (not significant) [123].

 – Early introduction of chemotherapy to treat occult potential systemic 
metastases.

 Neoadjuvant chemotherapy studies

Study Methods Results
NSABP 
B18
Wolmark 
et al. [120]

N = 1493
RCT
Operable T1–3 N0–1 M0 
patients assigned to 
preoperative chemo 
(4 cycles of AC) vs. 
postoperative chemo 
(4 cycles of AC)

Follow-up—9 years
No differences in OS (70% and 69%) or DFS 
(53% and 55%)
Marginally statistically significant treatment by 
age interactions appears to be emerging for 
survival and DFS, suggesting that younger patients 
may benefit from preoperative therapy, whereas 
the reverse may be true for older patients

EORTC 
Trial 
10,902
van der 
Hage et al. 
[119]

N = 698
RCT
Patients with T1c, T2, T3, 
T4b, N0 to 1, and M0 breast 
cancer were assigned to 
preoperative vs. 
postoperative chemotherapy 
(4 cycles—FEC)

Median follow-up—56 months
No differences in terms of PFS, OS, and LRR
Preoperative chemotherapy enabled more patients 
to be treated with breast-conserving surgery (rate 
of downstaging was 23%)

Fisher 
et al. 2011 
[124]

N = 385
Retrospective chart review
Patients with stage I, II, or 
III and triple-negative breast 
cancer treated with 
neoadjuvant or adjuvant 
chemotherapy

There is a trend towards survival benefit in 
patients with pCR following neoadjuvant 
chemotherapy
However, patients undergoing neoadjuvant 
chemotherapy with residual disease had 
significantly worse survival compared to patients 
receiving adjuvant therapy, with a trend towards 
worse survival compared to patients receiving 
neoadjuvant chemotherapy with pCR

AC doxorubicin/adriamycin + cyclophosphamide, RCT randomized controlled trial, DFS disease-
free survival, FEC fluorouracil, epirubicin, and cyclophosphamide, OS overall survival, PFS 
progression-free survival, LRR locoregional recurrence, pCR complete pathologic response

• Potential candidates for BCS after neoadjuvant chemotherapy:
 – Ideally unifocal disease (However, multifocal and even multicentric disease 

can now be removed using oncoplastic techniques, thus allowing for BCS. This 
is discussed further in the “Oncoplastics” section.)

 – No inflammatory skin involvement.
 – Radiographic abnormalities (e.g., suspicious calcifications) resectable with 

lumpectomy.
 – No contraindication to adjuvant radiotherapy.

• Neoadjuvant endocrine therapy may be considered for patients who are not can-
didates for systemic chemotherapy and have markers for endocrine responsive-
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ness or chemotherapy unresponsiveness such as ER and PR positivity, low grade, 
invasive lobular histology, and low Ki67 [115].

• SLNB has been investigated both before and after the completion of neoadju-
vant chemotherapy [125]. When performed before neoadjuvant chemotherapy, 
it is both accurate (identification rate between 93 and 100%) and safe, with a 
low rate of regional recurrence reported. However, it potentially delays the 
initiation of chemotherapy in an era where lymph node status does not influ-
ence the choice of chemotherapy. Conversely, SLN biopsy after neoadjuvant 
chemotherapy has the advantage of reducing the number of operative proce-
dures needed, as well as being both accurate and safe [125]. A 2016 meta-
analysis examining the accuracy rate of SLNB after neoadjuvant chemotherapy 
found that in 1456 patients with initially clinically node-negative breast cancer 
from 16 studies, the SLNB detection rate was 96% (95% CI: 95–97%), with a 
false-negative rate of 6% [126]. Furthermore, in comparison to performing 
SLNB prior to chemotherapy, SLNB performed after neoadjuvant chemother-
apy has similar SLN identification and false-negative rates, has lower nodal 
positivity rates (with fewer subsequent axillary dissections for T2 and T3 dis-
ease), and does not lead to higher locoregional failure rates [127]. Thus, in 
patients whose initial ipsilateral axillary evaluation is negative (cN0), sentinel 
lymph node biopsy is preferably performed after neoadjuvant systemic ther-
apy [39].

• Three clinical trials examined the accuracy and false-negative rates of SLNB 
performed after neoadjuvant chemotherapy in patients with cN1 disease. The 
ACOSOG Z1071 (Alliance) Trial had a SLNB identification rate of 92.7% 
(which was higher when using dual tracer vs. single tracer, 93.8% vs. 88.9%) 
with a false-negative rate of 12.6% when 2 or more sentinel lymph nodes 
were examined [128]. The Canadian SN FNAC study showed a SLN identifi-
cation rate of 87.6% after chemotherapy (less than the predefined optimal 
SLN identification rate of 90%), but has shown an acceptable false-negative 
rate of 8.4% when immunohistochemistry (IHC) is used and sentinel node 
metastases of any size (thus including isolated tumor cells) are considered 
positive. After neoadjuvant therapy, accuracy of SLNB is further increased 
by the use of both blue dye and radiolabeled tracer, as well as harvesting 
more than one sentinel node if possible [101]. In the SENTINA study C arm 
(patients who converted from cN+ to clinically node negative after neoadju-
vant chemotherapy), the SLN detection rate was 80.1% with an overall FNR 
of 14.2% (24.3% when one node removed vs. 18.5% when two sentinel nodes 
removed vs. consistently <10% when three or more sentinel nodes removed) 
[129]. A recent updated meta-analysis of 19 studies from 2016 demonstrated 
a pooled SLN identification rate of 91% for patients with clinically node-
positive breast cancer treated with neoadjuvant chemotherapy, with a pooled 
FNR of 13% [130].

• Residual nodal disease in the axilla following neoadjuvant treatment is felt to 
represent chemoresistant disease, and chemoresistant disease is also felt to be 
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resistant to radiotherapy [131]. As a result, in patients who are node positive on 
presentation, axillary lymph node dissection should be performed if the axilla 
remains clinically positive following neoadjuvant systemic therapy. If the axilla 
becomes clinically negative after neoadjuvant systemic therapy, SLNB may be 
performed; otherwise, axillary lymph node dissection should be pursued. SLNB 
has a > 10% false-negative rate in this setting but this rate can be improved by: 
(1) targeted removal of clipped nodes that were biopsy-proven positive prior to 
neoadjuvant systemic therapy [132, 133], (2) use of dual tracer localization, (3) 
removal of two (as per SN FNAC) or more (as per ACOSOG Z1071) sentinel 
nodes [39], and (4) use of IHC and planned ALND for any persistent disease in 
sentinel nodes (including isolated tumor cells). Alternatively, intraoperative fro-
zen section may be undertaken at the time of SLNB, with planned completion 
axillary lymph node dissection if any residual nodal disease is identified on fro-
zen section. Axillary lymph node dissection should be pursued for any residual 
nodal disease following neoadjuvant systemic therapy on final pathology, includ-
ing isolated tumor cells.

• Axillary imaging after neoadjuvant chemotherapy has not been found to be a 
reliable predictor of axillary pathology after neoadjuvant chemotherapy. In the 
SN FNAC study, the accuracy of axillary ultrasound post-NAC was 62%, with 
an 81% positive-predictive value and a 48% negative-predictive value [101]. In 
the ACOSOG Z1071 study, 57% of 430 patients with normal axillary ultra-
sounds had nodal positivity [128]. Radiologic response by MRI has also not 
been found to predict axillary response following neoadjuvant chemother-
apy [134].

• Future Directions: Two ongoing randomized controlled trials are investigating 
the potential de-escalation of therapy for patients with initial clinical N1 dis-
ease who receive neoadjuvant chemotherapy. (1) In breast cancer patients 
with cT1-3 N1 disease who have positive sentinel lymph nodes after receiving 
neoadjuvant chemotherapy, the Alliance A11202 trial is a prospective ran-
domized phase III trial that is randomizing them to either no further axillary 
surgery (with radiation to breast (if BCS)/chest wall (if mastectomy) and 
nodal basins including levels 1–3 of the axilla and supraclavicular fossa) or 
completion level 1–2 axillary lymph node dissection (with radiation to breast 
(if BCS)/chest wall (if mastectomy) and nodal basins including level 3 axil-
lary nodes and supraclavicular fossa). The primary endpoint is invasive breast 
cancer recurrence-free survival. As of May 2019, the study has enrolled 2918 
participants [135]. (2) In breast cancer patients with cT1-3 N1 disease who 
have negative axillary nodes following neoadjuvant chemotherapy (deter-
mined histologically negative either by ALND or SLNB +/− ALND), the 
B-51/RTOG 1304 (NRG 9353) trial is  randomizing patients to receive either 
regional nodal radiotherapy (with radiation to breast (if BCS)/chest wall (if 
mastectomy)) or no regional nodal radiotherapy (with whole-breast radiother-
apy if BCS but no chest wall radiotherapy if mastectomy). The primary end-
point is to determine if the addition of comprehensive regional nodal 
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radiotherapy significantly reduces breast cancer recurrence in this population, 
with secondary outcomes examining overall survival, locoregional recur-
rence, and distant recurrence. As of May 2019, this study has accrued 1231 
patients (75.2% of anticipated sample size) with an estimated completion date 
of April 2020 [136].

• Following standard neoadjuvant chemotherapy for triple-negative breast can-
cer, adjuvant capecitabine is now offered for patients with residual disease at 
surgery (Create-X trial) [137]. For HER-2 positive patients with no residual 
disease after neoadjuvant chemotherapy, patients will complete up to 1 year of 
HER2-targeted therapy with trastuzumab (Herceptin) with or without pertu-
zumab [39]. For HER2-positive patients with residual invasive disease at sur-
gery, 14 cycles of ado-trastuzumab emtansine (TDM-1) is now recommended 
(Katherine trial) [138].

 Inflammatory Breast Cancer

Inflammatory breast cancer (IBC) is a rare clinicopathological entity (1–6% of 
all breast cancer) characterized by rapid progression and aggressive behavior, 
with higher metastatic potential. IBC presents with erythema and edema with 
exaggerated hair-follicle pits, causing a peau d’orange appearance of the skin 
[139]. Diffuse erythema of more than one-third of the skin overlying the breast 
distinguishes IBC (T4d) from neglected noninflammatory LABC with skin 
involvement (T4a-c) [139, 140]. Diagnostic criteria include rapid onset of ery-
thema, edema and/or peau d’orange with or without a palpable mass occupying 
at least one-third of the breast, duration not greater than 6 months, and pathologi-
cal confirmation of invasive cancer [141]. Skin biopsy can aid in diagnosis and 
was recommended by an international consensus [141]. Most IBC are ductal 
carcinoma of high nuclear grade; 17–30% are triple negative and 18–44% are 
HER2-positive [140]. Dermal lymphatic emboli are present in 75% of cases; 
their absence does not exclude the diagnosis [139, 140]. All women with IBC 
should undergo staging investigation with at least bone scan and CT scans of the 
chest, abdomen, and pelvis [141].

After ruling out metastasis, patients are treated with preoperative chemother-
apy followed by modified radical mastectomy and radiation in those who clini-
cally respond to chemotherapy [39, 139–143]. Nonresponders may be considered 
for palliative radiotherapy, as surgery does not appear to benefit this subgroup; 
mastectomy may be considered for symptom palliation [39, 139]. The trimodal-
ity approach of chemotherapy, surgery, and radiation improves the outcome of 
patients with IBC, as Li et  al. in 2008 reported a 5-year survival rate of 
40–50% [139].
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 Special Considerations

 Pregnancy and Breast Cancer

Pregnancy-associated breast cancer (PABC) is defined as breast cancer diagnosed 
during pregnancy or within 1 year of delivery. It is one of the most common malig-
nancies diagnosed during pregnancy. Incidence is estimated to be 1 in 3000–10,000 
pregnancies, and 0.2–3.8% of all breast cancers are pregnancy-related [144].

PABC has been demonstrated to have worse prognosis in terms of recurrence and 
death when compared with non-pregnancy-related breast cancer. Suggested causes 
include the following:

 1. Aggressive disease caused by hormonal and immune changes, and breast involu-
tion [145].

 2. Diagnosis at an advanced stage, possibly due to a lack of awareness and diffi-
culty in assessing the pregnant breast [145].

 3. Use of suboptimal treatments [146].

Management of PABC requires multidisciplinary approach, ensuring best care 
both for the mother and the fetus. Of note, there is no evidence showing that termi-
nation of the pregnancy affects prognosis. However, termination during the first 
trimester should be discussed with the patient, as it can help avoid delays in treat-
ments that are contraindicated during organogenesis [39].

Treatment of PABC depends on the stage of the cancer, and is similar to that of 
the non-pregnant patient, with modifications dependent on the gestational age of the 
pregnancy at diagnosis of PABC [147].

Work-up Surgical management Adjuvant therapy
Physical exam
Breast and 
axillary 
ultrasound
Mammogram 
(with fetal 
protection)
Biopsy

BCT vs. mastectomy: same as for the 
non-pregnant patient
  Exception is a patient in the first 

trimester where chemotherapy is not 
indicated. Since radiation will be 
delayed to the postpartum period, 
mastectomy may offer maximal 
oncological safety

SLNB vs. ALND: same as for the 
non-pregnant patient
   SLNB: technetium-99 

lymphoscintigraphy is considered 
safe, but blue dye is contraindicated

Reconstruction is usually delayed until 
after delivery, as achieving symmetry is 
difficult due to pregnancy-associated 
breast engorgement

Radiation: Wwhen indicated, 
should be delayed to the 
postpartum period
Chemotherapy: can be 
administered, as adjuvant or 
neoadjuvant treatment, beginning 
after the first trimester and up to 
week 35 or 3 weeks before the 
planned delivery

ALND axillary lymph node dissection, BCT breast-conserving therapy, SLNB sentinel lymph node 
biopsy
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 Special Notes
• Breast MRI should not be performed during pregnancy due to inability to admin-

ister gadolinium.
• Fluorouracil, doxorubicin, and cyclophosphamide can be used during the second 

and third trimesters of pregnancy; paclitaxel may be acceptable if clinically indi-
cated [39].

• The use of trastuzumab is contraindicated in all trimesters due to renal and pul-
monary complications [39].

• Tamoxifen is associated with a 20% birth defect risk and, if indicated, should be 
initiated postpartum [147].

 Breast Cancer in the Elderly

With improving life expectancy, the geriatric population is expected to become a 
significant proportion of the Canadian population. Cancer care decisions in the 
elderly is complicated by competing medical comorbidities.

Regarding screening, the Canadian Task Force on Preventative Health Breast 
Cancer Update in 2018 offered no recommendations on screening for patients age 
75 and older [148]. A 2009 update from the United States Preventative Services 
Task Force on screening for breast cancer also acknowledged the lack of studies on 
the effectiveness of mammography screening in decreasing breast cancer mortality 
in women aged 70 years and older [149]. The lag time to benefit from screening for 
breast cancer with mammography is estimated to be 10 years, which should also 
factor into the consideration for screening the geriatric population [150]. In women 
over the age of 75, the American Geriatric Society has recommended that medical 
comorbidities, individual life expectancy and the risks of screening, overdiagnosis, 
and overtreatment should be considered when making the decision to screen for 
breast cancer [151].

 Special Notes
• Breast cancers in the elderly are more likely to be hormone receptor-positive and 

less frequently HER2-positive.
• A Cochrane Review comparing surgery (with and without adjuvant endocrine 

therapy) versus endocrine therapy alone as primary treatment for hormone 
receptor- positive breast cancer in the elderly showed no difference in survival but 
increased local control with surgery [152]. Individual life expectancy, medical 
comorbidities, and the risks of overtreatment should be considered in treatment 
decisions for breast cancer in the elderly.

• A 2017 systematic review and meta-analysis found that elimination of axil-
lary staging in the elderly affected regional control but did not impact sur-
vival [153]. The Society of Surgical Oncology Choosing Wisely campaign 
also recommends not routinely using axillary staging in clinically node-neg-
ative women over the age of 70  years old with hormone receptor-positive 
breast cancer [154].
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• The CALGB 9343 randomized controlled trial showed that in women over 
70 years of age with stage 1 (T1N0M0) estrogen receptor-positive breast cancer 
and clinically negative axilla treated with lumpectomy and endocrine therapy, 
the addition of adjuvant radiotherapy resulted in an 8% improvement in local- 
regional control but no additional benefit on survival after 12 years of median 
follow-up [155].

• Tools such as ePrognosis (eprognosis.ucsf.edu) or a comprehensive geriatric 
assessment [156] can help predict morbidity and mortality in older patients with 
cancer. These tools may help evaluate elderly patients in the consideration for 
surgical treatment of breast cancer.

 Dense Breasts

Increased breast density is recognized as an independent risk factor for breast can-
cer [157]. Mammographic screening is less effective in detecting lesions in women 
with dense breast tissue. To avoid missing breast cancers on mammograms, supple-
mental screening modalities including ultrasonography and MRI have been used to 
increase breast cancer detection rates [158]. This is an area requiring further 
research. Additional breast imaging modalities increase false-positive rates [158, 
159] and their effects on breast cancer outcomes remain unclear [159].

 Paget’s Disease of the Nipple

Paget’s disease of the nipple is an uncommon presentation of breast cancer (1–3%). 
It presents as a scaly, raw, eczematous, or ulcerated lesion that begins on the nipple 
and then spreads to the areola. Bloody discharge is occasionally present and bilater-
ality has been described. An underlying breast cancer (DCIS or invasive disease) is 
present in 85–88% of cases, often without an associated mass on exam or mammo-
graphic finding [160].

Paget’s disease is often mistaken in its initial assessment for eczema or dermati-
tis and treated with a short course of topical steroids. Lesions suspected of Paget’s 
disease of the nipple and persistent nipple abnormalities following treatment with 
topical steroids should undergo skin punch biopsy. The histologic hallmark of 
Paget’s disease of the nipple are Paget cells, which are malignant intraepithelial 
adenocarcinoma cells within the epidermis of the nipple. Following the diagnosis of 
Paget’s disease of the nipple, bilateral mammography and ultrasound should be 
performed to identify an underlying cancer (with bilateral breast MRI if both mam-
mogram and ultrasound are negative).

If an underlying cancer is identified preoperatively, both the cancer and the 
nipple- areolar complex require excision, either as BCS or mastectomy. In clinically 
node-negative patients, axillary SLNB should be performed if invasive disease is 
confirmed preoperatively or if undertaking mastectomy for DCIS. Patients with a 
clinically positive or suspicious axilla should undergo ultrasound-guided fine 
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needle aspiration or core needle biopsy of the palpable nodes. If FNA or core biopsy 
is positive, axillary lymph node dissection at the time of surgery is recommended. 
If FNA or core biopsy is negative, proceed to SLNB. For patients treated with neo-
adjuvant chemotherapy, SLNB may be considered for select patients with initial 
cN1 disease that convert to cN0.

For women with Paget’s disease of the nipple without a palpable mass or mam-
mographic abnormality, and where cancer is not identified preoperatively, central 
lumpectomy (removing the nipple-areolar complex) followed by whole-breast 
radiotherapy is appropriate. SLNB as a second operation may be pursued if invasive 
breast cancer is identified postoperatively [160].

 Male Breast Cancer

Male breast cancer is a rare condition, with less than 1% of all breast cancers occur-
ring in men [161]. The peak age of incidence is 71 for sporadic cancer and in the 50s 
for BRCA2-associated male breast [162]. Men tend to be 5–10 years older than 
women at diagnosis. The most frequent type is invasive ductal carcinoma, account-
ing for 90% of the cases [163]. The vast majority of male breast cancer is hormone 
receptor-positive.

The main risk factors for male breast cancer are a strong family history of 
breast cancer and BRCA mutation (men with BRCA2 mutation have a greater 
risk of breast cancer (6% absolute lifetime risk) than men with BRCA1 mutation, 
and an 80-fold increased risk over the general population) [164, 165]. Other con-
ditions associated with increased levels of estrogen and/or decreased levels of 
androgen, such as Klinefelter syndrome, cirrhosis, gynecomastia, obesity, alco-
holism, exogenous treatment with testosterone or estrogen-containing com-
pounds, and testicular diseases (e.g., orchitis, cryptorchidism, testicular injury), 
are also risk factors.

The presentation (usually a subareolar painless, firm mass), diagnostic work-up 
(with mammography, ultrasound and biopsy), and staging of male breast cancer 
mirror that of breast cancer seen in women. One should keep in mind that a new 
diagnosis of male breast cancer should prompt genetic testing and counseling, as 
well as screening for prostate cancer.

The management of male breast cancer is similar to breast cancer seen in women. 
Treatment principles, including the indications for neoadjuvant and adjuvant sys-
temic therapy and management of the axilla, are extrapolated from treatment prin-
ciples in women, although most studies do not include men. Thus, male breast 
cancer cases should be discussed in the setting of a multidisciplinary conference.

Surgical management of male breast cancer is simple mastectomy and SLNB or 
ALND for invasive cancer. Adjuvant radiotherapy is recommended if there is 
involvement of the chest wall or lymph nodes. There is emerging data that BCS may 
be attempted for patient preference if there is sufficient breast tissue to obtain a clear 
margin. In this setting, adjuvant radiotherapy is also recommended, similar to 
women with breast cancer undergoing BCS [166].
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For hormone-sensitive tumors, adjuvant endocrine therapy is recommended. In 
this setting, tamoxifen has been more studied and is recommended, given the insuf-
ficient evidence to support aromatase inhibitor therapy in men [167]. For men who 
cannot tolerate tamoxifen (e.g., hypercoagulable state), an aromatase inhibitor may 
be given in combination with an LHRH agonist (e.g., goserelin, leuprolide, busere-
lin). Later-line hormonal treatments include anti-androgen drugs (e.g., flutamide, 
bicalutamide). Bilateral orchiectomy can be used to lower estrogen/androgen levels 
but given its psychological and physical impact, medical options are preferred over 
this last resort [161, 166].

Following a personal history of breast cancer, men should be surveyed with annual 
mammography [165]. Screening recommendations for men with a strong family his-
tory or genetic predisposition for breast cancer include semiannual clinical exam start-
ing at age 35 and baseline mammography at age 40, with further annual mammography 
if increased breast density is observed on baseline mammogram [165].

Until recently, it was thought that male breast cancer was associated with a worse 
prognosis than women. This may be related to male breast cancer being typically diag-
nosed at a later stage than female breast cancer, owing to a lack of awareness of male 
breast cancer and a lack of screening in this population [166]. A 2012 study reported a 
5-year survival rate of 74% in men compared to 83% in women [168]. However, more 
contemporary studies of both male and female breast cancer with careful matching for 
age at diagnosis, grade, and stage are revealing an improvement in survival with time, 
such that survival is no longer significantly worse in men than women [166].

 Metastatic Breast Cancer

Approximately 4.1% of newly diagnosed breast cancer patients will have metasta-
ses at presentation. Improved systemic therapy has seen an increase in the 5-year 
survival of such patients in the past 5 years [169].

Until recently, surgery had a limited role in the management of patients with 
metastasis [170, 171]. However, there is an emerging body of evidence to support 
the concept that removing the primary may provide a survival advantage for such 
patients [169–171]. A 2002 retrospective review of 16,023 patients from the 
National Cancer Data Base found that overall survival was improved in women with 
de novo stage IV breast cancer who underwent surgical resection, with 3-year sur-
vival rates of 17% for the no-surgery group, 26% for the partial mastectomy group, 
and 35% for the mastectomy group [170]. Multiple other retrospective studies have 
reported survival benefits following surgical resection of the breast primary in 
patients with metastases [172–180]. However, Cady et al. [181] in 2008 challenged 
this view through a case-matched retrospective analysis of 808 patients with meta-
static breast cancer. They found that case matching either diminishes or eliminates 
the survival advantage obtained with surgery. This finding was further supported by 
a 2011 study by Dominici et al. [182]. These retrospective studies highlighted the 
need for randomized controlled trials to examine the benefit of surgery in the de 
novo metastatic population.
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In a 2015 open-label randomized controlled trial of patients with de novo meta-
static breast cancer who responded to frontline chemotherapy, Badwe et al. found 
that locoregional treatment of the primary tumor and axillary nodes in 173 women 
had no impact on overall survival, as compared to the 177 women who did not 
receive locoregional treatment [183]. In a 2018 multicenter, phase III RCT random-
izing 138 patients to upfront surgery (following chemotherapy) and 136 patients to 
systemic therapy only, Soran et al. found that median survival was not different at 
36 months but was improved at 40 months with upfront surgery (HR 0.66, 95% CI: 
0.49–0.88). Subgroup analyses found that this benefit was seen for estrogen- or 
progesterone-receptor positivity, HER2 negativity, patients younger than 55 years 
of age, and patients with bone oligometastasis [184]. Additional trials are ongoing 
[185]. We believe that these cases constitute special situations that need a multidis-
ciplinary approach. Each decision needs to be tailored according to patient symp-
toms (e.g., pain, bleeding, nonhealing wound), comorbidities, and life expectancy.

 Locoregional Recurrence of Breast Cancer

Breast cancer recurrence can be divided into breast recurrence after breast- 
conserving therapy, recurrence after mastectomy, and axillary recurrences [186].

Breast recurrence after BCT
Recurrence after 
mastectomy Axillary recurrence

Rate of LR after BCT—0.5–
1% per year [187]
Risk factors:
  Age < 45 years
  High grade
  Extensive DCIS
  Node positive
  HER2/neu overexpression
  Positive margins
  Lack of radiotherapy [188]
Most recurrences occur in the 
same quadrant as the primary 
tumor
Usually detected by physical 
examination and/or 
mammography
Metastatic work-up is required 
to rule out systemic disease
Due to previous radiotherapy, 
mastectomy is the standard of 
care, although data is 
beginning to emerge examining 
possible repeat excision and 
radiotherapy [67–68, 188]. 
Repeat SLNB may be 
attempted if ALND was not 
previously performed [39]

Rate of chest wall 
recurrence: 5–7%
The main predicting 
factor of chest wall 
recurrence is tumor 
size >4 cm and 4 or 
more positive nodes 
[188]
Usually the recurrence 
after mastectomy 
carries a worse 
outcome than that after 
BCT
Metastatic work-up is 
indicated
If systemic disease is 
ruled out, the local 
treatment involves 
wide local excision 
with or without 
radiotherapy 
(depending if 
previously received); 
repeat SLNB attempt 
is discouraged [39]

Rule out distant metastases and 
then patients treated with surgical 
excision of gross disease (i.e., 
completion axillary node 
dissection) have better regional 
control than those treated by 
radiation therapy [188, 189]. If not 
technically resectable, consider 
systemic therapy to gauge response, 
then resect if becomes feasible [39]
Isolated axillary recurrence has a 
5-year survival of 50% [190]
There is limited data on repeat 
irradiation of a previously 
irradiated axilla, and it should be 
discussed in the setting of a 
multidisciplinary meeting [68]
For supraclavicular and internal 
mammary node recurrence, NCCN 
recommends radiation therapy [39], 
while UpToDate recommends 
initial systemic therapy, with 
consideration for either surgery (if 
previous irradiation) or radiation or 
both if restaging does not show 
metastatic progression [191]

BCT breast-conserving therapy, LR local recurrence
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 Referral to Medical Oncology
 1. All invasive breast cancers need to be evaluated by medical oncology or dis-

cussed in MCC for consideration of systemic therapy.

 Referral to Radiation Oncology
 1. In situ or invasive carcinoma treated with breast-conserving therapy.
 2. Positive or very close margins after mastectomy.
 3. Any tumor more than 5 cm irrespective of the surgical treatment offered.
 4. Locally advanced and inflammatory breast cancer.
 5. Node-positive breast cancer.
 6. Paget’s disease of the nipple treated with central lumpectomy.

 Referring to Multidisciplinary Cancer Conference
Ideally all patients where time allows; however, the following should be discussed:

 1. Any case in which a deviation from the standard of care is considered.
 2. Axillary lymph node metastases.
 3. To review imaging and assess the extent of the disease for the purpose of plan-

ning surgical therapy.
 4. Disease progression on neoadjuvant chemotherapy with borderline resectability.
 5. Patient with metastasis to contralateral axilla.
 6. Patient with axillary metastasis and unknown primary cancer.
 7. Locoregional recurrence.
 8. Metastatic breast cancer in which surgery is being considered.

 Technical Aspects of Breast Surgery

 Oncoplastic Breast Surgery

Oncoplastic breast surgery (OPBS) is defined as breast reshaping and breast volume 
displacement and replacement techniques that extend breast-conserving surgery 
(BCS) options in order to avoid mastectomy [192]. It aims to preserve aesthetic 
outcome as well as quality of life for breast cancer patients without compromising 
disease control. Longer term follow-up data confirms not only the oncologic safety 
of these techniques, but also a lower rate of positive margins when OPBS is utilized, 
given the wider area of resection [193, 194]. To date, OPBS has been widely 
accepted and utilized in Europe and the United Kingdom. In a recent MD Anderson 
Cancer Center analysis of 9861 patients with operable breast cancer, the addition of 
OPBS permitted a nearly fourfold increase in the percentage of all BCS performed 
(from 4% to 15%) between 2007 and 2014 [195].

There are two levels of oncoplastic breast surgery [192]:
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• Level I: Basic glandular reshaping with local glandular flaps. There is no skin 
excision and the nipple-areolar complex may be recentralized.

• Level II: Therapeutic mammoplasties, mastopexies and contralateral balancing 
procedures. The resulting breast is usually smaller, rounder, and higher.

Whenever there is an anticipated poor cosmetic outcome with standard BCS, 
OPBS should be considered. Excision volume, tumor location, and glandular den-
sity are three important elements that should be considered for the choice of the 
appropriate OPBS technique [196]. Up to 50% of the breast volume can be excised 
using OPBS. As a general rule, when resection of less than 20% of the breast is 
planned, Level I parenchymal reshaping can be used. Tumors located in the upper 
outer quadrant are in the most favorable location for larger volume resections, 
whereas the upper inner and lower quadrants are the least favorable and can result 
in significant deformity without OPBS. Regarding the breast glandular density, fatty 
and scattered fibroglandular breasts are at more risk of fat necrosis after extensive 
undermining. On the other hand, heterogeneously dense and extremely dense 
breasts are ideally suited for mobilizing during Level I OPBS.

 Comparing Level I and Level II OPBS [196]

Level Indications Technique Pitfalls/comments
I
Parenchymal 
reshaping

Anticipated poor cosmetic 
outcome with standard BCS
Resection of less than 20% of the 
breast volume is planned

Subcutaneous 
undermining 
following mastectomy 
plane up to ¼ to 2/3 of 
the breast envelope
Excision of the tumor 
and mobilization from 
the pectoralis fascia
NAC can be 
recentralized away 
from the lumpectomy 
area

Fat necrosis if 
extensive 
undermining in fatty 
breasts

II Resection of 20–50% of the 
breast volume is planned

Round-block Upper pole and upper inner 
quadrant tumors (but virtually 
any location)

Two concentric 
periareolar incisions 
followed by 
deepithelialization of 
the skin between the 2 
incisions
Skin undermining 
circumferentially 
starting from outer 
edge of incision and 
lumpectomy
NAC recentralization

NAC is supplied by 
posterior glandular 
base
This is a versatile 
technique and can be 
applied to tumors in 
any location
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Level Indications Technique Pitfalls/comments
Superior 
pedicle 
mammoplasty 
with inverted T 
scar

Lower pole tumors Periareolar and 
inferior quadrant 
incisions
Deepithelialization 
and elevation of 
superior pedicle
Lumpectomy and 
re-approximation of 
medial and lateral 
parenchymal flaps
NAC recentralization

Foregoing 
deepithelialization of 
the area around the 
NAC and elevation 
of the NAC would 
result in “bird beak” 
deformity

Batwing Upper inner quadrant tumors Batwing (or hemi- 
batwing) incision
Lumpectomy with 
removal of skin 
between upper 
incision and NAC
Re-approximation of 
batwing incision

The lateral drawing 
lines should be 
greater than the 
round central 
diameter in length 
for optimal results 
[197]

Racquet 
mammoplasty

Upper outer quadrant tumors Racquet incision 
periareolar and upper 
outer quadrant
Periareolar 
deepithelialization, 
quadrant undermining, 
and lumpectomy
Complete detachment 
of retroareolar gland 
to allow volume 
redistribution in lateral 
space
NAC recentralization

An incomplete 
detachment of the 
retroareolar gland 
will not permit 
maximal mobility to 
fill the defect

BCS breast-conserving surgery, NAC nipple-areolar complex

This table illustrates some examples of level 2 oncoplastic techniques but is not 
exhaustive.

 Technical Aspects of Breast Reconstruction aAfter Mastectomy

Breast reconstruction after mastectomy seeks to restore breast appearance and feel, 
and patient-reported outcome measures demonstrate its benefit in psychosocial and 
physical well-being [199]. Ultimately, the decision to pursue reconstruction is up to 
the patient’s preference, but it is our goal to enable our patients to make an informed 
decision in a timely fashion. The possibility of breast reconstruction should be dis-
cussed with the patient who is undergoing mastectomy, and if immediate recon-
struction is desired and appropriate, a timely referral to a plastic surgeon is 
encouraged.
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 Types of Reconstruction

After a skin-sparing or nipple-sparing mastectomy is performed, there are two main 
types of reconstruction: prosthetic (use of implants) versus autologous (use of one’s 
own body tissue). The choice between these two options and the timing of the 
reconstruction (delayed vs. immediate) require a discussion based on the need for 
adjuvant chemotherapy or radiation, donor tissue availability, medical comorbidi-
ties, patient’s preference, and lifestyle [200].

 Implant-Based Reconstruction
Implant-based reconstruction can be performed two-staged (using a temporary tis-
sue expander) or single-staged (via a direct-to-implant method).

The two-staged reconstruction is more commonly performed, and this process 
involves a tissue expander placement at the time of the mastectomy. In the immedi-
ate few weeks after the operation, the mastectomy skin envelope undergoes expan-
sion as saline fluid is injected into the tissue expander via a syringe needle every 
1–2 weeks in the office setting until the expander reaches the desired volume. The 
subsequent operation involves the tissue expander exchange for a permanent 
implant. The time between the initial operation to the exchange varies per individual 
but is generally around 6 months.

The direct-to-implant method involves placing the permanent implant at the time 
of the mastectomy. This single-staged reconstruction is more successful when there 
is good mastectomy flap vascularity and no significant stretch or tension in the mas-
tectomy flaps after the implant placement. This method would be ideal for patients 
with native breasts that are non-ptotic and small with the desired volume that is 
similar or smaller than the native volume.

In implant-based reconstruction, acellular dermal matrix (ADM)—a processed 
cadaveric dermis—is commonly used to provide extra coverage of the device in the 
lower breast pole as an extension of the pectoralis major muscle [201, 202], improve 
definition of the inferior pole [203], and potentially reduce capsular contracture 
[204]. However, ADM is costly with a potentially added risk [205] and its selective 
use is encouraged. In a preoperative setting, ADM use is anticipated in patients with 
larger breast volumes, nipple-sparing procedures, and direct-to-implant reconstruc-
tion, and when postoperative radiation treatment is anticipated. In an intraoperative 
setting, ADM use is considered in patients with compromised pectoralis major mus-
cle integrity, a high pectoralis insertion, relative skin excess in the setting of a well- 
perfused mastectomy skin flap, and positive sentinel lymph node status (increases 
the possibility of receiving adjuvant radiation therapy). Poor flap vascularity is a 
contraindication for acellular dermal matrix use because it will not incorporate and 
may lead to persistent seroma, infection, and ultimate loss of the reconstruc-
tion [206].

In the past two decades, a subpectoral (dual plane) placement of the implant has 
been commonly used [207] and remains widely used. In recent years, a prepectoral 
placement of the implants has also become an acceptable option as it allows the 
benefits of no animation deformity or absence of pectoralis major muscle spasm and 
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less discomfort [208]. However, for a prepectoral reconstruction to be successful, a 
reasonable thickness of the mastectomy flap ensuring the flap vascularity is critical 
[208]. Other considerations include BMI < 30, mild to moderate breast volume, 
nonsmokers, minimal ptosis, and prophylactic mastectomy patients in order to 
decrease the risk of delayed wound healing, mastectomy flap necrosis, infection, 
seroma, and reconstructive failure [209, 210].

Implant-based reconstruction requires a detailed discussion regarding the safety 
concerns of the implants. Both silicone and saline implants that are currently avail-
able in practice are deemed safe. However, it is important to discuss implant-related 
risks that include implant infection, rupture, extrusion, capsular contracture, the 
possible need for additional implant exchanges in the future, and the risk for breast 
implant-associated anaplastic large cell lymphoma (BIA-ALCL).

BIA-ALCL is a rare peripheral T cell lymphoma which recent evidence suggests 
an increased incidence with textured implants [211]. Patients may present with peri-
prosthetic fluid collection years after the initial implant operation in these cases, or 
with a periprosthetic mass. The work-up would involve a cytological analysis of at 
least 50 cc of a periprosthetic aspirate for lymphoma protocol with flow cytometry, 
and immunohistochemistry checking for malignant cells that are CD30+ and ALK- 
negative. Confirmed cases of BIA-ALCL require total capsulectomy and implant 
removal, with the need for possible adjuvant therapy if there is lymph node or extra-
capsular involvement or systemic disease. At this time, there is no confirmed case of 
BIA-ALCL in a patient with a smooth implant-only history where the full implant 
history of the patient is known.

 Autologous Reconstruction
Autologous reconstruction involves using one’s own tissue. There are two types—
pedicled and free flaps.

Pedicled flaps involve transposing regional tissue while keeping the blood supply 
intact, such as the pedicled latissimus dorsi (LD) flap or a pedicled transverse rectus 
abdominis myocutaneous (TRAM) flap that gets transposed to the chest. The pedi-
cled LD flap is a faster operation than a free flap but likely requires additional vol-
ume using a prosthetic device (tissue expander changed to implant). This is an 
option for patients who have previously received radiation to the chest or those who 
are not candidates for a free flap due to inadequate tissue availability or medical 
comorbidities. The pedicled TRAM flap is less frequently used today as it increases 
the risk of abdominal bulge/hernia from having the entire rectus muscle taken but it 
remains an option in certain situations.

Free flaps involve a distant transfer of tissue that requires a reestablishment of the 
blood supply via the use of microsurgical techniques. The most commonly used 
flaps are the deep inferior epigastric perforator (DIEP) flap or muscle-sparing trans-
verse rectus abdominus (MS-TRAM) free flap from the abdomen. Alternative free 
flaps use tissues from the buttocks and thighs in cases where there is insufficient 
abdominal tissue or the patient has already undergone abdominoplasty. Free flaps 
are generally longer operations (8–10 hours) that require a 3-day stay in the hospital 
to monitor the flap perfusion in the first few days. Patients with an autologous 
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reconstruction have been found to have a higher long-term satisfaction than those 
who underwent an implant-based reconstruction on patient-reported outcome mea-
sures [199].

 Timing of Reconstruction

Reconstruction is offered in an immediate, delayed, or delayed-immediate time 
frame. An immediate reconstruction is performed at the time of the mastectomy and 
can include both autologous and implant-based reconstruction options. In an imme-
diate reconstruction, adequate perfusion of the mastectomy flap is critical to obtain 
a successful reconstruction. Delayed reconstruction is often recommended in 
patients who are anticipated to undergo adjuvant radiation as the reconstruction 
failure and complication rate is increased in this population [212]. Delayed autolo-
gous reconstruction would allow breast reconstruction using healthy tissue and 
decrease reconstruction failure rates [200]. Delayed-immediate reconstruction is for 
patients who are at an increased risk for needing postmastectomy radiation therapy 
and who wish to have a breast form in place while waiting for final pathology and/
or during the period of postmastectomy radiation therapy. A tissue expander is 
placed at the time of skin-sparing mastectomy and those who do not require post-
mastectomy radiation therapy, based on final pathology, can undergo a definitive 
breast reconstruction soon after the initial operation with an implant or a flap [213]. 
If radiation therapy is required, the expander can be radiated, and following a post- 
recovery period the expander can be replaced with autologous tissue. In this man-
ner, more skin is preserved (but still not as much as with an immediate reconstruction), 
and radiation of the final reconstruction can be avoided. However, there may still be 
complications related to radiation of the expander so that it may require premature 
removal and place the patient back into the realm of delayed reconstruction.

 Surveillance [214, 215]
Surveillance for breast cancer recurrence in the reconstructed breast is completed 
clinically. There is no evidence to support radiographic screening of the recon-
structed breast unless the patient has palpable findings suggestive of recurrence. 
Suspicious masses or symptoms should be imaged and completely worked up. Fat 
necrosis is relatively common and benign following breast reconstruction.

 Toronto Pearls

• When localizing a lesion for breast conservation, some radiologists will mark the 
site of the lesion on the skin, but this is not always true. It is helpful to remember 
that the point of entry and the nipple are the only fixed points. The cranial-caudal 
(CC) view of a preoperative mammogram defines medial versus lateral and 
lesion along the nipples line will be either 12′ or 6 o’clock. The medial-lateral 
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(ML) view defines upper versus lower half and lesions located at the nipple line 
will be located at either 3′ or 9 o’clock.

• Z0011 results are integrated into our surgical practice: clinically node-negative 
patients who have undergone lumpectomy and SLNB with positive nodes and 
who meet Z0011 criteria are not routinely offered completion axillary dissection.

• In cases of locally advanced breast cancer, we perform the SLNB after neoadju-
vant chemotherapy if nodes were clinically and radiologically negative prior to 
treatment. FNA of any suspicious axillary nodes is attempted pretreatment. If 
nodes were positive and the axilla becomes clinically negative after neoadjuvant 
systemic therapy, SLNB may be performed; otherwise, axillary lymph node dis-
section should be pursued.

• Oncoplastic procedures in breast conservation are considered on a case-by-case 
basis, as are contralateral balancing procedures such as reduction mammoplasty 
(in conjunction with plastic surgery).

• Contralateral prophylactic mastectomy (CPM) is not routinely recommended in 
the absence of a genetic mutation resulting in increased lifetime risk of develop-
ing a new breast cancer. In discussing CPM for patients without a gene mutation, 
the following must be considered: CPM does not offer an overall survival benefit 
in comparison to clinical and radiographic surveillance [198]. It does decrease 
the risk of developing a contralateral breast cancer. CPM has no effect on local 
recurrence of the ipsilateral cancer. CPM may be considered in non-gene muta-
tion carriers who are unable/unwilling to undergo continued surveillance and in 
those who wish to have immediate autologous flap-based reconstruction for opti-
mal symmetry.
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 Introduction

Cholangiocarcinoma is an uncommon cancer that occurs within the intrahepatic and 
extrahepatic portions of the bile duct system. In North America, the incidence of 
extrahepatic cholangiocarcinoma is 0.5–2 per 100,000 and 0.95 per 100,000 for 
intrahepatic cholangiocarcinoma [1]. Up to 50% of patients will be lymph node 
(LN) positive at presentation, 5% are multifocal tumors, and 10–20% will have 
peritoneal involvement at presentation (see Table 5.1). Risk factors for cholangio-
carcinoma are primary sclerosing cholangitis (PSC) with a lifetime risk 10–40% [2, 
3], parasitic infection [1], previous sphincteroplasty [4], congenital anomalies of the 
biliary tree (choledochal cyst, Caroli’s disease, anomalous pancreaticobiliary duct 
junction) [5], and chronic biliary inflammatory disease (hepatitis B/C, liver cirrho-
sis [6], recurrent pyogenic cholangitis) (see Table 5.2). The most common presenta-
tion is painless jaundice and weight loss in the setting of extrahepatic duct 
involvement. In Western countries, 80% are extrahepatic (20% distal and 60% hilar) 
and 20% are intrahepatic (see Tables 5.3 and 5.4).

The recommended staging system is the Union for International Cancer Control 
and American Joint Committee on Cancer (UICC/AJCC) 8th edition. ICC and ECC 
are staged differently.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-48363-0_5&domain=pdf
https://doi.org/10.1007/978-3-030-48363-0_5#DOI
mailto:Nicholas.Latchana@mail.utoronto.ca
mailto:Carol-anne.Moulton@uhn.ca
mailto:Cleary.Sean@mayo.edu


102

Table 5.1 Clinical outcome

Presentation
Prognosis
5-year overall survival (OS)

Distal extrahepatic localized, LN 
negative
Hilar extrahepatic localized, LN 
negative
Intrahepatic localized, LN negative

37–54% (fully resected disease)
20–50% (fully resected disease)
20–43% (fully resected disease)

LN positive—resectable 20–25% [7] (median survival 22 months with positive 
margins, 60 months with negative margins) [8]

Metastatic or unresectable disease <5%

LN lymph node

Table 5.2 Special cases

Primary sclerosing cholangitis Congenital cysts
6.8% of patients develop cholangiocarcinoma over 
10 years (10–40% lifetime risk)
Incidence: 0.6% per year
Usually presents within the first 2 years after diagnosis of 
PSC [10]
Screening recommendations: q6 month biliary imaging 
(CT or MRI/MRCP), Ca 19–9 for 2 years. However, no 
validated surveillance program in this population [1, 5]
There is some emerging evidence to support the use of 
EUS with biopsy/brushings in this scenario

Incidence of cholangiocarcinoma 
<1% per year
Overall lifetime incidence of 28%, 
if left untreated [11]
Upon identification, ductal imaging 
is necessary with MRCP; ERCP if 
needed
Recommend cyst excision with 
hepaticojejunostomy reconstruction
Cyst enterostomy is not 
recommended [12]

PSC primary sclerosing cholangitis, ERCP endoscopic retrograde cholangiopancreatography

Table 5.3 Intrahepatic cholangiocarcinoma

Work-up Management Follow-up
History and physical 
exam
Lab work:
  Ca 19–9, AFP, 

CEA
Imaging:
  CT chest, 

multiphasic CT A/P
  MRI/MRCP
Search for primary 
adenocarcinoma of 
other site:
  Endoscopy, chest 

CT, mammography 
[13]

Surgical resection is the only 
potential cure
Removal of involved liver 
segments
There is emerging evidence 
that recommends a routine 
hilar LN dissection for its 
prognostic value [14]
M1 disease includes 
involvement of celiac, 
periaortic, caval LN

CT C/A/P q3–6 months × 2 years
However, there is no data to support 
that aggressive postoperative 
surveillance as it has not been shown 
to alter outcome in this disease

LN lymph nodes, CT C/A/P computed tomography of chest, abdomen, and pelvis
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 Definitions/Terminology

• Extrahepatic Cholangiocarcinoma (Bismuth/Corlett Classification system) [9].
 – Type 1: Distal to hepatic duct bifurcation (distal).
 – Type 2: Involving the bifurcation (hilar).
 – Type 3a/3b: Occlusion of common and either right (a) or left hepatic duct (b).
 – Type 4: Multicentric or involve bifurcation and both right and left hepatic ducts.

Table 5.4 Extrahepatic cholangiocarcinoma

Site Work-up Management Follow-up
Distal 
bile duct 
(below 
the cystic 
duct)

History and physical exam
Labs:
  Ca 19–9
Imaging:
  CT chest, multiphasic CT A/P
  MRI/MRCP
Consider biliary decompression if:
  Jaundice present with ERCP/

PTC
Consider EUS for biopsy of lesion 
and lymph nodes (biopsy should be 
avoided in surgically resectable 
patients) [13]
Specificity of brush cytology is 
almost 100%, but sensitivity only 
18–40% [16]
Consider serum IgG4 to rule out 
IgG4 related sclerosing cholangitis

Surgical resection is the 
only potential cure
Pancreaticoduodenectomy 
including en bloc 
resection of extrahepatic 
bile duct and gallbladder
Regional nodes include:
  Hilar (CBD, common 

hepatic, portal, cystic)
  Posterior and anterior 

pancreaticoduodenal
  Nodes along SMV
  Nodes along right 

lateral wall of SMA

CT C/A/P 
q3–6 months 
for 2 years
There is no 
data to support 
that aggressive 
surveillance 
alters outcome 
in this disease

Hilar 
(above 
the cystic 
duct)

En bloc resection of 
extrahepatic bile duct and 
gallbladder, including 
right and left 
hepatectomy, or extended 
right/left hepatectomy [7]
Caudate lobe should be 
removed [13]
Regional nodes include:
  Hilar (CBD, hepatic, 

portal, cystic)
  Pericholedochal nodes 

in hepatoduodenal 
ligament

ERCP endoscopic retrograde cholangiopancreatography, PTC percutaneous transhepatic cholangi-
ography, EUS endoscopic ultrasound, CBD common bile duct, SMV superior mesenteric vein, 
SMA superior mesenteric artery
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 Special Notes

• Ca 19–9 can be elevated in up to 85% of patients with cholangiocarcinoma, but 
is not specific; elevation can also occur in the setting of obstructive jaundice 
without malignancy. If it remains elevated after biliary decompression, it could 
indicate the presence of malignancy. Elevated pre- and postoperative Ca 19–9 
predict poor survival [15].

• For perihilar tumors, decisions regarding which side of the liver to resect depend 
on right- or left-sided dominance, volume of future liver remnant, and the extent 
of vascular and ductal involvement.

• Some centers report that 30–50% of tumors will be deemed unresectable at the 
time of surgery, despite accurate preoperative imaging (see Table 5.5) [11].

• Quality Indicators: Pathologic Analysis—R0 margin, regional lymphadenec-
tomy includes three or more LN.

 Special Notes
• In Ontario, all patients with known or suspected cholangiocarcinoma should be 

referred for management at a high-volume hepatopancreaticobiliary surgical 
oncology center.

• Radiologic assessment should include the following: level of involvement of the 
biliary tree, extent of vascular involvement, identification of hepatic lobar atro-
phy, and identification of metastatic disease [17].

• Role of Frozen Section: Although frozen section is frequently employed intraop-
eratively, it has differing uses depending on the type of cholangiocarcinoma. 

Table 5.5 Unresectable/metastatic disease

Criteria of unresectability Management
Metastatic disease:
  Liver, lung, peritoneum, distant lymph nodes (N2 disease: celiac, 

SMA nodes)
Patient factors:
  Comorbidities rendering patient unable to tolerate potentially 

curative surgery
Anatomical factors: (adapted from Jarnagin et al. [20], JHPB 
surgery guidelines [23])
  Encasement of bilateral hepatic arteries or proper hepatic artery
  Extension into secondary biliary radicals bilaterally with no 

chance for an R0 resection
  Extension into biliary radicals unilaterally, with contralateral 

hepatic artery encasement/occlusion or contralateral atrophy of 
one hepatic lobe

Relative contraindication:
  Atrophy of one hepatic lobe with contralateral portal vein 

encasement/occlusion—dependent upon the extent of portal vein 
involvement, this can be resected and reconstructed

Consider transplant 
candidacy (Mayo 
protocol) if unresectable 
for local tumor invasion
Consider nonoperative 
approach to palliation if 
able (e.g., Stent/PTC 
placement) [21] and 
biopsy
Consider radiation/
chemotherapy options

SMA superior mesenteric artery, PTC percutaneous transhepatic cholangiography/catheter
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In extrahepatic cholangiocarcinoma, it has a definite mandatory role in determin-
ing margin status, unresectability, or the presence of metastases. Frozen section 
margin status in intrahepatic cholangiocarcinoma is largely academic, as techni-
cal limitations dictate whether further margins are possible.

• Role of Transplant in Hilar Cholangiocarcinoma:
 – Mayo Protocol for patients with unresectable hilar cholangiocarcinoma or 

cholangiocarcinoma arising de novo in the setting of PSC is offered at UHN.
 – Exclusion Criteria—patients with intrahepatic cholangiocarcinoma, intrahe-

patic or extrahepatic metastases, gall bladder/below cystic duct involvement, 
tumor size ≥3 cm, age ≥ 65 years old, Hx of malignancy within 5 years, Hx of 
prior RT in upper abdo, prior hilar dissection within 12 months, any patients 
who underwent transperitoneal biopsy within 12 months.

 – Original Mayo protocol; Preoperative Radiation—40–45 Gy, with concurrent 
5-FU, followed by 20–30  Gy transcatheter irradiation with iridium. 
Capecitabine until transplantation.

 – UHN Mayo protocol; Preoperative Radiation—Conformal RT boost, local 
regional 45  Gy  +  Boost 54–75  Gy, with concurrent Capecitabine, 
Gemcitabine + Cisplatin until transplantation.

 – Preoperative Assessment—staging laparotomy (patients must be node nega-
tive, negative for metastases and no evidence of locally advanced disease). 
Liberal endoscopic ultrasound and fine needle aspiration of regional nodes 
have identified occult metastatic disease prior to neoadjuvant therapy.

 – 5-year survival for patients who entered Mayo protocol is 54% and for patients 
transplanted is 73% [18].

 – Fallout rate is about 30% and median survival after fall out is 6.8 months [19].
• Role of Medical Oncology: All patients with a good performance status should 

be referred to a medical oncologist following resection for consideration of 
adjuvant systemic chemotherapy. Recent data from the phase III BILCAP trial 
in the United Kingdom revealed an improvement in median overall survival to 
53 months with adjuvant capecitabine compared to 36 months with observation 
alone (Primose abstract, Ghidini et al.). Subgroup analysis reveals the benefit 
was present in R0 resections (HR 0.73) and R1 resections (HR 0.90) as well as 
node negative or node positive disease (2-year OS of 80% vs. 50%). 
Furthermore, those with perihilar tumors did not benefit from adjuvant therapy 
in this trial.

• Quality Indicators: Margin: tumor margin of at least 5  mm or more [13]. 
Pathological analysis: regional lymphadenectomy includes 12 or more LN.

 Landmark Publications

Prospective RCTs regarding surgical management of this disease are few, due to the 
relative rarity of the disease. Surgical management is largely dictated by consensus 
statements formed by large high volume centers (see Table 5.6).
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Table 5.6 Landmark publications

Consensus 
guidelines

ESMO Clinical Practice guidelines: Biliary 
Cancer
Eckel et al. [22]

European guidelines

Clinical Practice Guidelines: JSHBPS
Kondo et al. [23]

Japanese guidelines

AHPBA Summary statement: Hilar 
Cholangiocarcinoma
Clary et al. [24]

North American guidelines

SIGE/AIGO/AIOM/AIRO Position Paper
Alvaro et al. [1]

Italian guidelines

Study Methods Results
Medical 
oncology 
management

UK-ABC-02 
Valle et al. [25]
BILCAP
Primrose et al. 
[26]
PRODIGE 
12-ACCORD 
18 
UNICANCER 
GI
Edeline et al. 
[27]

RCT phase 3
Conducted in 37 centers in 
the UK
N = 410 patients
Non-resectable, recurrent, 
or metastatic biliary cancer 
(included intra−/
extrahepatic 
cholangiocarcinoma, 
ampullary, gallbladder 
cancer)
RCT phase 3
Conducted in 44 centers in 
the UK
N = 447 patients
Resected gallbladder 
cancer or 
cholangiocarcinoma 
(included intra−/
extrahepatic 
cholangiocarcinoma)
Two groups, adjuvant 
Capecitibine for 24 weeks 
or observation alone
RCT phase 3
Conducted in 33 centers in 
France
N = 196 patients
Resected gallbladder 
cancer or 
cholangiocarcinoma 
(included intra−/
extrahepatic 
cholangiocarcinoma)
Two groups, adjuvant 
GEMOX or observation 
alone for 12 weeks

Median survival was 11.7 vs. 
8.1 months for the 
Gemcitabine–Cisplatin and 
Gemcitabine-alone groups, 
respectively (HR 0.64)
Significant improvement in 
progression-free survival, 
8 months vs. 5 months 
Gem-Cis vs. Gem, 
respectively (HR 0.63)
The combination of Gem-Cis 
chemotherapy for advanced/
metastatic disease gave an 
average of 3.6 months longer 
life than gemcitabine alone, 
with limited toxicity, and 
represents an appropriate 
option for treatment in these 
patients
In the per-protocol analysis, 
median overall survival was 
53 vs. 36 months for the 
capecitabine and observation 
groups respectively (HR 0.75)
Median recurrence-free 
survival (ITT) was 
24.4 months for capecitabine 
and 17.5 months for 
observation with a difference 
in months 0–24 after 
randomization (HR 0.75).
No difference in recurrence- 
free survival, 30.4 vs. 
18.5 months for the GEMOX 
and observation groups, 
respectively (HR 0.88)
No difference in overall 
survival, 75.8 vs. 50.4 months 
for the GEMOX and 
observation groups, 
respectively (HR 1.08)

RCT randomized controlled trial, ITT intention-to-treat, GEMOX gemcitabine and oxaliplatinin
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 Referring to Medical Oncology

 1. Resectable and unresectable disease with good performance status.

 Referring to Radiation Oncology

 1. R1 resection.
 2. Palliative patients for consideration of symptomatic control/photodynamic 

therapy.
 3. Locally advanced disease.

 Referring to Multidisciplinary Cancer Conference (MCC)

 1. R1 resection.
 2. Locally advanced disease.
 3. Unresectable disease.
 4. All potentially resectable cases should be reviewed and treated at a high-volume 

HPB surgical oncology center.
 5. Patients with PSC.
 6. Mayo protocol candidate.

 Toronto Pearls

• Strongly consider biliary decompression of future remnant liver for hilar tumor 
preoperatively and wait for near normal bilirubin levels if possible.

• Biliary decompression should occur prior to portal vein embolization (if 
required).

• Future remnant liver volume > 40% may be required.
• Caudate lobe resection should be considered in all cases, unless drainage of cau-

date duct into unaffected duct can be confirmed on MRCP and will not compro-
mise surgical margin.

• Biliary infection/sepsis must be treated prior to proceeding to resection.
• Early and aggressive management of biliary infections in the postoperative period, 

considering drug resistant organisms if patient has had previous preopereative 
cholangitis and longer term antibiotic treatment AND never request a percutane-
ous biopsy in unresectable Klatskin’s tumors if considering Mayo protocol.
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 Introduction

Colorectal cancer (CRC) is the second most common cancer in Canada, with an 
estimated 26,900 new cases diagnosed in 2020 [1]. It is also the second leading 
cause of death from cancer in Canada with an estimated 9700 deaths (5300 men and 
4400 women) in 2020 [1, 2]. Although the age-standardized incidence for CRC has 
been declining in males and females, this decline appears to be confined to older 
adults as the incidence has been rising in those younger than age 50 [1].

The most common stage of CRC at the time of diagnosis is stage III [1]. There is 
a strong association between cancer stage at time of diagnosis and survival 
(Table 6.1).

The current recommended staging system is the American Joint Committee on 
Cancer (AJCC) eighth edition.
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Table 6.1 Incidence and associated 5-year survival based on stage of colorectal cancer

Presentation
Average annual 
number [1]

Incidence  
(%) [1, 3]

5-year survival  
(%) [1, 2]

Localized colorectal cancer 
(stage I, II)

4008 47.1 90

Regional colorectal cancer 
(stage III)

2118 29.1 71

Metastatic colorectal cancer 
(stage IV)

1676 19.9 13

Table 6.2 Screening recommendations

Patient population Recommendation
Average risk:
  Age 50–74, asymptomatic, 

no first-degree family 
history, no personal 
history of precancerous 
polyps, no IBD

gFOBT or FIT (preferred) beginning at age 50 with 
colonoscopy if positive
Repeat FOBT q2 years with flexible sigmoidoscopy q5 years
Colonoscopy also reasonable as initial test with repeat q10 years 
if normal

Increased risk:
  First-degree relative with 

CRC

Colonoscopy at age 50 or 10 years earlier than youngest 
affected relative
If negative, repeat q5 years (if first-degree relative diagnosed 
before age 60) or q10 years (if diagnosed after age 60)

gFOBT guaiac fecal occult blood test; FIT fecal immunochemical test, IBD inflammatory 
bowel disease

 Screening and Surveillance for Average and High-Risk Patients

 Screening

 Special Notes
• There is good quality evidence that population screening using either FOBT or 

flexible sigmoidoscopy reduces colorectal cancer mortality [4, 5] (Table 6.2).
• FOBT has been shown to reduce relative risk of CRC mortality by 16% [4, 5].
• FIT has been shown to have superior sensitivity in detecting CRC and advanced 

adenoma when compared to gFOBT [6]. It is also anticipated that the reduction 
in CRC-related death through FIT screening is at least equivalent to that through 
gFOBT. However, direct comparison between gFOBT and FIT in terms of CRC- 
related mortality is lacking.

• A randomized trial from Norway showed that population screening with flexible 
sigmoidoscopy decreased colorectal cancer mortality (11.7/100,000 deaths per 
person-years absolute risk reduction) [7].

• At least four randomized controlled trials and ten observational studies have 
shown that screening with flexible sigmoidoscopy reduces incidence and mortal-
ity in distal, but not proximal colorectal cancer [8].
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• A systematic review and meta-analysis showed decreased mortality for proximal 
cancers with colonoscopy compared to flexible sigmoidoscopy based on obser-
vational data [8].

• Colonoscopy is recommended by the American College of Gastroenterology for 
screening, although there are no randomized trials demonstrating a reduction in 
mortality [9].

• A population-based study in Ontario of 2,412,077 people demonstrated that the 
colonoscopy rate was inversely proportional to death from CRC [10]. A case–
control study in Ontario has demonstrated a significant association between 
colonoscopy and fewer deaths from CRC; specifically left-sided cancers [11].

• Colonoscopy is the most sensitive of available screening options at detecting 
cancer or polyps and is thus an acceptable modality; however, it is associated 
with the highest risk and cost.

• A shorter interval between testing or repeat colonoscopy should be performed if 
the first colonoscopy is sub-optimal.

• Quality indicators for colonoscopy:
 – Cecal intubation rate > 90%, adequate bowel preparation, post polypectomy 

bleeding rate of <0.5%, and perforation rate of <0.1% [12, 13].
 – Polypectomy and adenoma detection rates (ADR) are also important quality 

indicators. Some studies have suggested ADR ≥ 25% may be associated with 
lower incidence of interval cancer [14]; however, there is no consensus on 
what the appropriate target should be [12, 13].

 – There is insufficient evidence to suggest a minimum withdrawal time from the 
cecum of 6 min improves quality of endoscopy or improves ADR [10, 11]. 
However, shorter mean withdrawal times have been independently associated 
with lower ADR [14].

 Surveillance

 Special Notes
• Table 6.3 is adapted from Ontario ColonCancerCheck Guidelines.
• Patients with multiple colorectal adenomas (>10) should be considered for germ-

line genetic testing of APC, MUTYH, and MMR.
• Above surveillance interval assumes (1) no family history of CRC in a first- 

degree relative with an age of onset <60, (2) colonoscopy was complete and 
adequate, and all visible polyps were completely removed.

 Hereditary Colorectal Cancer Syndromes

 Lynch Syndrome and Microsatellite Instability
• Lynch syndrome is the most common hereditary CRC syndrome with a lifetime 

colorectal cancer risk of 40–80% (Table 6.4). This genetic disease results from 
mutations in DNA mismatch repair (MMR) genes leading to microsatellite insta-
bility (MSI).
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Table 6.4 Gene mutations and colorectal cancer risk in hereditary colorectal cancer syndromes

Colorectal cancer 
syndrome

Pattern of 
inheritance Mutated germline gene

Colorectal cancer 
risk

Adenomatous
Lynch syndrome AD MLH1, MSH2, MSH6, 

PMS2, EPCAM/TACSTD1
40–80% by age 75

Familial adenomatous 
polyposis (FAP)

AD APC 90% by age 45

Attenuated FAP (AFAP) AD APC 70% by age 80
MUTYH-associated 
polyposis (MAP)

AR MUTYH 35–55%

Hamartomatous
Peutz–Jeghers AD STK1 40% by age 70
Juvenile polyposis AD SMAD4, BMPR1A 15–70% by age 60

AD autosomal dominant, AR autosomal recessive

Table 6.3 Surveillance of patients with polyps identified at colonoscopy [15]

Initial colonoscopy finding
Timing/type of next 
test

Subsequent 
colonoscopy finding

Timing/type of 
next test

No polyps or hyperplastic 
polypsa in sigmoid/rectum

10 years/FIT N/A

LRA 5 years/FIT N/A
HRA 3 years/colonoscopy No polyps/hyperplastic 

polyps in sigmoid or 
rectum/LRA

5 years/
colonoscopy

HRA 3 years/
colonoscopy

>10 adenomasb <1 year/clearing 
colonoscopy

<3 years at endoscopist’s discretion

SSA <10 mm without 
dysplasia

5 years/colonoscopy At endoscopist’s discretionc

SSA ≥10 mm or with 
dysplasia or TSA

3 years/colonoscopy

Large sessile polyp 
removed piecemeal

≤6 m/colonoscopy to 
check site

Serrated polyposis 
syndromed

1 year/colonoscopy 1–2 years at endoscopist’s discretion

FIT fecal immunochemical test, N/A not applicable, LRA low-risk adenoma (1–2 tubular adenomas 
<10 mm and without high-grade dysplasia), HRA high-risk adenoma/advanced adenoma (one or 
more tubular adenomas ≥10 mm, three or more adenomas of any size, villous adenomas, adeno-
mas with high-grade dysplasia), SSA sessile serrated adenoma/sessile serrated polyp (if dysplasia, 
considered advanced); TSA traditional serrated adenoma (uncommon, often protrubrant and left- 
sided polyps)
aUsually diminutive (<5 mm) nondysplastic polyps in rectum/sigmoid and are not associated with 
increased risk of CRC (i.e., not screening-relevant)
bGenetic testing for FAP should be offered. If no FAP and colon cleared, surveillance colonoscopy 
should be in <3 years
cBoth SSA and TSA require surveillance; however, evidence to suggest specific surveillance inter-
val is lacking
dAt least 5 serrated polyps proximal to sigmoid, two of which >10 mm, or first-degree relative with 
serrated polyposis and having any number of serrated polyps proximal to sigmoid, or more than 20 
serrated polyps of any size and in any location
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• MSI is identified in approximately 15% of all CRC and is a feature of Lynch 
syndrome.

• Majority of cases of MSI are sporadic, due to methylation of an MMR gene, 
rather than a germline mutation found in Lynch syndrome. Revised Bethesda 
Guidelines provide criteria for testing of individuals at risk for Lynch syn-
drome [16].

• MSI may be screened for in all colorectal cancers via PCR or 
Immunohistochemistry (IHC) for defective MMR.

 Revised Bethesda Guidelines
• CRC diagnosed in a patient < age 50.
• Synchronous or metachronous CRC or other Lynch-related tumor.
• CRC diagnosed in a first-degree relative with a Lynch-related tumor, one diag-

nosed < age 50.
• CRC diagnosed in two or more first- or second-degree relatives with Lynch- 

related tumors.
• CRC with MSI-high (MSI-H) histology in patient < age 60:

 – Tumor infiltrating lymphocytes.
 – Crohn’s-like lymphocytic reaction.
 – Medullary growth pattern.
 – Mucinous/Signet ring differentiation.

 Special Notes
• In stage II patients, IHC testing should be considered as MSI-H status has been 

shown to predict lack of benefit from fluorouracil-based adjuvant chemotherapy 
[7, 18].

• Extracolonic manifestations of Lynch syndrome include cancers of the uterus 
(30–60%), ovary (4–12%), urinary tract (5–12%), stomach (8–10%), small 
bowel, pancreas (4%), biliary tract, brain, and skin [15].

• Testing guidelines based on age and family history miss a significant proportion 
of patients with MSI-H tumors. Universal testing of patients with CRC is a more 
sensitive method of identifying MSI-H patients and may be more cost-effective 
than traditional guidelines [19–21].

• The proposed ASCO/ESMO guidelines suggest (1) universal testing of all 
patients with CRC or (2) testing of all patients <70 and patients >70 who fulfill 
any of the revised Bethesda guidelines [19].

• Tumor testing for MMR deficiency with IHC ± MSI:
 – If loss of MLH1/PMS2 protein expression is observed in the tumor, analysis 

of BRAF V600E mutation and/or analysis of methylation of the MLH1 pro-
moter should be carried out first to rule out a sporadic case.

 – If tumor is MMR deficient and somatic BRAF mutation is not detected or 
MLH1 promoter methylation is not identified, testing for germline mutations 
is indicated.
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 – If loss of any of the other proteins (MSH2/MSH6/PMS2) is identified, test for 
corresponding genes to the absent protein (e.g., MSH2, MSH6, EPCAM, 
PMS2, MLH1).

 – Full germline testing for Lynch should include DNA sequencing and large 
re-arrangement analysis.

 Polyposis Syndromes

 Familial Adenomatous Polyposis (FAP)

• >100–1000s of adenomas distributed in the colon and rectum at presentation.
• Accounts for <1% of all CRC cancers. Polyps often manifest in adolescents or 

young adults.
• Extracolonic manifestations of FAP: gastric and duodenal polyps, desmoid 

tumors, thyroid and brain tumors, congenital hypertrophy of the retinal pig-
mented epithelium (CHRPE), supernumerary teeth, osteomas, and epider-
moid cysts.

• Duodenal/ampullary adenocarcinomas follow CRC as the major cause of cancer 
death in patients with FAP.

• Desmoid tumors are found in up to 30% of patients with FAP and are the third 
most common cause of death in FAP. They peak around age 30 or 2–3 years after 
surgery. Depending on the location and symptoms, management includes 
 observation (10% resolve spontaneously), medical therapy (NSAIDS, tamoxi-
fen, vinblastine/methotrexate, or chemotherapy), or surgical resection.

 Attenuated Familial Adenomatous Polyposis (AFAP)

• 10–99 colorectal adenomas at presentation, preponderance for right colon. 
Polyps tend to develop later in life compared to FAP.

 MUTYH-Associated Polyposis (MAP)

• Autosomal recessive inheritance, phenotype characterized by <100 adenomas. 
Average age of onset mid-50s. Up to 1/3 of biallelic MUTYH-mutation carriers 
may develop CRC in the absence of colorectal polyposis. Heterozygote individu-
als are also at a slightly increased risk of CRC (Table 6.4).

 Germline Testing for APC and MUTYH [15]

• Should be considered in all patients with multiple colorectal adenomas (>10).
• APC germline testing should include DNA sequencing and large re-arrangement 

analysis.
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 Management

 Primary Localized Colon Cancer

 Special Notes
• Polyps

 – Endoscopic management of sessile and pedunculated polyps is appropriate 
provided they are removed as a single specimen and lack high-risk features 
[28–30].

 – High-risk features of malignant polyps include poorly differentiated histol-
ogy, lymphovascular invasion, tumor budding, piecemeal excision, and posi-
tive margin [28, 29].

 – Data regarding surveillance following successful endoscopic resection is 
lacking. Repeat endoscopic evaluation for local recurrence is recommended 
3–6  months post resection. There is no defined role for routine imaging 
(Table 6.5); however, in high-risk patients not undergoing resection, enroll-
ment in a surveillance program may be considered [28–30].

 – Given that lymph node involvement has been reported in 5–17% of malignant 
polyps [28–31], practice at the University of Toronto has included radio-
graphic staging at diagnosis.

• Adjuvant Treatment
 – Adjuvant chemotherapy should begin within 8 weeks of surgery. If delayed 

beyond 12 weeks, there is limited to no clinical benefit [32, 33].
 – The benefit of adjuvant chemotherapy is clearest in patients with stage III 

disease where ~30% decrease in risk of recurrence and mortality has been 
demonstrated [34].

 – The role of adjuvant chemotherapy among patients with high-risk stage II 
disease (perforation, obstruction, nodal harvest <12 nodes, T4, poorly differ-
entiated histology) is more controversial [34].

 – When adjuvant chemotherapy is administered for stage II disease, oxaliplatin 
is often omitted due to adverse side effects and unclear benefit. Additionally, 
as noted previously, MIS-H status predicts lack of benefit from fluorouracil- 
based adjuvant chemotherapy in stage II disease [17, 18].

 – Six months of adjuvant therapy remains the standard of care; however, given 
the small absolute difference in DFS and the reduced rates of toxicity, adju-
vant therapy may be limited to 3 months in patients with T1-T3 and N1 dis-
ease [35].

• Technical Considerations
 – A minimally invasive approach is recommended in all suitable patients. 

Evidence suggests that the principal benefits are reduction in length of stay 
and postoperative pain with equivalent oncological outcomes [28, 36–40].

 – Several retrospective studies and one prospective randomized trial have evalu-
ated the use of robotic surgery. While feasibility and safety compared to lapa-
roscopy has been demonstrated, to date there is no convincing evidence to 
favor the use of robotics over conventional laparoscopic techniques 
[28, 44–47].
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Table 6.5 Management and surveillance protocol for primary localized colon cancer

Clinical 
scenario Workup

Surgical 
management Adjuvant therapy

Follow-up (FU)/
surveillance

Malignant 
polyp

History and 
physical exam
Colonoscopy
With tattoo of 
site
Pathology 
review
Consider 
imaging: CT
Chest/abdo/
pelvis
Consider CEA

If incompletely 
resected or any 
high-risk 
features: 
resection with 
appropriate 
nodal basin

None Clinical assessment
  Q3–6 months × 5 years
Colonoscopy at 1 year, 
then q5 years if normal

Stage I, 
low-risk 
stage II

History and 
physical exam
Labs:
  CBC, CEA
Imaging:
  CT chest/

abdo/pelvis
Colonoscopy

Resection with 
appropriate 
nodal basin

None Clinical assessment, 
Colonoscopy at 1 year; if 
no advanced adenoma, 
repeat in 3 years then q5 
years if normal
Stage II: annual CT chest/
abdomen/pelvis [22–24]
CEA Q3-6months x 
5 years

High-risk 
stage II

As above As above Consider 5-FU, 
capecitabine
Less benefit for 
MSI-H tumors 
[16, 17]

As above

Stage III As above As above Recommend 
FOLFOX [25, 
26]
Capecitabine may 
be given as 
alternative to 
5-FU/LV [27]

As above

Adapted from: Cancer Care Ontario Program in Evidence-Based Care: Follow-up Care, 
Surveillance Protocol, and Secondary Prevention Measures for Survivors of Colorectal Cancer

 – Routine extended lymphadenectomy is not standard of care. At present, no 
randomized trials have compared complete mesocolic excision surgery to 
conventional colectomy [28].

 – Quality Indicators:
Uninvolved radial resection margin [28, 41].
A minimum of 12 lymph nodes in the resected specimen [28, 42, 43].
A minimum of 5  cm proximal and distal margins recommended [28, 
42, 43].
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• Surveillance
 – If a preoperative assessment was not performed, colonoscopy should be per-

formed within 6 months of surgery or as soon as possible after the completion 
of adjuvant therapy. Frequency of colonoscopies thereafter should be dictated 
by the findings [24, 48].

 – Of patients who recur, 80% are within the first 2–2.5 years, and 95% recur by 
5 years [48]

 – Any new and persistent or worsening symptoms warrant the consideration of 
a recurrence.

 – The general practice at the University of Toronto is to perform CT of the 
chest/abdomen/pelvis every 6 to 12 months for the first 2 years then annually 
up to 5 years.

 – The American Society of Clinical Oncology (ASCO) 2013 endorsement of 
CCO practice guidelines suggests considering CT chest/abdomen every 
6–12 months for 3 years in patients at a higher risk of recurrence [48].

 – The intensity of postoperative surveillance should depend on the likelihood that 
additional therapy would be recommended in the setting of recurrent disease.

 Management of Patient Populations at High Risk for Colon Cancer

 Special Notes
• Lynch syndrome: Segmental resection may be considered in cases of significant 

comorbidity, advanced age, or advanced disease. Detailed discussion of risk/ben-
efits and need for close endoscopic surveillance should be emphasized if seg-
mental resection is to be performed.

• FAP: The choice between colectomy + IRA and TPC-IPAA must be balanced 
with patient age, degree of rectal polyposis, wish to bear children, risk of devel-
oping desmoids, and possibly the site of mutation in the APC gene.

• AFAP/MAP: Preservation of the rectum may be considered when rectal clear-
ance is possible (Table 6.6). The risk of recurrence in rectal stump must be bal-
anced against the alteration in function with proctocolectomy and pelvic pouch.

• IBD: Nomenclature and management of dysplasia in IBD is evolving. Recent 
SCENIC [49] guidelines advocate chromoendoscopy for surveillance. Consider 
referral to an IBD center if dysplasia is identified on random biopsy. Endoscopic 
management of dysplasia associated mass lesions (DALM) should be done at 
expert centers.

 Locally Advanced Colon Cancer or Locoregional Recurrence

 Special Notes
• Histologically negative margins should be the goal of en bloc resection [50, 51]. 

Relevant margins should be marked on the specimen by the surgeon.
• Neoadjuvant chemoradiotherapy may improve resectability and negative margin 

rates (Table 6.7) [52, 53].
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Table 6.6 Screening, management, and surveillance protocols for high-risk populations

Clinical 
scenario Screening Surgical management Surveillance
Lynch 
syndrome

Colonoscopy q1–2 years 
beginning at age 20–25 or 
10 years prior to youngest 
case in family

Total colectomy at time 
of cancer diagnosis
Consider prophylactic 
TAH-BSO >35 years 
after childbearing is 
complete

Endoscopic 
assessment of 
remaining colon/
rectum q1–2 years
Gynecologic exam 
with transvaginal 
US and aspiration 
biopsy annually

FAP Flexible sigmoidoscopy (or 
colonoscopy) q1–2 years 
from age 10 to 12
OGD with regular and 
side-viewing scope for 
duodenal adenomas from age 
20–25 or when colonic 
polyposis diagnosed

Surgery after 
development of large 
number of polyps or 
HGD:
Colectomy + IRA
TPC-IPAA
TPC with end ileostomy

Colonoscopy 
q1–2 years for life 
in mutation carriers
Rectum present: 
endoscopic 
assessment 
q6–12 months
Ileal pouch: 
evaluation 
q1–3 years for 
pouch polyps
OGD interval 
depending on 
Spigelman stage

AFAP Colonoscopy (preponderance 
of right-sided adenomas) 
q1–2 years starting age 18–20
OGD with regular and 
side-viewing scope for 
duodenal adenomas from age 
20–25 or when colonic 
polyposis diagnosed

As above for FAP
Extent of surgery 
depends on extent of 
polyposis and rectal 
involvement

Surveillance interval 
depends on extent of 
polyposis
Colonoscopy 
q1–2 years in 
mutation carriers
Colonoscopy and 
polypectomy q1 
year once adenomas 
are detected

MAP As above for FAP or AFAP, 
depending on extent of 
polyposis and family history

As above for AFAP As above for AFAP

Ulcerative 
colitis/
Crohn’s 
colitis

HD colonoscopy q1–2 years 
beginning 8 years after 
diagnosis
Four quadrant biopsies every 
10 cm
Chromoendoscopy if 
available

Malignancy or high 
grade dysplasia on 
random biopsy: 
TPC ± IPAA
Expert pathology 
review advisable for 
dysplasia

Endoscopic 
assessment of rectal 
stump/reservoir 
q1–2 years

FAP familial adenomatous polyposis, AFAP attenuated FAP, MAP MUTYH-associated polyposis, 
APC adenomatous polyposis coli, TAH-BSO total abdominal hysterectomy + bilateral salpingo- 
oophorectomy, TPC total proctocolectomy, IRA ileorectal anastomosis, IPAA ileal pouch-anal 
anastomosis
Adapted from Hereditary colorectal cancer syndromes: American Society of Clinical Oncology 
clinical practice guideline endorsement of the familial risk-colorectal cancer: European society for 
medical oncology clinical practice guidelines [19] and SCENIC guideline [49]
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 Colon Cancer with Distant Metastases

 Special Notes
• Resection of the primary tumor should be considered in symptomatic patients or 

in those with potentially resectable metastatic disease.
• First-line chemotherapy should be strongly considered in asymptomatic patients 

with unresectable metastatic disease (Table 6.8).
• If a synchronous metastasis is resectable, the timing of surgery and chemother-

apy should be individualized for each patient. Options include synchronous or 
staged colectomy with metastasectomy vs. neoadjuvant chemotherapy followed 
by synchronous or staged colectomy and metastasectomy vs. colectomy fol-
lowed by chemotherapy and staged metastasectomy or vice versa.

Table 6.7 Management and follow-up of locally advanced/locoregional recurrence

Workup Surgical management Adjuvant therapy Follow-up (F/U)
History and 
physical exam
Labs:
  CBC, CEA
Imaging:
  CT chest/

abdomen/pelvis
  Consider MRI
Colonoscopy
Multidisciplinary 
review

En bloc resection with 
adjacent structures and 
negative margins
Consider neoadjuvant 
chemoradiotherapy to 
facilitate R0 resection 
(negative microscopic 
margins)

Recommend 
FOLFOX; 
Capecitabine as 
alternative to 5-FU/
LV
Adjuvant therapy for 
recurrence 
individualized based 
on previous regimen

Clinical 
assessment at least 
q6 monthly for 
3 years, then 
annually
Colonoscopy at 
1 year, then 
q3–5 years
Consider CEA, 
imaging of liver/
lungs

Table 6.8 Management and follow-up of colon cancer with distant metastasis

Workup
Surgery (referral to appropriate 
surgical sub-specialty)

Systemic 
management Follow-up (F/U)

History and 
physical exam
Labs:
  CEA
Imaging:
  CT chest/

abdo/pelvis
  Consider 

US or MRI 
liver as 
indicated

  Consider 
US for 
ovarian 
metastases

  CT head/
bone scan 
for 
symptoms

Liver:
  Surgical resection with modern 

chemotherapy offers a 5-year OS 
up to 58%

Lung:
 Surgical resection with modern 
chemotherapy offers a 5-year OS up 
to 40%
Peritoneum:
  Referral to peritoneal malignancy 

program for evaluation
Ovary:
  Bilateral oophorectomy should be 

considered if one ovary is 
involved

Brain:
  Consider resection for solitary 

metastases

FOLFOX or 
FOLFIRI with 
bevacizumab 
recommended 
[54–56]
Cetuximab/
panitumumab 
can be 
considered for 
K-Ras wild 
type [57]
Consider a 
clinical trial

Patients receiving 
chemotherapy with 
potentially 
resectable metastatic 
disease should have 
imaging every three 
cycles to assess 
response to therapy
Patients in palliative 
care should only 
have blood tests and 
or imaging as 
dictated by clinical 
condition
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Table 6.9 Summary of landmark publications

Topic Study Methods Results
Laparoscopic 
vs
Open 
resection

COST Trial [37]
Fleshman et al., 
2007 update [63]

RCT
N = 872
Colon cancer only

No significant difference in 
time to recurrence or OS, 
median F/U 7 years
Shorter median hospital stay

CLASSIC Trial
Jayne et al. [38]
Green et al., 2013 
update [64]

RCT
N = 794 (526 
laparoscopic, 48% rectal 
cancer)

No significant difference in 
OS, DFS or recurrence, 
median F/U 62.9 months

COLOR Trial
Buunen et al. [65]
Deijen et al. 2016 
update [66]

RCT
N = 1248 (excluded 
BMI >30)
Colon cancer only

A 3-year difference in OS 
could not be ruled out in 
favor of open colectomy
10-year follow-up of Dutch 
patients showed no 
difference in OS, DFS and 
recurrence

Barcelona Trial
Lacy et al. [39]
Lacey et al. 
update [67]

RCT
N = 219
Colon cancer only

Trend toward higher 
cancer-related survival in 
laparoscopic, median F/U 
95 months
Shorter hospital stay

• Patients with unresected primaries should be followed as up to 20% need surgi-
cal resection during the course of their treatment.

• Bevacizumab administration has been associated with delayed wound healing 
and GI perforation [54, 58, 59]. The bevacizumab product monograph states it 
should be discontinued ≥28 days before elective surgery and should not be initi-
ated for ≥28 days after surgery.

• However, while patients on bevacizumab therapy undergoing surgery have been 
shown to experience significant morbidity and mortality, the risk of complica-
tions has not been detectably associated with time since exposure in population- 
based studies [59].

• There may be a survival advantage in resection of the primary tumor in patients 
with unresectable metastatic disease [60]. Randomized trials investigating this 
topic are ongoing [61, 62].

 Landmark Publications (Table 6.9)

 Referring to Medical Oncology (See Tables 6.7 and 6.8)

 1. High-risk stage II.
 2. Stage III, IV.
 3. Locally advanced or recurrent disease.
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 Referring to Radiation Oncology (See Tables 6.7 and 6.8)

 1. Consider for locally advanced or recurrent disease.
 2. Palliative management of symptomatic lesions with unresectable metastatic 

disease.

Topic Study Methods Results
Chemotherapy NSABP C-07

Kuebler et al. [25]
Yothers et al., 
2011 update [68]

RCT
N = 2407
Stage II/III resected with 
curative intent
5-FU/LV alone (FUFA) 
vs. 5-FU/LV+ 
Oxaliplatin (FLOX)

4-year DFS (stage II and III):
  73.2% FLOX
  67% FUFA
8 year DFS (stage II and III)
  69.4% FLOX
  64.2% FUFA

MOSAIC
Andre et al. [26]
Andre et al., 2009 
update [69]
Tournigand et al. 
[70] (sub-group 
analysis)
Andre et al., 2015 
update [71]

RCT
N = 2246
Stage II/III colon cancer 
resected with curative 
intent
FOLFOX4 vs. 5-FU/LV

5-year DFS (stage II and III):
  73.3% FOLFOX4
  67.4% 5-FU/LV
6-year OS (stage III):
  72.9% FOLFOX4
  68.7% 5-FU/LV
10 year OS (stage III)
  67.1% FOLFOX4
  59.0% 5-FU/LV
Stage II:
  No improvement in DFS/

OS
  No difference in DFS/OS 

in low vs. high risk
X-ACT
Twelves et al. [27]
Twelves et al., 
Update 2012 [72]

RCT
N = 1987
Capecitabine vs. Bolus 
5-FU/LV in resected 
stage III colon cancer

Equivalent DFS and OS for 
capecitabine and 5-FU/LV, 
with few adverse events
Median follow-up 6.9 years

IDEA 
Collaboration
Grothey et al. [35]

Preplanned pooled 
analysis of 6 RCTs 
(N = 12,834)
3 vs. 6 months of 
oxaliplatin-based 
chemotherapy in 
resected stage III colon 
cancer

Noninferiority of 3 months 
regime not confirmed in the 
overall study population 
(HR=, 1.07; 95% CI: 
1.00–1.15)
Noninferiority of shorter 
regime seen in CAPOX but 
not FOLFOX
Among T1, T2, or T3 and N1 
cancers, 3 months of therapy 
was noninferior to 6 months, 
3-year DFS 83.1% vs. 83.3%

OS overall survival, F/U follow-up, LR local recurrence, DFS disease-free survival, RCT random-
ized controlled trial

Table 6.9 (continued)
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 Referring to Multidisciplinary Cancer Conference (MCC)

 1. Locally advanced or recurrent disease.
 2. Metastatic disease in fit patients (synchronous and metachronous).

 Toronto Pearls

• Neoadjuvant chemoradiotherapy for locally advanced or recurrent colon cancer 
may improve resectability and negative margin rates. Careful preoperative plan-
ning and multidisciplinary approach are necessary to achieve the goal of R0 
resection.
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Colorectal Liver Metastases

Michail N. Mavros, Shiva Jayaraman, Melanie E. Tsang, 
Paul J. Karanicolas, and Alice C. Wei

 Introduction

The liver is the most common site of metastases from colorectal cancer (CRC) [1]. 
Approximately 15% of patients with CRC present with synchronous liver metasta-
ses, and 15% of patients will develop metachronous metastases to the liver [2]. Of 
the patients who develop liver metastases, up to 80% have unresectable disease at 
presentation [3, 4]. Modern systemic chemotherapy has increased the median sur-
vival of non-resected patients to 22 months [5], but patients who undergo complete 
resection can achieve 5-year survival up to 47–58% [3, 6–8], with 10-year survival 
up to 28% [3, 9, 10].

 Prognostic Variables

Various clinical risk scores have been developed to help clinicians estimate survival 
outcomes for individual patients (see Table 7.1). One of the most commonly used is 
the Clinical Risk Score (Fong Criteria) which takes into account the size and num-
ber of CRLM, serum CEA, primary tumor nodal status, and disease-free interval 
[11, 12]. This was recently modified to include the CRLM RAS status [13], which 
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has been consistently shown to predict earlier systemic recurrence and shorter over-
all survival [14–16]. Additional prognostic variables that have recently emerged 
include the following:

• Embryologic origin of primary tumor: Midgut-derived colon cancers (SMA dis-
tribution; right colon and hepatic flexure) are more often of mucinous histology 
and likely to harbor BRAF mutations compared to tumors arising from the hind-
gut (IMA distribution; left colon, sigmoid, rectum) [17]. Midgut origin is also 
associated with worse response to preoperative chemotherapy and shorter overall 
and recurrence-free survival; this association may persist even after controlling 
for RAS mutation status [6, 18].

• Response to chemotherapy: Poor pathologic response to preoperative chemo-
therapy has been consistently associated with shorter overall and recurrence-
free survival, and is considered a relative contraindication to surgery [19, 
20]. A similar trend is now emerging for patients who respond to chemo-
therapy, but exhibit disease progression shortly after chemotherapy cessa-
tion [21].

Table 7.1 Risk scores predicting survival and recurrence in patients with CRLM

Study Variables Score 5-year OS (%)
Clinical risk score
Fong et al., 1999 [11]

Node positive primary
Size > 5 cm
>1 lesion
CEA level > 200 ng/mL
Disease-free interval < 12 months

0
1
2
3
4
5

60
44
40
20
25
14

Modified clinical 
score
Brudvik et al., 2019 
[13]

Node positive primary
Size > 5 cm
RAS mutation

0
1
2
3

78
46
23
17

Basingstoke predictive 
index
Rees et al., 2008 [22]

Node positive primary (2 points)
Primary tumor differentiation (moderate: 2; 
poor: 4 points)
CEA level, ng/mL (6–60:1; >60: 3 points)
Size, cm (5–10: 2; >10: 7 points)
Positive resection margin (11 points)
Extrahepatic metastasis (4 points)

0
5
10
15
20
25
30

64
49
34
21
11
5
2

Nordlinger et al., 1996 
[23]

Age > 60 years 2-year OS (%)
Size > 5 cm
Extension of primary into serosa
Lymphatic spread
Disease-free interval ≤ 2 years
≥4 lesions
Resection margin < 1 cm

0–2
3–4
5–7

79
60
43

Abbreviations: OS overall survival, CEA carcinoembryonic antigen
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 Management of CRLM

 Initial Work-Up

Initial liver imaging usually consists of CT (ideally 4-phase: precontrast, arterial, 
portal, and delayed venous; see Table 7.2). MRI (especially with hepatocyte- specific 
contrast, i.e., gadoxetic acid) may be beneficial for macrosteatotic livers, the detec-
tion of subcentimeter nodules, and in the post-chemotherapy setting [24]. PET does 
not result in change in management in >90% of cases and is not routinely recom-
mended [25]. Ultrasound is routinely performed intra-operatively to confirm extent 
of disease and delineate transection margins [26]. Further, ultrasound may have 
enhanced diagnostic value with the addition of IV contrast [27, 28].

 Surgical Considerations in Resectable CRLM

The goal of surgical resection in CRLM is to remove all the tumors with ≥1 mm 
margin, while preserving as much liver remnant as possible [8]. Compared to ana-
tomic liver resection, parenchymal-sparing resection has similar long-term onco-
logic outcomes, while maximizing the functional liver remnant, and is now 
considered standard of care [29–32].

• Intra-operative ultrasound (IOUS) is crucial for planning of a liver resection. 
IOUS is sensitive and specific (98% and 95%, respectively) for the detection of 
CRLM ≥5 mm [33], and it is also used to precisely characterize the intrahepatic 
vascular anatomy and delineate the transection margins in parenchymal-sparing 
resections [26, 34].

• Laparoscopic resection in selected patients in centers with expertise in mini-
mally invasive surgery [35, 36] is oncologically similar to open hepatectomy, 
with potential improvement in some perioperative outcomes [37–39].

• Every attempt should be made to minimize perioperative transfusions [40, 41] 
and postoperative complications [42, 43], as they have been associated with poor 
oncologic outcomes.

Table 7.2 Overview of work-up and follow-up of patients with CRLM

Work-up Follow-up
Labs:
Serum CEA
LFTs
Imaging:
CT chest, abdomen, pelvis
Consider MRI with liver-specific contrast 
agent (e.g., gadoxetic acid)
Colonoscopy within the preceding 18 months

Every 3–6 months for the first 2 years then 
every 6 months thereafter:
CT chest, abdomen, pelvis
Serum CEA
Colonoscopy at 1 year

Abbreviations: CEA carcino-embryonic antigen, LFT liver function test
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• Enhanced Recovery After Surgery (ERAS) protocols allow for earlier recovery 
and shorter length of hospital stay after liver resection [44–46]. The use of medial 
open transversus abdominis plane (MOTAP) catheters results in decreased opi-
oid requirements and shorter length of stay [47].

 Management of Synchronous CRLM

The presence of synchronous CRLM (diagnosed at or before diagnosis of primary) 
portends worse prognosis than metachronous, especially late metachronous 
(>12 months of diagnosis of primary) disease. The selection and sequence of thera-
pies in the treatment of colorectal cancer with synchronous CRLM is a complicated 
process and should be discussed in a multidisciplinary cancer setting (see Table 7.3). 
General considerations include the following:

• Is the primary symptomatic?
• Are the CRLM resectable?
• Where is the bulk of the disease?

 Assessment of Resectability of CRLM [24]

The assessment for resectability of CRLM is based on oncologic (tumor biology) 
and technical (tumor location/size/number) criteria (see Table 7.4).

Table 7.3 Overiew of sequencing of surgical management for synchronous CRLM

Strategy Management [48]
Simultaneous 
resection

1. Uncomplicated colon resection + liver resection
2. Complicated colon resection + limited liver resection

Staged 
resection

1. Complicated rectal resection, extensive colon resection
2. Major liver resection (>3 segments)

Primary first Traditional approach
Advantage: Avoids potential complications from primary disease (bleeding, 
perforation)
Disadvantage: Postoperative complications can delay resection of hepatic 
disease

Liver resection 
first

Consider in
  Extensive hepatic disease with asymptomatic primary
  Patients with rectal primary who have received radiation (due to planned 

wait time of 8–12 weeks after chemoradiation before primary is resected)
Advantages: Early control of CRLM with opportunity to eradicate all 
hepatic disease. Complications from primary resection will not delay/prevent 
resection of metastatic disease
Disadvantages: Primary may progress to unresectability or complications 
from progression may develop. Patient may have unnecessary liver 
resection, delaying palliative systemic treatment
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 Expanding Resectability of CRLM

One of the major factors that precludes resectability of CRLM is inadequate liver 
remnant, and therefore several strategies have been developed in an attempt to max-
imize the future liver remnant (FLR) and shrink tumor burden [49]. The FLR is 
calculated using volumetric CT or MRI and is a function of anticipated remnant 
liver volume and body surface area, a surrogate of total liver volume [50, 51]. 
Systemic chemotherapy is usually administered in conjunction with these strategies.

• Local ablation (microwave or radiofrequency) can be employed at the time of 
liver resection for lesions that are not amenable to resection. Overall the evidence 
on long-term oncologic outcomes is conflicting in retrospective series, but out-
comes appear similar when applied to small lesions [52–54].

• Portal vein embolization (PVE) is a percutaneous modality to increase the 
FLR. In principle, embolization of the right portal vein induces hypertrophy of 
the left hemiliver and atrophy of the right hemiliver. This is typically performed 
in anticipation of an extended right hepatectomy [55].

• Two-stage hepatectomy is a strategy employed in patients with significant bilobar 
disease, and has gained wider acceptance when used in conjunction with PVE [56]. 
During the first stage, parenchymal-sparing resections of the left lobe are aimed to 
clear the left hemiliver of any disease. This is followed by right PVE (or right portal 
vein ligation), and the left hemiliver is then allowed to hypertrophy for 4–6 weeks. 
If on repeat volumetric CT the new FLR is deemed adequate, a right hepatectomy is 
then performed. This strategy allowed complete resection of the CRLM in 69–75% 
of patients in retrospective series, and 5-year survival reached 32–51% [57–60].

Table 7.4 Assessment of resectability of CRLM

Oncologic criteria Technical criteria
1.  Prior to considering resection of CRLM, 

pretreatment radiological staging is 
required to assess for the presence and 
extent of intrahepatic and extrahepatic 
disease.

2.  Patients harboring limited extrahepatic 
disease, particularly in the lungs, or with 
reasonable expectations for long-term 
control should be considered for a liver 
resection.

3.  For patients with significant progression of 
metastatic disease during treatment with 
optimal systemic therapy, consider 
deferring surgical resection until disease 
control is achieved with other systemic or 
regional therapies.

1.  Resectability is defined by the ability to 
achieve an R0 margin with acceptable 
morbidity/mortality.

2.  The technical feasibility of liver resection 
is based on three criteria related to the liver 
remnant after resection:

  (a)  The anticipated ability to preserve 
adequate future liver remnant (FLR) 
volume (20% in normal liver and 30% 
in pretreated liver with chemotherapy).

  (b)  The anticipated ability to preserve 
adequate vascular inflow, outflow, and 
biliary drainage.

  (c)  The demonstrated ability of the FLR to 
adequately function based on the 
appropriate regenerative response after 
portal vein embolization in patients 
with a marginal FLR volume and/or 
underlying liver disease.

7 Colorectal Liver Metastases



132

• Associating liver partition with portal vein ligation for staged hepatectomy 
(ALPPS) is an unproven technique performed in few centers [61]. During the 
first stage, parenchymal-sparing resections of the left lobe are aimed to clear 
the left hemiliver of any disease. At the same time, the right portal vein is 
ligated/embolized and the parenchyma between segments 4A/B and the left 
lateral segment is divided. This induces accelerated hypertrophy of the rem-
nant liver and the patient receives volumetric CT at regular intervals postopera-
tively until the FLR reaches 30%; at that time the deportalized right lobe is 
removed [61]. While this technique may result in faster and perhaps greater left 
lobe hypertrophy, it has not been widely adopted due to preliminary results of 
high morbidity and mortality, as well as poor oncologic outcomes [61–63]. A 
recent RCT from Norway (LIGRO trial) showed promising short-term out-
comes (better resection rates than two-stage hepatectomy/PVE with compara-
ble morbidity/mortality), but long-term results are pending [64]. ALPPS can 
also be considered as a salvage option in patients who do not achieve adequate 
FLR after PVE [65].

 Management of Unresectable CRLM

The primary treatment for patients with unresectable CRLM is systemic chemo-
therapy. Rarely, unresectable patients may be downsized to resectable/borderline 
resectable disease with chemotherapy alone (see below, “Role of systemic chemo-
therapy”) [66]. In selected patients with liver-only metastatic disease that is unre-
sectable due to the location or extent of the lesions, the following liver-directed 
strategies can be employed:

• Hepatic artery infusion pump (HAIP) therapy is used in specialized centers [67]. 
A catheter is surgically placed in the proper hepatic artery (via the gastroduode-
nal artery), connected to a subcutaneous reservoir, and FUDR is administered 
through the pump, typically in combination with systemic chemotherapy. This 
combination can convert unresectable to resectable/ablatable disease in 25–50% 
of patients [68, 69].

• Liver transplantation is currently being revisited as an option in patients with 
unresectable liver-only metastatic disease [70]. Small series reported 5-year OS 
50–56% with acceptable morbidity [71–73], and there are currently 4 open trials 
investigating this topic.

 Role of Systemic Chemotherapy

In the setting of resectable CRLM, the role of systemic chemotherapy is controver-
sial (see Table 7.5). The EORTC Intergroup Trial 40,983 reported marginally better 
PFS, but no difference in OS with perioperative FOLFOX [74, 75]. Pseudo- 
neoadjuvant chemotherapy can also be used as a test for the biology of the disease 
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and possibly prevent an operation in patients with overly aggressive disease. On the 
other hand, pseudo-neoadjuvant chemotherapy could render treated metastases 
invisible to imaging (“ghost” metastases) [76], and the chemotherapy-induced hep-
atotoxicity (especially if >6 cycles or pre-existing liver disease) may increase peri-
operative morbidity and mortality [77]. In this context, pseudo-neoadjuvant 
chemotherapy should be mostly considered in patients at higher risk of progression 
to assess biology of the disease.

The addition of epidermal growth factor receptor (EGFR) inhibitors (cetuximab, 
panitumumab) has generally improved oncologic outcomes in RAS and BRAF 
wild-type patients with metastatic colorectal cancer [78]. In the setting of resectable 
CRLM, the new EPOC trial initially showed shorter PFS (no difference in OS) 
when cetuximab was added to perioperative chemotherapy in mostly RAS wild- 
type patients; on longer follow-up the cetuximab group had shorter OS [79, 80]. 
Another similar trial from Japan (EXPERT trial) showed no difference in OS or 
PFS, but was terminated early due to slow accrual [81].

The use of chemotherapy in the adjuvant setting is also controversial. A pooled 
analysis of 2 small RCTs explored the benefit of systemic FU-based chemotherapy 
and suggested a trend towards longer progression-free (median 27.9 vs 18.8 months, 

Table 7.5 RCTs examining perioperative chemotherapy for CRLM

Study Methods Results
EORTC intergroup trial 
40,983
Nordlinger et al. [74, 75]

RCT – Perioperative 
FOLFOX (6 + 6 cycles) vs 
surgery alone (N = 364)

Perioperative chemotherapy 
increased PFS (3-year PFS: 
38.2% vs 30.3%); no 
difference in OS (5-year OS: 
51.2% vs 47.8%) [intention- 
to- treat population]. The 
chemotherapy arm had more 
postoperative complications 
(25% vs 16%)

EPOC trial,
Primrose et al. [79, 80]

RCT – Perioperative 
chemotherapy (FOLFOX, 
CAPOX, or FOLFIRI) with 
vs without cetuximab in 
KRAS wild-type patients 
(N = 336)

Terminated early. Addition of 
cetuximab to perioperative 
chemotherapy decreased PFS 
(median 14.1 vs 20.5 months); 
no difference in OS 
(39.1 months vs not reached). 
On longer follow-up [80], the 
cetuximab group had shorter 
OS (median 55.4 vs 
81 months) but similar PFS 
(15.5 vs 23.9 months)

EXPERT trial,
Mise et al. [81]

RCT – Perioperative 
FOLFOX + cetuximab 
(6 + 6 cycles) vs adjuvant 
FOLFOX (12 cycles) in 
KRAS wild-type patients

Terminated early due to slow 
accrual (N = 77).
No difference in PFS (3-year 
PFS 30% vs 35%) or OS 
(3-year OS 74% vs 86%)

Abbreviations: RCT randomized controlled trial, PFS progression-free survival, OS overall 
survival
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p = 0.058) and overall survival (median 62.2 vs 47.3 months, p = 0.095) in the che-
motherapy arm [82]. Although the difference was not statistically significant, these 
trials used suboptimal regimens by modern standards. Pending future randomized 
studies, adjuvant chemotherapy is usually considered in patients with high risk for 
recurrence despite inconclusive evidence.

In the setting of unresectable CRLM, systemic chemotherapy is the primary 
treatment. Several studies have investigated different regimens with intent to con-
vert unresectable CRLM to resectable, but the results have been inconsistent, and 
the interpretation of conversion rates should take into consideration the variability 
in the definition of “unresectable” and “not optimally resectable” CRLM among the 
studies (see Table 7.6) [83–90]. In this setting, the addition of EGFR (for RAS/
BRAF wild-type patients) or vascular endothelial growth factor (VEGF) inhibitors 
(bevacizumab) to standard doublet chemotherapy may improve objective response 
and R0 resection rates.

 Special Notes

• Hold chemotherapy 3–4 weeks prior to liver resection.
• Hold bevacizumab for 6 weeks prior to liver resection to reduce the risk of bleed-

ing [91].

Table 7.6 RCTs comparing pseudo-neoadjuvant chemotherapy regimens with intent to convert 
unresectable/not optimally resectable CRLM to resectable

Study Methods Results
OLIVIA trial
Gruenberger et al. [83]

RCT phase II – Pseudo- 
neoadjuvant bevacizumab + 
FOLFOX vs FOLFOXIRI 
(N = 80)

R0 resection rate of 23% vs 
49%, median PFS 11.5 vs 
18.6 months

CELIM trial
Folprecht et al. [84, 85]

RCT phase II – Pseudo- 
neoadjuvant 
cetuximab + FOLFOX vs 
FOLFIRI (N = 111)

R0 resection rate of 38% vs 
30%, KRAS WT patients had 
higher response rate. Median 
PFS 11.2 vs 10.5 months, 
median OS 35.8 vs 29 months 
(no difference)

Ye et al. [86] RCT – Pseudo-neoadjuvant 
chemotherapy (FOLFIRI/
FOLFOX) with vs without 
cetuximab in KRAS WT 
patients (N = 138)

Addition of cetuximab 
increased objective response 
rates (57.1% vs 29.4%) and 
R0 resection rate (25.7% vs 
7.4%)

Resection rates should be interpreted with caution as the criteria of upfront unresectability were 
variable and no longer apply
Abbreviations: RCT randomized controlled trial, WT wild type, OS overall survival, PFS 
progression- free survival
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 Local Therapies

Local therapies can be used in conjunction with liver resection for borderline resect-
able CRLM (discussed above), or in the setting of unresectable CRLM, usually in 
combination with systemic chemotherapy (see Table 7.7) [92]. A recent phase II 
trial (EORTC 40004 CLOCC) randomized 119 patients with up to 9 unresectable 
CRLM to systemic chemotherapy vs chemotherapy and aggressive local therapies 
(radiofrequency ablation ± wedge liver resections), and reported a survival benefit 
in the combined therapy arm (5- and 8-year OS 43.1% and 35.9% vs 30.3% and 
8.9%, respectively) [93].

Table 7.7 Local therapy modalities for CRLM

Local therapy. Mechanism Advantage Disadvantage
Radiofrequency 
ablation (RFA) [54]

Direct current 
transmission into 
tissue

Can be used for 
selected patients with 
otherwise 
unresectable disease 
(due to patient or 
disease factors) or to 
clear liver to extend 
resectability

Unpredictable results 
as functions on 
impedance which 
changes during 
ablation
Incomplete ablation 
with lesions >3 cm. 
Cannot be used near 
large vessels or portal 
structures due to heat 
sink and potential 
damage to structures

Microwave ablation 
(MWA) [94]

Microwave energy 
agitates water 
molecules to create 
heat

As above. More 
uniform/predictable 
ablation zone and 
shorter time than 
RFA

Limit on size of 
treatable lesions

Stereotactic ablative 
radiotherapy (SABR/
SBRT) [95–97]

Delivery of high 
doses of radiation to 
a focused target. Role 
in patients unfit for 
surgery with 
oligometastatic 
CRLM

Limited evidence – 
Retrospective series 
of patients with 
oligometastatic 
CRLM reported 
median OS 
31.5 months with 
acceptable morbidity. 
No randomized data 
available

Not widely available

Irreversible 
electroporation (IRE) 
[98]

Electric pulses cause 
permeabilization of 
membranes of tumor 
and parenchymal 
cells. Role under 
investigation

Limited evidence – 
Retrospective series 
report IRE is safe in 
perivascular liver 
tumors. No efficacy 
data available

Not used in patients 
with pacemakers or 
arrhythmias. Requires 
general anesthesia
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 Regional Therapies

Regional therapies are geared towards treating the entire liver. The indications 
include unresectable CRLM, technically resectable CRLM in patients unfit for hep-
atectomy, and second-line treatment after progression of the liver disease through 
systemic chemotherapy. There are varying degrees of evidence supporting the use 
of different regional therapies (see Table 7.8).

Table 7.8 Regional therapy modalities for CRLM

Regional therapy Technique & setting Evidence Disadvantages
Hepatic artery 
infusion pump 
(HAIP) therapy [67]

Surgically placed 
catheter into proper 
hepatic artery with 
subcutaneous 
reservoir. Role in 
unresectable CRLM 
and in the adjuvant 
setting

HAIP with systemic 
chemotherapy can 
convert 25–50% of 
unresectable CRLM 
to resectable/
ablatable [68, 69]. 
HAIP in the adjuvant 
setting is 
controversial; small 
trials reported a 
survival benefit with 
the addition of HAIP 
to systemic 
chemotherapy (older 
regimens) [99, 100], 
especially in patients 
in high risk for 
recurrence [101], but 
whether HAIP offers 
any benefit in 
conjunction with 
modern 
chemotherapy has 
not been thoroughly 
evaluated [102]

Requires 
multidisciplinary team 
with expertise in 
hepatobiliary surgery, 
medical oncology, 
interventional 
radiology, nuclear 
medicine, and nursing. 
Not widely available

DEBIRI (drug- 
eluting bead, 
irinotecan) TACE 
(transarterial 
chemotherapy) 
[103–105]

Transarterial 
embolization with 
drug-eluting beads 
with irinotecan. Role 
in unresectable 
CRLM

In a phase III RCT, 
patients with 
unresectable CRLM 
treated with DEBIRI 
vs FOLFIRI had 
longer OS (median 
22 vs 15 months), 
with a sustained 
improvement in 
quality of life [105]

Not widely available
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 Extrahepatic Metastases (EHM)

The presence of EHM used to be a contraindication for liver resection for concur-
rent CRLM, but this is no longer the case. Several series and a phase II trial have 
demonstrated long-term survival in selected patients with EHM who undergo com-
plete resection of the CRLM and the EHM (see Table 7.9) [109–111]. All cases of 
CRLM with limited EHM should be reviewed at a multidisciplinary cancer confer-
ence and preoperative/perioperative systemic chemotherapy should be considered. 
Surgical management and outcomes vary depending on the site of EHM:

• Lungs: Subcentimeter pulmonary nodules (SPN) do not alter long-term progno-
sis, and therefore should not preclude liver resection. Lung metastases have an 
indolent course; for larger pulmonary nodules, staged resection of tumors in the 
liver and lung if they are resectable with R0 intent (liver resection first, followed 
by lung resection) [112]. Selected patients may achieve long-term survival 
(5-year OS 32–74%) [7, 111, 113, 114].

• Peritoneum: Peritoneal metastases have variable biologic behavior. Potential 
liver resection should be assessed in conjunction with a peritoneal malignancy 
program. Selected patients may achieve long-term survival (5-year OS 26–42%) 
[111, 114].

• Ovaries: Ovarian metastases are considered equivalent to limited peritoneal dis-
ease. Resection should be considered if complete resection can be achieved. 
Selected patients may achieve long-term survival (5-year OS 34%) [111].

Table 7.8 (continued)

Regional therapy Technique & setting Evidence Disadvantages
Yttrium-90 
radioembolization 
[106–108] (SIRT, 
selective internal 
radiotherapy)

High-dose radiation 
delivered via the 
hepatic artery with 
microspheres. Role 
in unresectable 
CRLM

A phase III RCT 
reported no benefit in 
OS with the addition 
of Y-90 to FU in 
patients with 
unresectable CRLM 
(median OS 10 vs 
7.3 months) [107]. A 
combined analysis of 
3 multicenter phase 
III RCTs reported no 
benefit in OS with 
the addition of Y-90 
to FOLFOX in 
patients with 
unresectable CRLM 
(median OS 22.6 vs 
23.3 months) [108]

Short-term restriction 
in patient exposure to 
friends/family due to 
radiation. Not widely 
available

Abbreviations: RCT randomized controlled trial, OS overall survival, FU fluorouracil
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• Portal and retroperitoneal lymph nodes: Metastasis to portal and retroperitoneal 
lymph nodes is believed to represent a re-metastasis from the CRLM and thus an 
indicator of more aggressive biological behavior. Long-term outcomes are gen-
erally poor (5-year OS 14–21%) [111, 115–117]. It is often considered a relative 
contraindication to liver resection, although resection can be considered in 
patients with limited lymph node involvement (especially for portal rather than 
para-aortic nodes) and good response to systemic chemotherapy [112, 115–118].

 Toronto Pearls

• If there is any doubt about the volume of future liver remnant, obtain formal 
volumetrics and consider preoperative portal vein embolization.

• When performing liver resections, use the principle of parenchyma-sparing sur-
gery as a guide.

• Resection of all visible disease is the goal: use systemic therapy sparingly and 
with this ultimate goal always in mind.

Table 7.9 Surgical management of extrahepatic metastases

Study Methods Results
Toronto phase II trial,
Wei et al. [109]

Phase II trial (N = 26)
CRLM and EHM resection 
(lung, portal LN, peritoneum, 
adrenals, other)

Median OS and RFS 38 and 
5 months, respectively. Major 
morbidity 19%, mortality 4%, 
QoL returned to baseline 
1 year post-treatment

MSKCC study,
Leung et al. [111]

Retrospective review 
(N = 219)
CRLM and synchronous 
EHM resection (lung, portal/
retroperitoneal LN, 
peritoneum, ovaries, other)

Median OS and RFS 34.4 and 
8 months, respectively. 3 poor 
prognostic factors: CRLM 
>3 cm, >5 CRLM, and 
unfavorable EHM site; 5-year 
OS ranged from 43% (0 
factors) to 0% (3 factors)

French study,
Adam et al. [7]

Retrospective review 
(N = 186)
Liver resection and EHM 
resection (lung, LN, 
peritoneum, other)

5 poor prognostic factors: 
EHM other than lung, EHM 
concomitant to CRLM 
recurrence, CEA ≥ 10 ng/mL, 
≥ 6 CRLM, and right colon; 
5-year OS ranged from 64% 
(0 factors) to 0% (>3 factors). 
Overall 5-year OS 28% (33% 
for isolated lung mets)

International study, Pulitano 
et al. [114]

Retrospective review 
(N = 171)
CRLM and EHM resection 
(lung, peritoneum, portal LN, 
aortocaval LN, other)

5-year OS 26%; OS worse 
with R1 resection, multiple 
sites of EHM and location 
(aortocaval LN worst)

Abbreviations: EHM extrahepatic metastases, LN lymph node, OS overall survival, RFS recurrence- 
free survival, QoL quality of life
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• Subcentimeter pulmonary nodules are very common and do not affect prognosis; 
ignore them.

• Blood loss and transfusion are associated with adverse perioperative outcomes 
and long-term disease recurrence: incorporate preoperative, operative, and post-
operative strategies to reduce bleeding and transfusion.

• The role of pseudo-neoadjuvant therapy is to assess biology of disease; select 
agents to minimize hepatotoxicity (FOLFOX) and limit the duration to 4 cycles.
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8Desmoid Fibromatosis 
and Dermatofibrosarcoma Protuberans

Ricky Jrearz, Samir Fasih, Brendan C. Dickson, 
Abha A. Gupta, and Rebecca A. Gladdy

 Introduction

Desmoid tumors (DTs, also known as desmoid-type fibromatosis) and dermatofi-
brosarcoma protuberans (DFSP) are rare mesenchymal neoplasms of fibroblastic/
myofibroblastic derivation.

DT can be locally invasive, but has no metastatic potential. They account for 
0.03% of all neoplasms with an annual incidence of 2–4 per 1,000,000 individuals 
[3, 10, 37]. The peak age of presentation is between 30 and 40 years of age. In con-
trast to its superficial counterpart, palmer/planter fibromatosis, DT typically occurs 
in the deep soft tissues. Most desmoids arise sporadically, although some may be 
associated with trauma or pregnancy. Approximately 5–10% of desmoids occur in 
patients that have familial adenomatous polyposis (FAP); 10–20% of FAP patients 
will develop DT [52]. Nuchal fibromas (Gardner’s syndrome) can occasionally 
transform into desmoids [53].
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DFSP is a soft tissue neoplasm that is locally invasive and a subset have meta-
static potential. They account for less than 0.1% of all malignancies, but are the 
most common sarcoma of the skin [54]. The annual incidence of DFSP is 1–4 per 
1,000,000 individuals [6, 7]. It is most commonly seen between 20 and 50 years of 
age. Most DFSPs are low grade tumors. However, fibrosarcomatous transformation 
(FS-DFSP) occurs in 5–15% of tumors. FS-DFSP is an intermediate grade sarcoma 
that has a 10–15% chance of metastasis [8]. The presence of a positive surgical 
margin significantly increases the risk of local recurrence in DFSP [9, 24, 40].

 Histology and Molecular Genetics

 DT

DTs are characterized histologically by infiltrative fascicles of monomorphic spin-
dle cells. The majority (85%) of sporadic tumors contain mutations in exon 3 of the 
CTNNB1 gene which encodes for β-catenin [1, 2, 22]. Recent studies have shown 
that many of the so-called “wild-type” (15%) DT will actually contain mutations in 
CTNNB1 with deeper sequencing [55]. Familial DT and a subset of sporadic DT 
display mutations in the adenomatous polyposis coli (APC) gene [56, 57].

 DFSP

DFSP originates superficially in the dermis or subcutis. Histologically it is charac-
terized by storiform whorls of monomorphic spindle cells [58]. FS-DFSP is associ-
ated with architectural transformation into a herringbone pattern, and greater 
pleomorphism and mitotic activity; frequently, these tumors will also lose expres-
sion of CD34, an immunohistochemical marker typical of DFSP. Greater than 90% 
of tumors exhibit a translocation resulting in COL1A1-PDGFB gene fusion [5], 
which renders the tumor sensitive to imatinib.

 Staging and Prognosis (See Table 8.1)

 DT

DT is not included in the most recent American Joint Committee on Cancer AJCC 
8th edition staging system as it is considered a benign neoplasm. Staging systems 

Table 8.1 Prognosis of DT and DFSP

Prognosis [9–17]
5-year overall survival (OS) (%) 5-year local recurrence (LR) (%)

DT 76a − 100 20–47

DFSP 98–100 3–25
aIntra-abdominal DT in FAP patients – deaths due to complications of DT treatment or other causes

R. Jrearz et al.
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for intra-abdominal DT in the context of FAP has been proposed based on size, 
symptoms, growth, and complications [59].

 DFSP

The AJCC 8th edition is the current recommended staging system for DFSP. Staging 
differs based on location of the primary tumor; extremities and trunk vs. head 
and neck.

 Management (See Table 8.2)

 DT

There has been a paradigm shift in the management of DT from upfront surgical resec-
tion to upfront active surveillance [18, 19, 25, 65]. A large recent prospective French 

Table 8.2 Management, workup, and follow-up for DT

Workup Management Follow-up
History and 
physical exam
Imaging:
  MRI preferred 

for abdominal 
wall, trunk, and 
extremity (CT if 
MRI not 
available)

CT for intra-
abdominal lesions
Investigations:
  Percutaneous 

core biopsy
  MCC discussion
  Consider 

colonoscopy to 
r/o FAP (higher 
risk in <40, 
multifocal, 
intra- abdominal/ 
retroperitoneal 
DT, family hx of 
colon cancer)

Trial of active surveillance to assess growth rate 
(1–2 years)
  Ensure discontinuation of all exogenous 

estrogen (i.e., oral contraception)
Consider active treatment if:
  Progression over at least 2 subsequent 

assessments
  Increase of symptom burden
  Disease close to critical structure (mesentery, 

head and neck)
Initial medical treatment on progression:
  Intra-abdominal/retroperitoneal DT
  Head and neck, extremity, chest wall DT
  Abdominal wall DT
Medical treatment options:
  Consider targeted agentsa or cytotoxic 

chemotherapyb [26–31]
  Consider for a clinical trial or trial of NSAIDsc 

or antiestrogensd if the above options not 
possible

Surgical resection can be considered at all DT 
sites if progression on medical treatment; the aim 
is for gross resection with preservation of function
Radiotherapy can be first-line alternative in highly 
selective cases (age, comorbidities, etc.)

History and 
physical exam 
every 3–6 months 
to establish pattern 
of growth MRI or 
CT every 
3–6 months for 
first 2 years
If stabilization/
regression ➔ 
active surveillance 
with annual MRI/
physical exam
Can consider US if 
demonstrated 
long-term stability
In case of 
progression, 
consider medical 
or surgical 
treatment

ER/PR estrogen receptor/progesterone receptor, MCC multidisciplinary cancer conference,
NSAIDs nonsteroidal anti-inflammatory drugs, US ultrasound, TKIs tyrosine kinase inhibitors
aFor example, sorafenib, pazopanib
bFor example, Methotrexate plus vinca alkaloid, doxorubicin, liposomal doxorubicin, dacarbazine
cFor example, sulindac, indomethacin
dFor example, tamoxifen, raloxifene, toremifene
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study showed no difference in surgery vs. active surveillance in 2-year event-free sur-
vival [60]. Similar results have been observed in studies comparing initial active sur-
veillance to upfront medical therapy [63]. Studies have demonstrated through 
multivariate analysis and predictive nomograms that age (<37), tumor site (non- 
abdominal wall), and tumor size (>7 cm) are independent risk factors for local recur-
rence after resection [20, 21]. Specific mutations in exon 3 such as S45T have also been 
associated with increased risk of recurrence after resection [22, 23]; whether this muta-
tion is associated with tumor progression during active surveillance is currently being 
prospectively studied.

 Special Notes

Recurrence:
• Recurrent DT should be managed in a similar fashion to primary DT with con-

sideration to previous therapies, tumor location, and biology
• Patients with multiple recurrences after adequate resections should be consid-

ered for medical therapy

Margins:
• The aim of surgical resection should be negative histologic margins with preser-

vation of function. Despite this, 25% of cases with negative margins will recur 
locally.

• The evidence is controversial on margin status and recurrence. Therefore, unlike 
sarcomas, positive margins should be followed and not necessarily re- 
excised [65].

Imaging:
• A baseline MRI and assessment of T2 hyperintensity within the tumor may be 

predictive of desmoid progression during active surveillance [64].

Medical Therapy:
Several options and considerations for medical therapy are listed in Table 8.3. The 
discussion of pros/cons of various therapies with the patient will aid in 
decision-making.

Regression:
• Spontaneous regression has been reported in 19–28% of cases [20, 32]; this is 

seen predominately in abdominal wall DT.

FAP:
• Younger patients (<40 years) with a new diagnosis of DT should be screened for 

FAP with colonoscopy.
• Intra-abdominal or retroperitoneal DT, multifocal disease, and positive family 

history are associated with FAP.

R. Jrearz et al.
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• FAP patients with DT have a higher rate of recurrence and nonsurgical options 
should be strongly considered prior to resection [11].

Pregnancy:
• Disease progression often occurs during pregnancy but can generally be man-

aged safely with close observation with serial US in most cases [33].
• The risk of adverse obstetric events is not increased in DT [33].
• DT should not be a contraindication to future pregnancies [33].
• Tumors arise in previous caesarian-section sites.

Table 8.3 Type of medical therapy for DT

Type of therapy
Number of 
patients

Objective 
response rates Considerations Reference

Targeted therapy Total duration of 
therapy remains 
unclear

Gounder MM; 
2018 [41]
Maud T; 2018 
[42]
Chugh R; 2010 
[43]

1.  Sorafenib
2.  Pazopanib
3.  Imatinib

87
72
51

33%
37%
5%

Cytotoxic 
chemotherapy

1.  Intravenous 
therapy, 
prolonged 
course

2.  Hair loss 
with 
doxorubicin

Azzarelli A; 2001 
[44]
Patel S; 1993 
[45]
Constantinidou 
A; 2010 [46]

1.  Metho-
trexate/
vinblastine or 
vinorelbine

2.  Doxorubi cin/
dacarbazine

3.  Pegylated 
liposomal 
doxorubicin 
(PLD)

30
11
14

40%
54%
33%

Nonsteroidal 
anti- 
inflammatory 
drugs (NSAIDs)

May be 
considered in 
patients with 
FAP

Nishida Y; 2012 
[47]
Tsukada K; 1992 
[48]

1.  Meloxicam
2.  Sulindac

20
14

40%
57%

Antiestrogen 
therapy

Use with caution 
in 
premenopausal 
women due to 
ovarian cyst 
development

Brooks M; 1992 
[49]
Fiore M; 2011 
[50]

1.  Toremifene 
or tamoxifen

2.  Toremifene

20
27

65%
26%

Gamma- 
secretase 
inhibitors

Duration of 
therapy unclear. 
Diarrhea can be 
problematic.

Kummar S; 2017 
[51]

1.  Niro gacestat 17 29%
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• 17% of pregnancy induced DT experience spontaneous regression [33].
• Discontinue the use of exogenous hormones as they can impact growth.

Radiation Therapy:
• In selected circumstances such as age, patient intolerance/preference to surgical/

medical therapy, comorbidities, rapidly growing lesion threatening vital struc-
tures (head and neck, limb salvage, etc.), radiation can be considered in as a 
treatment for DT [65].

• May be considered in patients with multiple local recurrences or unresectable 
disease, but MCC discussion should be conducted prior to treatment [34].

 Primary DFSP (See Table 8.4)

The primary treatment modality for localized DFSP is surgical resection with nega-
tive margins. Local recurrence has been associated with depth of invasion, anatomi-
cal location, margin status [40], and FS status [61].

 Special Notes

Imatinib:
• Consider neoadjuvant imatinib for large, borderline resectable, or complex recur-

rent lesions in order to downsize prior to surgery.
• Can also use imatinib to help with function preservation.

Resection:

Table 8.4 Workup, management, and follow-up for DFSP

Workup Management Follow-up [62]
History and physical exam
Investigations:
Percutaneous or excisional 
biopsy
MRI in selected cases to 
assess extent/depth/
multifocality
Routine staging not indicated 
unless:
  Clinical signs of 

metastases
  Recurrent disease
  Fibrosarcomatous 

transformation
MCC discussion

Surgical resection
  Wide local excision (WLE) 

2–3 cm
Plastic surgery consultation if 
primary closure is anticipated 
to be challenginga

Medical treatment:
   Imatinib (inoperable 

tumors or preoperative 
downstaging to preserve 
function, limit extent of 
soft tissue reconstruction)

Low risk DFSP (wide R0, no 
FS changes)
  Routine self-examination
   Np formal follow-up
Low risk DFSP (close R0, R1, 
no FS, difficult to examine 
locations, i.e., axilla, 
perineum, etc.)
  Annual clinical exam × 

10 years
  No routine imaging
High risk DFSP (FS changes)
  Clinical exam + CXR 

q3–6 months × 2–3 years 
then annually × 10 years 
total

aApproximately 30% of reconstructions require plastic surgery techniques [35]
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• Wide local excision is preferred, 2–3 cm in non-critical areas. Margins may be 
limited in facial resections.

• Mohs micrographic surgery (MMS) is not recommended in the treatment 
of DFSP.

Margins:
• Negative histologic margins should be the goal of surgical resection (R0).
• The ideal planned margins are 2–3 cm radially in the dermis with fascial clear-

ance deep to tumor.

Reconstruction:
• Delayed definitive reconstruction for complex resections until margin status is 

confirmed can be considered in some cases.

Recurrence:
• Treat with surgical resection if possible.
• Local recurrence rates have been reported between 1% and 22% [35, 40, 61].

Lymph Nodes:
• Assessment of regional lymph nodes is not required in the absence of clinically 

or radiologically apparent disease.

FS-DFSP:
• Approximately 10–15% of DFSP contain fibrosarcomatous progression that 

behaves more aggressively (i.e., widespread metastasis) than classic DFSP [36].

Radiation Therapy:
• May be useful for recurrent tumors when surgical morbidity limits ability to re- 

excise. Delivery of radiation is considered only after multidisciplinary discus-
sion [62].

 Metastatic DFSP (See Table 8.5)

 Special Notes

Metastases
• Most commonly occur in lungs.
• Can also occur in pancreas, liver, and bone [61].

Medical Therapy:
• Imatinib can be used for unresectable, recurrent, or metastatic disease.
• >90% of DFSP are characterized by the t(17;22) chromosomal translocation and 

may be susceptible to targeted platelet-derived growth factor inhibition [38].
• Response rate has been reported at 50%.
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• There is limited data on cytotoxic chemotherapy and its utility in DFSP; when 
transformation has occurred, traditional cytotoxic therapies may be considered 
in the palliative setting.

 Landmark Publications

There are limited prospective randomized control trials (RCT) on the management 
of DT (see Table 8.6) or DFSP (see Table 8.7). Management is largely dictated by 
consensus statements formed by expert, high-volume centers [65].

 DT

 DFSP

 Referring to Medical Oncology

 DT

 1. Patients with progressive or recurrent disease.
 2. Multifocal disease.
 3. FAP patients.

Table 8.5 Workup, management, and follow-up for metastatic DFSP

Workup Management Follow-up
History and physical exam
CT chest/abdo/pelvis
Case discussion at MCC

Systemic therapy with 
imatinib
Consider resection (lung, 
liver) if:
  R0 resection can be 

achieved
  Favorable biology (slow 

growing, long disease-free 
interval)

  Primary tumor is resected 
or resectable

  Isolated/few metastases
Radiation therapy for 
unresectable, progressive, or 
bony metastases

As clinically warranted

R. Jrearz et al.
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Table 8.6 Landmark publications for DT

Study Methods Results
Burtenshaw et al. [15] Retrospective review n = 213

Abdo wall DTs
Primary DT with no prior 
treatment (Group A) vs. 
previously resected DT 
(Group B) vs. recurrent DT 
(Group C)

Abdo wall (48%) or intra- abdominal 
(43%)
Group A (n = 176)
  93% of patients who underwent 

observation alone (54/58) had 
stable disease or spontaneous 
regression

  38% (67) overall required surgery 
(primary treatment or second line 
after observation/medical tx)

  24% recurrence after surgery 
(med f/u 22 months)

  Abdo wall DT >7 cm and 
intra-abdo DT more likely to 
recur

Group B (n = 19)
  95% managed with upfront 

observation despite 63% having 
had R1/R2 resection

Group C (n = 18)
  61% managed non-operatively

Gronchi et al. [39] Retrospective review n = 203
All patients treated with 
surgical resection
All patients had complete 
macroscopic resection

DFS better in primary disease than 
recurrent disease (76% vs. 59% at 
10 years)

Nieuwenhuis
Et al. [4]

Retrospective population- 
based review n = 519
All Dutch patients with DT 
over a 10-year period

7.5% of DT associated with FAP 
factors identified with FAP-
associated DT: Male, age < 60, 
intra-abdominal location

Gounder et al. [41] Phase III RCT n = 87
Progressive, recurrent, or 
symptomatic DT
Sorafenib vs. placebo

2-year PFS 81% vs. 36%
Of note, objective response in 
placebo arm of 30%, consistent with 
spontaneous regression rates

Penel et al. [60] Prospective randomized 
study
Initial surgery vs. initial 
observation n = 771

Overall 2-year EFS 53% vs. 58%
Favorable location DT (abdo wall, 
intra-abdo, breast, digestive viscera, 
lower limb) similar 2-year EFS 
(70% vs. 63%)
Unfavorable location (chest wall, 
upper limb, head and neck) 2-year 
EFS significantly better in 
observation group (25% vs. 52%)

Salas et al. [20] Multi-institution retrospective 
review n = 426
All patients had sporadic DT

Subgroup of patients treated with 
wait-and see (policy 19% 
spontaneous remission)
Age, tumor size, tumor site 
(extra-abdominal) predictive of PFS 
on multivariate analysis

RT radiation therapy, DFS disease-free survival, PFS progression-free survival, EFS event-free 
survival
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 DFSP

 1. All patients with metastatic, recurrent, or unresectable disease.
 2. Patients considered for neoadjuvant therapy to downstage bulk of disease or to 

preserve function.

 Referring to Radiation Oncology

 DT

 1. Patients with multiple local recurrences for consideration of combined pre- or 
postoperative treatment.

 2. Patients with unresectable disease that has progressed on medical therapy.
 3. Patients with progressive disease not amenable to frontline medical or surgical 

therapy due to comorbidities/preferences.

Table 8.7 Landmark publications for DFSP

Study Methods Results
Bowne et al. [9] Retrospective review

N = 159
All patients treated with 
WLE
16% had FS-DFSP

Positive margins and 
FS-DFSP predictors of poor 
outcome
2% of patients developed 
metastases and died of disease

Fiore et al. [16] Retrospective review
N = 218
All patients treated with 
WLE

Low rate of LR at 5 years 
(3%)
Rate of distant metastases at 
5 years (2%)

Huis in’t Veld et al. [61] Retrospective review
N = 357
87.5% treated with WLE
11.5% treated with MMS
17.4% presented with local 
recurrence
11.4% had FS-DFSP

LR rate 22.7%
Median time to recurrence 
55.5 months
FS-DFSP and positive margins 
prognostic for recurrence
61.7% of LR identified by 
self-examination
Rate of distant metastases 
1.1% at median time of 
68 months

Fields et al. [40] Retrospective review
N = 244
All patients treated with 
WLE

Depth and margin status 
predictive of DFS
Low LR with WLE (92% DFS 
at 5 years)

FS-DFSP DFSP with fibrosarcomatous transformation, DFS disease-free survival, WLE wide local 
excision, LR local recurrence
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 DFSP

 1. Patients with positive margins after maximal surgical resection.
 2. Patients with DFSP-FS progression not amenable to surgery.
 3. Patients with disease not amenable to frontline medical or surgical therapy due 

to comorbidities/preferences.

 Referring to Multidisciplinary Cancer Conference (MCC)

 DT

All cases should be discussed.

 DFSP

All cases should be discussed.

 Toronto Pearls

 DT

• The biology and behavior of DT can be greatly varied between growth, stabiliza-
tion, or regression. Non-aggressive interventions including active observation 
are increasingly employed in DT patients. Systemic therapy choices must bal-
ance quality of life, drug access, and symptoms.

• Percutaneous core biopsies should ideally be done with image guidance at sar-
coma centers with specialized radiologists. A minimum of 4 good quality tissue 
cores should be obtained for accurate diagnosis.

• Pathology review should be performed by expert pathologists experienced in 
sarcoma.

• DT is commonly seen in young patients and has no metastatic potential. Surgical 
resection, if undertaken, should focus on preservation of function to avoid sig-
nificant morbidity.

• DT is rarely a cause for mortality except in large, recurrent intra-abdominal 
tumors (particularly in FAP). Consequently, a multidisciplinary approach should 
be considered before embarking on extensive surgical resection.
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 DFSP

• Pathology review should be performed by expert pathologists experienced in 
sarcoma with access to appropriate molecular diagnostic techniques for accurate 
diagnosis.

• Definitive treatment is surgical resection in DFSP. A wide local excision should 
be performed to minimize local recurrence.

• Patients with DFSP-FS progression should be followed closely as they have a 
higher propensity for metastatic disease.

• Consider the use of imatinib in the neoadjuvant setting for locally advanced dis-
ease or in the management of metastatic disease.
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 Introduction

Esophageal cancer is an ominous disease worldwide, with a 5-year survival ranging 
from 4 to 40%, depending on stage, and an 18% overall 5-year survival [1].

In recent years, a sixfold increase in incidence for adenocarcinoma in the United 
States and Canada from 1975 to 2000 has been documented, making it the most 
rapidly increasing cancer in North America [2].

Because early esophageal cancer (EC) is frequently asymptomatic, the majority 
(about 60%) of patients have advanced cancer when diagnosed, with dysphagia as 
the most common presenting symptom.

The most common histologic types of EC are squamous cell carcinoma (SCC) 
and esophageal adenocarcinoma (EAC), with the majority in the Western world 
being EAC. Less than 2% of all esophageal cancers are mesenchymal tumors (GIST, 
leiomyosarcoma) or small cell carcinoma. Lymphoma, neuroendocrine tumor, and 
melanoma can also develop in the esophagus, but with even lower incidence [3].
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 Epidemiology

• EC is the eighth most common cancer worldwide and the sixth leading cause of 
cancer-related mortality [4].

• Its incidence varies greatly geographically. Squamous cell carcinoma (SCC) is 
the most prevalent histological type worldwide, particularly in countries of East 
Asia, Eastern Africa, and South America. In Western countries such as the United 
States, Canada, United Kingdom, Finland, France, and Australia, there is a pre-
dominance of esophageal adenocarcinoma (EAC).

• Asia represents 75% of the world’s burden of EC, with an age-standardized rate 
for incidence (ASR-I) in Eastern Asia of 11/100000. China alone accounts for 
50% of the world’s EC incidence [1].

• The overall incidence for SCC increases with age, reaching a peak in the seventh 
decade. Major risk factors for SCC are alcohol consumption and tobacco use. 
Smoking, in combination with alcohol, has been proven to have a synergistic 
effect and increases the relative risk with an OR for combined alcohol and 
tobacco use of 3.28 (95% confidence interval (CI), P = 0.05) [5].

• Race and gender are also known risk factors. The relative risk in men who use 
both heavy tobacco and alcohol is 35.4 in white males and 149.2 in black males, 
compared to men of the same race and region who were non-smokers or drinkers 
[6]. The average male:female ratio for SCC is 2.5, and for EAC the ratio is 
4.4 [1].

• From 1975 to 2004, the incidence of EAC among white American males 
increased by more than 460% and by 355% among white American females [7].

• Obesity and gastroesophageal reflux (GERD) have a distinct link to 
EAC. Therefore, adenocarcinoma of the esophagus occurs predominantly in the 
distal esophagus or gastroesophageal junction, compared to SCC which occurs 
mostly in the cervical, proximal, and mid thoracic esophagus. GERD is related to 
the development of Barrett’s esophagus (BE) and the risk of developing EC is 
50–100 times more likely in those with BE [8]. However, less than 5% of patients 
diagnosed with adenocarcinoma of the esophagus have a prior diagnosis of BE [9].

 Diagnosis and Staging

Progressive dysphagia, initially to solids and later to soft and liquid diet, is usually 
the presenting symptom and is associated with general signs of malignancy such as 
weight loss and anemia. As dysphagia to solids is a relatively late symptom, EC is 
usually diagnosed in advanced stages. The incidence by stage defined as localized, 
regional, and distant disease in Eastern countries is 33%, 37.8%, and 17.3%, respec-
tively, mostly for SCC [10]. In the Western population, particularly North America, 
localized disease accounts for 24%, 36% is regional and 40% presents with distant 
disease at the time of diagnosis with 67% of patients presenting with EAC [11, 12].

Diagnosis at the early stage is usually the result of a fortuitous incidental finding 
after an upper endoscopy for other symptoms.
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Clinical staging is critical for deciding whether a patient is a candidate for endo-
scopic resection, upfront surgery, induction therapy, or palliation. The staging workup 
may include esophagogastroduodenoscopy (EGD) + biopsy, barium swallow, endo-
scopic ultrasound (EUS), CT, and FDG PET/CT. In upper and middle thoracic tumors, 
a bronchoscopy should be considered to rule out bronchial/tracheal involvement. 
Involvement of these structures would be a contraindication for radiation due to the 
high risk of post-radiation fistula and also precludes surgical therapy.

 EGD and Barium Swallow

• Endoscopy allows for an anatomic evaluation of the tumor in relation to the hia-
tus and squamo-columnar junction, along with tumor length, degree of circum-
ferential involvement, degree of obstruction, and presence of Barrett’s esophagus.

• Endoscopy also allows for histological diagnosis by biopsy. Histopathologic cell 
type and grade markedly influence survival and guide management.

• Barium swallow has been used as the initial diagnostic test in the past but has 
largely been supplanted by endoscopy.

 Endoscopic Ultrasonography (EUS)

• EUS is the most sensitive test for locoregional staging in EC. EUS can determine 
the depth of tumor invasion (cT), as well as confirm nodal involvement of suspi-
cious paraesophageal or perigastric lymph nodes through fine-needle aspiration 
(cN). EUS is however a costly and operator-dependent procedure which may not 
be available in all centers.

• The greatest impact of EUS is defining those who will benefit from neoadjuvant 
chemoradiotherapy and surgery versus early-stage patients who may only require 
surgery. It cannot reliably differentiate between T1a and T1b, limiting its effec-
tiveness in defining patients who may be candidates for endoscopic therapy.

• The accuracy of EUS for evaluating primary tumor and nodal status has been 
reported to be 85% and 75% respectively, while the sensitivity has been reported 
to be in the range of 85–95% for primary tumor evaluation and 70–80% for nodal 
evaluation [13].

• Obstructing lesions limit the passage of the EUS scope, precluding evaluation in 
patients with advanced disease. However, such patients generally have locally 
advanced disease (T3 or T4) and have a high probability of N+ disease. Therefore 
they will be candidates for combined modality therapy on this basis alone.

 CT

• CT of the chest and abdomen is useful in initial staging for evaluating the pri-
mary tumor, regional nodes, and metastatic disease. Identification of distant 
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metastatic disease on CT obviates the need for PET-CT.  CT is also useful to 
determine the location of the tumor as well as involvement of adjacent structures.

• CT angiogram may be useful to determine the patency and quality of the right 
gastroepiploic artery, especially in situations where the patient has evidence of 
atherosclerosis elsewhere.

 FDG-PET/CT

• FDG-PET CT is useful to determine a) the baseline FDG uptake of the primary 
tumor prior to induction therapy, b) the presence of locoregional disease, c) the pres-
ence of distant metastatic disease, and d) response to therapy (post-treatment).

• SCC and EAC have differential uptake in FDG-PET. Most studies have found a 
high degree of FDG-avidity in SCC at the primary tumor site. The majority of 
false negatives appear to be in small-volume tumors [14]. In contrast, insufficient 
or absent FDG uptake by the primary tumor is more frequently encountered in 
EAC. However, this depends on tumor growth type, differentiation, and mucus 
content.

• Non-avid EAC tumors are often poorly differentiated, showing a diffuse, non- 
intestinal growth type and mucus-containing tumor type (signet ring variant) [15].

• FDG-PET is superior to contrast-enhanced CT for the detection of metastatic 
nodes [10]. The sensitivity, specificity, and accuracy of PET-CT is 52%, 94%, and 
84%, respectively, compared to 15%, 97%, and 77%, respectively, for CT [16].

• PET has also been shown to have higher accuracy (82% vs 64%) and sensitivity 
(74% vs 47%) when compared to CT and EUS for the detection of distant meta-
static disease [17].

• The degree of FDG-avidity may potentially be used to assess response to induc-
tion therapy [18].

• One limitation of FDG-PET is the difficulty of detecting nodes close to the pri-
mary tumor (3 cm or less). Intense FDG uptake by the primary tumor can often 
obscure the detection of nearby associated nodal metastasis, leading to false 
negatives.

• False positives can also be the result of inflammatory disease causing increased 
FDG uptake, such as sarcoidosis.

 Staging, AJCC, Eighth Edition

For the purpose of staging, the esophagus is usually divided in three anatomic com-
partments: cervical, thoracic, and abdominal esophagus. The thoracic esophagus is 
also divided arbitrarily into equal thirds: upper, middle, and lower.

The cervical esophagus anatomically lies in the neck, bordered superiorly by the 
hypopharynx and inferiorly by the thoracic inlet at the level of the sternal notch. It 
extends from 15 to 20 cm measured from the incisors. Cancers located in the cervi-
cal esophagus are staged as upper thoracic esophageal cancers and not as head and 
neck cancers [19].
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For staging purposes, the AJCC, Eighth Edition, includes gastroesophageal junc-
tion tumors which have an epicenter within 2 cm of the cardia (Siewert types I/II). 
Tumors with an epicenter more than 2 cm distal to the cardia are staged as gastric 
cancers (Tables 9.1, 9.2, 9.3, 9.4, 9.5, 9.6).

AJCC, Eighth Edition, staging system includes cTNM, yTNM for post- 
neoadjuvant treatment restaging, pTNM for pathologic staging after esophagec-
tomy alone, and ypTNM for pathologic staging after esophagectomy with induction 
therapy, where histology and tumor location are included. SCC staging pTNM 
includes tumor location.

Table 9.1 Primary tumor (T): all carcinomas

T 
category T criteria
TX Tumor cannot be assessed
T0 No evidence of primary tumor
Tis High-grade dysplasia, defined as malignant cells confined to the epithelium by the 

basement membrane
T1 Tumor invades the lamina propria, muscularis mucosae, or submucosa
  T1a Tumor invades lamina propria or muscularis mucosae
  T1b Tumor invades the submucosa
T2 Tumor invades the muscularis propria
T3 Tumor invades adventitia
T4 Tumor invades adjacent structures
  T4a Tumor invades the pleura, pericardium, azygos vein, diaphragm, or peritoneum
  T4b Tumor invades other adjacent structures, such as the aorta, vertebral body, or airway

Table 9.2 Regional lymph 
nodes (N): all carcinomas

N category N criteria
NX Regional lymph nodes cannot be 

assessed
N0 No regional lymph node metastasis
N1 Metastasis in 1–2 regional lymph nodes
N2 Metastasis in 3–6 regional lymph nodes
N3 Metastasis in ≥7 regional lymph nodes

Table 9.3 Distant metastasis (M): all carcinomas M category M criteria
M0 No distant metastasis
M1 Distant metastasis

Table 9.4 Histologic grade: all carcinomas G G definition
GX Grade cannot be assessed
G1 Well differentiated
G2 Moderately differentiated
G3 Poorly differentiated
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 Treatment

Treatment of EC is based on a multimodal approach that is determined by the histo-
logic subtype, location, and clinical staging (cTNM). This approach may include 
upfront resection for early-stage disease (endoscopic or surgical), neoadjuvant ther-
apy (chemoradiotherapy or chemotherapy) followed by surgery, definitive chemora-
diotherapy, or palliative systemic treatment.

The treatment of thoracic esophageal cancer is generally determined by cTNM; 
however, many centers would alter the approach for locally advanced disease 
depending on SCC or EAC, in some cases with a preference toward definitive 
chemoradiotherapy for SCC and trimodality therapy for EAC.

 Cervical Esophagus

• Pharyngo-laryngo-esophagectomy (PLE) was considered the gold standard of 
treatment for cervical SCC for many years. However, it is associated with a high 
incidence of postoperative morbidity and mortality. Anastomotic leakage and 
operative mortality are both described at ~9% [20]. It also causes a significantly 
compromised quality of life.

• Definitive chemoradiation (CRT) has evolved as a curative treatment modality 
for cervical esophageal SCC. Studies have shown similar overall survival with 

Table 9.5 Definition of location: squamous cell carcinoma

Location category Location criteria
X Unknown
Upper Cervical esophagus to lower border of azygos vein
Middle Lower border of azygos vein to lower border of pulmonary vein
Lower Lower border of inferior pulmonary vein to stomach, including GE junction

Table 9.6 SCC and adenocarcinoma post-neoadjuvant treatment stages (ypTNM) 

ypT ypN ypM Stage
T0–2 N0 M0 I
T3 N0 M0 II
T0–2 N1 M0 IIIA
T3 N1 M0 IIIB
T0–3 N2 M0 IIIB
T4a N0 M0 IIIB
T4a N1–2 M0 IVA
T4a NX M0 IVA
T4b N0–2 M0 IVA
Any T N3 M0 IVA
Any T AnyN M1 IVB
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definitive CRT compared to surgery, with a superior post-therapeutic quality of 
life compared to PLE, particularly because laryngectomy is avoided.

• Definitive CRT includes a three-dimensional conformal approach with a total 
radiation dose of 60–68 Gy. Cisplatin and 5-FU based chemotherapy is given 
concurrently for a total of four cycles [21].

High-volume institutions treating esophageal SCC have reported their results 
comparing PLE to definitive CRT in cervical esophageal cancer. Median overall 
survival for patients treated with PLE was 19.9 months vs 24.9 months among those 
treated with CRT. After stratifying for intent of resection (R-category) in the PLE 
patients and response to chemotherapy in the CRT, patients with curative PLE (R0) 
had a median survival of 22.4  months vs 28.6  months in CRT responders [21]. 
Therefore, definitive chemoradiation has emerged as the treatment of choice for 
patients with cervical SCC.

 Thoracic Esophagus

 Clinical Stage 0-I

Endoscopic Resection
• Lesions that do not infiltrate beyond the mucosa or lamina propria (cT1a) are 

rarely accompanied by lymph-node metastasis (<5%) [22]. Endoscopic resection 
is therefore a potentially curative treatment for such lesions.

• Lesions that reach the muscularis mucosae or infiltrate the upper submucosa (up 
to 200  μm: SM1) are associated with a 10% rate of lymph-node metastasis. 
Endoscopic resection remains feasible for selected patients with no clinical or 
radiologic evidence of lymph-node metastasis. However, surgical resection is 
also an appropriate option for fit patients with T1b SM1, given the lymph node 
metastasis rate. The decision to proceed with endoscopic resection versus upfront 
surgery requires a careful discussion with the patient regarding benefits of either 
treatment.

• Lesions showing deep invasion of the submucosa (more than 200 μm; SM2, 
SM3) are associated with a 25–50% rate of lymph-node metastasis and therefore 
fit patients should be offered upfront surgical resection.

• Lesions requiring a circumferential mucosal resection exceeding two-thirds of 
the circumference of the esophagus are relative contraindication for endoscopic 
treatment, considering the high rate of postoperative stenosis [23]. These patients 
are considered for upfront surgery.

Definitive Chemoradiotherapy in SCC
• Can be an alternative for patients with mucosal cancers that are too wide to be 

resected endoscopically.
• A phase II study of definitive chemoradiotherapy for stage I SCC of the esopha-

gus (JCOG 9708) demonstrated a complete response rate of 96% and a 2-year 
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survival rate of 93% [24]. These results, comparable to radical surgery in Japan, 
are currently being studied in a phase III study JCOG 0502.

 Clinical Stage II-III (except cT4)

Neoadjuvant Chemoradiotherapy Followed by Radical Surgery
A number of different regimens for preoperative induction therapy with chemo-
therapy or chemoradiotherapy have been described (Table 9.7). Prior to 2015, 

Table 9.7 Randomized clinical trials (RCT) comparing neoadjuvant chemoradiation treatment 
and surgery vs surgery alone in esophageal cancer

Study Methods Results
Urba et al. 2001 
[25]

RCT, N = 100
Surgery alone vs chemoradiation 
followed by surgery.
Chemoradiation: Cisplatin 
+5FU + vinblastine
Radiation: 1.5 Gy twice/
day × 21 days
Surgery: Transhiatal 
esophagectomy, day 42

Median follow-up = 8.2 years
Median OS = 17.6 months vs 
16.9 months
3-year OS = 16% vs 30% [HR 
0.73 (95% CI, 0.48–1.12) 
p = 0.15]

Medical Research 
Council 
Oesophageal 
Cancer Working 
Party 2002 [26]

RCT, N = 802
CS arm (N = 400): Cisplatin +5FU 
+/− radiation followed by surgery
S arm (N = 402): Surgery alone
Primary endpoint: Survival time by 
intention to treat

OS was better in the CS group 
(hazard ratio 0.79; 95% CI 
0·67–0·93; p = 0·004).
Median survival was 512 days 
(16·8 months) in the CS group vs 
405 days (13·3 months) in the S 
group (difference 107 days; 95% 
CI 30–196).
2-year survival rates were 43% 
and 34% (difference 9%; 3–14).

RTOG trial 2007 
[27]

RCT, N = 443
Preoperative chemotherapy 
followed by surgery vs surgery 
alone
Pre-op chemo (N = 216): 3 cycles 
of cisplatin +5FU
Radiation therapy not part of 
preoperative treatment plan
Primary endpoint: Overall survival

No difference in overall survival 
for patients receiving perioperative 
chemotherapy compared with the 
surgery-only group

CROSS trial 2015 
[28]

RCT, N = 368
Weekly neoadjuvant 
chemoradiotherapy (intravenous 
carboplatin and intravenous 
paclitaxel for 23 days) with 
concurrent radiotherapy followed 
by surgery, or surgery alone
Primary endpoint was overall 
survival, analyzed by 
intention-to-treat

Median OS for chemoradiation 
plus surgery vs surgery alone
SCC: 81.6 vs 21.1 months (HR 
0·48 [95% CI 0·28–0·83])
EAC: 43.2 vs 27.1 months
(HR 0·73 [95% CI 0·55–0·98]; 
log-rank p = 0·038).
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most induction therapy was being performed with cisplatin/5FU followed by 
surgery for resectable clinical stage II-III esophageal cancer. However, the 
CROSS trial introduced a new regimen of neoadjuvant chemoradiation of intra-
venous carboplatin [AUC 2 mg/mL per min] and paclitaxel [50 mg/m2 of body-
surface area for 23 days] with concurrent radiotherapy (41.4 Gy, given in 23 
fractions of 1.8 Gy on 5 days per week). This regimen has shown the highest 
survival benefit for resectable stage II/III EC. The median overall survival for 
SCC was 81.6 vs. 21.1 months for trimodality therapy vs. surgery alone. For 
EAC, median overall survival was 43.2 vs. 27.1 months in the experimental arm 
vs. surgery alone [28].

Surgery
McKeown vs Akiyama: For SCC of the thoracic esophagus, a two- vs. three-field 
lymph-node dissection has long been a matter of discussion between the East 
(Japan) and the West.

The McKeown esophagogastrectomy may be used for SCC or EAC. It includes 
1) an initial thoracic approach with esophageal dissection and radical lymphadenec-
tomy, including nodes over the level of the azygous vein and recurrent laryngeal 
nerve, 2) a subsequent abdominal approach for construction of the gastric conduit 
and abdominal lymph node dissection, and 3) a third cervical approach to complete 
the cervical esophagogastric anastomosis in the neck. The Akiyama operation fol-
lows the same steps as the McKeown, though it includes a radical cervical lymph 
node dissection at the time of the cervical anastomosis.

In Japan, the radical cervical lymph node dissection improved outcomes slightly 
in patients with SCC of the thoracic esophagus, though the 5-year survival rate did 
not reach 70% [22]. Patients included in the CROSS trial had a two-field lymph- 
node dissection with a similar 5-year overall survival close to 70%. Overall, mor-
bidity described for the Akiyama approach is 58%, with pulmonary complications 
occurring in 32.8%, cardiac dysrhythmias in 10.9%, and persistent recurrent laryn-
geal nerve problems in 2.6% [29].

Ivor Lewis: This two-field operation is primarily used for EAC located below the 
level of the carina. An abdominal approach is used to fashion the gastric conduit and 
to perform a radical lymph node dissection of the left gastric, common hepatic, and 
splenic arteries. Many surgical groups include a pyloroplasty as a standard to pre-
vent delayed gastric emptying of the conduit, although this is decreasing in fre-
quency. The second step in the operation is the thoracic approach for the thoracic 
esophageal dissection and radical lymph node dissection including inferior medias-
tinal nodes as well as the infracarinal lymph nodes. The anastomosis is completed 
above the azygous vein, with mechanical surgical staples or hand-sewn.

A Chinese trial published in 2015 compared Ivor Lewis esophagectomy (midline 
abdominal dissection followed by right thoracic dissection and anastomosis in the 
chest) with Sweet esophagectomy (left thoracoabdominal incision) for esophageal 
SCC [30]. It showed less morbidity, shorter hospital stay, fewer reoperations, greater 
lymph node yield, and a trend toward lower in-hospital mortality for the Ivor 
Lewis group.
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Resection margins and en-bloc lymph node dissection: Many studies have com-
pared transhiatal esophagectomy (THE) with the transthoracic esophagectomy 
(TTE), either McKeown or Ivor Lewis approach.

Both TTE and THE for thoracic esophageal cancer consider an abdominal and 
mediastinal lymph node dissection. The abdominal lymphadenectomy includes 
perigastric stations 1, 2, and 3 dissected en bloc with the specimen, left gastric 
nodes (station 7), celiac trunk, and common hepatic and splenic artery nodes (sta-
tions 8, 9, and 11).

TTE approach, however, enables an en-bloc dissection of the mediastinal nodes 
and a better control of the circumferential radial margin (CRM) compared to THE 
[31, 32].

Locoregional recurrences are predominant failure patterns in CRM-positive 
patients. In the first study of CRM involvement by Sagar et al., significantly more 
patients with a positive CRM (55%) developed a local recurrence as compared to 
those without involvement of the CRM (13%) [33]. Chao et al. found a significant 
influence of an involved CRM not only on locoregional but also on distant recur-
rences, while an involvement of the CRM of less than 1 mm was associated with 
early locoregional recurrences [34].

Longitudinal resection margin for thoracic esophageal cancer has not been as 
clearly defined as it has for distal/GEJ tumors. However, >3 cm proximal margin for 
SCC would render less than a 5% risk of margin involvement. For EAC, 7–10 cm 
proximal and 5 cm distal margins would be considered adequate.

TTE enables a better lymph node dissection compared to THE [32]. The opti-
mum number of lymph nodes dissected will be dependent on T and N(+) stage. In 
pN + M0 cancers and 1 to 6 nodes positive, optimum lymphadenectomy is 10 for 
pT1, 15 for pT2, and 29 to 50 for pT3/T4 [35].

However, it is still unclear whether the more extensive removal of regional (met-
astatic or not) nodes contributes to the cure of patients with esophageal cancer.

Definitive Chemoradiotherapy and SCC
Chemoradiotherapy is a good definitive alternative for patients; however, neoadju-
vant chemotherapy plus radical surgery has demonstrated the best long-term 
survival.

• In Japan, a phase II study was conducted to assess the effectiveness of definitive 
chemoradiotherapy in patients with stage II or III esophageal SCC (JCOG 9906). 
This study demonstrated a CR rate of 62% and a median survival time of 
29  months, with 3- and 5-year survival rates of 44.7% and 36.8%, respec-
tively [36].

• In a French trial comparing definitive chemoradiotherapy to neoadjuvant chemo-
radiotherapy followed by radical surgery, 259 patients with operable T3N0-1 M0 
thoracic esophageal cancer, who had received two cycles of fluorouracil (5-FU) 
and cisplatin (days 1 to 5 and 22 to 26) and either conventional (46  Gy in 
4.5 weeks) or split-course (15 Gy, days 1 to 5 and 22 to 26) concomitant radio-
therapy, were randomized to surgery (arm A) or continuation of chemoradiation 
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(arm B; three cycles of FU/cisplatin and either conventional [20 Gy] or split- 
course [15 Gy] radiotherapy). Two-year survival rate was 34% in arm A versus 
40% in arm B (hazard ratio for arm B vs. arm A = 0.90; adjusted P = 0.44). 
Median survival time was 17.7 months in arm A compared with 19.3 months in 
arm B. Two-year local control rate was 66.4% in arm A compared with 57.0% in 
arm B, and stents were required less often in the surgery arm (5% in arm A vs. 
32% in arm B; P < 0.001). The 3-month mortality rate was 9.3% in arm A com-
pared with 0.8% in arm B (P = 0.002) [37]. Neoadjuvant chemoradiation fol-
lowed by radical surgery demonstrated a better local disease control; however, a 
higher perioperative mortality and similar overall survival were shown compared 
to definitive chemoradiation for SCC.

 Clinical Stage III-IVa
Patients who fall in this clinical stage include those with cT4a, cN3, and cM0. 
They are usually treated with definitive chemoradiotherapy because survival out-
comes after surgical treatment are generally poor. Phase II studies with cisplatin, 
5-FU, and 60 Gy of radiotherapy in advanced thoracic esophageal cancer demon-
strated a CR rate of 15–33% with a median survival time of 9–10 months [38, 39]. 
The addition of taxanes such as docetaxel to cisplatin plus 5-FU with concurrent 
radiotherapy (DCF-R) demonstrated a median progression-free survival of 
11.1 months, and a median survival of 29.0 months with a survival rate of 43.9% 
at 3 years [40].

However, surgery may be still offered to patients with cT4aN1–2, given a more 
durable palliation with similar OS compared to definitive chemoradiation [41].

 Clinical Stage IVb or Recurrent Disease
Palliation Chemotherapy in the setting of metastatic or recurrent disease is 
designed to improve survival and quality of life. Cisplatin plus 5-FU are the most 
commonly used regimens for combination palliative chemotherapy. Paclitaxel has 
demonstrated good results with acceptable toxicity as second-line treatment after 
platinum-based chemotherapy [42].

Palliation of symptoms such as dysphagia, pain, and bleeding can be treated with 
expandable endoscopic stents or radiotherapy including brachytherapy.

• When compared head-to-head, a 2004 randomized trial of brachytherapy versus 
self-expanding metal stents showed that long-term dysphagia relief was better 
with brachytherapy, with fewer complications and better quality of life 
scores [43].

• A 2005 study similarly showed more durable results with brachytherapy, 
although it is recognized that stents offer more immediate relief [44].
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 Abdominal Esophagus and Gastroesophageal Junction 
Adenocarcinoma (EAC)

 Neoadjuvant and Adjuvant Therapies
• Induction therapy for EAC of the gastroesophageal junction (GEJ) remains con-

troversial. This is because these tumors are often grouped together with proximal 
gastric cancers for the purposes of trial inclusion. This has led to a broad hetero-
geneity in practice. The main protocols that have been established are known as 
the MAGIC, POET, CROSS, and FLOT trials (Table 9.8).

• The MAGIC and CROSS regimens were considered to be standard of care until 
the presentation of FLOT. Longer-term follow-up and survival data with FLOT 
are highly anticipated and pending, but many centers adopted FLOT as standard 
of care when the results were presented, even prior to publication.

Table 9.8 Randomized clinical trials (RCT) comparing neoadjuvant or perioperative treatment in 
GEJ and gastric adenocarcinoma

Study Methods Results
MAGIC 
trial 
(2006) 
[45]

503 patients with gastric and GEJ 
cancer patients
25% of the population consisted of 
lower esophagus and GEJ tumors
Compared 3 preoperative and 3 
postoperative cycles of epirubicin, 
cisplatin, and fluorouracil (ECF) 
chemotherapy to surgery alone

5-year OS benefit with perioperative 
chemotherapy compared to surgery alone 
(36% vs 23%)

CROSS 
trial 
(2015) 
[28]

368 patients with esophageal and 
GEJ tumors (24%)
Compared preoperative 
chemoradiotherapy (carboplatin, 
paclitaxel, and concurrent 
radiotherapy) to surgery alone

5-year OS of 47% in the 
chemoradiotherapy group, compared to 
34% with surgery alone

FLOT 
trial 
(2019) 
[46]

716 patients with locally advanced, 
resectable gastric or GEJ 
adenocarcinoma
Compared perioperative 
chemotherapy using fluorouracil, 
leucovorin, oxaliplatin, and docetaxel 
to the MAGIC regimen

Significant improvement in median overall 
survival of 50 months with FLOT 
compared to 35 months with ECF/ECX, 
giving a hazard ratio of 0.77 (95% CI 
0.63–0.94)

POET 
trial 
(2009) 
[47]

119 patients with locally advanced 
AC of the lower esophagus or gastric 
cardia
Randomized to 15 weeks of 
chemotherapy (n = 59) or 12 weeks 
of chemotherapy followed by 
3 weeks of chemoradiotherapy 
(n = 60), followed by surgery

The study was closed early because of 
poor accrual, but showed a non-significant 
trend toward higher rates of complete 
response, lower recurrence, and improved 
survival with chemoradiotherapy
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Based on the above data, patients with GEJ tumors should be offered preopera-
tive chemoradiotherapy, with preoperative chemotherapy as an alternative. Ongoing 
trials will help define the optimal perioperative treatment of these cancers.

• Genomic characterization is identifying new options for biologic and targeted 
therapies to improve response rates and survival for gastroesophageal cancers.

• For patients with unresectable disease, the ToGa trial established a role for trastu-
zumab in the treatment of advanced HER2-positive GEJ AC (18% of study popu-
lation) [48].

• Ramucirumab was also shown to increase overall survival for patients with 
advanced, pre-treated GEJ adenocarcinoma in the RAINBOW and REGARD 
trials [49, 50].

• Immune checkpoint inhibitors are actively being investigated for targeted ther-
apy. Programmed death-ligand 1 (PD-L1) upregulation is seen in approximately 
40% of gastroesophageal cancers, and PD-L1 inhibitors are showing encourag-
ing results in select patients [51].

• It is likely that future neoadjuvant and adjuvant therapies will be guided by spe-
cific somatic genomic alternations and gene expression [52].

 Surgical Therapy
The surgical approach has varied for GEJ tumors as well, and part of that variability 
comes from overlap in treatment by thoracic surgeons and upper GI surgeons.

• Resection is a mainstay in the treatment of GEJ cancer for fit patients who do not 
have disease involving distant sites or extra regional (para-aortic or mesenteric) 
lymph nodes. It is usually performed 4–6 weeks following preoperative therapy 
as part of the treatment plan.

• The surgical approach for Siewert 1 and 2 would be an Ivor Lewis esophagogas-
trectomy. However, the treatment for Siewert 2 EAC is a matter of debate since 
many upper GI surgeons would also treat with a D2 total gastrectomy and partial 
esophagectomy with a high intra-mediastinal esophago-jejunal anastomosis [53].

• The goals of surgery include complete (R0) resection of the primary tumor, with 
approximately a 7–10 cm proximal margin considering longitudinal intramural 
lymphatic progression. The optimum lymphadenectomy defined by pTNM is 10 
to 12 nodes for pT1, 15 to 22 for pT2, and 31 to 42 for pT3/T4, depending on 
histopathologic cell type. In pN + M0 cancers with 1 to 6 nodes positive, opti-
mum lymphadenectomy is 10 for pT1, 15 for pT2, and 29 to 50 for pT3/T4, but 
this remains debated in the literature [35].

Transthoracic Versus Transhiatal Esophagectomy
There is still controversy and limited evidence about the optimal surgical approach 
to tumors of the esophagogastric junction.

• A Dutch randomized trial in 2002 compared transhiatal esophagectomy to trans-
thoracic McKeown esophagectomy for Siewert types 1 and 2 tumors. All patients 
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received partial gastrectomy and extended en-bloc lymphadenectomy. Less mor-
bidity was observed with the transhiatal approach, but no difference in postop-
erative mortality [54]. However, there was a non-significant trend toward 
improved 5-year survival for Siewert type 1 tumors treated with the transthoracic 
approach [55].

• A Japanese trial in 2006 compared left thoracoabdominal to transhiatal partial 
esophagectomy with total gastrectomy and D2 lymphadenectomy in both groups, 
for Siewert types 2 and 3 tumors [56]. The left thoracoabdominal group had a 
thorough mediastinal lymph node dissection below the left inferior pulmonary 
vein. The trial closed early after a planned interim analysis because it seemed 
unlikely that the thoracoabdominal approach would yield improved survival 
compared to the transhiatal approach and had greater morbidity and mortality.

Patients with Siewert types 1 and 2 tumors are thus preferentially treated with trans-
thoracic esophagectomy and partial gastrectomy with D2 lymphadenectomy (Ivor 
Lewis) to ensure an adequate 7–10 cm proximal esophageal and 5 cm distal gastric 
margin. Siewert types 2 and 3 tumors can be treated with total gastrectomy, transhiatal 
partial esophagectomy, and D2 lymphadenectomy. If there is concern about achieving 
an adequate proximal margin, the transthoracic approach should be used.

Extent of Lymphadenectomy
For tumors at the GEJ, an adequate regional lymph node dissection involves peri-
esophageal nodes and a D2 lymphadenectomy, which entails removing perigastric 
nodes and those along the hepatic, left gastric, celiac, and splenic arteries.

• Mediastinal lymph node dissection appears to be more important for type 1 
tumors, where up to 85% of lymph node metastases occur in the mediastinum, 
compared to 30% for type 2 and 10% for type 3 tumors [57, 58].

• Types 2 and 3 tumors do not appear to benefit from mediastinal lymph node dis-
section as those with positive nodes in the mediastinum already have significant 
abdominal lymphadenopathy [57, 59]. This may be the rationale to avoid the 
transthoracic approach for type 3 tumors.

• The rate of cervical lymph node metastases for adenocarcinoma of the GEJ has 
not been well studied and the role of cervical lymphadenectomy remains to be 
elucidated. However, similar to the above scenario, patients with cervical lymph-
adenopathy generally already have mediastinal lymphadenopathy and further 
dissection may not impact outcome.

Optimum lymphadenectomy for esophageal cancer continues to be debated, but 
it is clear that lymphadenectomy is associated with better staging and improved 
survival. A 2010 study of over 4600 patients from the Worldwide Esophageal 
Cancer Collaboration published by Rizk and colleagues looked at the optimum 
lymphadenectomy to maximize survival by stage and suggested resecting 10 nodes 
for pT1, 20 for pT2, and > 30 for pT3/4 [35].
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However, in the developing era of multimodal neoadjuvant treatment for locore-
gional control and tumor downstaging, recent studies have questioned the survival 
benefit of extended lymphadenectomy for esophageal cancer. Lagergren et al., in a 
Swedish cohort of 606 patients with esophageal cancer (83% EAC), were unable to 
prove a significant difference in 5-year all-cause or disease-specific survival com-
paring extended lymphadenectomy (21–52 nodes) to limited lymph node dissection 
(0–10 nodes) (HR, 0.98; 95% CI, 0.57–1.66) [60].

Minimally Invasive Approach
Esophagectomy, gastrectomy, and lymphadenectomy can be performed with an 
open or minimally-invasive approach (thoracoscopic and laparoscopic). The advan-
tages of minimally invasive approach can include smaller incisions, less pain, fewer 
complications, and shorter admissions, while achieving equivalent lymphadenec-
tomy and resection margins [61–63]. Experience is being gained with robotic 
esophagectomy at specialized centers. Early reports show its safety and feasibility, 
but definitive evidence regarding its utility over laparoscopic and thoracoscopic 
esophagectomy is currently unavailable [64].

 Summary

Classification of tumors at the GEJ continues to evolve and remains somewhat con-
troversial. Future genomic alteration analyses will likely impact classification of 
these tumors as esophageal or gastric. Multiple modalities are now available to 
clinically stage patients and those with locally advanced tumors should be consid-
ered for neoadjuvant and adjuvant therapies to improve survival. Surgical resection 
is a mainstay in curative-intent treatment and should involve an adequate lymphad-
enectomy for accurate staging. Postoperative outcomes are improving with advances 
in minimally invasive techniques, enhanced recovery programs, and centralization 
of esophageal surgery to high-volume centers. Survival for resectable disease con-
tinues to improve with multimodality treatment, and future targeted, biological, and 
immuno-therapies may improve prognosis for esophageal cancer.
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 Introduction

Gallbladder cancer (GBC) is an adenocarcinoma developing from the gallbladder 
mucosa. It is a relatively uncommon disease, with an incidence in North America 
from 1 to 2 cases per 100,000 population.

Incidence may significantly differ geographically, as in regions of East Asia, East 
Europe, and South America. Residents of the Indo-Gangetic belt, particularly females 
of northern India (21.5/100000) and south Karachi Pakistan (13.8/100000), have been 
reported as one of the highly affected population in the world. In southern Chile, the 
rate of GBC reaches 12.3/100000 for males and 27.3/100000 for females [1].

GBC is often found incidentally after an elective or emergent laparoscopic cho-
lecystectomy for gallstone disease or cholecystitis. The main risk factors associated 
with the development of cancer include the following:

• Female:male ratio (1.3–3.5:1) [2]
• History of gallstones/cholecystitis [3–8]
• Ethnic groups: Native American, Mexican, East Asian, Hispanic [9]
• Obesity and a high carbohydrate diet [10, 11]
• Anomalous pancreaticobiliary duct junction (APBDJ) [12, 13]
• Chronic GB infection (S. typhi) [14]
• Age (increased incidence) [15]
• Previous gastric surgery [16]
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 Definitions/Terminology

• Simple cholecystectomy (SC): removal of the gall bladder and a portion of the 
cystic duct performed laparoscopically or open. Simple cholecystectomy is con-
ducted in a subserosal plane.

• Radical cholecystectomy (RC): removal of the gallbladder including a subseg-
mental or segmental 4B/5 liver resection, removal of the portal/hepatoduodenal 
lymph nodes and possible common bile duct excision (depending upon cystic 
duct margin status) with appropriate reconstruction.

 Incidental Gallbladder Cancer (IGBC)

Almost 50% of all patients who present with gallbladder cancer are detected inci-
dentally during or after elective/emergent cholecystectomy. Cancers detected at the 
time of surgery are referred to as incidental gallbladder cancer (IGBC). In most 
cases, cancer is diagnosed by a pathologist after the initial cholecystectomy (index 
cholecystectomy, IC). Following this IC, patients undergo clinical staging to com-
plete later an oncologic extended resection and ensure removal of any local resid-
ual cancer.

There is conflicting data whether non-oncologic index cholecystectomy leading 
to discovery of IGBC negatively impacts survival. Early studies showed that long- 
term survival was not worse for patients with IGBC who undergo oncologic 
extended resection after prior simple cholecystectomy than for patients with non- 
IGBC who undergo upfront radical cholecystectomy [17–19].

However, recent data suggests that tumor disruption, such as in patients with the 
tumor in the dissection plane of a routine cholecystectomy (T2b, hepatic- side 
tumors), has a negative survival impact from IC [20]. Therefore, in trying to favor a 
single-time oncologic operation, a high level of suspicion should be kept before 
index cholecystectomy in patients with thickened gallbladder/chronic inflammatory 
changes in the preoperative imaging. Surgeons may change their approach (laparo-
scopic to open) if there is a high preoperative level of suspicion and be prepared for 
frozen section to decide upon completion of radical surgery favoring a single-time 
operation.

 Staging

Unfortunately, less than 25% of patients will present with disease amenable for 
curative intent surgery at the time of diagnosis [21–24]. The high incidence of 
patients presenting with advanced disease, spillage of bile and tumor cells during 
initial cholecystectomy, evidence of rapid progression, and dismal prognosis when 
important residual disease is left after the first operation highlight the role of accu-
rate restaging before oncologic extended resection.
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The role of routine staging laparoscopy and paraaortic lymph node biopsy is a 
matter of debate to prevent a futile radical (most commonly open) surgery.

 CT and MRI

• CT and MRI are the most common imaging techniques used to evaluate local and 
distant extension of disease and recognize the relationship between localized or 
residual tumor and nearby vascular structures and the biliary tree.

• MRI has a higher yield in detecting smaller liver metastatic lesions and their 
relationship with intrahepatic ducts. However, it has well-recognized limitations 
for the detection of tumor recurrence mostly related to difficulty in differentiat-
ing residual/recurrent tumor from surgically induced scarring or inflammatory 
changes.

 PET-CT

• Limitations of cross-sectional imaging studies to restage patients with residual 
disease have prompted exploration of the added diagnostic value of FDG 
PET- CT.  Functional imaging prior to attempted curative intervention could 
improve the pre-treatment selection of patients who might potentially benefit 
from such interventions.

• FDG PET-CT has been reported to improve the sensitivity to detect non- clinically 
evident metastatic disease. FDG PET-CT may change management by identify-
ing metastatic disease not seen in previous studies in 23–25% of cases [25, 26].

• However, other studies have proven that sensitivity and positive predictive values 
of FDG PET-CT for residual disease may be as low as 28.5% and 20%, respec-
tively, particularly among those patients with small volume carcinomatosis and 
signet ring cell tumors [25].

• These studies showed that the use of PET is definitively helpful in 5% and con-
firmatory in 15% of cases. However, in 3% of patients it may underestimate signs 
of unresectable disease. In the majority of patients, CT and PET were completely 
concordant and PET did not add any information [27].

• With modern high-quality cross-sectional imaging, it is uncommon for PET find-
ings to be the sole determinant of resectability [27]. FDG PET-CT is therefore 
not routinely recommended unless there is persistent imaging uncertainty.

 Staging Laparoscopy

• Staging laparoscopy identifies metastatic disease/locally advanced deemed unre-
sectable in 27.6% of patients with suspected GBC [28].

• The yield of staging laparoscopy for identifying metastatic disease is higher 
among poorly differentiated, T3 or positive-margin gallbladder tumors [29].
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 Routine Paraaortic (Station 16b1) Lymph Node Biopsy.

• Involvement of paraaortic (16b1) lymph node in GBC is a sign of advanced dis-
ease with a prognosis equivalent to that of distant metastases [30].

• The appearance (size >10 mm and heterogeneous internal architecture) of the 
16b1 lymph nodes on CT of the abdomen has been reported to be useful in pre-
dicting metastatic involvement in some studies; however, others have not found 
these factors to be good predictors of metastatic disease [31, 32].

• Routine 16b1 LN biopsy has proven to prevent non-therapeutic radical resection 
in 18.6% of patients deemed resectable on preoperative staging [33].

 AJCC Eighth Edition

The recommended staging system is the International Union Against Cancer and 
American Joint Committee on Cancer (UICC/AJCC), eighth edition, with some 
changes introduced to the previous edition [34] (Tables 10.1, 10.2, 10.3, 10.4, 10.5).

The main change of this classification was the novel definition of T2a and T2b 
which effectively stratified the prognosis of patients with T2 GBC. Furthermore, 

Table 10.1 Primary tumor (T)

T 
category T criteria
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
T1a
T1b

Tumor invades lamina propria
Tumor invades the muscular layer

T2a Tumor invades the perimuscular connective tissue on the peritoneal side, without 
involvement of the serosa (visceral peritoneum)

T2b Tumor invades the perimuscular connective tissue on the hepatic side, with no 
extension into the liver

T3 Tumor perforates serosa (visceral peritoneum) and/or directly invades the liver and/or 
other adjacent organ or structure, such as stomach, duodenum, colon, pancreas, 
omentum, or extrahepatic bile duct

T4 Tumor invades main portal vein or hepatic artery or invades two or more extrahepatic 
organs or structures

Table 10.2 Regional lymph 
node (N)

N category N criteria
NX Regional lymph nodes cannot be 

assessed
N0 No regional lymph node metastasis
N1 Metastases to 1–3 regional lymph 

nodes
N2 Metastases ≥4 regional lymph nodes
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patients with stage IIa tumors also obtained significantly improved overall survival 
time compared with patients with stage IIb tumors (Table 10.1). Additionally, the 
new N category stratified the survival of patients effectively based on the number of 
positive lymph nodes and not on their anatomical distribution (Table 10.2).

 Management

Special Notes: (See Tables 10.6, 10.7, 10.8)

• In Ontario, all patients with known or suspected GBC should be referred for 
management at a high-volume hepatopancreatobiliary surgical oncology center.

• Bile spillage is estimated to occur in up to 20–40% of elective laparoscopic cho-
lecystectomy [37–39]. Bile spillage that has occurred during laparoscopic chole-
cystectomy in the setting of a high-grade tumor should not delay or act as a 
deterrent for definitive surgery. Patients should be evaluated and treated accord-
ing to the pathology of the tumor, and fitness of the patient for surgery, although 
they are likely at higher risk of recurrence.

• Further resection for T1b cancers has not been shown to improve overall survival 
but may decrease rate of recurrence [40, 41]. In reasonable operative candidates, 
recommendation is to proceed with segment 4B/5 resection and lymphadenec-
tomy (Table 10.6).

Table 10.3 Distant metastasis (M) M category M criteria
M0 No distant metastasis
M1 Distant metastasis

Table 10.4 AJCC prognostic stage groups

T N M Stage
Tis N0 M0 0
T1 N0 M0 I
T2a N0 M0 IIA
T2b N0 M0 IIB
T3 N0 M0 IIIA
T1–3 N1 M0 IIIB
T4 N0–1 M0 IVA
Any T N2 M0 IVB
Any T Any N M1 IVB

Table 10.5 Survival by AJCC stage group

Presentation (AJCC staging system) Prognosis (5-year overall survival (OS))
Early (stage 0–1) 50–100%
Advanced/regional (stage 2A-4A) 4–30%
Metastatic (stage 4B) 2%
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• A negative frozen section of the cystic duct margin is mandatory during all radi-
cal cholecystectomies if the extrahepatic bile duct is not being resected.

• Jaundice is a poor prognostic marker (median disease-specific survival was 6 months 
vs 16 months in non-jaundiced patients; no jaundiced patients were alive at 3 years). 
Surgery exploration may not be warranted in this patient population [42].

• The presence of residual cancer after incidental cholecystectomy (pT2b or 
higher, positive cystic duct margin or pN+) is associated with poor disease- 

Table 10.6 General approach

Gallbladder Polyps/
adenoma

Incidental finding
Intraoperative diagnosis/
pathologic diagnosis

Suspected 
resectable GBC

Unresectable 
GBC

History and physical exam
Ultrasound imaging
Diagnostic workup should 
proceed as for suspected 
GBC if suggested by 
abnormal features on 
initial imaging
For polyps of a size 
≥1 cm, surgery is advised
Consider laparoscopic 
cholecystectomy including 
cystic duct LN for 1–2 cm 
polyps, and if the polyp 
position is favorable (on 
the contralateral wall to 
the bare area of the liver)
All specimens should be 
removed in a bag 
including cystic lymph 
node
Gallbladder perforation 
and bile spillage should be 
avoided
Open cholecystectomy for 
larger polyps [35, 36]  
where preoperative 
imaging or intraoperative 
frozen section will dictate 
whether adjacent liver is 
removed en bloc

0.3–2% of laparoscopic 
cholecystectomies
Intraoperative finding [2]:
  Intraoperative staging
  Frozen section of 

gallbladder sent after 
extraction of entire 
specimen in a bag

  Remove cystic lymph 
node

  Alert the pathologist as 
the specimen will be 
processed differently

  Evaluate for definitive 
surgery, depending on 
surgeon experience and 
tumor resectability

  If in doubt, close and 
refer to HPB Cancer 
Centre

History and 
physical exam
Labs:
  Including liver 

function tests, 
Ca 19–9, CEA

Imaging:
  CT chest and 

triphasic liver
  MRI/MRCP 

liver
Consider staging 
laparoscopy (if 
≥T2, equivocal 
imaging)
Avoid biopsy if 
lesion is deemed 
surgically 
resectable
⇒ Jaundice is 
frequently a 
dismal 
prognostic 
indicator, and 
many would 
preclude surgery
⇒ Consider 
ERCP if drainage 
required, 
although 
percutaneous 
approach usually 
allows better 
access to 
proximal hepatic 
ducts

History and 
physical exam
Labs:
  Including 

liver function 
tests, Ca 
19–9, CEA

Imaging:
  CT chest, 

abdomen, 
pelvis

  MRI/MRCP
Consider biopsy 
of distant 
disease 
(percutaneous)
Decompression 
if jaundice 
present (PTC 
with 
internalization 
if central 
obstruction, 
ERCP if distal 
obstruction)
Medical/
radiation 
oncology 
referral

Postoperative finding:
  History and physical 

exam
  Pathology/operative 

note review
  If T in situ or T1a
   No further evaluation 

needed, clinical 
surveillance only. No 
consensus on imaging 
follow-up

  If T1b or higher
   Labs – Liver 

function, Ca 19–9, CEA
   Imaging – CT chest, 

abdomen, pelvis; MRI
   Radical 

cholecystectomy

GBC gallbladder cancer, ERCP endoscopic retrograde cholangiopancreatography, EUS endo-
scopic ultrasound, PTC percutaneous transhepatic cholangiography/catheter
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specific survival even when R0 resection is achieved after oncologic extended 
resection. Median disease-free survival (DFS) is 11.2 vs. 93.4  months, 
(p < 0.0001) and disease-specific survival (DSS) 25.2 months vs. not reached, 
(p < 0.0001), when compared to no-residual cancer after IC [43–45].

• Extended lymphadenectomy is required for IGBC, independent of cystic duct 
lymph node status. Cystic duct node positivity has been associated with positive 
perihilar nodes (odds ratio 5.2, p = 0.012), but not with common hepatic artery, 
pancreaticoduodenal nor paraaortic lymph nodes, which have an OS comparable 
to M1 disease [46].

• Port/Trocar site metastases, the implantation of disease at any of the port sites 
(not limited to the extraction site), was originally estimated to occur in 10–18% 
cases after laparoscopic cholecystectomy [47]. More recent data suggests, how-
ever, that the incidence of abdominal wall recurrence after laparoscopic proce-
dure is low (7%) and comparable to open technique (5.1%) [48].

Table 10.7 Management of advanced GB tumors

Clinical scenario Surgical management
T2: Penetrates perimuscular connective 
tissue, no extension beyond serosa or into 
liver
  T2a: Peritoneal side, without involvement 

of the serosa
  T2b: Hepatic side, with no extension into 

the liver
T3: perforates serosa and/or directly invades 
the liver or other adjacent structure

T2: LN metastases 20–62% (portal node 
involvement), 20% celiac and peripancreatic 
nodes [50]
Segment 4b/5 non-anatomic liver resection, 
with a 2 cm clear margin, recommended for 
T2 and T3 lesions
LN harvest recommended to include porta 
hepatis, gastrohepatic ligament, retroduodenal 
nodes

T4: invades main portal vein/hepatic artery 
or invades two or more extra hepatic 
structures

Radical hepatectomy (extended right 
hepatectomy or right trisectionectomy) 
+/− PVR in very selected cases (see note)
LN harvest recommended to include porta 
hepatic, gastrohepatic ligament, retroduodenal 
nodes

LN lymph nodes, PVR portal vein resection

Table 10.8 Unresectable/metastatic disease

Criteria of unresectability Surgical management
Metastatic disease:
  To liver, lung, peritoneum, distant lymph 

nodes (celiac, SMA nodes)
Patient factors:
  Comorbidities rendering patient unable to 

tolerate potentially curative surgery
Anatomical factors:
  There is no consensus for local extension 

of tumor that precludes resection. Tumor 
encasement of bilateral hepatic arteries or 
the common hepatic artery, however, is a 
contraindication to surgery

Consider non-operative approach to palliation 
if able (e.g., endoscopic stent/PTC placement) 
[59]

SMA superior mesenteric artery, PTC percutaneous transhepatic cholangiography/catheter
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Port-site excision during re-resection for IGBC has been proven in more recent 
data not to be associated with improved overall survival and has the same distant 
disease recurrence compared to no port-site excision; therefore, it is no longer rec-
ommended routinely [49].

• Patients without residual cancer at oncologic extended resection and positive 
incidental cystic duct node may have similar DSS to patients with negative 
nodes, 70 vs 60% (p = 0.337) [46].

• Quality Indicators:
 – Pathologic review should include location and size of tumor, depth of inva-

sion, presence of perineural/vascular/lymphatic invasion, cystic duct node 
involvement, surgical margin status (particularly cystic duct margin), and evi-
dence of perforation of gall bladder.

 – Operative note should include whether gallbladder was removed intact, evi-
dence of perforation or spillage of bile, excision of cystic node, removal of 
gallbladder using a bag with identification of the port site used, and use of 
wound protector.

Special Notes:
• Early re-exploration for patients with incidentally found T2 lesions [51] 

(Table 10.7).
• Adequacy of tumor resection (R0 status), rather than the extent of resection, 

predicts survival. Therefore, surgical resection should be tailored to obtaining 
complete oncologic clearance of the tumor and adequate lymphadenectomy [52].

• Extent of surgery for formal resection is determined by the location and stage of 
the tumor, as well as the intrahepatic anatomy and cystic duct margin.

• Right trisectionectomy is necessary for cancers involving the right hepatic artery 
and advanced lesions. PVE may be useful in these cases (Table 10.7).

• Pancreaticoduodenectomy has been reported for distal lesions, although 5-year 
survival is reported at 9–10% in two small series and median survival of 
21 months (one alive at 42 months) in another [53–55] series. The main limita-
tion of a local (segment 4b/5) resection is the distance between the GB and the 
segment 8 portal pedicle, which can be as little as 2 mm away. Limited 4b/5 
resections should only be considered in T2 lesions located in the fundus where 
an adequate (2 cm) margin can be obtained by ligation of the segment 5 portal 
pedicle with preservation of the segment 8 portal branches.

• Routine bile duct resection does not improve overall survival [56, 57]. Resection 
of the extrahepatic biliary duct (EHBD), however, is indicated in cases where the 
cystic duct margin is positive for cancer or high-grade dysplasia [58].

• Extrahepatic bile duct resection may be indicated in cases of cystic duct and 
Hartman’s pouch cancers, as well as cases where resection of the EHBD is 
required to achieve adequate oncologic clearance due to proximity of GB or 
tumor infiltration of the EHBD.

• The presence of metastatic disease during exploration is considered unresectable 
(Table 10.8).
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 Landmark Publications

Prospective randomized control trials (RCTs) regarding surgical management of 
this disease are few due to the relative rarity of the disease. Surgical management 
is largely dictated by consensus statements formed by high-volume centers. Most 
data have been developed from retrospective series with limited number of 
patients. Any reference to staging refers to the eighth edition of UICC staging 
(Table 10.9).

Table 10.9 Restropective reviews and RCTs in GBC

Topic Study Methods Results
Stage 1 Wagholikar et al., 

2002 [60]
Retrospective review
n = 14 patients
Early stage
12 patients treated 
with SC
2 patients treated 
with RC

Median survival 
(n = 14): 42 months
5-yr survival (n = 14): 
68%
LR in 5/12 patients: 
All had pT1b cancer 
treated with SC
pT1a lesions can be 
treated with SC
Recommend T1b be 
treated with RC

Wakai et al., 2001 
[61]

Retrospective review
n = 25 patients
Patients with T1b 
cancer
13 patients treated 
with SC
12 patients treated 
with RC

10-yr survival 
(n = 25): 87%
No difference in 
survival in patients 
with SC (100%) vs. 
RC (87%)
No LR in either group
pT1b lesions can be 
treated with SC 
without impact on 
survival

Stage 2 Taner et al.,
2008 [62]

Retrospective review
n = 131 patients
45 patients treated 
with SC
60 patients treated 
with RC
25% patients had T2

Median 
survival(n = 131): 
11 months
RC associated with 
longer survival than 
SC (HR 0.42) for pT2 
or higher
RC for patients with 
pT2 tumors or greater 
(achieves longer term 
survival, whether 
administered as the 
initial surgery or after 
incidental discovery)

(continued)
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Table 10.9 (continued)

Topic Study Methods Results
Stage 3/stage 4A Sasaki et al.,

2006 [63]
Retrospective review
n = 65 patients
Advanced GBC
27 patients with N1 
disease
6 underwent PD with 
hepatectomy

Overall 5-yr survival, 
N1 disease (n = 21): 
46.8%
16 patients recurred 
after curative OR 
(lymph node and 
distant metastases)
Surgical resection 
recommended only if 
R0 margin possible
High morbidity and 
mortality rates 
associated with 
extensive surgery, to 
be avoided in patients 
with para-aortic nodal 
disease

Medical oncology UK-ABC-02
Valle et al., 2010 [64]

RCT phase 3, 
conducted in 37 
centers in the UK
n = 410 patients
Unresectable, 
recurrent, or 
metastatic biliary 
cancer (included 
intra−/extrahepatic 
cholangiocarcinoma, 
ampullary, 
gallbladder cancer)
Gemcitabine + 
cisplatin vs. 
gemcitabine alone for 
24 weeks

Median survival was 
11.7 vs. 8.1 mos for 
the Gem-Cis vs 
Gem-alone groups, 
respectively (HR 0.64)
Significant 
improvement in 
progression-free 
survival, 8 mos vs. 5 
mos Gem-Cis vs. 
Gem groups, 
respectively (HR 0.63)
The combination of 
Gem-Cis 
chemotherapy for 
advanced/metastatic 
disease gave an 
average of 3.6 mos 
longer life than 
gemcitabine alone, 
with limited toxicity, 
and represented an 
appropriate option for 
treatment in these 
patients
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Table 10.9 (continued)

Topic Study Methods Results
BILCAP
Primrose et al.,
2019 [65]

RCT phase 3, 
conducted in 44 
centers in the UK
n = 447 patients
Histologically 
confirmed 
cholangiocarcinoma 
or muscle-invasive 
gallbladder cancer 
who had undergone a 
macroscopically 
complete resection 
with curative intent
Patients were 
randomly assigned 
1:1 to receive oral 
capecitabine or 
observation 
commencing within 
16 weeks of surgery

The prespecified 
per-protocol analysis 
(210 patients in the 
capecitabine group 
and 220 in the 
observation group): 
Median overall 
survival was 
53 months (95% CI: 
40 to not reached) in 
the capecitabine group 
and 36 months 
(30–44) in the 
observation group 
(adjusted HR 0·75, 
95% CI 0·58–0·97; 
p = 0·028)
Median recurrence- 
free survival was 
25·9 months (95% CI 
19·8–46·3) in the 
capecitabine group 
and 17.4 months 
(12.0–23.7) in the 
observation group

Radiation oncology Kresl et al., 2002 
[66]

Retrospective review
n = 21 patients (stage 
III-IV)
Adjuvant CRT 
(5-FU + EBRT 
54Gy)

5-yr OS = 33% (21 
patients), 64% if R0 
resection with the 
addition of radiation
When compared to 
historical surgical 
control group, 
improved 5-yr OS 
with R0 resection and 
addition of radiation 
(33% vs. 64%)

OS overall survival, SC simple cholecystectomy, RC radical cholecystectomy, GBC gallbladder 
cancer, LR locoregional recurrence, PD pancreaticoduodenectomy, R0: negative microscopic mar-
gins, CRT chemoradiotherapy, EBRT external beam radiotherapy
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 Referring to Medical Oncology

 1. All patients who are stage 2 or higher for adjuvant chemotherapy [65].
 2. All metastatic patients considered for palliative therapy.

 Referring to Radiation Oncology

 1. All patients who are T2 or higher and considered for adjuvant therapy (though 
there is limited evidence for this). Adjuvant treatment can be considered for R1 
resection.

 2. Palliative patients for consideration of symptomatic control.

 Referring to MCC

 1. All patients with T1b disease or higher.

 Toronto Pearls

• All incidental T1b and higher cancers should be considered for re-resection. 
Aggressive surgery in early-stage disease is associated with potential for cure.

• Laparoscopic radical cholecystectomy has been reported with reasonable onco-
logic outcomes, but the data is not robust enough for it to be routinely recom-
mended [67, 68].

• Formal resection should be tailored to achieve complete oncologic (R0) clear-
ance of the tumor.

• Limited resection (seg4b/5) should be used selectively in T1b/T2 and T3 tumors 
located in the fundus where adequate tumor clearance can be achieved at the 
bifurcation of the right portal structures.

• Bile duct resection may be performed selectively based on cystic duct margin or 
oncologic clearance of the tumor.

• Portal lymphadenectomy should be performed for all cases with T1b and 
higher tumors.

• Adjuvant therapy should be considered for stage 2 disease and higher.
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 Introduction

In 2017, the Canadian Cancer Society estimated gastric adenocarcinoma to be the 
14th most commonly diagnosed malignancy, with 3500 new cases and 2100 deaths. 
The age-standardized incidence and mortality rate for gastric cancer have decreased 
from 19.0/100,000 cases and 15.5/100,000 deaths in 1980 to 8.6/100,000 and 
5.1/100,000 deaths, respectively, in 2017 [1]. Enormous geographic variation in the 
incidence of gastric cancer exists with the highest incidence being observed in East 
Asia. Similarly, wide geographic variation in treatment outcomes is observed with 
overall 5-year survival rates of 40–60% reported in Asia and Europe, compared to 
25–29% in Canada and the USA [1–3].

 Risk Factors

Established risk factors for gastric cancer (GC) include Helicobacter pylori infec-
tion, smoking, alcohol, and dietary factors (such as processed meats and salt- 
preserved foods). Hereditary gastric cancers represent <5% of all gastric cancers. 
Main gastric cancer familial predispositions are hereditary diffuse gastric cancer 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-48363-0_11&domain=pdf
https://doi.org/10.1007/978-3-030-48363-0_11#DOI
mailto:Mohammadali.Khorasani@alumni.ubc.ca
mailto:sbrar@mtsinai.on.ca
mailto:Natalie.Coburn@sunnybrook.ca


200

(HDFC), gastric adenocarcinoma and proximal polyposis of stomach (GAPPS), 
familial intestinal gastric cancer (FIGC). Other hereditary cancer syndromes associ-
ated with increased risk of gastric cancer include Lynch syndrome, Peutz-Jeghers 
syndrome (PJS), familial adenomatous polyposis (FAP), Li-Fraumeni syndrome, 
and BRCA syndromes (BReast CAncer) (see Table 11.1 below).

Table 11.1 Selected familial predispositions to gastric cancer

Gene mutation
Risk of gastric 
cancer Notes

HDGC 
[4–9]

CDH-1a (codes 
for E-cadherin)

70% men, 56% 
females (by 
80 years of age)
Average 37 years of 
age

Autosomal dominant
Diffuse-type GCA
Prophylactic total gastrectomy + D1 
LND recommended at age 20–30 years 
if CDH-1 positive
87% have microscopic adenocarcinoma 
on prophylactic gastrectomy specimen
CDH-1 positive women: 42% risk of 
lobular breast cancer by age of 80 years

GAPPS [10, 
11]

APC promoter 
IB Variantsa

12 families have 
been described with 
GAPPS to date
Youngest reported 
age of gastric 
adenocarcinoma is 
23 years

Autosomal dominant
FGP sparing the antrum. No significant 
colorectal or duodenal polyps
Guidelines not well defined for 
surveillance or timing of prophylactic 
gastrectomy

FAP [12, 
13]

APC 1–2% lifetime risk Duodenal/peri-ampullary cancer most 
common extracolonic manifestation
~50% non-adenomatous FGP, ~10% of 
gastric polyps adenomatous (mostly in 
antrum) and need to be removed
Guidelines recommend surveillance 
starting at 25–30 years of age
Incidence of gastric cancer in FAP 
patients may be rising [14]

Lynch 
syndrome 
[15, 16]

MMR, EPCAM Cumulative risk of 
7–8%, mean age of 
56 years

Autosomal dominant
After endometrial cancer, one of the 
most common extra-colonic 
manifestations of Lynch syndrome
Mostly intestinal type
Benefit of surveillance for gastric 
cancer is unknowna

PJSa [17, 
18]

STK11 29% lifetime risk, 
mean age of 42

Autosomal dominant
Surveillance recommended to start in 
late teens

HDGC hereditary diffuse gastric cancer, GCA gastric cancer, LND lymph node dissection, GAPPS 
gastric adenocarcinoma and proximal polyposis of stomach syndrome, APC adenomatous polypo-
sis coli, FGP fundic gland polyps, FAP familial adenomatous polyposis, MMR mismatch repair, 
EPCAM epithelial cell adhesion molecule, PJS Peutz-Jeghers syndrome
aSee Special Notes below
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 Special Notes

• Hereditary Diffuse Gastric Cancer: criteria for diagnosis of HDGC and genetic 
testing for CDH1 mutation are as mentioned below [8]. Of note, in countries with 
low incidence of sporadic gastric cancer (such as Canada), approximately 
10–18% are identified with CDH-1 mutation.
 1. Two gastric cancer cases in first- or second-degree relatives regardless of age, 

at least one confirmed to be diffuse gastric cancer (DGC) or
 2. One case of DGC diagnosed below the age of 40 years in a first- or second- 

degree relative or
 3. Personal or family history of DGC and LBC, one diagnosed below the age of 

50 years.
• Gastric Adenocarcinoma and Proximal Polyposis of Stomach Syndrome: 

Proposed criteria for diagnosis are [11] as follows:
 1. Gastric polyps restricted to the body and fungus with no evidence of colorec-

tal or duodenal polyposis
 2. More than 100 polyps in the proximal stomach of the affected patient (or 

more than 30 polyps in the first-degree relative)
 3. Some FGPs having regions of dysplasia (or a family member with FGP and 

adenocarcinoma)
 4. Autosomal dominant inheritance

• Peutz-Jeghers Syndrome: Clinical diagnosis of PJS is made when any of the fol-
lowing criteria are present [18]:
 1. Two or more histological confirmed Peutz-Jeghers (PJ) polyps
 2. Any number of PJ polyps detected in someone with family history of PJS
 3. Any number of PJ polyps in someone with characteristic mucocutaneous 

pigmentation
• Lynch Syndrome [19–21]:

 1. Patients are at risk of extra-colonic malignancies of endometrium, stomach, 
ovaries, hepatobiliary, renal pelvis/ureteric, brain and skin

 2. Consensus guidelines for gastric cancer surveillance are variable. In general, 
a baseline upper GI scope at age of 30–35 years and subsequent scopes every 
1–5 years are recommended, especially in patients with risk factors such as 
intestinal metaplasia, gastric atrophy, family history of gastric cancer, and 
immigration from countries with high incidence of gastric cancer. In addition, 
H. pylori testing and eradication are recommended.

 Classification and Staging

 Histopathology

Gastric adenocarcinomas are classified histologically according to the Lauren clas-
sification as (1) intestinal (well-differentiated) or (2) diffuse (undifferentiated) 
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histologic subtypes [22]. Such classification can have clinical implications with 
respect to prognosis and management decision-making.

Intestinal-type adenocarcinoma of stomach is more sporadic and believed to be 
causally related to H. pylori and environmental risk factors of gastric cancer (GC) 
[23]. Whereas intestinal-type GC is believed to follow sequential progression of 
dysplasia to invasive carcinoma, the development of diffuse-type GC is not believed 
to follow defined preneoplastic stages [23]. Diffuse-type GC has defective intercel-
lular adhesions and tend to spread within deeper layers of gastric wall and in a less 
coherent fashion [24, 25]. Fashion, which can lead to underestimation of its extent 
by visual assessment of gastric mucosa. As such, wider gross surgical resection 
margins may be needed in patients with diffuse-type GC, and if intra-operative fro-
zen sections are being done, full gastric wall thickness assessment of the resection 
margin should be considered by the pathology team.

In addition, multiple retrospective studies suggest prognostic and predictive 
value in Lauren classification of gastric adenocarcinoma. Diffuse-type GC has been 
shown to be associated with worse disease-free survival (DFS) and overall survival 
(OS) rates [24–26]. Furthermore, in phase 2/3 of the prospective randomized FLOT4 
study, comparing pathological response to two different perioperative chemother-
apy regimens (ECF/ECX vs. FLOT), analysis of the pooled population of both 
groups showed that patients with intestinal-type GC had 16% complete pathological 
response vs. only 3% in patients with diffuse-type GC (p = 0.004) [27]. In this study, 
it was also shown that oxaliplatin-based chemotherapy (FLOT) resulted in more 
frequent partial tumor response in patients with intestinal-type GC compared to dif-
fuse type (42% vs. 23%, P = 0.04), but tumor response between the two Lauren 
classification subtypes was similar in the non-oxaliplatin group (ECF/ECX).

 Molecular Classification

Recently, as part of the Cancer Genome Atlas (TCGA), a molecular classification 
for gastric cancer has been developed, dividing gastric cancer into four subtypes: 
Epstein-Barr virus (EBV) positive, microsatellite unstable (MSI), genomically sta-
ble tumors (GS), and those with chromosomal instability (CIN) [28]. These molecu-
lar subtypes have been shown to have distinct salient genomic features which may 
provide guidance in using targeted agents in the future. In Fig. 11.1 below, salient 
features associated with each subtype, and their distribution in the stomach, are 
summarized.

Molecular classification is emerging, as potential biomarkers to explore person-
alized treatment strategies in gastric cancer are in the experimental stages at this 
time. For instance, studies have shown that EBV-positive and MSI high, gastric 
cancers have higher PD-L1 expression, making them potential candidates for immu-
notherapy [28, 29]. In addition, there is data to support prognostic value in this 
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molecular classification, suggesting EBV-positive tumors have the best prognosis 
and GS subtype is associated with the worst outcomes [29]. There is also prelimi-
nary evidence to suggest that MSI high status may be a negative prognostic marker 
in patients treated with perioperative chemotherapy [30]. Ongoing research is 
needed to better define the role of molecular classification in clinical practice.

 Staging

Staging of gastric adenocarcinoma is according to the American Joint Committee 
on Cancer (AJCC), eighth edition. Gastroesophageal junction tumors with their epi-
center located less than 2  cm into proximal stomach are classified, staged, and 
treated as esophageal cancers [31]. This most recent edition of AJCC has separated 
clinical from pathological staging and has incorporated post-neoadjuvant staging 
for gastric cancer (see Table 11.2 below).

CIN
• Intestinal histology
• TP53 mutation
• RTK-RAS activation

EBV
• PIK3CA mutation
• PD-L1/2 overexpression
• EBV-CIMP
• CDKN2A silencing
• Immune cell signalling

MSI
• Hypermutation
• Gastric-CIMP
• MLH1 silencing
• Mitotic pathways

GS
• Diffuse histology
• CDH1, RHOA mutations
• CLDN18–ARHGAP fusion
• Cell adhesion

Fig. 11.1 Molecular subtypes of gastric cancer and their distribution within the stomach [28]. 
(Permission for use of this figure was obtained from Macmillan Publishers Limited)
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 Staging Workup

The initial treatment plans are made based on the clinical stage of the patient. There 
are multiple tools that can be considered to improve the accuracy of the clinical 
stage and guide clinical decisions. CT scan, MRI, PET scan, endoscopic ultrasound 
(EUS), and staging laparoscopy ± peritoneal washings are some of these tools.

To evaluate the extent of locoregional disease, diagnostic tools have different 
accuracies, as summarized in Table 11.3.

According to a meta-analysis [35], EUS was most accurate for T3 disease 
(85%), followed by T4 and T1 (79% and 77%, respectively). Pooled accuracy of 
EUS in staging T2 lesions was only 65% in this meta-analysis. CT scan accuracy 
in assessment of T stage was suggested to be lowest in T1 lesions, being only 

Table 11.2 Gastric cancer 
patient outcomes according to 
the eighth edition of AJCC 
[32, 33]

Pathological stagea 5-year survival (%)
Stage 1a 93.6
Stage 1b 88.0
Stage 2a 81.8
Stage 2b 68.0
Stage 3a 54.2
Stage 3b 36.2
Stage 3c 17.9

Post-neoadjuvant stagea 5-year survival (%)
Stage 1 76.5
Stage 2 46.3
Stage 3 18.3
Stage 4 5.7

aPathological stage group patients are without neoadjuvant 
therapy prior to resection; their survival information is 
based on the International Gastric Cancer Association data 
(mostly Japanese and Korean patient data); post- 
neoadjuvant stage group had either systemic therapy or 
radiotherapy prior to surgery, and their survival rates in this 
table are based on the National Cancer Database (US-based 
database)

Table 11.3 Diagnostic tool accuracy when used for assessment of gastric cancer [34, 35]

EUS CT MRI PET
T-stage (overall accuracy in %) 75 72 83 –
N-stage (%)
Overall accuracy 64 66 53 60
Sensitivity 74 77 85 40
Specificity 80 78 75 98
M-stage (overall accuracy (%)) – 81 – 88

M. Khorasani et al.



205

63% [34]. When comparing CT against MRI for assessment of T stage [34], 
MRI’s accuracy is statistically significantly higher overall (83% vs. 72%) and 
when identifying T1 lesions (86% vs. 63%). When assessing for N-Stage, meta-
analysis results suggest that both CT and MRI are statistically significantly more 
sensitive than PET scan, but PET was shown to be more specific than both other 
techniques [34].

 Early vs. Advanced Gastric Cancer

One clinically useful way of classifying gastric cancer is early vs. advanced. This 
classification can help guide the management strategy:

Early Gastric Cancer (EGC) tumors confined to the mucosa (Tis or T1a) or sub-
mucosa (T1b), independent of the presence of lymph node involvement [36]. EGC 
is predominately identified by subtle changes in color, vascularity, or texture and is 
rarely diagnosed outside areas where population-based screening is offered, such as 
in Japan and Korea.

Advanced Gastric Cancer (AGC) T2 to T4 (invading muscularis propria, subse-
rosa, perforating serosa, or invading adjacent structures), without distant metastasis.

 Management

In this section, we discuss the management of gastric cancer classified into early 
gastric cancer and advanced gastric cancer (see above for definitions of this clas-
sification). Below are definitions of some of the terminologies that are used in the 
chapter.

Endoscopic Mucosal Resection (EMR) employs endoscopic techniques to ele-
vate (e.g., injection and suction) and resect (e.g., cautery and banding) mucosal 
lesions en bloc.

Endoscopic Submucosal Dissection (ESD) a variation of EMR that employs sub-
mucosal injection and a specialized needle-knife to permit en bloc resection of 
mucosal and submucosal lesions.

Subtotal Gastrectomy (SG) removal of one-half to three-fourths of the gastric 
tissue, including omentum and all associated lymph nodes appropriate for a D1 or 
D2 lymphadenectomy. For distal gastric cancers, SG has been shown to have an 
equivalent oncological outcome and lesser morbidity when compared to total gas-
trectomy. SG is also associated with a better nutritional status and quality of life [37].
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Total Gastrectomy (TG) removal of all of the gastric tissue and distal esophagus, 
including omentum and all associated lymph nodes appropriate for a D1 or D2 
lymphadenectomy. TG is preferred for tumors confined to the proximal one-third of 
the stomach.

Palliative Gastrectomy (PG) gastrectomy performed with the intent to alleviate 
symptoms from the primary gastric cancer in the context of metastatic disease. A 
gastrectomy performed otherwise in a patient with metastatic disease is considered 
a non-curative gastrectomy [38].

D1 Lymph Node Dissection includes removal of the omentum with perigastric 
lymph nodes (stations 1–6) and lymph nodes along the left gastric artery (station 7). 
It is important to note that station 1 (right paracardial) is part of a D1 LND, but 
station 2 (left paracardial) is not removed for SG [39]. See Fig. 11.2 for schematic 
of the lymph node stations.

D2 Lymph Node Dissection D1 nodes and lymph nodes along the common 
hepatic artery (station 8a), celiac axis (station 9), splenic artery (stations 10 and 11), 
and hepatic artery proper (station 12a) [39]. Clearance of station 10 and 11 nodes 
may require splenectomy (See Special Notes  – Extent of Lymphadenectomy) 
(Fig. 11.2) [39].

Bursectomy Removal of anterior leaflet of the transverse mesocolon and the pan-
creatic capsule, along with total omentectomy.

Fig. 11.2 Lymph node stations according to the Japanese gastric cancer treatment guidelines. 
(Figure adopted from 2014 Japanese gastric cancer treatment guidelines, Springer publications 
[40]). Numbers in blue color: D1 lymphadenectomy stations; numbers in orange color: D1+ 
lymphadenectomy stations; numbers in red color: D2 lymphadenectomy stations
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 Early Gastric Cancer (EGC)

Workup Surgery Adjuvant therapy Follow-up (f/u)
Recommended:
  History and 

physical exam
  Upper 

endoscopy
  Imaging:
   CT 

abdomen/
pelvis

   EUS
   Staging 

laparoscopya

Optional:
  CT chest
  PET is not 

indicated for 
EGC

Gastrectomy with D1 
lymph node dissectiona

OR
Endoscopic resection 
can be considered for 
lesions fulfilling all of 
the following [41]a:
  Intestinal type
  Confined to mucosa 

(Tis or T1a) and 
cN0

  Elevated lesions 
<20 mm or flat 
lesions <10 mm in 
diameter

  Absence of 
high-risk features 
(ulceration, poorly 
differentiated, 
lymphovascular 
invasion)

  Clear lateral and 
deep margins after 
excision

Indicated for all 
node-positive disease, 
and those who are 
found to be T2 or 
higher after resection 
(please see section on 
“Advanced Gastric 
Cancer”)

Recommended:
  Iron, B12, calcium 

supplements
  Every 3–6 months 

for 1–2 years, then 
every 6–12 months 
for 3–5 years, and 
yearly thereafter 
with:

   History and 
physical exam

   B12, Fe, bone
density if TG was 
performed
Optional:
  CT abdomen/pelvisa

  EGDa

EGC early gastric cancer, EUS endoscopic ultrasound, EMR endoscopic mucosal 
resection, ESD endoscopic submucosal dissection, SG subtotal gastrectomy, TG 
total gastrectomy, RCT randomized controlled trials, EGD esophago-gastro 
duodenoscopy

aSee Special Notes

 Special Notes: Early Gastric Cancer

Endoscopic resection EMR/ESD may be used in appropriately selected lesions 
amenable to en bloc resection that have minimal or no risk of nodal metastasis by 
experienced providers. Expanded criteria for ESD outside of the criteria listed above 
are considered investigational. ESD expertise and regional outcomes should be con-
sidered when choosing ESD as the treatment strategies, as recent meta-analysis has 
suggested worse endoscopic outcomes in Western countries compared to Eastern 
countries [42]. If after endoscopic resection it is revealed that the lesion is outside 
of the above-mentioned criteria (i.e. non-curative endoscopic resection), further 
treatment with gastrectomy and lymphadenectomy should be considered [43]. 
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In the case of T upstage after endoscopic resection, management as per recommen-
dations in the section “Advanced Gastric Cancer” should be considered.

Staging Laparoscopy (SL) Limited use in EGC. In cases where the tumor is reli-
ably felt to be clinically T1 and N0, then SL can be omitted.

Extent of Lymphadenectomy Considerable controversy surrounds the role of 
extended lymphadenectomy (D1 vs. D2 resection) in early gastric cancer. Adequate 
staging requires 15 or more lymph nodes to be harvested. For cT1N0 tumors, D1 
with splenopancreatic preservation is generally recommended. Worse outcomes 
have been associated with D2 lymphadenectomy in patients with EGC [44]. If clini-
cally node positive, the staging should be reassessed to ensure not AGC.

Resection Margin (Early and Advanced Gastric Cancer) Positive microscopic 
margins after gastrectomy are associated with inferior outcomes when compared to 
those in whom R0 status was achieved [45–48]. When subtotal gastrectomy is per-
formed, in general a gross proximal margin of at least 4 cm is recommended to 
ensure R0 resection [48–50]; however, guidelines differ in their recommendation 
(see table below). Likely, smaller gross margins can be used in resection of EGC 
(T1), advocated by Japanese gastric cancer treatment guidelines, suggesting a 2 cm 
gross proximal margin in such cases [36]. Of note, diffuse or signet ring cell sub-
types are at higher risk of positive margin, and in these cases a greater gross resec-
tion margin can be considered. Recommendations from three different guidelines 
for surgical resection margins in gastric cancer are outlined in Table 11.4 below.

Intra-operative frozen sections of resection margin can be considered selectively, 
and in retrospective studies, they have been shown to be associated with low (1.7%) 
false-negative rates [52]. However, patients with signet ring cell or diffuse-type his-
tology are at higher risk of false-negative intra-operative frozen section assess-
ment [52].

To address a microscopically positive margin (R1 resection), consideration for 
re-resection or post-op CRT is recommended by clinical guidelines [50, 51] in 
selected cases.

Table 11.4 Recommended gastric cancer macroscopic proximal resection margin based on 
guidelines

Recommended proximal gross margin
JGCG [40] EGC: 2 cm

AGC: 3–5 cm (depending on the growth pattern)
NCCN [50] 4 cm
ESMO [51] 5 cm (stage 1b-3)

Consider 8 cm in diffuse type

JGCG Japanese Gastric Cancer Treatment Guidelines, NCCN National Comprehensive Cancer 
Network, ESMO European Society for Medical Oncology, EGC early gastric cancer, AGC 
advanced gastric cancer
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• Decision to re-resect in this scenario is complex and requires careful consider-
ation of anatomical feasibility, patient factors, and disease factors. Microscopically 
positive margins in gastric cancer may not be an independent predictor of out-
comes in patients with more advanced disease [45, 48, 53]; therefore, re- resection 
after a microscopically positive margin, when technically feasible, may only be 
considered in patients who have favorable stage of disease.

• Demonstrated recurrence and survival benefits of post-operative CRT after R1 
resection are based on retrospective studies only [54–57], and its potential risks/
benefits should be carefully discussed in multidisciplinary cancer conferences on 
a case by case basis.

Laparoscopic Gastrectomy (LG) LG is appropriate for EGC in experienced, 
high-volume centers, where results are monitored and assessed against international 
benchmarks [58]. It is safe and improved short-term outcomes have been demon-
strated, but oncologic outcomes are currently being evaluated with ongoing 
RCTs [59].

Follow-Up Surveillance
Evidence to support the benefit of early detection of recurrence is lacking. Most 
providers perform surveillance with serial CT scans. Surveillance EGD should be 
offered to patients at risk of local recurrence (e.g., following endoscopic resection) 
when complete gastrectomy would be considered.

 Advanced Gastric Cancer

Workup Surgery
Perioperative/adjuvant 
therapy Follow-up (f/u)

Recommended 
tests:
  History and 

physical 
exam

  Upper 
endoscopy

  Imaging:
   CT 

abdomen/
pelvis

  Staging 
laparoscopya

Optional tests:
  CT chest
  EUSa

  PET is not 
indicated

Gastrectomy
  D2 LND
  SG or TG 

depending on 
location of tumora

  Consider 
intraoperative 
margin 
assessmenta

  Multi-visceral
resection should be 
performed if the 
patient is considered 
a candidate for 
curative resection

Options are:
  Perioperative FLOT chemo 

(preferred) [56, 60]
   ORa

  Adjuvant 5-FU-based CRT 
(if D1 LND or less) [61]

   ORa

  If no pre-op therapy, 
consider adjuvant chemo 
after D2 LND (If N+ may 
consider addition of CRT 
to the post-op regimen)

Each of the options above has 
been shown to be superior to 
resection alone in RCTs [62]. 
For guidance on choice of 
multimodality therapy, see 
Special Notes below

Every 3–6 months 
for 1–2 years, then 
every 6–12 months 
for 3–5 years, and 
yearly thereafter 
with:
  History and 

physical exam
  B12, Fe, bone 

density if TG was 
performed

Optional tests:
  CT abdomen/

pelvisa

  EGDa
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EUS endoscopic ultrasound, SG subtotal gastrectomy, TG total gastrectomy, RCT 
randomized controlled trial, ECF epirubicin, cisplatin and fluorouracil (5-FU), 
FLOT docetaxel, oxaliplatin, fluorouracil, and leucovorin, CRT chemoradiotherapy, 
EGD esophago-gastro duodenoscopy

aSee Special Notes

 Special Notes: Advanced Gastric Cancer

Staging Laparoscopy (SL) Radiologically occult peritoneal metastases are found 
in 20–30% of patients with T2 or higher disease [63]. SL is indicated in patients with 
clinical T2 or higher, or node positive on clinical staging to rule out radiologically 
occult peritoneal metastasis or positive peritoneal cytology [50]. Patients with posi-
tive peritoneal washings experience outcomes comparable to those with overt meta-
static disease and should be considered palliative [64]. In patients who are being 
considered for preoperative therapy, SL with peritoneal washings should be obtained 
prior to preoperative therapy. Even though there are some data to suggest that patients 
who are converted from cytology positive to negative with systemic therapy have 
better outcomes [50, 65], role of surgery (gastric resection ±  intra- peritoneal chemo-
therapy) is considered experimental and not the standard of care. Further studies are 
ongoing to better define the role of surgery in patients with peritoneal disease [66, 67].

Endoscopic Ultrasound (EUS) EUS is valuable in the distinction between EGC and 
AGC and is critical if considering EMR/ESD. In patients with an established diagno-
sis of AGC, EUS is unlikely to change management and is not routinely required.

Resection Margin:
Please refer to the “Resection Margin” section under Early Gastric Cancer 
management.

Extent of Lymphadenectomy Evidence suggests improved cancer-specific out-
comes with D2 resection, particularly in higher staged tumors (T2–4) [44, 68]. 
Splenopancreatectomy is clearly associated with higher operative morbidity and is 
avoided unless required to achieve R0 resection margins [39, 69]. Involvement of 
nodes beyond a D2 resection (i.e., mesenteric, para-aortic, retroperitoneal) is classi-
fied as distant metastases [31]. The role of “D3” resections is not supported in the 
management of gastric cancer [70].

Bursectomy Bursectomy was routinely considered/performed for serosa-positive 
gastric cancers according to Japanese guidelines, but has been studied further in 
JCOG 1001 randomized control trial in patients with resectable cT3/T4a GC [60]. 
The results of the study were published early, after second interim analysis in 2017, 
on the basis of futility. Based on these results, bursectomy did not provide survival 
advantage over non-bursectomy and was significantly associated with more pancre-
atic fistula [60]. A recent meta-analysis also was consistent with the results of JCOG 

M. Khorasani et al.



211

1001, but did not demonstrate superior overall or recurrence-free survival in patients 
with resectable cT3/T4 GC who received bursectomy [71].

Laparoscopic Gastrectomy (LG) LG is not recommended for AGC due to limited 
available evidence on oncologic outcome [40, 50]. A Korean RCT is investigating 
oncologic outcomes of LG in AGC [72].

Combined Modality Treatment:
Strong evidence exists to support adding systemic therapy or chemoradiotherapy 
(CRT) to surgical resection as part of the treatment for patients with advanced GC 
improves outcomes [61, 73–75]. Below, we discuss peri-operative vs. postoperative 
therapy treatment strategies, as well as roles of chemotherapy and CRT in treatment 
of advanced GC. This is followed by Fig. 11.3, which summaries this discussion.

AGC
Resection and at

least D1 LND

Negative
microscopic margin

Received pre-op
chemo* (FLOT

preferred)

Post-op chemo
(same as pre-op)

Post-op chemo (CapeOx or FOLFOX 
or CapeCis) +/- CRT (If node positive)

Post-op CRT

D2 LND

May consider CRT** 
or re-resection if
microscopically
positive margins

Yes

Yes

Yes

No

No

Less

Fig. 11.3 Peri-operative/postoperative therapy decision tree for advanced gastric cancer (AGC). 
Please see section above on “Combined Modality Treatment” for further details. ∗For treatment of 
AGC, we advocate for peri-operative chemotherapy approach over adjuvant therapy only, given 
low compliance rate with adjuvant therapy post-gastric surgery. ∗∗The benefit of post-op CRT in 
this scenario is only demonstrated in retrospective studies. Its risk/benefit or indication should be 
discussed on a case-by-case basis in multidisciplinary rounds. R1 resection microscopically posi-
tive margin, CRT chemoradiotherapy, LND lymphadenectomy, AGC advanced gastric cancer, 
FLOT docetaxel, oxaliplatin, fluorouracil, and leucovorin, CapeOx capecitabine and oxaliplatin, 
CapeCis capecitabine and cisplatin, FOLFOX FOLinic acid, fluorouracil, oxaliplatin
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• Peri-operative Chemotherapy
 – Currently, in North America, peri-operative chemotherapy is the favored 

multi-modality approach for treatment of AGC.  Peri-operative FLOT has 
been recently adopted as the standard of care in North America for manage-
ment of patients with cT2 or greater and/or cN-positive patients [75].

 – Three preoperative and three postoperative cycles of ECF/ECX were com-
pared against four pre- and 4 postoperative cycles of FLOT in a phase 3 ran-
domized trial. The results showed that FLOT was associated with improved 
OS and PFS, with no increased complications rates [75]. More patients in the 
FLOT arm were able to complete all allocated treatment cycles compared to 
ECF/ECX. Peri-operative FLOT also resulted in improved R0 resection rates.

 – In the phase 2 of the same trial, four cycles of preoperative FLOT was associ-
ated with significantly higher rates of pathological complete regression (16%) 
compared to three cycles of preoperative ECF/ECX (6%) [27].

 – The role of replacing postoperative chemotherapy with CRT after preopera-
tive chemo and adequate surgery (at least D1+) in patients with stage 1B-4a 
was investigated in the CRITICS trial [76]. There was no improvement in 
outcomes with incorporating CRT postoperatively in the treatment of these 
patients.

 – The CRITICS trial [76] once again highlighted the poor compliance with 
post-operative therapies after gastric resection (59% and 62% in the two 
groups) regardless of whether chemo or CRT was used postoperatively. In the 
FLOT study [75], only 52% of patients in the ECF/ECX arm and 60% of 
patients in the FLOT arm started the allocated postoperative chemotherapy. 
Low compliance has been seen in other gastric cancer adjuvant therapy trials 
as well, and should be a factor considered when deciding between peri-oper-
ative or adjuvant therapy approach in treatment of patients with GC. CRITICS-2 
trial will be looking at the value of incorporating CRT in the neoadjuvant set-
ting, in an attempt to find the most effective therapy that can be administered 
preoperatively, when patients have higher chance of tolerating the ther-
apy [77].

• Postoperative Chemoradiotherapy
 – The landmark INT-0116 trial showed long-term, improved, relapse-free sur-

vival and overall survival in patients with resectable stage 1B-4 disease who 
received postoperative CRT compared to those with surgery alone [61]. 
However, in this study, only 10% of patients had D2 lymph node dissections, 
and 54% did not even have complete D1 lymphadenectomy [19].

 – A phase 3 randomized trial in Korea investigated the role of postoperative 
CRT after curative resection of advanced gastric cancer with D2 lymphade-
nectomy, and did not demonstrate benefit with addition of adjuvant CRT in 
this group of patients compared to adjuvant chemotherapy alone [78, 79]. 
Unplanned subgroup analysis [79] suggested improved disease-free survival 
in node-positive patients who received concurrent adjuvant CRT compared to 

M. Khorasani et al.



213

adjuvant chemotherapy alone. Benefits of adjuvant CRT in this subset of 
patients will be explored further in ARTIST-2 trial.

 – There may be a role for considering postoperative radiation in the case of 
microscopically positive resection margins. Please see the section “Resection 
Margin” above for more details.

 – To summarize the role of radiotherapy, patients with resected advanced GC 
who had curative resection but only D1 lymphadenectomy and no neoadju-
vant chemo should be considered for adjuvant CRT [61]. In patients who 
receive neoadjuvant chemo followed by curative resection and at least D1 
lymphadenectomy, no clear benefit has been demonstrated in post-op CRT 
compared to post-op chemo [76]. Lastly, in node-positive patients with 
 completely resected gastric cancer and D2 lymphadenectomy who did not 
receive preoperative chemotherapy, there may be benefit in incorporating 
CRT in their adjuvant regimen [79].

• Postoperative Chemotherapy:
 – Following curative resection (R0) and D2 lymphadenectomy of advanced 

GC, in patients who did not receive preoperative chemo, the results of phase 
3 randomized trials as well as meta-analysis support use of adjuvant chemo-
therapy over surgery alone, when possible [74, 78, 80–83]. However, the role 
of adjuvant chemotherapy in this patient population who have received D1 
lymphadenectomy (or less) is not well defined, and adjuvant CRT tends to be 
the treatment of choice [50, 61].

 Unresectable or Metastatic Gastric Cancer

Workup Management
Follow-up 
(F/U)

Recommended 
tests:
  History and 

physical exam
  Upper 

endoscopy
  HER-2 status
  Imaging:
   CT 

abdomen/
pelvis

Optional tests:
  Staging 

laparoscopya

  CT chest

Consider chemotherapy, radiotherapy, and nonoperative 
management for symptomatic patients
Palliative gastrectomy should be avoided and only 
performed for symptomatic patients, for whom all 
nonsurgical and less morbid options have been considered
Stenting is associated with less morbidity than resection or 
bypass for palliation of obstruction and is typically 
preferred
Radiation or angioembolization can be effective for 
transfusion-dependent bleeding

As symptoms 
warrant

aSee Special Notes
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 Special Notes: Unresectable or Metastatic Gastric Cancer

Staging Laparoscopy may have utility in confirming metastatic disease, espe-
cially carcinomatosis, if suspected on imaging.

Criteria for Nonoperative Management
• Unresectable

 – Level 3 or 4 suspicious nodes on imaging or confirmed by biopsy. Level 3 
nodes include the posterior surface of the pancreas (nodal station 13), supe-
rior mesenteric artery, and vein (station 14). Level 4 nodes are middle colic 
vessels (station 15) and the para-aortic nodes (station 16).

 – Invasion or encasement of major vascular structures, such as celiac axis and 
its branches, is considered unresectable. Isolated left gastric artery involve-
ment can be treated with curative intent if an R0 margin is obtainable.

• Metastatic spread or peritoneal seeding (including positive peritoneal cytology) 
identified at surgical resection is considered incurable. Unless symptoms exist, 
systemic therapy should be considered rather than resection.

• Non-curative gastrectomy has been demonstrated to impart no benefit in the set-
ting of metastatic disease and exposes patients to unnecessary surgical proce-
dures and risks of complications. In a phase 3 trial, survival of gastrectomy 
(followed by postoperative chemotherapy) in patients with advanced gastric can-
cer and one non-curative factor was compared against modern chemotherapy 
only, showing no survival benefit from gastrectomy and higher serious adverse 
events [84].

 Landmark Surgical Publications (D1 vs. D2 Lymphadenectomy)

Study Methods Results
Dutch Trial
Bonenkamp 
et al. [69]

RCT
N = 711
D1 vs. D2 resection
D2 resection included distal pancreatectomy 
(30%) and splenectomy (38%)

Morbidity: 43% D2 vs. 
25% D1 (p < 0.001)
Mortality: 10% D2 vs. 
4.0% D1 (p = 0.004)
Median postoperative stays: 
D2 25 days vs. D1 18 days; 
p < 0.001
5-year update [39]:
  No difference in 5-year 

OS rates: 35% D1 vs. 
33% D2

15-year update [68]:
  Overall 15-year survival: 

22% D1 vs. 28% D2; 
p = 0.34

  Deaths from gastric 
cancer: 48% D1 vs. 37% 
D2; p = 0.01
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Study Methods Results
Medical 
Research 
Council (MRC) 
ST01
Cuschieri et al. 
[85]

RCT
N = 400
D1 vs. D2 resection
D2 resection includes distal pancreatectomy 
and splenectomy (56%), or only splenectomy 
(66%)

Morbidity: 46% D2 vs. 
28% D1; p < 0.001
Mortality: 13% D2 vs. 
6.5% D1; p = 0.04
5-year update [86]:
  No difference in 5-year 

OS rates: 35% D1 vs. 
33% D2

Italian Gastric 
Cancer Surgical 
Group (IGCSG)
Degiuli et al. 
[87]

RCT
N = 267
D1 vs. D2 resection
In the D2 arm, spleen and pancreas were 
preserved unless direct tumor extension. 
Splenectomy was performed for T1 or higher 
tumors on the greater curvature of the 
proximal or middle one-third of the stomach

No difference in 5-year OS: 
66.5% D1 vs. 64.2% D2
Morbidity: 10.5% D1 vs. 
16.3% D2; p < 0.29
In-hospital mortality: 0% 
D2 vs. 1.3% D1; not 
statistically significant
5-year update [44]:
  Trend toward improved 

5-year OS for advanced 
disease (T2-4; N+): 59% 
D2 vs. 38% D1; 
p = 0.055

  5-year DSS for pT1 
cancers were worse in 
the D2 arm compared to 
the D1 group (83% vs. 
98%; p = 0.015)

CRT chemoradiotherapy, OS overall survival, RCT randomized control trial

 Landmark Chemotherapy and Chemoradiation Publications

Study Methods Results
FLOT Trial
Al-Batran 
et al. [75]

RCT
N = 716
Stage ≥cT2 and/or cN+, M0 resectable 
gastric and GEJ adenocarcinoma
3 preoperative and 3 postoperative 3-week 
cycles of ECF/ECX or 4 preoperative and 4 
postoperative 2-week cycles of FLOT

Peri-op FLOT improved overall 
survival and progression-free 
survival compared to peri-op 
ECF/ECX
Median OS 50 months vs. 
35 months (HR 0.77 [0.63–
0.94]; p = 0.012)
PFS 30 vs. 18 months (HR 0.75 
[0.62–0.91]; p = 0.004)
More grade 3 and 4 nausea/
vomiting within ECF/ECX 
group compared to FLOT
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Study Methods Results
CRITICS 
Trial
Cats et al. 
[76]

RCT
N = 788
Stage 1B-4. Induction. 3 cycles of pre-op 
ECX, then curative gastrectomy and at least 
D1 LND, then randomized to post-op chemo 
(3 cycles of ECX) or CRT (45 Gy + weekly 
and daily capecitabine)
Post-op only 59% of chemo group and 62% 
of CRT group started post-op therapy

Post-op CRT did not improve 
overall survival vs. post-op 
chemo
Median OS 43 months (95% CI 
31–57) in chemo group and 
37 months (30–48) in CRT 
group (HR 1.01 m, 95% CI 
0.84–1.22; p = 0.90). Median 
follow-up 61.4 months
No mortality in post-op period. 
Grade 3 and 4 complications 
during post-op were 48% and 
9% in chemo group vs. 41% 
and 4% in CRT group

INT-0116 
Trial
MacDonald 
et al. [61]

RCT
N = 556
Surgery plus adjuvant CRT vs. surgery alone
Adjuvant treatment was 5-FU + leucovorin 
followed by 4500 cGy
All patients received curative-intent surgery:
  Only 10% received D2 resection
  54% received D0 resection

Improved overall and 
relapse-free survival with 
adjuvant CRT
Median OS: 36-month CRT vs. 
27-month surgery alone; 
p = 0.005
Median RFS: 30-month CRT 
vs. 19-month surgery alone; 
p < 0.001
3-year OS: 50% CRT vs. 41% 
surgery alone; p = 0.005

MAGIC Trial
Cunningham 
et al. [73]

RCT
N = 503, T2 or higher
Surgery with perioperative ECF vs. surgery 
alone
ECF was administered for 3 cycles 
preoperatively and 3 cycles postoperatively

Improved PFS and OS with 
perioperative ECF
5-year OS: 36% ECF vs. 23% 
surgery alone; HR 0.75 (95% 
CI 0.60–0.93), p = 0.009
PFS: HR 0.66 (95% CI 
0.53–0.81), p < 0.001

GASTRIC 
Study
Paoletti et al. 
[74]

Patient-level meta-analysis of 17 RCTs
N = 3838
Chemotherapy after complete resection vs. 
surgery alone

Improved OS and DFS with 
adjuvant chemotherapy in 
resectable gastric cancer
OS: HR = 0.82 (95% CI 
0.76–0.90; P < 0.001)
DFS: HR = 0.82 (95% CI 
0.75–0.90; P < 0.001)

CLASSIC 
Trial
Noh et al. 
[80]

  Multicenter RCT
  n = 1035 patients, stage II–IIIB
  Surgery plus adjuvant capecitabine and 

oxaliplatin vs. surgery alone
All patients underwent D2 resection

Improved DFS and OS with 
chemo
5-year DFS: 68% vs. 53%; HR 
0.58 (95% CI 0.47–0.72)
5-year OS: 78% vs. 69%; HR 
0.66 (95% CI 0.51–0.85)

M. Khorasani et al.



217

Study Methods Results
ARTIST-I 
Trial
Park et al. 
[78, 79]

RCT
n = 458
All patients underwent D2 gastrectomy
Chemotherapy alone (6 cycles 
capecitabine + cisplatin) vs. CRT (4 cycles 
chemo; 45 Gy with concurrent capecitabine)

No difference in DFS and OS at 
7years of median follow-up
5-year DFS: HR 0.74 (95% CI 
0.52–1.05; p = 0.092)
5-year OS: 73% vs. 75%, HR 
1.13 (95% CI 0.78–1.65; 
p = 0.53)
Subgroup analysis suggests 
benefit of CRT for node- 
positive disease and intestinal 
subtype (awaiting results of 
ARTIST-II trial)

CRT chemoradiotherapy, OS overall survival, RFS relapse-free survival, PFS progression- free sur-
vival, DFS disease-free survival, HR hazard ratio, RCT randomized control trial, ECF epirubicin/
cisplatin/5-fluorouracil, FLOT docetaxel, oxaliplatin, fluorouracil, and leucovorin

 Landmark Palliative Publications

Study Methods Results
Chemotherapy vs. 
best supportive care 
in non-curable 
gastric cancer
Glimelius et al. [88]

RCT
N = 61, unresectable
Chemotherapy + best supportive care 
vs. best supportive care alone
Chemotherapy was ELF-regimen 
consisting of 5-fluorouracil, leucovorin, 
and etoposide

Improved or prolonged 
high-quality life at 4 months: 
45% chemotherapy group vs. 
20% best supportive care 
group; p < 0.05

TOGA Trial
Bang et al. [89]

RCT
N = 584, inoperable or metastatic, 
HER-2+ gastric cancer
Chemotherapy alone (capecitabine or 
5-FU + cisplatin) vs. 
chemotherapy + trastuzumab

Improved median OS in 
HER2+ patients treated with 
trastuzumab: median OS 
13.8-month trastuzumab vs. 
11.1-month chemotherapy 
alone (p = 0.0046)
22% of patients assessed 
were HER2+

REGATTA Trial
Fujitani et al. 2016 
[84]

RCT
N = 175 (planned N = 330)
Eligibility: gastric cancer (cT1-3), 
single non-curable site of disease 
confined to liver, peritoneum or 
para-aortic lymph node, PS 0-1
Gastrectomy (D1 without resection of 
metastases) followed by chemotherapy 
(S-1 plus cisplatin) vs. chemotherapy 
alone

Terminated early by DSMC 
based on futility: 2-year OS 
25.1% for gastrectomy 
followed by chemotherapy 
vs. 31.7% for chemotherapy 
alone (p = 0.68)

OS overall survival, RCT randomized control trial, 5-FU fluorouracil, PS performance status, 
DSMC data safety monitoring committee
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 Referral to Medical Oncology and Radiation Oncology

• As the decision regarding adjuvant treatments should be made preoperatively, all 
patients should be referred to medical oncology and radiation oncology prior to 
resection and discussed at a multidisciplinary care conference.

• Relative contraindications to chemotherapy [62]
 – Impaired cardiac function such as congestive heart failure, baseline left ven-

tricular ejection fraction less than 50%, transmural myocardial infarction, val-
vular heart disease, high-risk arrhythmias

 – Impaired renal function (Cr clearance of <60 ml/min)
 – Disorders of the nervous system and diabetes are relative contraindications 

for chemotherapy with neuropathic agents (e.g., platinums)
• Relative contraindications to radiation

 – Prohibitive toxicities anticipated due to volume or adjacent structures
 – Connective tissue disease
 – Previous irradiation to area

 Referral to Multidisciplinary Cancer Conference

• All cases of advanced gastric cancer should be discussed at a Multidisciplinary 
Cancer Conference (MCC), before surgical intervention to devise an individual 
plan for each patient.

• Gastric cancer cases that were not discussed at MCC preoperatively should be 
discussed if the final pathology is >T1N0.
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12Gastrointestinal Stromal Tumor

Dario Callegaro, Richard Kirsch, Albiruni R. Abdul Razak, 
Fayez A. Quereshy, and Carol J. Swallow

 Introduction

 Epidemiology and Pathophysiology

Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal neo-
plasms of the gastrointestinal tract with an incidence of approximately 10–15 per 
million population [1–4]. Although they can arise in any location throughout the 
gastrointestinal tract, they are found most commonly in the stomach (55.6%) and 
small intestine (31.8%, including the duodenum) [3, 5]. The median age at diagno-
sis is mid-60s, but GISTs can also present in the pediatric age group (older than 
10 years, especially adolescents) and young adults. On average, 18% of GISTs are 
incidentally discovered, and this proportion has increased. Small asymptomatic gas-
tric GISTs (micro-GIST) are common in the general population, especially in older 
adults. Pathologic studies have found micro-GIST in up to 35% of patients undergo-
ing gastrectomy for other reasons [2, 3, 6].

The majority of GISTs (approximately 70%) are composed of spindle cells, 
about 20% are composed of epithelioid cells, while remaining 10% of mixed 
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spindle-epithelioid morphology. Approximately 70–80% of GISTs result from acti-
vating mutations in the KIT (CD117) proto-oncogene while approximately 10% are 
associated with a platelet-derived growth factor receptor alpha gene (PDGFRA) 
mutation [7–10]. Immunohistochemical analysis has identified markers characteris-
tic of GIST, facilitating its differentiation from other mesenchymal neoplasms. The 
most useful immunohistochemical markers for GIST are CD117 (KIT, positive in 
95% of cases) and DOG1 (98%). Approximately 3% of GISTs of GI tract are nega-
tive for both DOG1 and KIT. Approximately 50% of KIT-negative GIST are posi-
tive for DOG1 and 50% of DOG1-negative GISTs are positive for KIT. Although 
DOG1 is highly specific for GIST, it can be positive also in uterine-type retroperito-
neal leiomyomas, peritoneal leiomyomatosis, synovial sarcomas, and esophageal 
squamous cells and gastric carcinomas [11]. The cell of origin is the interstitial cell 
of Cajal [12]. Both KIT and DOG1 label GI Cajal cells.

 Risk Stratification

The clinical behavior of GISTs is extremely variable, ranging from no growth over 
decades to highly aggressive with progression appreciable within weeks. The cur-
rent AJCC Staging System for GIST (Eighth Edition, 2017) is based upon tumor 
size (with cutoffs at 2, 5, and 10 cm), lymph node metastasis, and distant metastasis, 
while grade is indicated by mitotic rate [13]. Other classification systems and prog-
nostic tools have been shown to accurately predict the risk of GIST recurrence and 
survival after primary resection and these are in wider clinical use than the 
AJCC system.

The original NIH (National Institutes of Health) criteria [14] stratified GIST 
patients into four risk categories (very low risk, low risk, intermediate risk, and high 
risk) based upon tumor size and mitotic rate. Over the years, these criteria have been 
modified to additionally include primary tumor site and intraoperative tumor rup-
ture (see Table  12.1) [15]. A widely applied risk stratification system in North 
America is that of Miettinen and colleagues (see Table 12.1) [5]. This is based upon 
tumor site, size, and mitotic count and is included in the College of American 
Pathologist protocol for the examination of specimens from patients with GIST [16].

In a comparative study, the modified NIH criteria proved to be the best instru-
ment to identify a single high-risk group of patients for consideration of adjuvant 
therapy, while the highly sophisticated contour maps developed by Joensuu et al. 
provided the most accurate estimate of individualized patient outcome [17].

 Molecular Classification

Approximately 85–90% of GIST harbor mutations in genes encoding receptor 
tyrosine kinases (RTK) c-KIT or PDGFR, with mutation type and location 
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associated with both clinical behavior and tyrosine kinase inhibitor (TKI) sensi-
tivity (see the table below). Of the 10–15% of GISTs that are RTK wild type 
(WT), 20–40% are deficient in succinyl dehydrogenase (SDH) complex expres-
sion and approximately 10% harbor mutations in genes involved in RAS path-
ways (BRAF, NF1, or RAS). The terms “quadruple-negative” and “quadruple-WT” 
have been applied to GISTs that do not harbor any detectable mutation in the 
KIT, PDGFRA, SDH,  or RAS pathway genes [18], which make up approxi-
mately 5% of all GISTs.

In the following section, the workup and management of patients with primary 
GIST according to the mutation status and the presence of genetic syndromes will 
be discussed (Tables 12.2, 12.3, and 12.4).

Table 12.1 Risk stratification instruments for patients with GIST

Tumor characteristics Modified NIH criteria

Miettinen and Lasota classification (% of 
patients with progressive disease during 
long-term follow-up)

Tumor 
size 
(cm)a

Mitotic 
index (per 
50 
high-power 
fields, 
HPFs)b

Primary 
tumor site Risk category Gastric

Jejunal 
and 
ileal Duodenal Rectal

<2 ≤5 Any Very low 0 0 0 0

2.1–
5.0

≤5 Any Low 1.9 4.3 8.3 8.5

5.1–
10.0

≤5 Gastric
Nongastric

Intermediate
High

3.6 24 / /

>10.0 ≤5 / / 12 52 34 57

≤2 >5 / / 0c 50c / 54

2.1–
5.0

>5 Gastric
Nongastric

Intermediate
High

16 73 50 52

< 5.0 6–10 Any Intermediate / / / /
>5.0 >5 Any High
5.1–
10.0

>5 / / 55 85 / /

>10 >5 / / 86 90 86 71
>10.0 Any Any High / / / /
Any >10 Any High / / / /
Any Any Tumor 

rupture
High / / / /

Modified from Joensuu [15] and Miettinen and Lasota [5]
aLargest dimension
bPer 50 HPFs is a total of 5 mm2. Field areas of different microscopes may vary substantially
cSmall number of cases
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Table 12.3 Sporadic GIST without KIT or PDGFRA mutations

SDH status Tumor site Patient’s age Clinical features
Competent Anywhere in GI 

tract but with 
small-intestine 
prevalence

Adults Usually unifocal
Tumor size and mitotic index 
predict outcome [23, 24]

Deficient Mainly in the 
stomach

Young patients (see 
“Pediatric and Young 
Adults GIST” 
section)

Indolent course
More prone to lymph node and 
liver metastases
SDHA IHC can be useful to 
distinguish two different 
subgroups and might have 
therapeutic implications [24, 25]

Table 12.4 Syndromic GIST without KIT and PDGFRA mutations

SDH-status Clinical scenario
Mutations and 
inheritance Clinical features

Age at 
presentation 
with GIST

Deficient Carney-Stratakis 
syndrome [26, 27]

Germline 
mutation in 
SDHB, SDHC, 
or SDHD.
Inheritance: 
AD, 
incomplete 
penetrance

Multifocal gastric GISTs 
and multicentric 
paragangliomas
GISTs:
  Epithelioid morphology
  Poor responses to 

traditional Im therapy

Median: 
third decade

Deficient Carney triad [23, 
28]

Lack of 
SDH- 
inactivating 
mutations
(epigenetic 
modifications 
or mutations of 
other genes 
might be 
involved)

Multifocal gastric GISTs, 
paragangliomas and 
pulmonary chondromas
Female predominance 
(95%)
GISTs:
  Predominantly gastric 

in location
  Tend to be multifocal
  Epithelioid histology 

and plexiform growth 
pattern

  Unpredictable behavior

Median: 22

(continued)
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Among GISTs without KIT or PDGFRA  mutation (sometimes referred to as 
“wild type”), there are both sporadic and syndromic GISTs and SDH expression as 
assessed by immunohistochemistry is useful for further subcategorization.

 Special Notes
• SDH-deficient GIST can be either sporadic (due to somatic mutations within the 

tumor) or familial (due to germline mutation). The vast majority are thought to 
be familial.

• Rare syndromes associated with germline mutation of KIT and PDGFRA have 
been described [31, 32].

• Mutation in RAS family genes have been identified in a subset of GIST. In par-
ticular, BRAF V600E mutations have been found in 7% of GISTs from adult 
patients that lack KIT/PDGFRA mutations. Mutation of BRAF may also repre-
sent a mechanism of imatinib resistance [9, 33].

• The terms “quadruple-negative” and “quadruple-WT” are used to refer to GISTs 
that do not harbor any detectable mutation in the KIT, PDGFRA, SDH, or BRAF 
genes [18].

SDH-status Clinical scenario
Mutations and 
inheritance Clinical features

Age at 
presentation 
with GIST

Competent Neurofibromatosis 
type 1 [27, 29, 30]

Germline 
mutation in 
NF1
Inheritance: 
AD

Cafè-au-lait spots, 
cutaneous neurofibromas, 
plexiform neurofibroma, 
armpit or inguinal 
freckling, eye’s iris 
hamartomas (Lisch 
nodules)
GISTs:
  Life-time risk: 7%
  Predominantly in the 

small bowel
  Often multifocal (43%).
  Spindle cell 

morphology, often 
background of Cajal cell 
hyperplasia

  Generally resistant to 
imatinib

Median: 49

A deficient SDH status is defined as the loss of SDHB at immunohistochemistry
SDH succinate dehydrogenase, AD autosomal dominant

Table 12.4 (continued)
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 Pediatric and Young Adults GIST

Pediatric GISTs are rare, and patients typically present in the second decade of life; 
there is a distinct female predominance (70%). The tumors can be sporadic or occur 
in the context of genetic syndromes (see above). Pediatric GISTs are located pre-
dominantly in the stomach, and they are usually epithelioid and tend to be multifo-
cal or plexiform at presentation. Pediatric GISTs show a higher rate of lymphovascular 
invasion and higher propensity to spread to the lymph nodes, peritoneum, and liver 
compared to adult GISTs. In spite of often presenting with advanced disease, the 
natural course of pediatric GISTs is more indolent as compared with that in adults 
(10-year survival rate is 92–94%, despite disease recurrence post-resection in 
70–80%). Modified NIH risk criteria do not apply. Almost all pediatric GISTs lack 
mutations in KIT and PDGFRA, and 88% of cases show either epigenetic silencing 
or mutation of one of the genes coding for the four subunits of the SDH complex. 
Management differs from other GIST (see section “Management of GIST in 
Children and Young Adults”) [34].

 Management of GIST in Adults

Overall, 13% of primary GISTs are <2  cm at presentation [3]. Their treatment 
(Table 12.5) differs from the treatment of larger GISTs (Table 12.6) since, overall, 
they are associated with a lower risk of disease recurrence. Principles of 

Table 12.5 Workup and management of primary small GIST (<2 cm)

Clinical 
scenario Workup Management Follow-up
Gastric GIST 
< 2 cm

History and 
physical exam
Imaging:
  CT abdomen 

and pelvis 
(triple-phase 
contrast with 
gastric 
protocol)

  Upper GI 
endoscopy (if 
not already 
performed)

  EUS-guided 
biopsy

Surgical resection with 
negative microscopic 
margins is an option if 
anticipated surgical 
morbidity is low
In the absence of high-risk 
histological and EUS 
features (irregular border, 
heterogeneity, cystic spaces 
and echogenic foci, 
ulceration), a watchful- 
waiting approach can be 
taken in shared decision- 
making with the patient [35]
Small GISTs that increase 
in size or become 
symptomatic should be 
resected with negative 
histological margins

If not resected:
  CT abdomen/pelvis 

(gastric protocol) at 
3 months then, if stable, 
q4-6 months; may 
lengthen follow-up 
interval over time, 
depending on patient 
circumstances

  If growing or becoming 
symptomatic: surgical 
resection

If resected: physical exam 
and CT abdomen/pelvis 
with a schedule tailored to 
the specific risk of 
recurrence gleaned from 
histology

(continued)
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Table 12.6 Workup and management of primary GIST (>2 cm)

Clinical scenario Workup Management Follow-up
Localized, 
resectable with 
anticipated low 
morbidity and 
negative 
margins

History and physical 
exam
Imaging:
  CT chest, 

abdomen, and 
pelvis (triple- 
phase contrast)

  MRI scan (rectal 
and duodenal 
locations)

  Endoscopy for 
gastric, duodenal, 
and rectal 
locations

EUS-guided 
(preferable) or 
percutaneous biopsy
Multidisciplinary 
consultation

Surgical resection with 
negative histological margins
Adjuvant imatinib should be 
given to high-risk patients 
with sensitive mutations 
following R0/R1 resection for 
at least 3 years. In 
intermediate-risk patients, 
adjuvant therapy should be 
discussed

History and physical 
exam every 
3–6 months
CT abdomen/pelvis:
  high risk: every 

3–6 months for 
5 years

  low risk: every 
6 months for 
5 years

  annually after 
5 years

CT chest if new 
findings on CT 
abdomen/pelvis

(continued)

Clinical 
scenario Workup Management Follow-up
Non- gastric 
GIST <2 cm

History and 
physical exam
Imaging:
  CT abdomen/

pelvis 
(triple-phase 
contrast)

  MRI for 
duodenal and 
rectal location

  Endoscopy for 
duodenal and 
rectal locations

  EUS-guided 
biopsy

Multidisciplinary 
consultation

Surgical resection with 
negative microscopic 
margins [35, 36]

History and physical exam 
and CT abdomen/pelvis 
with a schedule tailored to 
the specific risk of 
recurrence

EUS endoscopic ultrasound

Table 12.5 (continued)
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recommended practice for patients with unresectable, recurrent, or metastatic GIST 
are summarized in Table 12.7.

 Special Notes

• A cutoff of 2 cm for the definition of small GIST is arbitrary and it is based upon 
the fact that many GIST<2 cm will be of either low risk or very low risk [36]. 
Nonetheless, tumor size and mitotic count should also be taken into account in 
the estimation of the specific risk of tumor recurrence and tumor spread, keeping 

Table 12.6 (continued)

Clinical scenario Workup Management Follow-up
Localized, 
resectable with 
anticipated 
high morbidity 
or risk for 
positive 
margins

History and physical 
exam
Imaging:
  CT chest, 

abdomen, and 
pelvis 
(triple-phase)

  MRI scan (rectal 
and duodenal 
locations)

  Endoscopy for 
gastric, duodenal, 
and rectal 
locations

EUS-guided 
(preferable) or 
percutaneous biopsy
Multidisciplinary 
consultation

Mutation sensitive to imatinib:
  Neoadjuvant imatinib 

started at 400 mg/day 
(800 mg/day may be 
recommended for Exon 9 
mutation)

  Early reassessment with CT 
scan abdomen/pelvis 
1–3 months after starting 
imatinib. Continue 
reassessment with CT q 
3 months

  Responders:
   Surgical resection with 

negative histological 
margins at time of desired 
response, which is judged 
by the surgeon. If GIST was 
originally of intermediate or 
high risk, adjuvant imatinib 
should be given for a 
minimum of 3 years in total

  Non-responders:
   Consider switching to Im 

800 mg/day or second-line 
therapy if tumor remains 
technically unresectable vs. 
proceed with surgery

Mutation not sensitive to 
imatinib:
  Upfront surgical resection 

vs. clinical trials

History and physical 
exam every 
3–6 months
CT abdomen/pelvis:
  high risk: every 

3–6 months for 
5 years

  low risk: every 
6months for 
5 years

  annually after 
5 years

CT chest if new 
findings on CT 
abdomen/pelvis

EUS endoscopic ultrasound

12 Gastrointestinal Stromal Tumor
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in mind that mitotic counts from a biopsy may underestimate the actual mitotic 
count. In addition to tumor size and mitotic count, the presence of worrisome 
features on endoscopic ultrasound, patient’s performance status, life expectancy, 
and preference should play a role in the decision to pursue further treatment vs. 
watchful waiting.

• Most GISTs of 2 cm or less are asymptomatic but bleeding is a possible compli-
cation [37].

Table 12.7 Workup and management of unresectable, recurrent, or metastatic GIST

Workup Management Follow-up (F/U)
History and physical 
exam
Imaging:
  CT chest/abdomen/

pelvis (triple-phase)
  MRI scan (rectal and 

duodenal locations)
Endoscopic (preferable) 
or percutaneous biopsy
Multidisciplinary 
consultation

Imatinib mesylate at a starting 
dose of 400 mg/day. For exon 9 
mutations, 800 mg/day may be 
considered. Close radiographic 
surveillance with CT scans every 
3 months should be performed to 
assess tumor response
Tumor response to imatinib:
  PR/CR: continue with Im vs 

surgery if completely resectable
  SD: continue with Im vs 

surgery if completely resectable
  Unifocal PD: Im dose 

escalation vs surgery of the 
local progression to delay 
switching to second-line TKI

  Generalized PD: dose 
escalation vs sunitinib, no 
elective surgery

Resistance to both imatinib and 
sunitinib: third-line tyrosine- 
kinase inhibitors such as 
regorafenib. Consider enrollment 
in available clinical trials as 
appropriate. Currently, pan-Kit 
inhibitors such as BLU-285 
(avapritinib) or DCC-2618 
(ripretenib) are under evaluation 
in several Phase III trials in 
post-imatinib settings (2nd-, 3rd-, 
and 4th-line indications) [50]
Radiation therapy may be 
considered for symptomatic bone 
metastases; for anemia due to 
bleeding
Ablative therapies may be 
considered in localized, solid 
organ metastases
Embolization may be effective in 
controlling hemorrhage

History and physical exam 
every 3–6 months
CT abdomen/pelvis—the first 
CT scan following the 
initiation of imatinib should 
be at 3 months (or sooner 
based on clinical indication), 
then every 3–6 months for 
5 years
The interval between 
consecutive CT scans may be 
increased based on disease 
stability
CT chest if new findings on 
CT abdomen/pelvis

FDG-PET 18F-fluorodeoxyglucose-positron emission tomography

D. Callegaro et al.
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• Histological confirmation of small GIST is advised. EUS-guided fine needle 
aspiration (FNA) or fine needle biopsy (FNB) is preferable. EUS-guided biopsy 
of gastric nodules <2 cm can be technically challenging. If biopsy is not techni-
cally feasible (or does not yield a pathological diagnosis) and the patient is 
asymptomatic, close follow-up is a reasonable option. A tissue biopsy that allows 
IHC staining is preferred over cytologic sampling. A study from Kagawa, Japan, 
showed that 25% of FNA samples were not large enough to allow mitotic index 
estimation [38]. In a study from Seoul, Korea, EUS-guided 19-gauge trucut 
biopsy had a higher diagnostic accuracy than 22-gauge FNA in gastric submuco-
sal lesions larger than 2 cm, with similar complication rates [39]. Other tech-
niques to obtain a larger amount of tissue for diagnosis in gastric subepithelial 
tumors such as mucosal incision and forceps biopsy [40] or drill needle aspira-
tion biopsy [41] have recently been described.

• Endoscopic resection is an option for low-risk small gastric GIST in centers 
with advanced endoscopic skills. As compared to surgery, endoscopic resec-
tion is associated with a higher incidence of R1 margins but comparable local 
recurrence rate. Advantages of endoscopic resection include shorter procedure 
time and hospital stay, and accessibility to the GE junction location. Patient 
selection should take into consideration tumor size, site, and mobility of the 
lesion with respect to the gastric wall, with endophytic lesions being most 
favorable [42].

• Rectal GIST<2 cm should be resected due to the higher risk of tumor progression 
and worse prognosis.

 Special Notes

• Every attempt should be made to obtain a histological diagnosis before planning 
any treatment. In particular, tumor biopsy is considered essential before starting 
neoadjuvant Im treatment to confirm the diagnosis and to test for mutations in 
KIT and PDGFRA. In the case of a locally advanced or complicated mass highly 
suspicious for GIST in a symptomatic patient, neoadjuvant Imatinib could be 
started while waiting for the pathology results, provided early imaging and clini-
cal reassessment are planned.

• EUS-guided endoscopic biopsy is preferred. If not feasible, percutaneous biopsy 
is an option. An analysis of 47 patients enrolled in the SSG XVIII trial (1 vs 
3 years of adjuvant Imatinib in patients surgically treated for high-risk GIST) 
who underwent a percutaneous biopsy showed no significant difference in RFS 
or OS as compared to patients who did not undergo a percutaneous biopsy. Of 
note, in this study, patients were treated with surgery and postoperative imatinib, 
and thus the results might not be generalizable to patients treated with surgery 
alone [43]. A Scandinavian study of 72 patients showed that recurrence rates 
were increased after major, but not minor, intraoperative tumor rupture, but did 
not take into consideration percutaneous core needle biopsy [44].

• Surgery is the primary and only curative therapy in localized GIST.
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• Surgery should aim at R0 resection. A gross visceral margin of 1–2 cm will usu-
ally generate a negative microscopic margin; gross margin targets may be appro-
priately modified in areas of functional consequence such as the GE junction, 
second portion of the duodenum, and the low rectum, but these deliberations 
require expertise in GIST management. Tumor enucleation is not advisable since 
it is associated with a high risk of tumor recurrence [45]. En-bloc resection 
should be used as needed. Systematic regional lymphadenectomy is NOT indi-
cated for adult-type GIST.

• The effect of R1 resection on the oncological outcome of GIST patients is 
unclear. A recent meta-analysis of 12 studies including 1985 patients concluded 
that a microscopically positive margin could significantly impact DFS (HR 1.6, 
p  0.09) but had no influence on OS. The meta-analysis showed that adjuvant 
imatinib could attenuate the risk of recurrence in R1 patients [46].

• In case of R1 resection on final pathology, early re-excision in an attempt to 
“clear the margin” is generally not advised.

• Intraoperative tumor rupture is associated with a much higher risk of tumor 
recurrence [47]. In particular, in a retrospective study on GIST of the small intes-
tine, major defects in tumor integrity (tumor spillage, tumor fracture or piece-
meal resection, bowel perforation at the tumor site, blood-tinged ascites, 
microscopic tumor infiltration into adjacent organs, surgical biopsy) were associ-
ated with a higher peritoneal (HR for major defect vs no defect: 4.98) and overall 
(HR for major defect vs no defect: 3.55) recurrence risk. However, minor defects 
(peritoneal tumor penetration or iatrogenic peritoneal laceration) and microscop-
ically involved intestinal resection margins were not [44].

• Laparoscopic resection may be considered in select cases provided that onco-
logic principles are adhered to and that the tumor is handled carefully and rup-
ture is prevented. The tumor should be removed intact, in an extraction bag and 
should not be morcellated.

• The purpose of neoadjuvant imatinib is tumor downsizing. In tumors that respond 
to imatinib, change in tumor density may precede tumor shrinkage and may even 
be associated with an initial increase in tumor size (pseudoprogression) [36].

• Neoadjuvant imatinib has been associated with higher rates of complete resec-
tion and improved organ preservation [48, 49].

• After neoadjuvant imatinib, a planned microscopically positive margin might be 
considered if obtaining a wider margin would entail a significantly more morbid 
procedure (i.e., small duodenal GIST close to the duodenal papilla, rectal GIST 
close to the sphincter) [36].

 Special Notes

• In patients with metastatic GIST, imatinib is the standard treatment. Imatinib 
should not be stopped even in case of radiological complete response. Surgery as a 
frontline approach is not recommended either for the primary or for the metastases.

• A percutaneous or endoscopic biopsy of the metastatic site is sufficient to make 
the diagnosis and surgical exploration is not recommended.
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• Cytoreductive surgery in patients with metastatic disease on imatinib should be 
viewed as experimental and generally considered only in patients with SD or PR 
in whom a complete resection of their GIST is achievable. TKI must be contin-
ued even if all gross disease is resected. It is unknown whether cytoreductive 
surgery combined with TKI (“adjuvant surgery”) confers a survival advantage as 
compared to TKI alone. Two RCTs (EORTC 62062 and COMVIA trial) designed 
to answer this question were terminated early due to poor accrual [51]. The theo-
retical advantage to surgery in this setting would be by completely removing all 
macroscopic disease: prevention of development of secondary resistance muta-
tions (benefit not proved) and prolongation of time to progression by eliminating 
resistant clones (benefit not proved). Cytoreductive surgery should not be offered 
to patients experiencing generalized progression due to the poor post-surgical 
outcome [51–53].

• Possible indications for surgical resection of one metastatic focus in patients on 
imatinib:
 – Management of complications (obstruction, bleeding)
 – Control of unifocal progression to delay the switch to second-line TKI

• Surgery in patients on sunitinib is associated with a high complication rate and 
a high rate of incomplete resection [54]. In this setting, surgery might be 
reserved to treat complications or in highly selected cases to treat focal 
progression.

 Management of GIST in Children and Young Adults

Pediatric GISTs have different genetic background and clinical behavior. Principles 
of their management are summarized in Table 12.8.

Table 12.8 Workup and management of pediatric GIST

Clinical 
scenario Work-up Management Follow-up
Pediatric 
GIST 
(diagnosis 
between 1 
and 20 years 
old)

History and 
physical exam
Imaging:
  CT abdomen 

and pelvis 
(triple-phase 
contrast, 
gastric 
protocol for 
gastric 
locations)

  Upper GI 
endoscopy (for 
upper GI 
locations)

  EUS-guided 
biopsy

Surgical resection with 
negative microscopic 
margins with an 
organ-sparing approach
Consider D1 
lymphadenectomy for 
gastric location, 
especially if known SDH 
deficient

Physical exam and CT 
abdomen/pelvis every 
6 months for 5 years and 
yearly for further 5 years 
(long-term follow-up is 
required, particularly for 
syndromic GIST)
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 Special Notes

• Most pediatric GISTs are not responsive to imatinib. Unlike adults GISTs, they 
usually do not harbor KIT or PDGFRA mutations but generally demonstrate 
SDH alteration/deficiency. There are multiple trials investigating new target 
agents in this population.

• Patients with metastatic SDH-deficient GIST present with exceptionally long 
survival and, in the absence of clinical trials, anti-VEGF TKIs such as sunitinib 
or regorafenib have been used with limited efficacy [18].

• Aim of surgery should be to obtain an R0 resection with an organ-sparing 
approach whenever possible. The entire peritoneal cavity should be accurately 
inspected for metastatic deposits. Resection of metastatic foci can be considered 
if not associated with significant morbidity for staging purposes and to prevent 
future complications. There is no evidence in favor of an extended metastasec-
tomy. Tumor spread to lymph nodes is much more common, and D1 lymphade-
nectomy is a reasonable treatment for pediatric GIST of the stomach. Careful 
inspection of the D2 lymph node stations should be performed and pathologic 
nodes should be removed. There is no evidence to support a D2 lymphadenec-
tomy in pediatric gastric GIST patients. Retrospective data show that even in the 
metastatic setting, surgical resection of the primary tumor might be of value [55].

 Landmark Trials

In this section, the landmark publications discussing surgical and medical manage-
ment of GISTs are summarized (Table 12.9).

Table 12.9 Landmark publications – GIST

Topic Study Methods Results
Neoadjuvant 
imatinib

RTOG 0132
Eisenberg et al.; 
Wang et al. [56, 
57]

Single-arm Phase II trial
n = 63:30 advanced primary 
(≥5 cm), 22 metastatic
Neoadjuvant imatinib 600 mg/
day for 8–12 weeks followed 
by surgery and adjuvant 
imatinib for 2 years

RECIST response to 
neoadjuvant imatinib in 
primary GIST: 7% partial, 
83% stable, 0% 
progression, 10% unknown
Median time of imatinib 
discontinuation prior to 
surgery: 2 days

Adjuvant 
imatinib in 
patients with 
resected 
localized 
GIST

ACOSOG 
Z9000
DeMatteo et al. 
[21, 58]

Single-arm Phase II trial
n = 106
High-risk GIST 
(diameter > 10 cm, tumor 
rupture or ≤4 peritoneal 
implants)
Imatinib 400 mg/day for 
1 year

At a median FU of 
7.7 years: 5-year OS 83%; 
1-, 3-, and 5-year RFS 
96%, 60% and 40%, 
respectively
Tumor size, small bowel 
site, KIT exon 9 mutation, 
high mitotic rate, and age 
associated with lower RFS 
at multivariable analysis

(continued)
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Table 12.9 (continued)

Topic Study Methods Results
ACOSOG 
Z9001
DeMatteo et al. 
[58]

Double-blind, placebo- 
controlled, Phase III RCT
N = 713
GIST >3 cm
1 year of adjuvant Imatinib 
400 mg/day vs placebo
Crossover design

With a median FU of 
19.7 months:
  Improved recurrence-

free survival (RFS, 
primary endpoint) in the 
treatment arm (98% vs. 
83% at 1 year, HR 0.35).

  No difference in OS 
(99.2% vs 99.7% at 
1 year) among the two 
arms

Long-term results (median 
FU 74 months): RFS 
remained superior in the 
imatinib arm (HR 0.6), no 
difference in OS

SSG XVIII/
AIO
Joensuu et al. 
[59]

Open-label Phase III RCT
N = 400
High-risk GIST (modified 
NIH Consensus Criteria)
1 vs 3 years of adjuvant 
imatinib 400 mg/day

Median follow-up of 
54 months:
  Longer RFS (primary 

endpoint, 5-year RFS 
65.6% vs. 47.9%, HR 
0.46) and longer OS 
(5-year OS 92.0% vs. 
81.7%, HR 0.45) in the 
3-year group

  Discontinuation rates for 
reasons other than tumor 
recurrence were 12.6% 
and 25.8% in the 1- and 
3-year groups, 
respectively

Median FU of 90 months:
  Longer RFS (5-year 

RFS 71.1% vs. 52.3%, 
HR 0.60) and longer OS 
(5-year OS 91.9% vs. 
85.3%, HR 0.60) in the 
3-year group

EORTC 62024
Casali et al. 
[60]

Open-label Phase III RCT
N = 908
Intermediate- to high-risk 
GIST (2002 NIH consensus 
diagnosis)
2 years of adjuvant imatinib 
400 mg/day vs. observation

At a median follow-up of 
4.7 years:
  No difference in 5-year 

imatinib monotherapy 
failure-free survival 
(IFFS, primary endpoint) 
and 5-year OS among 
the two arms. Trend 
toward better IFFS in the 
treatment arm.

  Better RFS in the 
treatment arm (3-year 
RFS 84% vs 66%; 5-year 
RFS 69% vs 63%)

(continued)
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Table 12.9 (continued)

Topic Study Methods Results
PERSIST-5
Raut et al. [61]

Single-arm Phase II trial
N = 91, intermediate- to 
high-risk GIST
Imatinib 400 mg/day for 
5 years

5-year RFS 90%
5-year OS 95%
Discontinuation rate before 
5 years: 49%

SSG XXII,
NCT 02413736

Open-label Phase III RCT
3 years vs 5 years of imatinib 
400 mg/day
Estimated enrollment: 300
High-risk GIST (gastric GIST 
with mitotic count >10/50 
HPFs, non-gastric GIST with 
mitotic count >5/50 HPFs, or 
tumor rupture)

Primary outcome: RFS
Estimated primary 
completion date: May 
2028

ImadGist, 
NCT02260505

Open-label Phase III RCT
3 years vs. 6 years of imatinib 
300 or 400 mg/day
Estimated enrollment: 256
High-risk GIST

Primary outcome: DFS
Estimated primary 
completion date: Dec 2020

Imatinib in 
unresectable 
or metastatic 
GIST

B2222 trial
Demetri et al.;
Blanke et al. 
[62, 63]

Open-label Phase II 
randomized trial
Crossover design 
(+dose-escalation)
N = 147, advanced 
unresectable or metastatic 
GIST
Imatinib 400 mg/day vs. 
600 mg/day

Long-term results (median 
FU 63 months):
  No difference in 

response rate, median 
PFS, median OS 
between the two arms

  Median survival for all 
patients: 4.75 years 
(5-year OS was 55% in 
responders and 9% in 
nonresponders)

  Median time to 
response: 2.7 months

  Tumor response (SWOG 
criteria):

   CR 1.4%
   PR 66.7%
   SD 15.6%
   PD 11.6%

(continued)
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Table 12.9 (continued)

Topic Study Methods Results
EORTC 62005
Verweij et al. 
[64, 65]

Phase III RCT
Crossover design
N = 946, advanced or 
metastatic GIST
400 mg/day imatinib vs. 
800 mg/day

With a median FU of 
2 years: no difference in 
response or OS. PFS 
(primary endpoint) was 
better in the 800 mg/day 
group (HR 0.82)
With a median FU of 
10.9 years:
  No significant difference 

in PFS or OS (median 
PFS 1.9 years, median 
OS 3.9 years)

  Long-term progression- 
free and overall 
survivors: 10% and 15%

  No difference in tumor 
response (CR 6.9%, PR 
46.9%, SD 31.8%, PD 
9.4%)

  Patients with a KIT exon 
9 mutation had better 
PFS and OS with 
imatinib 800 mg/day

  Median PFS after 
cross-over: 2.8 months

  Predictive factor for 
response: genotype

  Predictive factor for 
duration of response: 
tumor burden

S0033 trial
Blanke et al. 
[66]

Phase III RCT
Crossover design
N = 746, unresectable or 
metastatic GIST
Imatinib 400 mg/day vs. 
800 mg/day

No significant differences 
in objective response rate 
(CR/PR in 45%), median 
PFS (18–20 months), or 
median OS (primary 
endpoint, 51–55 months) 
between the two arms
Crossover to 800 mg/day 
after progression on 
400 mg/day was associated 
with either an objective 
response or SD in 31%

(continued)
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Table 12.9 (continued)

Topic Study Methods Results
BFR14
Blay et al.; 
LeCesne et al. 
[67, 68]

Phase III randomized trial
Crossover design
Metastatic GIST with tumor 
response or SD after 1, 3, or 
5 years of imatinib 400 mg/
day
Randomization to treatment 
interruption vs. continuation 
at 1, 3, and 5 years

Randomization at 1, 3, and 
5 years:
  Interruption results in 

progression in most 
patients

  Among patients who 
crossed over, the overall 
disease control rate 
(CR + PD + SD) after 
imatinib reintroduction 
was 96%, but quality of 
response upon 
reintroduction did not 
reach the tumor status 
observed at 
randomization

  No differences in OS or 
time to secondary 
resistance

The longer the duration of 
imatinib treatment, the 
longer the median PFS 
after discontinuation
After treatment 
discontinuation, the 
median PFS was 10.5, 6.2, 
and 3.2 months in patients 
with CR, PR, and SD at 
time of discontinuation, 
respectively
Patients progressing 
rapidly after 
discontinuation had a 
poorer prognosis

RIGHT trial
Yoon-Ko K 
et al. [69]

Phase III double-blind RCT
Crossover design
N = 81
Metastatic or unresectable 
GIST with progression on at 
least imatinib and sunitinib 
who had initially benefited 
from first-line imatinib 
(response or SD for 
≥6 months)
Randomization to imatinib 
rechallenge 400 mg/day vs. 
placebo

Better PFS (primary 
endpoint) with rechallenge: 
1.8 months with imatinib, 
0.9 months with placebo 
(HR for progression or 
death 0.46)
Median PFS after 
crossover: 1.7 months
93% of patients in the 
placebo group crossed over 
to imatinib after PD.
No difference in OS

(continued)
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Table 12.9 (continued)

Topic Study Methods Results
Sunitinib 
treatment

Demetri et al. 
[70]

Phase III double-blind RCT
Crossover design
N = 312
Metastatic or unresectable 
imatinib-resistant GIST
Sunitinib (50 mg/day 4 weeks 
on, 2 weeks off) vs. placebo 
(2:1)

Median time-to-tumor- 
progression (primary 
endpoint) was 27.3 weeks 
with sunitinib versus 
6.4 weeks with placebo
OS was better with 
sunitinib (HR 0.49)
Tumor response with 
sunitinib: 7% PR, 58% SD, 
19% PRO

Regorafenib 
treatment

GRID trial
Demetri et al. 
[71]

Phase III double-blind RCT
Crossover design
N = 199
Metastatic or unresectable 
GIST resistant to imatinib and 
sunitinib
Regorafenib (160 mg/day 
3 weeks on, 1 week off) vs. 
placebo (2:1)

Improved median PFS 
(primary endpoint) with 
regorafenib (4.8 vs. 
0.9 months, HR 0.27)
No difference in OS (but, 
after PD, 85% of patients 
assigned to placebo 
crossed over)
Overall response rate with 
Regorafenib: 4.5%

Surgery in 
metastatic 
GIST on TKI

Du et al. [51] Phase III randomized trial
Target accrual: 210 patients. 
Study closed after 41 patients 
due to poor patient accrual
Resectable metastatic GIST at 
3–12 months from imatinib 
onset
Imatinib alone vs surgery and 
postoperative imatinib

Nonsignificant trend 
toward better PFS in the 
surgery arm (2-year PFS 
88% vs 58%)

Raut et al. [52] Retrospective single 
institution series
N = 69
Patients who underwent 
surgery for advanced GIST 
while receiving TKI

Response to imatinib at 
time of surgery (SD vs 
limited progression vs 
generalized progression) 
correlates with 
completeness of surgery 
(78%, 25%, and 7%, 
respectively) and 12-month 
PFS (95%, 86%, and 0%, 
respectively).

(continued)
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 Referral to Medical Oncology

• All patients with histologically confirmed primary intermediate- or high-risk 
GISTs or metastatic GISTs should be referred to medical oncology. If any doubt 
exists regarding patient risk stratification, referral to medical oncology is warranted.

 Referral to Radiation Oncology

• In the palliative setting, radiotherapy is an option in:
 – Patients with symptomatic bone metastases not responsive to TKI
 – Patients with gastrointestinal bleeding not responsive to TKI

Table 12.9 (continued)

Topic Study Methods Results
Fairweather 
et al. [53]

Retrospective two institutional 
series
N = 323
Patients who underwent 
surgery for advanced GIST 
while receiving TKI

Radiographic response 
categorized as responsive 
disease (RD, 16%), SD 
(25%), unifocal 
progressive disease (UPD, 
33%), multifocal 
progressive disease (MPD, 
26%)
For patients on imatinib, 
radiographic response was 
predictive of postsurgery 
PFS (RD 36mo, SD 30mo, 
UPD 11mo, MPD 6mo) 
and OS
Metastatic mitotic 
index≥5/50HPF, MPD and 
R2 resection were 
associated with worst PFS 
and OS

Raut et al. [54] Retrospective single 
institution series
N = 50
Patients who underwent 
surgery for advanced GIST 
while receiving sunitinib

Completeness of resection 
did not correlate with 
preoperative response to 
sunitinib (unlike imatinib)
Macroscopically complete 
resection: 50%
Complication rate: 54%
Reoperations: 16%
Median PFS after surgery: 
5.8 months
Differences in PFS and OS 
based on response to SU 
were not significant
Younger age was 
prognostic of survival

OS overall survival, RFS recurrence-free survival, PFS progression-free survival, DSS disease-
specific survival, PR partial response
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• Beyond its palliative role, radiotherapy might play a role in:
 – Perioperative treatment of locally advanced primary GIST in difficult loca-

tions (i.e., rectum, esophagus)
 – Treatment of focal progression to TKI in the metastatic setting in combination 

with TKI
 – Treatment of primary tumor in patients who are not fit for surgery or when the 

tumor is unresectable [72, 73]

 Referral to Multidisciplinary Cancer Team

• All patients with a diagnosis of GIST should be discussed before treatment 
begins  at Multidisciplinary Cancer Conference (MCC) with a panel that rou-
tinely manages this disease.

• Patients on neoadjuvant imatinib should be followed closely by medical and sur-
gical oncologists experienced on the management of GIST to establish the best 
time for surgery.

• Patients with metastatic GIST who experience limited progression after respond-
ing to TKI should be discussed again at MCC to re-evaluate the sequencing of 
multimodality treatment.

 Toronto Pearls

• Neoadjuvant imatinib is not associated with risk of bleeding. In fact, surgical 
experience is that GISTs become less vascular and less friable and, therefore, 
less prone to intraoperative rupture after neoadjuvant imatinib.

• Chronic bleeding from the tumor is not a contraindication to starting imatinib.
• Mutational analysis is part of a complete assessment of GIST.
• In the adjuvant setting, an increased frequency of surveillance after imatinib dis-

continuation due to the higher risk of tumor recurrence over the next 6–18 months 
should be considered.

• In patients treated with neoadjuvant imatinib, imatinib can be safely stopped the 
day before surgery and restarted when resuming p.o. intake. Sunitinib should be 
stopped at least 1–2 weeks before surgery due to the higher complication rate as 
compared to imatinib.

• Neoadjuvant imatinib may be associated with initial pseudoprogression. 
Evaluation of an early triple-phase CT scan by a surgical oncologist with experi-
ence in GIST treatment is essential.

• The appearance of new cystic lesion(s) in the liver after starting imatinib likely 
represents liver metastasis responding to the drug.

• When operating on metastatic patients, the preoperative CT scan often underes-
timates the tumor burden.

• Follow-up schedule should be personalized based on the individual risk of tumor 
recurrence/progression and the patient’s life circumstances.
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 Introduction

Older adults are the fastest growing cohort requiring surgery and have the greatest 
incidence of cancer [1–3]. The median age at cancer diagnosis is nearing 70 years, 
and by 2030 nearly 70% of incident cancers will be in older adults [4–6]. For older 
adults, cancer care decision-making has inherent complexities due to altered risk- 
benefit profiles, underlying health status, remaining life expectancy, and heteroge-
neity in patient values and goals [7–9]. Older adults often place higher importance 
on outcomes such as long-term functional independence, quality of life, and avoid-
ance of  prolonged recovery [10–13]. Recommendations applicable to geriatric sur-
gical oncology emphasize preoperative discussions regarding personal goals and 
preferences, while incorporating counseling about older adult-specific outcomes 
such as postoperative delirium, functional decline, loss of independence, and long- 
term care admissions [14–21]. However, age alone does not adequately describe the 
diversity in health status of older adults with cancer [22, 23]. Focused consideration 
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on patient assessment, patient-centered decision-making, and perioperative care for 
older adults tailored to individual needs will optimize disease control and quality of 
life [24]. This chapter acts as an overview to guide the integration of geriatric prin-
ciples into the overall surgical care of older adults with cancer (Table 13.1); it does 
not provide cancer-type specific considerations or treatment recommendations.

 Terminology

• Geriatric Oncology: The practice of geriatric oncology incorporates geriatric 
principles into the care of older adults with cancer. This includes tailored assess-
ments, decision-making, and treatment options including addressing geriatric 
syndromes. A geriatric oncologist may have a background in geriatric medicine, 
medical oncology, radiation oncology, or surgical oncology along with expertise 
in the care of older adults with cancer. All clinicians caring for older adults with 
cancer can apply these principles to practice and seek expert consultation 
when needed.

• Older Adult: To avoid negative stereotypes and discriminative connotation, the 
preferred term for referring to individuals aged 65 and older is “older adult” and 
including a specific age range as relevant [1]. The diversity in physiologic, func-
tional, and social health among older adults must be recognized [29, 30].

• Comprehensive Geriatric Assessment (CGA): A CGA includes assessment by a 
trained assessor in all four cardinal domains: physical health (comorbidities, 
medications, nutritional status), functional status (basic and instrumental activi-
ties of daily living), psychological status (cognitive and emotional), and socio-
economic factors (living situation, financial resources) [31, 32]. Typically, CGA 
includes a multidisciplinary team with geriatric expertise using structured and 
validated instruments in each domain sufficient for diagnosis and management. 
Importantly, CGA also includes implementation and monitoring of a treatment 
plan for identified deficits.

• Geriatric Screening: In contrast to CGA, geriatric screening involves the use of 
abbreviated evaluations not requiring advanced geriatric training [31]. Many 
geriatric screening tools have been developed with varying degrees of 

Table 13.1 Approach to older adults with cancer when surgery is a treatment option [25–28]

Confirm diagnosis and clinically stage cancer
Assess for vulnerability using a geriatric screening tool with defined measurement properties
Refer for CGA if abnormal geriatric screening or other age-related concern
Assess risk of surgery using surgical risk tool with defined measurement properties
Estimate underlying life expectancy using a prognostic tool with defined measurement 
properties
Describe treatment options in light of above assessments including options for preoperative 
optimization based on CGA and prehabilitation
Elicit goals and values from patient to make treatment recommendation
The following sections provide further detail on aspects of this approach
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 methodological rigor and investigation of measurement properties [33–37]. 
While many studies have aimed to assess the prognostic and predictive value of 
individual geriatric screening tools, geriatric screening is best used to identify 
older adults who would benefit from CGA [31–33, 35].

• Geriatric Syndromes: Geriatric syndromes are multifactorial health conditions 
that are common in older adults and manifested by multiple interacting contrib-
uting factors [38]. Examples include delirium, dementia, falls, frailty, sarcope-
nia, pressure ulcers, malnutrition, and incontinence.

• Frailty: Frailty is a state of vulnerability to stressors associated with a multisys-
tem decline in physiologic reserve and function and increased risk of adverse 
health outcomes [39–43]. Frailty is operationalized both as a cumulative deficit 
model reflecting coaction of intrinsic and extrinsic factors and as a phenotype 
model reflecting multidimensional biological changes [39, 40]. Many tools now 
exist to screen for frailty to predict adverse outcomes, and an abnormal screen 
prompts a comprehensive assessment for treatment planning [44, 45].

• Sarcopenia: Sarcopenia includes loss of skeletal muscle mass, strength, and 
physical performance [46–49]. Some definitions use muscle mass alone, but 
incorporating a measure of strength or performance is recommended [46–48, 
50–52]. Examples of measurements include cross-sectional imaging (skeletal 
muscle index, total psoas index, total psoas volume, total psoas area), bioimped-
ance analysis, dual X-ray absorptiometry, grip strength, physical performance 
batteries, and timed walking tests. Depending on the definition, prevalence of 
sarcopenia in surgical oncology patients ranges from 12% to 78%, but when a 
measure of strength or performance is included, prevalence ranges from 12% to 
21% [52]. In surgical oncology, sarcopenia is associated with reduced overall 
survival and increased complications; this association is greater when a measure 
of strength or performance is included [51, 52].

 Frailty for Surgeons

Frailty is associated with increased risk of falls, disability, hospitalization, func-
tional dependence, chemotherapy intolerance, and poorer postoperative outcomes 
including overall complications, postoperative mortality, readmission, need for 
institutional care, and overall survival [42, 53–60]. Frailty is present in 10–20% of 
the general older adult population and up to 40% of older adults with cancer [57, 
61, 62].

Several definitions exist. Those without frailty are described as fit, well, or 
robust. Some definitions use a range from very fit to very severely frail, some use a 
dichotomous definition of fit versus frail, and some have a middle category between 
fit and frail labeled as pre-frail or vulnerable [40, 42, 57]. Over 70 tools exist to 
measure frailty, many without validation [42, 63]. Broadly these are use for 
 screening using either single or short assessments or comprehensive assessment 
[45]. Others have been designed for research purposes using administrative data. A 
CGA can identify frailty based on the number of identified deficits and has the 
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advantage of identifying deficits amenable to intervention [57]. Gold-standard 
frailty measurements include the Rockwood Frailty Index assessing accumulation 
of deficits across 30–70 items and the Fried Frailty Phenotype of weight loss, low 
activity, weak grip strength, slow gait speed, and exhaustion [64–66].

Given the association of frailty with poorer postoperative, functional, and onco-
logic outcomes, surgeons should routinely include a geriatric screening tool when 
assessing older adults with cancer and use the screening results to prompt referral 
for CGA [63, 67–70].

 Assessing Older Adults Before Cancer Surgery

Traditional metrics of risks such as ASA physical status (American Society of 
Anesthesiologists), ECOG performance status (Eastern Cooperative Oncology 
Group), Karnofsky performance status, and clinical judgment alone miss important 
modifiable deficits and underestimate treatment intolerance, complications, impair-
ments in function, and mortality [53, 71–77]. Older adult-specific assessments 
should be used [21]. An approach that uses brief geriatric screening tools to select 
older adults who should be referred for CGA is a practicable approach for surgeons 
[28, 33, 34, 78]. There are several goals of preoperative assessment outlined in 
Table 13.2.

 Geriatric Screening Tools

Many screening tools have been developed to identify vulnerable older adults who 
are most likely to benefit from referral for CGA [31–36, 42]. These tools offer fea-
sibility over CGA, but each has incumbent tradeoffs in comprehensiveness. These 
screening tools vary in the domains assessed, method of administration, time to 
complete, and test properties [28, 33, 34]. Surgeons should select a tool based on 
resources available, and familiarity or recommendations of local geriatric services. 
At minimum, surgeons caring for older adults with cancer should select one screen-
ing tool to use routinely. This can be done by the surgeon or trained delegate (e.g., 
residents, physician assistants, and nurses) and some are self-administered by 

Table 13.2 Goals of preoperative assessment [18, 19, 28, 32]

Provide estimates of postoperative outcomes and competing causes of death and poor 
outcomes to aid decision-making and preparedness planning
Identify areas of vulnerability that may be optimized, including candidates for prehabilitation
Tailor treatment choices and supportive care
Anticipate postoperative needs
  Plan for early rehabilitation
  Delirium prevention and monitoring strategies
  Proactive discharge planning including caregiver preparation and home care needs
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patients. Older adults with an abnormal screening test score can then be referred to 
local multidisciplinary geriatric service for CGA and recommendations [63, 67–70].

Geriatric screening tools to identify vulnerability or frailty (an abnormal score 
should prompt CGA)

• Two commonly used geriatric screening tools that are sensitive for abnormalities 
in CGA and for postoperative outcomes in older adults with cancer are VES-13 
(Vulnerable Elders Survey-13) (Table 13.3) and the G8 (Table 13.4.) [34, 79–81]. 
Both can be done in <5 minutes. VES-13 can be self-administered and G8 is 
administered by a healthcare professional. G8 has better sensitivity but worse 
specificity than VES-13 [34]. The G8 has been optimized in a single prospective 
cohort study to a shortened 6-item G6 tool with improved performance on inter-
nal validation, but it is yet to undergo external validation [82].

• Other available tools include GFI (Groningen Frailty Indicator), FRAIL Scale, 
SAOP2 (Senior Adult Oncology Program 2), Abbreviated CGA, TRST (Triage 
Risk Screening Tool), Clinical Frailty Scale, Edmonton Frail Scale, and 
PRISMA-7.

Other than frailty, if resources are available, additional single domain assessment 
tools that often are included as part of a CGA can be used (Table 13.5). Components 
that are most associated with postoperative outcomes and offer targets for interven-
tions are functional status, cognition, depression, nutritional status, and comorbidi-
ties [86–88].

Table 13.3 Vulnerable Elders Survey-13 (VES-13) [42, 79]

Category Points
Age (years) <75 0

75–85 1

≥85 3

Self-rated health Good, very good, or excellent 0
Fair or poor 1

Physical disability Difficulty with any of the following
  Stooping, crouching, or kneeling
  Lifting or carrying objects as heavy as 10 lbs
  Reaching or extending arms above shoulder level
  Writing, handing, or grasping small objects
  Walking a quarter mile (400 m)
  Doing heavy housework

0 (0 items)
1 (1 item)

2 (≥2 items)

Functional disability Need assistance because of health/physical condition 
for any of the following:
  Shopping for personal items
  Managing money
  Walking across the room (cane or walker okay)
  Doing light housework
  Bathing or showering

0 (0 items)

4 (≥1 item)

A score of ≥3 is abnormal (frail)
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A mobile app for frailty screening (Essential Frailty Toolset) has been developed 
to assess patients undergoing aortic valve replacement [89]. The Essential Frailty 
Toolset has not been assessed in general surgery or oncology patients, but it is a 
simple four-item tool and is free to download (frailtytool.com).

Table 13.4. G8 Tool [80]

Item Answers Points
Has food intake declined over the past 3 months due to 
loss of appetite, digestive problems, chewing, or 
swallowing difficulties?

Severe decrease in food 
intake

0

Moderate decrease in 
food intake

1

No decrease in food 
intake

2

Weight loss during the last 3 months Weight loss >3 kg 0
Does not know 1
Weight loss between 1 
and 3 kg

2

No weight loss 3
Mobility Bed or chair bound 0

Able to get out of bed/
chair but does not go out

1

Goes out 2
Neuropsychological problems Severe dementia or 

depression
0

Mild dementia or 
depression

1

No psychological 
problems

2

Body mass index
(BMI, kg/m2)

<19 0
19 to <21 1
21 to <23 2

≥23 3

Takes >3 medications per day Yes 0
No 1

In comparison to other people of the same age, how does 
patient consider their health status?

Not as good 0
Does not know 0.5
As good 1
Better 2

Age >85 0
80–85 1
<80 2

A score of ≤14 is abnormal (frail)
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 Comprehensive Geriatric Assessment

CGA (Table 13.6) reveals unrecognized health issues, predicts postoperative out-
comes, and can influence oncologic and non-oncologic treatment decisions [105–
107]. In hospitalized patients, CGA has been associated with decreased mortality 
and functional decline at 3, 6, and 12 months.

CGA is recommended by multiple clinical oncology societies for those aged 
70–75 years or older and those who are younger with age-related health concerns [18, 
20, 32, 90, 108, 109]. If resources do not allow this, then geriatric screening tests can 
be used to select older adults for CGA [63, 67–70]. For CGA, any of various models 
and combinations of tools that assess the cardinal domains are acceptable [31, 32, 90]. 
Some geriatric oncology centers have developed electronic assessments [110, 111]. 
The Preoperative Assessment of Cancer in the Elderly (PACE) is a battery 

Table 13.5 Single domain tools to consider if resources are available

Tool
Domains 
evaluated Abnormal score

Time to 
complete Comments

Timed Up 
and Go 
(TUG) [83]

Rise from chair, 
walk 3 m (10 ft), 
and return to 
sitting in chair

>12 s to complete <1 minute Simple test; requires 
timer and walking space
Associated with major 
postoperative 
complications

Falls [84] Ask patient about 
falls in the past 
6 months

Report of any fall 
in the past 
6 months

<1 minute One-third patients had 
reported a fall when 
asked
Strongly associated 
with postoperative 
complication and 
institutional discharge
Sensitivity for frailty 
unreported

Mini-Cog 
[85]

Cognitive 
screening tool
3-word recall 
(scored 0–3)
Clock drawing 
with all numbers 
and time set to 10 
past 11 (scored 0 
or 2)

≤3 ≤3 minutes Short screen for 
cognitive impairment
Associated with 
postoperative 
complications, 
institutional discharge, 
and death at 6 months
Poor performance with 
limited education

Nutrition BMI
Weight loss
MNA-SF

BMI < 21
<80% of ideal 
weight or weight 
loss (>5% in 
1 month or 10% 
in 6 months)

1–3 minutes Associated with 
increased 
complications, hospital 
stay, and mortality [18]

BMI body mass index, MNA-SF mini nutritional assessment short form
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Table 13.6 Comprehensive geriatric assessment [32, 90]

Domain Example tools Impact
Treatment options 
[90]

Functional independence ADL (Katz index)
IADL (Lawton 
scale)

Impairs 
independent living
Adverse health- 
related outcomes
Treatment 
complications
Increased risk of 
death
Falls typically 
multifactorial
Consider impact of 
chemotherapy- 
associated 
neuropathy [91]

Home care assistance
Prehabilitation, 
anticipate 
postoperative 
rehabilitation
Physical therapy
Exercise program/
falls prevention 
program
Occupational therapy
Home safety 
evaluation
Medication review 
for falls

Physical performance [92, 
93]

Grip strength
Gait speed
Timed Up and Go 
(TUG)
Short Physical 
Performance 
Battery (SPPB)

Falls [94] Prior falls history
Location and 
circumstance

Comorbidity [95] Charlson 
Comorbidity Index 
(CCI)
Cumulative Illness 
Rating Scale- 
Geriatric (CIRS-G)

Perioperative 
considerations
Severe comorbidity 
may be more 
life-limiting than 
cancer diagnosis

Optimize medical 
management

Nutrition [96] Mini Nutritional 
Assessment (MNA)
Unintentional 
weight loss
Serum albumin
BMI

Treatment 
complications
Increased mortality
Increased hospital 
stay
Poor adjuvant 
chemotherapy 
tolerance

Dietician
Specific dietary 
recommendations
Oral care
Social work, home 
care, occupational 
therapy

Polypharmacy [97] STOPP/START 
Criteria [98]
Beers Criteria [99]
Medication 
Appropriateness 
Index (MAI)

Drug interactions
Adverse events
Altered renal or 
liver function
Medication 
appropriateness

ACS-AGS guidelines 
for perioperative 
medication 
management [21]
Pharmacist 
medication review
Geriatrician 
management

Social support Living situation
Power of Attorney
Availability of 
caregiver(s)
Social isolation
Financial status

Impaired treatment 
tolerability
Prolonged and 
difficult recovery
Difficulty with 
discharge planning

Social work
Transportation 
assistance
Home care assistance
Caregiver support
Spiritual care
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Table 13.6 (continued)

Domain Example tools Impact
Treatment options 
[90]

Cognition
(MCI, dementia, and 
delirium)

Mini-Cog 
(screening test)
Montreal Cognitive 
Assessment 
(MoCA)
Mini-Mental State 
Exam (MMSE)
Rowland Universal 
Dementia 
Assessment Scale 
(RUDAS) [100]
Confusion 
Assessment Method 
(CAM) for delirium

Capacity for 
informed consent
Ability to follow 
complex treatment 
instructions
Risk factor for 
postoperative 
delirium

Delirium prevention 
strategies [101, 102]
Involve caregiver
Involve SDM if 
capacity for informed 
consent is lacking
Evaluate home 
supports
Review medication 
appropriateness

Psychological status 
(depression, anxiety, 
distress) [103, 104]

Geriatric 
Depression Scale 
(GDS)
Patient Health 
Questionnaire 
(PHQ-9)
Distress 
Thermometer (DT)

Poor QoL
Caregiver burden
Functional decline

Geriatrician or PCP 
treatment
Psycho-oncology
Social work/
counseling
Geriatric psychiatry

Other geriatric syndromes Urinary 
incontinence

Social withdrawal 
and dermatitis
Increased 
infections
Increased health 
care costs

Lifestyle and 
pharmacotherapy

Pressure ulcers Physical restriction 
and social isolation
Increased 
infections
Increased health 
care costs

Multidisciplinary 
wound care team

Osteoporosis Falls and fracture 
risk

Geriatrician or PCP 
treatment

Sarcopenia Disability, 
hospitalization, and 
death

Dietician and 
nutritional 
recommendations
Exercise program

CGA should be conducted by a team with geriatric expertise
Specific tools used are not standard but should include assessment in all four cardinal domains 
of physical health, functional status, psychological status, and socioeconomic factors and 
include management plans for identified deficits [31, 32].
Individual tools can be used alone or in shorter batteries for screening

ACS-AGS American College of Surgeons and American Geriatrics Society, ADL activities of daily 
living, CGA comprehensive geriatric assessment, IADL instrumental activities of daily living, MCI 
mild cognitive impairment, PCP primary care provider, SDM substitute decision-maker
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investigated in older adults having cancer surgery [60]. Treatment strategies exist for 
deficits identified on CGA; however, specific guidance on how oncologic treatments 
should be altered based on CGA is not yet available.

 Estimating Surgical Risk

Frailty, abnormal geriatric screening tests, and CGA are associated with surgical out-
comes; however, several prognostic models have been developed aiming to give indi-
vidual estimates of postoperative outcomes [35]. Few meet high-quality methodological 
standards for development and validation in older adults and older adults with cancer 
[88, 112–115]. The American College of Surgeons (ACS) Surgical Risk Calculator is 
a commonly used prognostic model that has undergone sound development, valida-
tion, and recalibration to improve test performance (Table 13.7) [116, 117].

 Estimating Life Expectancy

Estimating an older adult’s underlying life expectancy can assist with contextualizing 
treatment choices for cancer control by relating life expectancy with the risk of can-
cer-related morbidity, recurrence, and death. Discussing overall prognosis is helpful 
in supporting patients make choices about their healthcare and may strengthen the 
physician-patient relationship [118, 119]. Clinician predictions of life expectancy are 
often inaccurate, and prognosis calculators are helpful (Table 13.8) [7, 123–125]. An 
easy-to-use web-interface with life expectancy calculators informed by a systematic 
review of prognostic indices is available (ePrognosis) [7, 126]. Project Big Life also 
developed and validated a newer population-based life expectancy calculator with an 
easy-to-use web-interface [122, 127].

Table 13.7 Prediction model to estimate surgical risk

ACS Surgical Risk Calculator 
(riskcalculator.facs.org/
RiskCalculator)

Web-based calculator
Presents risk referenced 
against average patient
Printable patient-friendly 
report

Outcomes of most interest
  Serious complication
  Death
  Return to OR
  Discharge to institution 

(short-term only)

Table 13.8 Free web-based life expectancy calculators

ePrognosis
(eprognosis.ucsf.edu/calculators/#/)

Multiple calculators available
Informed by systematic review [7]
Lee Schonberg Index is most relevant [120, 121]
Estimates 5-, 10-, and 14-year mortality
Prints or emails patient-friendly report

Project Big Life
(www.projectbiglife.ca/)

Canadian population-based prediction model [122]
Patient-friendly online results display
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 Communication and Patient-Centered Decision-Making

Results of geriatric screening, CGA, life expectancy, and surgical risk estimates 
allow more informed patient-centered decision-making [26, 68]. There are no high- 
level clinical trial data to guide specific oncologic treatment modifications, but treat-
ment recommendations should incorporate multidisciplinary recommendations in a 
shared decision-making model that integrates the patient’s preferences and values 
[18, 20, 24, 28, 42, 68, 87].

For a fit older adult, standard treatments are appropriate. Based on patient prefer-
ences, tailored options can be considered (e.g., watch and wait, local excision, no 
surgical axillary staging, omission of radiotherapy after breast conserving surgery).

For a vulnerable or frail older adult – or when life expectancy is short enough that 
cancer control is a lesser priority due to low likelihood of cancer-related morbidity or 
mortality – management options include prehabilitation, less-invasive or organ-spar-
ing treatment, or a palliative/non-curative symptom management approach.

Inadequate assessment and communication pitfalls can lead to nonbeneficial 
interventions with unintended consequences and unwanted burdens [26, 128, 129]. 
Uncertainty can lead to pressures for more aggressive treatments, and well-informed 
patients may choose differently [130–132]. Poor quality of the decision-making 
conversation, lack of shared decision-making, and unexpected poor postoperative 
quality of life all contribute to regret [133].

If surgery is chosen, it is important to discuss goals and preferences. Surgeons 
may discuss surgery with a “fix-it” model, convey risk as “big surgery”, and insist 
on “surgical buy-in” to aggressive interventions in the case of major complications, 
and patients focus on logistical concerns [134–136]. However, an approach that nar-
ratively describes the types of patient-centered outcomes that are reasonably possi-
ble conveys more meaningful information [137]. Simply asking what a patient 
“wants” can lead to unattainable expectations or unexpected excessive burden [128, 
138–140]. Explore and understand the types of patient-reported outcomes that 
would be unacceptable to the patient and the relative importance of longevity-based 
or comfort-based care if major complications occur, particularly a prolonged trajec-
tory of accumulating complications [141, 142]. Question prompt lists are being 
investigated to facilitate discussing choices, expectations if everything goes well, 
and what happens if things go wrong [143].

 Preparing for Surgery

 What Is Prehabilitation?

Prehabilitation is a coordinated process aimed at improving the capacity of a patient 
to withstand an upcoming stressor like surgery. For patients with frailty, interven-
tions that have been tested include physical activity, protein or other nutritional 
supplementation, psychosocial interventions, medication management, pharmaco-
therapy, and multifaceted interventions [68, 144]. Currently available evidence for 
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prehabilitation, particularly in oncology, is mixed and inconclusive [145–149]. 
Multifaceted prehabilitation guided by CGA is likely to be most effective, with high 
yield for programs incorporating supervised combined nutrition and exercise inter-
ventions in individuals at increased risk of functional decline or with functional 
deficits at baseline.

 Nutrition

Malnutrition is a common finding in older adults with cancer, particularly gastroin-
testinal cancers and when symptoms like anorexia, early satiety, nausea, and vomit-
ing are present [96]. Malnutrition is associated with postoperative complications, 
mortality, and decreased survival [96, 150].

There are many tools to screen for malnutrition, or it may be identified on 
CGA. Screen with BMI (≤21), unintentional weight loss (>5% in 1 month or 10% 
in 6 months), serum albumin (<35 g/L), or MNA-SF (Mini Nutritional Assessment- 
Short Form) [96, 151]. If a patient screens positive for malnutrition, refer to a dieti-
cian if available and for CGA for suggested interventions (Table 13.9). Additionally, 
follow standard ERAS pathways with preoperative carbohydrate load, short liquid 
fast, and early postoperative diet [17].

 Caring for Older Adults After Surgery

The American College of Surgeons and American Geriatrics Society provide 
detailed recommendations for older adults undergoing surgery (these are not spe-
cific to oncology) [17, 21]. Largely, older adults should be cared for similarly to 
younger adults, including ERAS pathways, with added attention to proactive early 

Table 13.9 Suggested interventions for malnutrition (best done with dietician involvement) 
[96, 152]

Nutritional 
counseling

Individualized
Focus on protein intake; recommend minimum of 20-35 g protein/meal 
and at least 1 g/kg/day
Oral nutrition supplements typically low in protein; use protein-rich 
preparations
Whey protein isolates or whole milk powder contain high-quality proteins

Pharmacologic Anti-emetics
Pain control
Branched-chain amino acids (leucine) promote protein synthesis in older 
adults (renal impairment is contraindication)
Omega-3 fatty acids (fish oil) may improve appetite and body weight 
(2 g/day)
Insufficient evidence for cannabinoids
Corticosteroids considered to increase appetite (<1–3 weeks, usually not 
used due to numerous side effects)

Physical activity Daily aerobic and strength training; can stimulate appetite and anabolism
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mobilization, avoidance of inappropriate medications (Beers criteria), delirium pre-
vention, and discharge planning including caregiver education, home care planning, 
rehabilitation planning (Table 13.10) [17, 24, 68].

For vulnerable patients who undergo surgery, although largely studied in emer-
gency and orthopedic surgical populations, a proactive geriatric co-management 
strategy may provide some benefit [70, 154–156]. While all routine postoperative 
management applies to older adults, older adults are at increased risk for the hazards 
of hospitalization including delirium, malnutrition, pressure ulcers, falls, restraint 
use, functional decline, and adverse drug effects [24, 157]. Postoperative geriatrics 
teams can assist with management of medications and chronic medical conditions; 
prevention, recognition, and treatment of common postoperative complications 
including delirium; and discharge planning and caregiver education for post- hospital 
care [17, 24, 70].

 Toronto Pearls

• In general, age is not the primary consideration to guide decision-making for 
cancer treatment, and older adults have unique vulnerabilities that require assess-
ment beyond the traditional preoperative evaluation.

• Many resources exist that can be adapted to local clinical environments 
(Table 13.11).

• Surgeons, or a delegate, should employ a screening tool to guide referral for 
CGA when planning cancer treatments.

Table 13.10 Postoperative considerations requiring added attention in older adults [17, 24, 68]

Proactive early 
mobilization 
[153]

Remove barriers (crowding furniture) and restraints (proactive removal of 
Foley and nasogastric tube, saline lock intravenous)
Up to chair at meal times even if not eating; active range-of-motion 
exercises if in bed; head-of-bed at 30 ° if aspiration risk
Encourage ambulation; walking aids as needed
Physiotherapy as needed

Delirium 
prevention [101, 
102]

Avoid physical restraints, orient to surroundings (lighting, clock, date), 
family members present, sleep hygiene (limit nighttime interruptions, 
early waking, and napping during daytime), hearing and visual aids
Optimal pain control, but limit opioids as much as possible
Avoid inappropriate medications
Screening with Confusion Assessment Method (CAM); is a work-up of 
suspected delirium for reversible causes, and prevent complications
Antipsychotics (risperidone, olanzapine, quetiapine, or ziprasidone) at the 
lowest effective dose for shortest possible duration considered if 
behavioral measures have failed and severely agitated, distressed, or 
threatening substantial harm to self, others, or both

Avoid 
inappropriate 
medications

Beers or STOPP-START criteria [99]
Avoid benzodiazepines (e.g., lorazepam), anticholinergics (e.g., 
dimenhydrinate), and antihistamines (e.g., diphenhydramine)
Limit opioids as much as possible
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• Surgeons should identify local resources available to assist in caring for older 
adults with cancer as these will vary.

• Results of screening and CGA as needed, risk of surgery estimation, and life 
expectancy estimation should be combined with patient preferences in a 
shared decision-making model to guide treatment choices and perioperative 
planning.

This systematic multidomain and holistic approach to provide assessment and 
intervention in the perioperative settings optimizes life prolongation, geriatric syn-
drome prevention, subjective well-being improvement, and functional status.
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 Introduction

Hepatocellular carcinoma (HCC) is the sixth most common cancer in the world and 
the third leading cause of cancer death [1]. Worldwide in 2018, there were over 
840,000 new cases diagnosed and over 780,000 deaths attributable to primary liver 
cancer [2]. Over 80% of HCC occurs in Asia and sub-Saharan secondary to hepatitis 
B virus (HBV) and aflatoxin B1 exposure [1].

Annually in the United States, more than 42,000 new cases are diagnosed and 
31,000 deaths attributed to primary liver cancer [3]. In Canada in 2017, there were 
an estimated 2500 new cases and 1200 deaths from HCC [4]. It is the 18th most 
common cancer in Canada with an expected 5-year survival of 19% (Table 14.1). 
Overall the incidence of HCC is increasing in North America, partially due to the 
increase in patients with hepatitis C virus (HCV) and nonalcoholic steatohepatitis 
(NASH). The incidence of HCV-related liver disease is expected to plateau in the 
near future, but it appears that despite viral eradication, cirrhotic patients have a 
life-long risk for HCC, and with the increased incidence of other causes of liver 
disease, HCC rates may remain static or even continue to increase.

The management of HCC depends on the stage of the tumor and the underlying 
liver function (Tables 14.2, 14.4, and 14.5). Disease-free survival is significantly 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-48363-0_14&domain=pdf
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less than the overall survival because of the high incidence of recurrence or “de 
novo” tumors due to the underlying cirrhotic tissue, which is the main risk factor for 
developing HCC. Even for resectable solitary tumors with no vascular invasion, the 
5-year recurrence rate is around 70%.

 Special Notes

• Staging of HCC is complex: both the extent of the tumor and the underlying liver 
function have to be considered. The most commonly used clinical staging system 
worldwide is the BCLC (Table 14.3).

• The most commonly used pathological staging system is the AJCC.
• For transplantation, the Milan criteria are the most commonly used transplant 

criteria. Patients within criteria are allocated exception points for priority on the 
waiting list. Other staging systems are center-specific, but not widely used. The 
criteria used in Ontario appear in section “Liver Transplantation.”

 Special Notes

• HCC diagnosis is based on dynamic imaging techniques showing contrast 
enhancement on the arterial phase and “washout” in the venous phase.

• Considerations for Surgical Resection:
 – Cirrhotic patient must be Child’s A (well-preserved liver function).
 – To reduce the risk of postoperative liver failure, the target volume of the future 

liver remnant (FLR) should be >25–30% in non-cirrhotic livers and >40% in 
cirrhotic livers.

 – For marginal or small FLRs, portal vein embolization (PVE) or transarterial 
radioembolization can be considered to induce preoperative hypertrophy and 
increase FLR volume.

 – The radiological response to embolization may be a proxy of the hepatic 
regenerative capacity.

 – Some centers routinely utilize lobar transarterial radioembolization (Y90) 
instead of PVE, which is theorized to provide an (a) equivalent lobectomy 
effect as surgical resection and/or (b) preoperative PVE for appropriate 
patients with bilobar disease. This is not established by randomized data.

Table 14.1 Prognosis

Presentation
Prognosis [5]
5-Year overall survival (OS)

Solitary tumor, no vascular involvement (resection) 60–70%
Multiple tumors, none > 5 cm 35–40%
Lymph node or major vascular involvement 15%
Distant metastatic disease 0%

B. A. Sayed et al.
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 – There are no well-established guidelines for resection margins. In general, 
wide margins (>2 cm) are preferred. [7]

 – The choice of anatomic resection (segment-based) vs parenchymal sparing 
(non-segment-based) is nuanced and should be based on (a) adequate mar-
gins, (b) FLR, and (c) presence of cirrhosis.

 – ALPSS should not be considered for HCC because of higher incidence of 
post-hepatectomy liver failure, major complications, and mortality.

• Contraindications for Surgical Resection:
 – Child’s B, C cirrhosis (non-preserved liver function)
 – Portal hypertension: portosystemic varices, splenomegaly, thrombocytopenia 

(platelet count <100/mm [8])
 – Major vascular invasion: main portal venous branches or hepatic veins
 – Extrahepatic disease

• For large (>5 cm) or multi-focal tumors:
 – Size and number are not contraindications to surgery.
 – If not a resection candidate, consider transplant evaluation (Tables 14.4 and 

14.5). If the tumor(s) exceed guidelines for transplantation, consider attempt 
at downstaging with other treatment options such as ablation, TACE, Y90, 
sorafenib, or radiotherapy.

Table 14.3 Staging systems [6]

Clinical (preoperative) Barcelona Clinic for Liver Cancer (BCLC)
Okuda
International HPB Association (IHPBA)
Cancer of the Liver Italian Program Score (CLIP)
American Study of Liver Tumor Group
Chinese University Prognostic Index (CUPI)

Pathological staging system 
(postoperative)

American Joint Committee on Cancer (AJCC), 7th 
Ed
Japanese Integrated Score (JIP)
Tokyo Score

Transplant staging system Milan Criteriaa

UCSF Criteriaa

Total Tumor Volume Criteria (TTV)a

UNOS (United Network of Organ Sharing) TNM
Extended Toronto Criteria

aFor priority on the waitlist

Table 14.4 Management of multifocal HCC/advanced stage

Multifocal Liver transplant evaluation (see Sect. “Liver Transplantation”)
If not a liver transplant candidate, TACE or consider radiation
There is a role for resection in multifocal HCC in highly selected patients

Advanced stage In Child’s B, C cirrhotic patients, radiotherapy may be an option
If not candidates for radiotherapy, consider best supportive care

TACE transarterial chemoembolization

B. A. Sayed et al.
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 – “Salvage” transplantation (i.e., transplantation following previous ablation or 
resection for HCC) is effective: outcomes following transplantation are com-
parable for patients successfully downstaged into transplant criteria vs those 
within criteria initially.

 Special Notes
• Milan criteria: one tumor up to 5 cm or three tumors up to 3 cm, with no major 

vascular invasion, no metastases
• UCSF criteria: one tumor up to 6.5 cm or three tumors up to 4.5 cm with total 

tumor diameter <8 cm with no major vascular invasion, no metastases
• Toronto Extended Criteria: no size or number restrictions. Well- or moderately 

differentiated tumors on biopsy, no constitutional symptoms, no major vascular 
invasion, no metastases. AFP ≤1000 [9]

 Landmark Publications

 Radiofrequency Ablation (Table 14.6)

• Utilized for destination therapy vs resection for solitary lesions ≤2.5 cm
• Also used for locoregional control to bridge to transplantation

Table 14.5 Liver transplantation

Criteria Management
Ontario 
criteria

Minimum for listing:
Absence of vascular invasion and extrahepatic spread and
  (a) One HCC nodule greater than or equal to 2 cm or
  (b) Multiple nodules greater than or equal to 1 cm or
  (c) Multiple biopsy proven nodules of any size or
  (d) Any size recurrent/persistent HCC nodule(s) after therapy with the intent 

to cure
The following tumors are eligible for MELD Exception points:
  Milan criteria or
  UCSF criteria or
  TTV <145 cm3 and AFP <1000
   If otherwise a suitable transplant candidate, list for liver transplant and 

start locoregional therapy (TACE or ablation (RFA or MWA) or radiation), 
“bridging therapy” while waiting

   Tumors that exceed these criteria may become eligible if successfully 
“downstaged” and stable for a minimum of 3 months

Toronto 
extended 
criteria

For tumors beyond the Ontario criteria:
  If the tumor is well or moderately differentiated and aFP < 1000 and 

otherwise a suitable transplant candidate, the patient may be eligible for live 
donor liver transplant

  For all tumor patients, consider live donor liver transplant if a suitable live 
donor available

TACE transarterial chemoembolization, TTV total tumor volume, RFA radiofrequency ablation, 
MWA microwave ablation

14 Hepatocellular Carcinoma
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 Transarterial Chemoembolization (TACE) (Table 14.7)

• Doxorubicin mixed with lipiodol (targeting agent) administered via subsegmen-
tal hepatic artery followed by embolization

• Doxorubicin delivered by drug-eluting microspheres may have lower toxicity 
and higher efficacy and be suitable for Child’s A and B patients.

 Transarterial Radioembolization (Y90) (Table 14.8)

• Yttrium-90 (Y90) glass microspheres administered at 120-Gy dose via segmental 
• or subsegmental hepatic artery 
• The efficacy of Y90 and the correct comparative therapy are still in question:
• There is no phase III RCT evidence supporting Y90 vs sorafenib
• There is phase II RCT data supporting Y90 vs TACE

 Surgical Resection (Table 14.9)

• Even for resectable solitary tumors with no vascular invasion, the 5-year recur-
rence rate is around 70%.

• Cirrhotic patients must have well-preserved liver function, no portal hyperten-
sion, and a sufficient FLR.

Table 14.6 RFA

HCC Study Methods Results

≤2 cm Multicenter
Livraghi et al. [7]

Prospective, RFA 
<2 cm

Local recurrence: 
0.9%
5-year survival 68.5% 
(resection candidates)

≤3 cm Meta-analysis
Mulier et al. [10]

Meta-analysis Local recurrence 14%

3–5 cm Meta-analysis
Mulier et al. [10]

Meta-analysis Local recurrence 25%

≤5 cm RCT
Chen et al. [11]

RFA vs. resection for 
<5 cm

No difference in 
overall survival or 
recurrence between 
RFA and resection

Early Meta-analysis, Zhou 
et al. [12]

Meta-analysis of 
RFA vs. liver 
resection

Liver resection was 
superior to RFA, 
specially in HCC 
>3 cm

Early Meta-analysis, Wang 
et al. [13]

Meta-analysis of 
RCT and non-RCT 
of RFA vs. liver 
resection

Similar overall 
survival but higher 
recurrence rate with 
RFA

HCC hepatocellular carcinoma, RCT randomized controlled trial, RFA radiofrequency ablation

B. A. Sayed et al.
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Table 14.7 TACE

Clinical scenario Study Methods Results
Unresectable HCC Llovet et al. [14] RCT

TACE vs. 
symptomatic 
treatment

TACE improved OS 
compared with 
symptomatic 
treatment
TACE: OS: 
1 year = 82% and 
2 year = 63%
Control: OS: 
1 year = 63% and 
2 year = 27%

Hong Kong
Lo et al. [15] [10]

RCT
TACE vs. 
symptomatic 
treatment

TACE improved OS
TACE: 1-year 
OS = 57%, 2-year 
OS = 31%, and 3-year 
OS = 26%
Control: 1-year 
OS = 32%, 2-year 
OS = 11%, and 3-year 
OS = 3%

HCC hepatocellular carcinoma, RCT randomized controlled trial, RFA radiofrequency ablation, 
OS overall survival

Table 14.8 Y90

Clinical scenario Study Methods Results
Unresectable HCC, 
Child’s A

SIRveNIB
Chow et al. [16]

RCT, phase III
Y90 (N = 182) vs. 
sorafenib (N = 178)

Primary endpoint OS
No benefit associated 
with Y90
MOS less with Y90 vs 
sorafenib: 8.8 vs 
10.0 months

Unresectable HCC, 
Child’s A or B

SARAH
Vilgrain et al. [17]

RC, phase III
Y90 (N = 237) vs. 
sorafenib (N = 222)

Primary endpoint OS
No benefit associated 
with Y90
MOS less with Y90 vs 
sorafenib: 8.0 vs 
19.9 months

All stage HCC, 
Child’s A or B

Salem et al. [18] RCT, phase II
Y90 (N = 24) vs. 
TACE (N = 21)

Y90 improved median 
TTP vs TACE: >26 vs 
6.8 months

OS overall survival, RCT randomized controlled trial, TACE transarterial chemoembolization, TTP 
time to progression, Y90 transarterial radioembolization

14 Hepatocellular Carcinoma
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 Transplantation (Table 14.10)

• For multifocal tumors in setting of cirrhosis, transplant offers only curative 
therapy.

• 5- and 10-year survival may exceed 75% and 60%, respectively, depending on 
indication and biology.

Table 14.9 Resection

HCC Study Methods Results
>10 cm Liau et al. [19] Prospective cohort Long-term survival 

similar after resection 
for select patients with 
HCC >10 cm vs. 
<10 cm

Multifocal HCC Kim et al. [20] Retrospective study High recurrence rate 
but long-term survival 
if aggressive treatment 
of recurrence

Small HCC Roayaie et al. [21] Retrospective study 5-year overall survival 
70%, 5-year 
recurrence rate 68%

Margins 2 cm vs. 
1 cm

Shi et al. [22] RCT Long-term survival 
better with wide 
(2 cm) margin than 
narrow (<1 cm) 
margin (e.g., 5-year 
survival 74.9% vs. 
70.9%)

HCC hepatocellular carcinoma, RCT randomized controlled trial

Table 14.10 Transplantation

Study Methods Results
Milan criteria
Mazzaferro et al. [23]

Retrospective
N = 48 patients

4-year survival of 75%

UCSF criteria
Yao et al. [24]

Retrospective
N = 70 patients

1-year survival (OS) of 90%
5-year survival of 75%

Toronto criteria
Sapisochin et al. [9]

Retrospective
N = 605 patients
Two cohorts

Cohort 1: M vs M+: 5-year 
survival 72% vs 70%
Cohort 2: M vs M+: 5-year 
survival 78% vs 68%
Combined: M vs M+: 5-year 
survival 76% vs 68%; 10-year 
survival 60% vs 50%

OS overall survival, DFS disease-free survival, M within Milan criteria, M+ outside Milan criteria, 
UCSF University of California, San Francisco

B. A. Sayed et al.
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 Systemic Therapy (Table 14.11)

• Sorafenib is the standard for unresectable HCC in patients with preserved liver 
function.

• Levatinib has recently demonstrated to be non-inferior to sorafenib, and several 
studies have provided evidence for new second-line treatments.

• Although the use of checkpoint inhibitors is highly anticipated, there is no RCT 
evidence demonstrating utility of these agents.

Table 14.11 Systemic therapy

Study Methods Results
SHARP trial [25] RCT, phase III

Primary treatment for 
advanced HCC in Child’s A 
cirrhotics
N = 299 sorafenib, 303 
placebo

Primary endpoint OS
Sorafenib vs placebo extends 
MOS by 2.8 months (10.7 vs 
7.9)

Kudo et al. [26] RCT, phase III
Primary treatment for 
advanced HCC in Child’s A 
cirrhotics
N = 478 levatinib, 476 
sorafenib

Primary endpoint OS
Levatinib vs sorafenib extends 
MOS by 1.3 months (13.6 vs 
12.3 months)

RESORCE trial [27] RCT, phase III
Second-line treatment, 
progression on sorafenib for 
advanced HCC in Child’s A 
cirrhotics
N = 379 regorafenib, 194 
placebo

Primary endpoint OS
Regorafenib vs placebo 
extends MOS by 2.8 months 
(10.6 vs 7.8)

CELESTIAL trial [28] RCT, phase III
Second-line treatment, 
progression on sorafenib for 
advanced HCC in Child’s A 
cirrhotics
N = 467 cabozantinib, 237 
placebo

Primary endpoint OS
Cabozantinib vs placebo 
extends MOS by 2.2 months 
(10.2 vs 8.0)

REACH-2 trial [29] RCT, phase III
Second-line treatment, 
progression on sorafenib for 
advanced HCC in Child’s A 
cirrhotics, AFP > 400
N = 197 ramucirumab, 95 
placebo

Primary endpoint OS
Ramucirumab vs placebo 
extends MOS by 1.2 months 
(8.5 vs 7.3)

MOS median overall survival, OS overall survival, RCT randomized controlled trial

14 Hepatocellular Carcinoma
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 Guidelines and Consensus Documents

 1. American Association for the Study of Liver Diseases (AASLD) Guidelines [30]
 2. European Association for the Study of Liver Guidelines [31]
 3. Consensus conference on liver transplantation for HCC [32]

 Referral to Medical Oncology/HCC-Focused Hepatology
 1. Patients who are candidates for TACE (Child’s A, B, no contraindications for 

angiography)
 2. Patients who are candidates for sorafenib, levatinib, or other systemic therapies 

(Child’s A, advanced HCC)

 Referral to Radiation Oncology
HCC not amenable to TACE or other ablation.

 Referral to Multidisciplinary Cancer Conference
All HCC patients are discussed at the Multidisciplinary Cancer Conference (MCC) 
due to the multidisciplinary nature of their management.

 University of Toronto Pearls

• When considering resection, if there is any doubt about FLR, perform portal vein 
embolization (PVE). We do not routinely use Y90.

• Definitive treatment of solitary lesions <2.5 cm: liver resection if appropriate, 
ablation if not a surgical candidate or thought to be a better approach.

• For single lesions, ablation is preferable to TACE if it meets the size criteria.
• Consider resection in patients with single HCC who are not transplant candidates.
• Patients with very large (>10 cm) tumors may be amenable for liver resection.
• For patients with multifocal disease outside of Ontario/Milan criteria: Regardless 

of tumor size and volume, utilize Extended Toronto Criteria to consider if liver 
transplantation is appropiate.
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 Introduction

A malignancy or cancer of unknown primary (CUP) is a histologically proven 
metastatic malignancy where a site of origin cannot be identified, despite com-
prehensive workup. Generally, cancer of unknown primary is divided into five 
main categories [1]:

• Adenocarcinoma
• Squamous cell carcinoma
• Carcinoma not otherwise specified (NOS) or poorly differentiated carcinoma
• Neuroendocrine tumor
• Poorly differentiated malignant neoplasm (may include melanoma, sarcoma, 

lymphoma, germ cell tumor, thyroid cancer)
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 Epidemiology

Cancer of unknown primary makes up 3–5% of all malignancies; however, the inci-
dence is decreasing [2, 3]. In 20–50% of patients, the primary tumor is never identi-
fied, even after the completion of postmortem evaluation [4]. When a primary is 
identified, the most common sites are lung (27%) and pancreas (24%), followed by 
other hepatobiliary sites (8%) and kidney (8%) [5].

Unknown primaries are slightly more common in females (52% of CUPs); how-
ever, squamous cell carcinomas with unknown primary sites are more commonly 
diagnosed in men (67% are male) [3]. In general, prognosis is poor, with median 
survival of 3–9 months [6]. Histologic diagnosis will impact the survival, with lon-
ger survival seen in neuroendocrine tumors and squamous cell carcinomas, while 
shorter survival is seen in adenocarcinoma and carcinoma not otherwise specified 
(NOS) (Table 15.1).

 Diagnostic Workup

Although the majority of patients have poor outcomes, the goal of investigations is 
to try and identify the primary tumor site, to identify favorable subgroups that may 
benefit from directed therapy, and avoid unnecessary investigations or delays [7]. At 
any point in the workup, if the site of the primary is identified, the treatment algo-
rithm (Table 15.2) should be redirected to that tumor type.

 Pathologic Assessment

When obtaining tissue for diagnosis, core biopsies are preferred over fine-needle aspi-
rated (FNA) biopsies to allow pathologic assessment [1]. The exception is in head and 
neck nodes where FNA is acceptable [8]. It is critical to give the pathologist the full 
clinical picture and inform them of investigations to date to guide testing including 
immunohistochemistry (IHC). IHC can predict a primary site in 35–40% [1].

Initial stains that help determine the cell line of origin are listed here [9, 10]:

Epithelial: PanKeratin, CAM5.2, AE1, AE3
Squamous cell carcinoma: CK5/6, p63/p40

Table 15.1 Histology-based survival outcomes [3]

Histology
Proportion of 
CUPs (%)

Median survival 
(months)

12-month 
survival (%)

Adenocarcinoma 60 2 15
Squamous cell carcinoma 5 15 53
Carcinoma NOS/poorly 
differentiated carcinoma

29 2 15

Neuroendocrine 1 11 48
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Melanoma: S100, SOX10
Lymphoma: LCA, CD20, CD3
Germ cell tumor: OCT 3/4, SALL4
Mesothelial: WT1, calretinin, mesothelin, D2-40
Sarcoma: vimentin, actin, desmin S100, c-kit

If an epithelial marker is determined, CK7 and CK20 status help determine the 
site of origin (Table  15.3). Further stains can help assess for a primary site 
(Table 15.4).

Table 15.2 Basic workup, special test, and invasive procedures required to assess the site of pri-
mary tumor

Basic workupa Special tests Invasive procedures
Indicated in all patients with 
CUP

Should be guided by 
pathology and clinical 
presentation

Not recommended for initial 
workup
Should be guided by 
pathology and clinical 
presentation

Complete history and physical 
exam: include complete skin 
exam including the perineum, 
scalp, head and neck, breast and 
pelvic exam
Review any prior biopsies, prior 
regressing lesions
CBC, chemistry
CT chest, abdomen, and Pelvis
Urine cytology, urinalysis
Mammogram (female)
Core biopsy with pathology 
review and appropriate 
immunohistochemistry (IHC)

Breast MRI and ultrasound – 
in a female with isolated 
axillary nodes and negative 
mammogram
PET CT – SCC metastases 
in the neck, can also be 
considered in a single 
metastasis to rule out other 
occult disease [7]
Bone scan if bone 
metastases
Gynecology oncology 
consult if female with pelvic 
disease
Serum tumor markersb

Gastroscopy and 
colonoscopy if liver 
metastases, or symptoms
CT enteroclysis or capsule 
endoscopy if small bowel 
primary is suspected
Cystoscopy: for 
retroperitoneal nodes and 
suspicious urine cytology
Triple endoscopy for isolated 
neck nodes (laryngoscopy, 
esophagoscopy, 
nasopharyngoscopy)

aPrimary only considered “unknown” if basic workup fails to identify primary site
bTumor marker ordering should not be empiric but suggested by clinical picture. Consider AFP, 
PSA, beta-hCG, chromogranin A, CEA, Ca125, CA 19-9, thyroglobulin

Table 15.3 Common epithelial tumor sites based on staining patterns of CK7 and CK20 [9]

CK7+/CK20+ CK7-/CK20+
Upper gastrointestinal adenocarcinoma
Pancreatic ductal adenocarcinoma
Urothelial

Colorectal
Merkel cell

CK7+/CK20- CK7-/CK20-
Breast
Ovarian
Pulmonary adenocarcinoma
Endometrial and endocervical adenocarcinoma
Thyroid
Salivary gland adenocarcinoma

Prostate
Hepatocellular
Renal cell
Adrenal cortical
Squamous cell Carcinoma (including lung)
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 Molecular Testing

When the basic workup, targeted investigations, and IHC are still unable to localize 
the likely site of the primary, molecular profiling may be attempted. Gene expres-
sion profiling (GEP) has been used to identify gene expression patterns of tumor 
subtypes and helps to identify the primary site. There are many commercial tests 
available. Studies have compared GEP with site-specific therapy to empiric treat-
ment [12, 13]. A randomized prospective study found that identifying the tissue of 
origin has not led to improved survival; however, it may allow better prognostica-
tion for patients by identifying tumor types that are more likely to respond to treat-
ment [13]. Given that they have not shown improved survival, guidelines are not 
recommending the use of these tests as the standard of care [14]. Next-generation 
sequencing may be able to identify targetable mutations; however, similar to gene 
expression profiling, the impact on outcomes has not been defined and it is not rou-
tinely recommended [14].

When there is a suspected tissue of origin based on pathology or pattern of dis-
ease, molecular tests may be useful in directing treatment. For example, a patient 
with a likely diagnosis of lung cancer should have EGFR, ALK, and ROS1 mutation 
testing. Similarly, KRAS and MSI testing should be performed for colorectal can-
cer. PDL1 testing should be considered for lung, urothelial, and renal cell cancers.

 Special Considerations in Workup

 Neck Mass

A mass in the neck is a common presentation for a head and neck primary and has 
a unique workup.

Table 15.4 Common tumor-specific antibodies [11]

Carcinoma Antibody Sensitivity Specificity Other cancers
Breast GATA3

GCDFP-15
+++
+

++
++

TCC, salivary, skin
Salivary, sweat gl.

CRC CDX2 +++ +++ Gastric, pancreas
Lung-adeno TTF-1 +++ +++ Thyroid, NE
GYN PAX8 ++++ ++ Thyroid, RCC
Serous 
Ovarian

WT1 ++++ +++ Mesothelioma

RCC PAX8 ++ ++ GYN, thyroid
TCC, 
squamous

P63
p40

++++
++++

++++
++++

Thymoma, salivary, NE, trophoblastic

Prostate PSA ++++ ++++
Thyroid Tg +++ ++++

Adapted from Kandalaft and Gown [11]
TCC transitional cell carcinoma, NE neuroendocrine, RCC renal cell carcinoma, GYN gynecologic 
malignancy
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Following CT scans of the head and neck, FDG-PET scan should be obtained in 
order to identify a primary site. If there is no primary identified, fiberoptic examina-
tion of the nasopharynx, oropharynx, hypopharynx, and larynx should be performed 
as an examination under anesthesia [15]. If histology is squamous cell, Human 
Papilloma Virus (HPV) and Epstein Barr Virus (EBV) testing should be performed 
on the biopsy. HPV positivity is often correlated with a tonsil or base of tongue 
primary [16]. Selective biopsies should be taken depending on the nodal location. 
Deep tonsillar biopsies or ipsilateral tonsillectomy should be performed at the time 
of examination under anesthesia as the base of tongue and tonsils will harbor the 
majority of primary tumors [8, 17, 18].

Adenocarcinoma in the neck should trigger an evaluation for a thyroid primary 
with thyroglobulin and calcitonin levels. Nodes in levels IV and V should be a sig-
nal of a possible infraclavicular primary tumor.

If no primary is identified, treatment is determined by histology and location of 
the metastatic nodes.

 Neuroendocrine Tumors (NET)

Forty to fifty percent of patients with NETs will present with metastatic disease, 
often in lymph nodes and the liver, and rarely in the bone. In 13% of patients pre-
senting with metastatic disease, the primary tumor location is unknown. The most 
common site of the primary in these cases will be the small intestine or the lung 
[19]. Many other tumor types can have neuroendocrine differentiation and should 
be considered in the differential when pathology suggests neuroendocrine features 
(Table 15.5). IHC suggestive of a neuroendocrine tumor includes epithelial stains, 
synaptophysin, chromogranin, and CD56 [1].

Identifying the primary site is important for definitive management, particularly 
when the metastatic disease is resectable. Radiologic evaluation may include CT 
chest, abdomen and pelvis, capsule endoscopy, functional imaging (Octreotide Scan 
or 68Ga-DOTATOC PET-CT) and upper and lower endoscopy [19, 20]. It is impor-
tant to distinguish the primary site if possible as some systemic treatment decisions 
are dictated by the site of the primary tumor [19]

Pathologic grade (determined by Ki67 and mitoses) can guide a manage-
ment plan.

Table 15.5 Tumors that have neuroendocrine differentiation

Indolent Aggressive
Well-differentiated neuroendocrine 
tumor

Small-cell and large-cell neuroendocrine lung 
cancers

Well-differentiated pancreatic NET High-grade NET
Medullary thyroid cancer Extra-pulmonary small-cell carcinoma
Paraganglioma Merkel cell carcinoma
Pheochromocytoma Neuroblastoma
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 Management of CUP

Commonly, patients with CUP are classified as having a favorable or unfavorable 
presentation (Table 15.6). Patients with favorable presentations make up to 15–20% 
of patients with CUP and they tend to present with good performance status and 
clinical features that suggest a specific tumor subtype that has appropriate treat-
ment. Treatment in these patients can often offer reasonable oncologic outcomes. 
The remaining 80–85% of patients present with unfavorable features and tend to 
have poor prognosis [21].

 Approach to Patients with Favorable Subtypes

Recognition of favorable subtypes is essential as many patients in this category can 
be approached with curative intent. The following is a list of favorable presentations 
and how they are approached:

Isolated or single site of metastasis
• Consideration should be given to surgical resection if technically possible. 

Definitive radiation can be considered if applicable.
• Consideration can be given to PET scan to consider other occult disease prior to 

surgical resection.
• If it is a retroperitoneal mass, evaluate whether histology is consistent with germ 

cell tumor [14].
 – If it is a non-germ cell histology, surgical excision can be considered.

Table 15.6 Favorable and unfavorable presentations of CUP [1, 21–24]

Favorable presentation Unfavorable presentation
Adenocarcinoma in a female with axillary lymph node disease Adenocarcinoma
Female with peritoneal papillary adenocarcinoma More than two metastatic 

sites
Squamous cell carcinoma nodes in the neck or inguinal region Liver metastases
Poorly differentiated carcinoma in a young male with mediastinal 
or retroperitoneal (midline) disease (features of germ cell tumors)

Poor performance status 
(ECOG > 2)

Colorectal cancer IHC profile (CDX2+, CK20+, CK7−) Elevated LDH

Neuroendocrine features Low albumin
Isolated resectable metastasis Non-papillary peritoneal 

adenocarcinoma
Men with skeletal-only metastases
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Female with papillary adenocarcinoma in the peritoneal cavity
• Should be treated like a stage III ovarian cancer. Cytoreduction followed by 

platinum- based systemic chemotherapy can achieve complete response and pro-
longed disease-free intervals in some patients [23]

• If serous histology, BRCA testing should be performed.

Axillary mass in a female
• With negative mammogram, MRI, and ultrasound and pathology suggestive of a 

breast primary, it can be approached as stage II or III breast cancer [14]. The 
absence of a radiologically evident primary in the breast does not rule out the 
breast as the primary site.
 – Prognosis is similar to stage II/III breast cancer.

• Hormone receptor (ER, PR) and HER2 status should be evaluated.
• The breast can be treated with mastectomy or whole breast irradiation.
• Management of the axilla should follow principles of management for breast 

cancer presenting with clinical node involvement.
• In a male presenting with axillary adenocarcinoma, axillary dissection is 

recommended.

Young males (<40) with mediastinal or retroperitoneal poorly differentiated 
carcinoma
• Can be approached as germ cell tumors.
• Serum AFP, beta-hCG, and testicular ultrasound should be ordered [21].
• Treatment often consists of systemic therapy (etoposide, cisplatin  ±  bleomy-

cin) [25].

Inguinal adenopathy [14]
• If squamous cell carcinoma:

 – Investigations should be directed at a pelvic or anal primary
 – Nodal dissection followed by radiation can be performed for patients with no 

primary identified
• If adenocarcinoma is isolated to a single lymph node basin:

 – Can be treated with therapeutic nodal dissection ± adjuvant radiation
Isolated liver metastases
• If no primary is identified, and patient is fit, resection should be considered if 

technically feasible
 – Pathology should be assessed for possible intra-hepatic cholangiocarcinoma

Colorectal cancer IHC profile
• Investigated with upper and lower endoscopy [21]
• Managed as a stage IV colon cancer with systemic therapy and consideration of 

resection in appropriate patients
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Male with skeletal metastases
• Serum PSA should be ordered
• Even without evidence of prostate disease, a trial of hormonal therapy and 

bisphosphonates can be considered [21]

Neck mass
• Squamous cell carcinoma: can be definitively treated with neck dissection, radia-

tion therapy, or chemoradiation. In patients that undergo neck dissection, consid-
eration for adjuvant radiation should be given [15].

• Adenocarcinoma: If no thyroid primary is identified, nodes in levels I-III can be 
treated with neck dissection with parotidectomy followed by radiation.

Neuroendocrine features
• Both low-grade and high-grade neuroendocrine tumors are considered favorable.
• Low-grade tumors tend to be indolent and may be amenable to surgery or to 

somatostatin analogues.
• High-grade tumors, often called “small cell” neuroendocrine carcinomas, can 

show good responses to systemic chemotherapy [1, 26].

 Approach to Patients with Unfavorable Prognosis CUP

It is essential to identify favorable presentations such as patients benefit from spe-
cific, multidisciplinary treatment approaches. Patients who present with unfavor-
able prognosis CUP typically receive empiric systemic therapy [1].

When deciding on the optimal systemic therapy regimen, clinical presentation, 
pathology including IHC, and molecular tests all need to be considered. If a putative 
primary is suggested, then the patient should be treated accordingly.

Patients with CUP tend to have disease that is not very responsive to chemo-
therapy. Some of the poor outcomes are thought to be related to chromosomal insta-
bility in CUP tumors, which results in atypical behavior and chemoresistance [27]. 
Despite poor outcomes, in those with adequate performance status, chemotherapy 
should be considered.

When choosing chemotherapy regimens, drugs that are often selected are those 
that are included in multiple common regimens, such as taxanes and platinum-based 
drugs, with hopes of broad efficacy. In phase II studies and small randomized stud-
ies, no single superior chemotherapy regimen has been identified, and response 
rates are generally in the range of 10–65%. A meta-analysis by Golfinopoulos et al. 
[28] could not identify a single regimen to recommend. This analysis attempted to 
formally exclude favorable prognosis subtypes when possible; however, the hetero-
geneity in this population makes it difficult to study. Based on current evidence, 
recommended regimens should include a platinum, a taxane, or both [14]. Commonly 
used regimens include carboplatinum/paclitaxel, gemcitabine/cisplatinum, carbo-
platinum/paclitaxel/etoposide, and cisplatinum/paclitaxel/5-FU (used for SCC) [14].
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 Landmark Trials

• As CUP patients are heterogeneous and often have advanced disease or poor 
performance status, prospective studies are challenging to perform. Current 
practice guidelines are based on multiple small trials; no landmark trials exist in 
this  field [14].

 Referral to Multidisciplinary Case Conference

• All patients without an identified primary tumor should be reviewed in a multi-
disciplinary case conference before considering surgical excision.

 Referral to Medical Oncology

• All patients with unknown primary tumors should be seen by medical oncologists.

 Referral to Radiation Oncology

• Adjuvant therapy after therapeutic lymph node dissection
• Definitive management of some squamous cell carcinomas
• Palliative treatment of symptomatic metastases
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Andrea M. Covelli, Hyeyoun (Elise) Min, 
David R. McCready, Nicole J. Look Hong, Joan E. Lipa, 
Teresa M. Petrella, and Frances C. Wright

 Introduction

Melanoma is the seventh most common diagnosed malignancy across Canada [1]. 
Melanoma represents less than 5% of all incident skin cancers but accounts for the 
most attributable deaths from skin cancer. In 2017, of all new cancers diagnosed, 
3.9% in males and 3.1% in females were melanoma. Overall there were an esti-
mated 7322 new cases, and 1240 deaths from melanoma in 2017. The incidence 
rates of melanoma continue to increase by approximately 2% per year for both men 
and women and the mortality rate by 1% per year for men and 0.3% for women [1]. 
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Similar trends in increasing incidence have been reported in the United States, 
United Kingdom, Sweden, and Norway [2]. Melanoma is the fourth most common 
cancer in adolescents and adults ages 15–49 [1].

Exposure to ultraviolet radiation through exposure to sunlight, tanning beds, and 
sun lamps are a major risk factor for melanoma. Other risk factors include having a 
fair complexion, the number and type of moles, personal and family history of skin 
cancer, a weakened immune system, and a history of severe blistering sunburn [3].

Historically, melanoma has been divided into four main subtypes: superficial 
spreading melanoma (SSM), lentigo maligna melanoma (LMM), nodular melanoma 
(NM), and acral lentiginous melanoma (ALM) based on histopathological features of 
the intra-dermal component of the tumour adjacent to a dermal invasive component 
[4]. SSM is the most common subtype in European descent accounting for approxi-
mately 60% of cutaneous melanoma. They occur in younger patients (median age 5th 
decade) and arise in areas of intense intermittent sun exposure such as trunk and lower 
limbs [4–6]. SSM presents as a flat irregularly shaped macule with variation in colour 
(brown, black, pink, blue) and atypical reticular pattern on dermatoscopy [6, 7]. SSM 
subtype is the largest contributor to the increasing incidence of melanoma [8].

Lentigo Maligna Melanoma presents similarly to SSM, a large variegated mac-
ule with irregular edges. LMM tends to occur later in life (median 8th decade) and 
in chronically sun-exposed areas (head and neck, forearms). It is estimated to be 
5–15% of all diagnosed melanomas but up to 25% of those diagnosed on head and 
neck [9, 10]. On histology there is evidence of severely sun-damaged skin with 
lentiginous proliferation of atypical melanocytes [4]. The ‘ABCD’ (asymmetry, 
border irregularity, colour variegation, diameter 6 mm) melanoma warning signs are 
hallmarks of SSM and LMM [11].

In contrast, NM and ALM do not fall into the ‘ABCD’ presentation. Nodular 
melanomas tend to occur in older patients (median age 7th decade), any location, 
and present as a rapidly expanding nodule often detected as changing lesions by 
patients. NMs account for 10–30% of diagnosed melanomas [8, 12]. Despite this, 
approximately half of all cutaneous melanomas >2 mm in depth are NMs, reflecting 
their increased vertical growth rate and resultant more advanced stage on presenta-
tion [12, 13]. In comparison with SSM, NM are more often ulcerated, have a higher 
mitotic index, and more frequently have an NRAS mutation [12, 14]. ALM appears 
as a pigmented lesion on non-sun–exposed extremities, specifically the palms of 
hands, soles of feet, and at the base of nail beds. The relative proportion of ALM 
varies across ethnicities. In white populations of European descent, ALM is reported 
to be 1–7% of all cutaneous melanomas; however, in Asian populations, ALM 
ranges from 18% to 47% and nearly 40% in African populations [15–17]. ALM has 
demonstrated lower overall 5  year and 10  year survival rates compared to other 
cutaneous melanomas of equivalent stage; however, given the rarity of the subtype 
and paucity of prospective data, it is unclear if this observation has been due solely 
to delay in diagnosis and later stages of presentation [15, 16].

Desmoplastic melanoma (DM) is a rare variant (<4%) of cutaneous melanoma 
and is most commonly located on the head and neck. Neurotropism and absence of 
BRAF mutation are common features of DM. Clinically it can be confused for len-
tigo maligna or more often be amelanotic. On histology it can often appear as an 
amelanocytic spindle with abundant collagen formation and is thought to be a 
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sarcomatoid melanoma. There are two histological variants of DM, pure and mixed. 
In pure DM (pDM) the lesion is predominately desmoplastic and fibrosis is seen 
throughout. In mixed DM (mDM) fibrosis is limited and more cellularity is seen 
throughout the lesion. DM has higher rates of local recurrence compared to other 
melanoma histological subytpes [4, 18]. Additionally, pDM demonstrates higher 
rates of local recurrence, less frequent lymph node involvement, and overall better 
prognosis than mDM [18, 19]. In contrast, the rate of lymph node involvement and 
overall prognosis in mDM is similar to other melanoma histological subytpes [20]. 
Other uncommon melanoma subtypes include nevoid melanoma, (histologically 
resembles a nevus) and spitzoid melanoma (resembling a spitz nevus) [4].

Clinically melanoma can present a localized disease, with involved regional 
lymph node basins (regional metastatic disease), or with distant metastasis. Overall 
prognosis is reflective of extent of disease (Table 16.1).

 Staging

The American Joint Committee on Cancer (AJCC) 8th edition is the current recom-
mended melanoma staging system. In the 8th edition of the AJCC staging system, 
T1 thin melanomas (previously <1 mm) have been subcategorized into T1a <0.8 mm 
without ulceration and T1b <0.8 mm with ulceration, or 0.8–1 mm with or without 
ulceration [21, 22]. A significant decrease in 10 year melanoma-specific survival 
(MSS) was demonstrated for melanomas >0.8  mm with localized disease alone 
compared to melanomas <0.8 mm (73% vs. 86% p < 0.01) [23].

AJCC 8th edition no longer differentiates between satellite and in-transit lesions 
as 2 cm from the previous excision was an arbitrary cut-off.

While the extent of lymph node positivity is the greatest prognostic factor for 
MSS in the non-metastatic population, more accurate prognostic estimates are 
obtained by including tumour thickness [24]. This is reflected in the AJCC 8th edi-
tion which has expanded Stage III subcategories to reflect tumour thickness in addi-
tion to ulceration and the extent of nodal and/or in-transit disease [22, 24].

The AJCC 8th staging system has also re-categorized central nervous system 
(CNS) metastatic disease as M1d irrespective of other sites of disease. This reflects 
both the poorer prognosis of CNS metastasis compared to other sites of metastasis 
as well as the stratification in systemic therapy studies [22, 24]. Additionally, ele-
vated lactate dehydrogenase (LDH) is no longer classified as M1c. LDH level is 
now combined with metastatic site such that each Ma-d has a subcategory designa-
tion (0 to indicate normal LDH and 1 for an elevated LDH).

Table 16.1 Clinical presentation and prognosis

Presentation
Prognosis
5-Year overall survival (OS) [21]

Localized disease (82–85%)
Regional metastasis (10–13%)
Distant metastasis (2–5%)

82–99%
32–93%
20–30%a

aIn the setting of checkpoint inhibitors and targeted therapy, 5 year OS for stage IV disease has 
increased from a historical 5 year OS of approx. 6%
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 Management

 Primary Localized Melanoma

Notes: 5 mm margin is generally adequate particularly for MIS that is non-lentigo 
maligna (LM) type [28]. The borders of LM can be less distinct and have higher 
rates of incomplete excision [29]. In a large prospective study, 86% of MIS were 
completely excised with 6  mm margins, whereas 99% were completely excised 
with 9 mm margins [30]. Surgery is commonly performed to the depth of the deep 
subcutaneous fascia because occult invasive melanoma (generally less than 0.5 mm) 
has been reported in up to a third of MIS [31] (Table 16.2).

Special Notes
• Thin melanomas <1 mm in depth, discuss the option of SLNB to patients with 

any of the following features:
Between 0.8 and 1 mm (T1b)
Ulceration
Microsatellitosis
Clark IV/V
Higher mitotic count (>3)

• Once considered potential ‘high-risk’ features in thin melanomas, newer studies 
suggest that lymphovascular invasion, tumour regression >50%, vertical growth 
rate, and absence of tumour infiltrating lymphocytes are not independent risk 
factors for lymph node positivity. The presence of one of these criteria in isola-
tion cannot be interpreted as a clear indication for SLNB [32–34].

• While most thin melanomas have <4.5% likelihood of a positive sentinel lymph 
node, the likelihood increases to 8.8% for melanomas 0.75–1 mm. Consideration 
for SLNB should therefore be given to patients based on Breslow thickness of 
>0.75 mm alone (rounded to 0.8 mm in AJCC 8th edition, T1b) [21, 32, 35–37] 
(Table 16.3).

• Ulceration is an independent prognostic factor for both melanoma-specific sur-
vival (MSS) and sentinel lymph node positivity. While ulceration in thin melano-

Table 16.2 Management of melanoma in situ

Workup
Wide local excision 
(margins) [25]

Lymph node 
assessment Follow-up (F/U) [26, 27]

History and 
physical exam
No labs
No radiologic 
studies

5 mm clinical margin 
with the aim of 
achieving histological 
negative margins 
increase to 10 mm 
clinical margin if 
necessary

SLNB is not 
indicated

Clinically:
  Instruct patients on skin 

examinations (patient education)
  Refer to dermatologist
  One clinical visit per year with 

dermatologist (or more frequently 
as clinically indicated based on 
skin exam)

SLNB sentinel lymph node biopsy
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mas is seen predominately in those >0.8 mm, the presence of ulceration is an 
independent risk factor for sentinel lymph node positivity even in melanomas 
<0.75  mm [37–39]. For melanomas <0.8  mm with ulceration, consideration 
should be given to SLNB [35] (Table 16.3).

• While mitotic rate was previously felt to be an independent prognostic factor for 
sentinel lymph node positivity in thin melanomas, recent data suggests that the 
impact of mitotic rate >1  mm is interdependent with Breslow thickness and 
depth >0.75 mm is a stronger predictor than mitotic rate [38, 40].

• There is limited evidence to inform follow-up frequency and imaging.
• For subungual melanomas, the appropriate surgical management is a functional 

amputation (proximal to closest joint or ray amputation).

Special Notes
• There have been no prospective randomized studies to date which compare 1 cm 

and 2  cm margins for intermediate thickness 1–2  mm melanoma. WHO 
Melanoma Group RCT 1 versus 3 cm for <2 mm melanoma demonstrated no 
difference in MSS but increased local recurrence with 1  cm excision [41]. A 
recent meta-analysis (although combines various tumour thickness) suggests that 
a narrow margin (1–2  cm) results in significantly worse local recurrence and 
MSS [42] compared to a wider margin (3–5 cm). This is the only publication that 
has demonstrated better survival with a wider margin of excision (Tables 16.4 
and 16.10).

• RCTs for melanoma >2 mm have compared 1 versus 3 cm margins and 2 versus 
4 cm margins. There was no significant difference in overall survival (OS) or 
local recurrence when comparing 2–4 cm margins [43, 44]. There was no differ-
ence in OS, but there was a significantly improved MSS in patients who had 3 cm 
margins compared to 1 cm margins [45] (Table 16.10).

Table 16.3 Management of melanoma ≤1 mm (Breslow depth)

Workup

Wide local 
excision 
(margins) [25]

Lymph node 
assessment Follow-up (F/U) [26, 27]

History and 
physical 
exam
Clinical 
assessment of 
regional 
lymph nodes 
and in-transit 
lesions
No labs
No radiologic 
studies

1 cm clinical 
margin
Including skin 
and 
subcutaneous 
tissue to the 
fascia (but not 
the fascia)

SLNB is not 
indicated in 
most cases 
<0.8 mm
SLNB should 
be considered 
and discussed 
for melanoma 
0.8–1 mm and 
<0.8 mm with 
ulceration

Follow-up is dependent on clinical stage 
based on the results of sentinel lymph node 
biopsy
Stage IA
  Clinically:
   Instruct patients on skin examinations 

(patient education)
   Refer to dermatologist
   Every 6–12 months for first 3 years, 

and then annually with a dermatologist
   no oncologist follow-up is necessary
  No labs
  No imaging

SLNB sentinel lymph node biopsy
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Table 16.4 Management of melanoma 1.1–4 mm (Breslow depth)

Workup
Wide local excision 
(margins) [25]

Lymph node 
assessment Follow-up (F/U) [26, 27]

History and 
physical exam
Clinical 
assessment of 
regional 
lymph nodes 
and in-transit 
lesions
No labs
No routine 
radiologic 
studies
Further 
imaging only 
as clinically 
indicated

1–2 mm melanoma:
  1–2 cm clinical 

margin, 2 cm if 
feasible without 
compromising 
cosmetic or 
functional outcome 
or requiring 
reconstructive 
surgery

2–4 mm melanoma:
  2 cm clinical 

margin
Margins may be 
modified to 
accommodate 
functional or 
anatomic 
considerations
Consultation with 
plastic surgery if 
primary closure is 
compromised (i.e., 
lower arm/lower leg/
high on the back)
No need to remove 
fascia

offer SLNB Follow-up is dependent on clinical 
stage based on the results of sentinel 
lymph node biopsy
Clinically:
  Instruct patients on skin 

examinations (patient education)
  Refer to dermatologist
Stage IB/IIA:
  Every 6–12 months for 3 years 

and then annually with a 
dermatologist

  No oncologist follow-up is 
necessary

No labs
No imaging
Stage IIB:
  Every 6 months with an oncologist 

(medical and/or surgical) for first 
3 years, then annually

  Every 6–12 months with a 
dermatologist

No labs
No imaging
Stages III–IV (see Tables 16.5 and 
16.7)

SLNB sentinel lymph node biopsy

• The updated available Level I evidence is insufficient to determine optimal exci-
sion margins for melanoma [46]. Recommendations are based on  consensus/
guidelines.

• MelMarT-II (NCT 03860883) is an actively recruiting prospective trial random-
izing patients 1–2 mm with ulceration and >2 mm with or without ulceration 
(pT2b-T4b AJCC 8th ed.) to 1 versus 2 cm resection to determine differences in 
disease-free survival (DFS) with narrow margins.

• May consider wider margins with desmoplastic melanoma (DM). Local recur-
rence rate (LRR) is higher than other cutaneous melanomas, 6.7–56% [47]. The 
increased LRR is believed to be due to both microscopic residual disease and 
neurotropism (seen 17–78%) [18, 47]. For pure DM lesions <2 mm resected with 
1 cm margins cumulative index mortality was 25.2% higher than lesions <2 mm 
resected with 2 cm margins [48]. While there is no data specifically for DM, 
<1 mm current recommendations for excision all DM is 2 cm when feasible [18].

• Margins are determined from the edge of the clinically visible lesion or the inci-
sion excision/biopsy scar. Adequate margins are assessed clinically. Re-excision 
is recommended with involved margins.
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• Based on limited data, it is recommended that the depth of excision should extend 
to the level of the fascia, but the fascia itself does not require excision except in 
the case of documented clinical or radiologic invasion [28, 49] (Table 16.4).

Special Notes
• There is very limited data with no evidence about improved outcomes with stan-

dard metastatic workup at the time of initial workup for patients with thick mela-
nomas (>4 mm) and no evidence of nodal or in-transit disease. Imaging at initial 
presentation is left to the discretion of individual physicians (Table 16.5).

• Controversy exists regarding the clinical value of sentinel lymph node assess-
ment for thick melanoma as T4 melanomas have higher risk of systemic metas-
tases at initial diagnosis. However, for thick melanomas without distant 
metastases, SLNB remains useful for staging (and directing adjuvant treatment), 
prognostication, and locoregional control [35, 50, 51]. Thick melanomas have a 
42% risk of node positivity at 10 years, and SLN status still represents the most 
important survival prognostic factor [50]. SLNB confers a 10-year disease-free 
survival benefit for intermediate and thick melanomas [50].

• There is a lack of valid prospective studies of the efficacy of routine follow-up.
• No study has demonstrated an improvement in survival due to routine imaging 

surveillance. However, melanoma-specific survival for Stage IIB are lower than 
that of Stage IIIA and Stage IIC mirror that of IIIB suggesting that imaging as 
part of surveillance for high-risk Stage II patients might be warranted. The utility 
and implementation of routine imaging for surveillance in high-risk Stage II 
patients remain to be determined (Table 16.5).

Table 16.5 Management of melanoma > 4 mm (Breslow depth)

Workup
Wide local excision 
(margins) [25]

Lymph node 
assessment Follow-up (F/U) [26, 27]

History and 
physical exam
Clinical assessment 
of regional lymph 
nodes and in-transit 
lesions
No labs
Imaging:
  CT or MRI of 

braina

AND
  CT chest, 

abdomen and 
pelvis

OR
  PET/CT ± MRI 

braina

2 cm clinical 
margin
Margins may be 
modified to 
accommodate 
functional or 
anatomic 
considerations
Consultation with 
plastic surgery if 
necessary if 
primary closure is 
compromised

Discuss and 
offer SLNB

Follow-up is dependent on clinical 
stage based on the results of 
sentinel lymph node biopsy
Clinically:
  Instruct patients on skin 

examinations (patient education)
  Refer to dermatologist
Stage IIB/C:
  Every 6 months with an 

oncologist for first 3 years, then 
annually

  Every 6–12 months with a 
dermatologist

No labs
No routine imaging
Refer to medical oncology for 
consideration of adjuvant clinical 
trial in Stage 2b/c
Stages III–IV (see Tables 16.5  
and 16.7)

SLNB sentinel lymph node biopsy
aDepending on institutional preference or availability
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• Surveillance imaging is currently left to the discretion of individual physicians. 
Some centres complete surveillance CT scans annually in the high-risk popula-
tion while recognizing the current lack of data to support this.

 Regionally Metastatic Melanoma

Special Notes
• The rate of successful SLNB is 98.1% with an overall false-negative rate of 

12.5%. In high-volume centres with >50 cases, a false-negative rate of 5% (local 
recurrence rate 5%) is achieved [60, 61]. We recommend performing SLNB with 
preoperative lymphoscintigraphy and using both blue dye and radioactive dye 
[62]. Approximately 15–20% of patients with a positive sentinel lymph node will 
have melanoma metastases identified in completion lymphadenectomy [50, 61]. 
Table 16.7 desrcibes the rationale for sentinel lymph node biopsy.

• Based on retrospective data and the results of the MSLT-1 trial, there was contro-
versy around the role of CLND after positive SLN alone. MSLT-1 demonstrated 
an improvement in disease-free survival in both intermediate and thick melano-
mas, but this translated into an improved MSS only for intermediate thickness 
melanomas when comparing SLNB positive with CLND to those patients who 
present with clinically palpable disease. This effect was not demonstrated for 
thick melanomas [50] (Table 16.11).

• Given that the SLN is the only positive node (i.e. no further positive lymph nodes 
identified on CLND) in 80–85% of patients, and the limited population in which 
CLND may confer survival benefit (MSLT-1), numerous patients undergoing 
routine CLND solely for SLNB positivity may be exposed to unnecessary mor-
bidity [63, 64]. This was the basis for 2 RCTs prospectively examining the ben-
efit of CLND after positive SLNB versus close observation, with CLND only in 
the setting of subsequently identified clinical or radiographic disease [52–54]. 
These RCTs demonstrated no difference in OS, MSS, or distant metastatic-free 
survival. MSLT-2 noted a higher disease free survival in the CLND group rather 
than observation group, but this did not translate into improved OS nor MSS, as 
patients underwent CLND at the time of lymph node disease progression [52] 
(Tables 16.6 and 16.11).

• Patients excluded from these RCTs included: concomitant microsatellitosis, 
immunosuppression of the patient, extracapsular spread/extension (MSLT-2 
only), more than two involved nodal basins (MSLT-2 only), and disease >2 mm 
within the SLN (DeCOG-SLT only). Additionally, 66% positive SLNBs in both 
studies had <1.01 mm of lymph node disease [52, 54]. CLND, rather than close 
observation, can be considered for patients with the above features following 
discussion with the patient and MCC (Tables 16.6 and 16.11).

• In MSLT-2 subset analyses, no patients were seen to benefit from routine CLND 
including those with higher volume disease in the lymph nodes and higher num-
ber of nodes involved. Site of primary melanoma also did not affect outcome.
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Table 16.6 Management of regional metastatic melanoma

Clinical 
scenario Workup Treatment approach Follow-up

Sentinel 
lymph 
node 
biopsy 
(SLNB) 
positive 
[35, 
52–54]

Mutational analysis
Metastatic work-up 
with:
  CT head or MRI of 

brain
AND
  CT chest, abdomen, 

and pelvis (C/A/P)
OR
  PET/CT ± MRI brain

Completion lymphadenectomy (CLND) is no longer 
offered routinely to all patients based on the results of 
MSLT-2 and deCOG-SLT
  Rather than CLND: clinical exam + ultrasound (U/S) 

monitoring of SLNB positive lymph node basins q 
4–6 months for the first 2 years. then q6 months for 
3 years

  Discussion and consideration of CLND for those 
patients: who are unable to go onto close surveillance 
and/or did not meet inclusion criteria for MSLT-2 and 
deCOG-SLT

Refer to medical oncology for assessment of adjuvant 
therapy

Clinically:
  Instruct 

patients on 
skin 
examinations 
(patient 
education)

Stage III:
  Every 

3–6 months 
with an 
oncologist for 
first 3 years, 
then every 
6 months for 
2 years, then 
annually

  Every 
6–12 months 
with a 
dermatologist

U/S of SLNB 
positive basins 
q4–6 months 
for first 2 years 
then q 6 months 
for 3 years
Consider 
imaging:
  CT C/A/P q 

6–12 months 
or as 
clinically 
indicated

  CT/ MRI 
brain as 
clinically 
indicated

-no role for 
routine bone 
scan
No routine labs

Clinically 
Positive 
Lymph 
Nodesa 
[35, 
52–54]

FNA or lymph node 
biopsy
Mutational analysis
Imaging:
  CT or MRI of brain
AND
  CT chest, abdomen, 

and pelvis
OR
  PET/CT ± MRI brain

Therapeutic lymphadenectomy, or completion 
lymphadenectomy if previous SLNB, of involved basin(s)
Consideration of neoadjuvant therapy to enable resection 
and potentially improve survival
Refer to medical oncology for assessment of neoadjuvant 
or adjuvant therapy
Consider consultation with radiation oncology for 
adjuvant therapy to nodal basin and/or for unresectable 
disease

Local 
recurrence, 
in-transit 
or satellite 
lesionsb 
[27, 55, 
56–59]

Excisional/incisional 
biopsy or FNA
Mutational analysis
Imaging:
  CT or MRI of brain 

AND
  CT chest, abdomen, 

and pelvis
OR
  PET/CT ± MRI brain

Local recurrence
Surgical excision with negative margins
One to four in-transit/satellite lesion:
  Surgical excision with clear margins
  Refer to medical oncology for assessment of adjuvant 

therapy
Multiple lesions (no consensus):
  Local surgical therapy options
  Resection if feasible
  Amputation (very rarely necessary)
  Intralesional therapy with IL-2, interferon-α, BCG, 

VP10/Rose Bengal
  ORR 69–87% and CR rates for IL-2 range from 32% 

to 69%. CR correlated with improved PFS and 
OS. Addition of topical therapies to IL-2 has increased 
the CR to 60–100%

  T-VECc: viral vaccine talimogene laherparepvec.
Phase 3 RTC T-VEC vs.G-CSF. 15% with TVEC in 
injected lesions, 8% in uninjected (bystander) and 3% in 
visceral lesions. Median OS response improved with 
T-VEC (23.3 months vs. 18.9)
  Topical therapy with imiquimod or diphencyprone 

cream (DPCP).
  OR 60–100% and CR rates 40–100% have been 

reported with imiquimod. OR 13–46% and CR rates 
40–80% have been reported with DPCP

  Radiation therapy for unresectable disease has 
demonstrated up to 66% CR and 100% ORR for 
subcutaneous metastasis

Regional therapy options
  Heated isolated limb perfusion (HILP)/infusion (ILI) 

with melphalan ± TNF-α.
  Possible improvement in DFS and OS with complete 

response. Higher CR and ORR with HILP than ILI 
(26–69% CR and 67–95% ORR with HILP a 25–38% 
CR and 45–77% ORR with ILI).

  Similar 5 year OS rates 49% with HILP and 46% with 
ILI. Increased toxicity with HILP

Combination of systemic therapy with intralesional 
treatments are ongoing in clinical trials

(continued)
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Table 16.7 Rationale for sentinel lymph node biopsy

Accurate staging
Allows a more directed treatment planning (ex. adjuvant therapy) and rational follow-up 
strategy [52]
Prognostic factor
The 5-year overall survival for patients with nodal micrometastases (<2 mm) is 67% and with 
nodal macrometastases 43% [82]
Better locoregional control
Among patients with intermediate thickness melanomas, MSS is improved when regional 
metastasis was identified via SLNB rather than clinical presentation (62.1% vs. 41.5%) [50, 
83]
Decreased complication rates
Complication rates of SLNB vs. lymphadenectomy: 4.6% vs. 23.2% [62]
Lymphedema rate for axillary SLNB vs. complete lymphadenectomy: 1.7% and 9%, 
respectively [52, 62]
Lymphedema rate for groin SLNB vs. complete lymphadenectomy: 1.7% and 26%, 
respectively [52, 62]
Potential survival benefit
SLNB has been associated an increase in DFS for both intermediate and thick melanomas [50]
SLNB has been associated with an increase in MSS for patients with an intermediate thickness 
melanoma that have metastases in their lymph nodes
Impact in adjuvant therapy
Accurate nodal staging information is important in order to offer patients adjuvant targeted 
therapy or checkpoint immunotherapy and/or enrolment in clinical trials
Tumour thickness likelihood of positive SN [84]
<0.75 mma 1–3.6%
0.76–1.5 mm 7–9.8%
1.5–4.0 mm 20.9–24.6%
>4.0 mm 31.4–39.7%

aWithout evidence of ulceration

SLNB sentinel lymph node biopsy, FNA fine-needle aspiration, CLND completion lymphadenec-
tomy, ILI isolated limb infusion, HILP heated isolated limb perfusion, BCG Bacille Calmette- 
Guérin, OS overall survival, CR complete response, ORR overall response rate (complete + partial 
response)
aClinically palpable lymph nodes should be managed as described even in the setting of no obvious 
primary melanoma
bLocal recurrence is thought to represent persistent disease and presents at the margin of the WLE 
scar, therefore recommendation is for re-excision to negative margins. Satellite (within 2 cm of the 
WLE scar)/ in-transit metastases (> 2 cm from the WLE excision) represent intralymphatic spread 
of melanoma and can present as cutaneous or subcutaneous masses between the WLE scar and the 
regional lymph node basin
cT-VEC is currently unavailable in Canada outside of a clinical trial

Table 16.6 (continued)

• As the role for CLND in the setting of positive SLNB has decreased, most 
lymphadenectomies in the groin will be performed either as a CLND for clini-
cally/ radiographically diagnosed disease or therapeutic lymph node dissection 
(TLND; i.e. clinically identified lymph node involvement without previous 
SLNB). In the pre-MSLT-2/de-COG setting of CLND for only positive SLNB 
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(without evidence of further disease), lymphadenectomy was limited to the 
superficial inguinal LN basin and deep (iliac/obturator) dissection was reserved 
for clinically palpable disease or radiographic pelvic node involvement [65] 
(Tables 16.6 and 16.11).

• In the setting of CLND (for clinically palpable)/TLND, the rates of deep (iliac 
and/or obturator) LN involvement are approximately 30–35% [66, 67]. In the 
setting of palpable lymphadenopathy or recurrent disease after SLNB, both a 
superficial and deep groin dissection is currently offered at our centre.

• It is not known whether in the setting of radiographically detected involvement 
of the superficial compartment (while on surveillance for a resected positive sen-
tinel lymph node) one can safely omit the deep dissection. This is currently under 
investigation in a multi-centre RCT EAGLE-FM (NCT02166788).

• Completion/therapeutic lymphadenectomy in the axilla usually requires levels 1, 
2, and 3 dissection with selective transection of pectoralis minor [68, 69]. In the 
setting of clinically diagnosed disease, rates of level 3 lymph node involvement 
are 18–31% and 100% when presenting with bulky disease (defined by a large 
fixed axillary mass or matted nodes presenting in all three levels) [70, 71].

• Neoadjuvant therapies in the context of unresectable/borderline resectable 
regional disease are being studied. Phase II trials using both targeted therapies 
(dual BRAF and MEK inhibitors) as well as checkpoint inhibitors (CTLA-4 and 
PD-1 inhibitors) in the neoadjuvant setting have demonstrated complete patho-
logical responses between 25% and 58% with higher rates of near-complete and 
partial pathological responses. This has translated into an improved event-free 
survival and absolute overall survival of 18–23% [72–75]. Currently there are 
multiple ongoing studies to determine the comparative utility of neoadjuvant 
versus adjuvant therapies for clinically/marginally resectable disease, the opti-
mal duration of neoadjuvant therapy, as well as the optimal therapeutic regime 
(Table 16.12).

• Intralesional interleukin-2 (IL-2) for the treatment of in-transit melanoma has an 
overall response rate of 82%, with complete clinical response in 51–69% of 
patients and complete pathologic response rate of 32% [57]. When complete 
clinical response is achieved, an increase in 5-year overall survival can be 
obtained, compared to partial responders (80% vs. 33%, respectively) [76, 77]. 
However, this increase in survival might not necessarily represent a direct effect 
of intra-tumoral IL-2 and could be biased by selection of cases with less aggres-
sive disease [78]. Unlike systemic IL-2, intralesional IL-2 is well tolerated with 
much less toxicity. 58–100% complete pathologic response has been demon-
strated when IL-2 injections are combined with topic imiquimod and retenoids 
[79–81] (Table 16.6).

 Adjuvant Therapy

Recent studies have demonstrated the utility of adjuvant checkpoint inhibitors or 
targeted therapy in the setting of lymph node positivity (either following detection 
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of microscopic disease on SLN biopsy or after resection of clinically involved 
lymph nodes). For those patients with a BRAF V600E/K mutation,dual targeted 
therapy (dabrafenib + trametinib) has demonstrated an improved 4-year recurrence- 
free survival, decreased relapse rate, improved distant metastasis-free survival 
(compared to placebo), and an estimated 4-year cure rate of 54% (vs. 37% with 
placebo) [85, 86] (Table 16.12). In patients both with and without a BRAF muta-
tion, immune checkpoint inhibitors have also demonstrated an improvement in 
recurrence free survival and overall survival (for ipilimumab). Ipilimumab (a 
CTL4-A inhibitor) demonstrated an improved 5  year recurrence-free survival 
(40.8%), distant metastasis-free survival, and overall survival (65.4%) compared to 
placebo (54.4%) [87] (Table  16.12). Nivolumab (a PD-1 Inhibitor) has demon-
strated an improved 18 month recurrence-free survival in comparison to ipilimumab 
(70.5% vs. 60.8%); however, overall survival has not yet been reported [88] 
(Table 16.12). Pembrolizumab (a PD-1 Inhibitor) has also demonstrated an improved 
18 month recurrence-free survival (71.4%) compared with placebo (53.2%); how-
ever, OS has also not been reported [89] (Table 16.12).

Patients with Stage IIB/IIIC and high-risk stage IIIA should routinely be consid-
ered for adjuvant immunotherapy. It is unclear whether the benefits outweigh the 
potential toxicities of immunotherapy for Stage IIIA patients with a low burden of 
disease (1 SLN positive with <1 mm and no evidence of ulceration) as these patients 
were excluded from the stage III RCTs [27]. Table 16.8 presents a comparison of 
the current adjuvant therapies.

There is limited data around the role for radiation therapy (RT) in the setting of 
effective adjuvant immunotherapies. Prior to the advent of effective immunother-
apy, adjuvant RT to the site of primary WLE was considered in desmoplastic 
melanoma with high-risk features (>4  mm, extensive neurotropism/perineural 

Table 16.8 Comparison of adjuvant therapies

Nivolumab 
vs. 
Ipilimumab
(Checkmate 
238) [88]

Dabrafenib + Trametinib vs. 
placebo
(Combi-AD) [86]

Pembrolizumab 
vs. placebo
(Keynote 054) 
[89]

Ipilimumab 
vs. placebo
(EORTC 
18071) [87]

Patients IIIb/c, IV (no 
brain mets)

IIIa (>1 mm), IIIb, IIIc IIIa (>1 mm), 
IIIb, IIIc (no 
intransits)

IIIa (>1 mm), 
IIIb, IIIc (no 
intransits)

Duration 
of 
Therapy

1 year 1 year 1 year 1 year

RFS 1 year 70% 
vs. 60% HR 
0.65

4 year 54% vs. 38%
HR 0.57

1 year 75% vs. 
61% HR 0.57

5 year 40% 
vs. 30% HR 
0.75

DMFS HR 0.73 HR 0.53 N/A 5 year 48% 
vs. 38%

OS N/A 3 year 86% vs. 77%
HR 0.57

N/A 5 year 65% 
vs. 54%
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invasion, and narrow resection margins, located on head and neck) [27, 90]. 
Adjuvant RT to the lymph node basins has been demonstrated to reduced nodal 
recurrence (but not relapse-free or overall survival) in patients at high risk of 
nodal recurrence including gross/macroscopic extranodal extension, ≥1 positive 
parotid LN, ≥2 cervical LNs, ≥3 axillary or ilioinguinal LNs [27, 91]. Adjuvant 
RT is also associated with a higher rate of lymphedema especially for patients 
receiving inguinal radiation. In the current era of adjuvant therapy, the role RT as 
an adjuvant treatment is unclear.

 Distant Metastatic Melanoma

Special Notes
• Most common causes of death with metastatic melanoma are respiratory failure 

and intracranial metastases.
• No head-to-head trials have been conducted on the use of targeted therapy com-

pared to immunotherapy in BRAF mutated patients. The use and sequencing of 
targeted and/or immunotherapies in the metastatic setting is dependent on mul-
tiple factors including the extent of disease, rapidity of growth, location of dis-
ease (CNS involvement), symptoms, tolerability of potential adverse events, and 
drug funding (Tables 16.8 and 16.13).

• Similarly, the utility of surgical resection in the setting of metastatic disease in 
the era of immunotherapy is dependent on the extent of disease, responsiveness 
of disease to targeted/immunotherapy, location of disease, and patient symptoms 
(Tables 16.9 and 16.13).

• A phase II trial of complete resection for stage IV melanoma (SWOG, S9430 
trial) reported a 4-year OS of 31% with median survival of 21 months [93]. 
5-Year survival of 40% has also been reported for complete metastasectomy 
when tumour-free margins are obtained [110]. Prior to the advent of immuno-
therapy when resection of melanoma metastases ± systemic therapy was com-
pared to systemic medical therapy alone, median survival was 15.8 versus 
6.9 months and surgical treatment conferred a 4-year survival of 20.8% versus 
7.0%. Distant disease-free interval of more than 12 months, M1a, and lower 
number of organ sites of metastases were associated with improved sur-
vival [96].

• In the era of immunotherapy while the number of metastatectomies does not 
appear to have increased, the nature of the metastatectomies has increased from 
predominately resection of in-transit disease to predominately intra-abdominal 
surgery. There was a significant increase in potentially curative surgery for resid-
ual oligometastatic disease [95]. Optimal sequencing of metastasectomy with 
targeted and immunotherapies remains unclear (Table 16.9).
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Table 16.9 Management of distant metastatic disease

Workup
Surgical approach 
[92–95] Systemic therapy

Labs:
  Serum LDH
  CBC, lytes, 

BUN, Cr, 
LFTs, TSH

Mutational 
Analysis/
BRAF and 
next-
generation 
sequencing 
testing
Imaging:
  CT or MRI 

of brain
  CT chest, 

abdomen, 
and pelvis

  PET/CT 
scan to 
identify 
otherwise 
occult 
metastatic 
disease if 
considering 
surgical 
intervention

Role of metastasectomy 
has evolved in the setting 
of systemic targeted and 
checkpoint 
immunotherapies
Consider mastectomy as 
an adjunct after initiation 
of systemic therapy. 
Evolving evidence for 
resection of residual or 
active oligometastatic 
disease (<3 sites) after 
treatment with 
immunotherapy or 
targeted therapy as 
‘curative intent’ surgery. 
Increased resection of 
intra-abdominal disease 
for non-palliation 
purposes.
Prior to advent of 
effective systemic 
immunotherapy, complete 
resection of highly 
selected patients with 
oligometastatic disease 
resulted in 20–30% 5 year 
OS including: [92–94, 96]
  Pulmonary metastases 

–most common site of 
solid organ metastasis

  Symptomatic or 
isolated GI (4% of 
stage IV) metastases

  Subcutaneous 
metastases

   Distant lymph node 
basins

   Liver, adrenal, and 
pancreas

  Symptomatic brain 
metastases (surgery, 
stereotactic 
radiosurgery, or 
whole-brain radiation)

Palliation of symptoms 
(bleeding, bowel 
obstruction, neurologic 
sequelae) 75–90% can 
obtain symptom relief

Targeted therapies dependent on mutational 
status (BRAF, KIT, MEK, NRAS genes) [3]
  V600E/K BRAF mutation positive (43–50% 

of cases)
   Combination-targeted therapy (BRAF 

inhibitor + MEK inhibitor) has demonstrated 
improved sustained long-term response (OS, 
PFS,) compared to monotherapy [97–100]

   BRAF inhibitor (vemurafenib, dabrafenib, 
encorafenib) + MEK inhibitor (trametinib, 
cobimetinib, binimetinib) rapid tumour 
response, but common progression of disease 
within 12 months of treatment

  NRAS is mutated in approximately 15–30% of 
melanomas. There is limited data around 
targeted therapy for NRAS mutated melanoma. 
Binimetinib (MEK inhibitor) has demonstrated 
a mild improvement in progression-free 
survival in stage IV disease [101]

   BRAF and NRAS mutations are mutually 
exclusive (occurring together <0.5%)

   KIT mutations occur in 2–8% of all 
cutaneous melanomas: more common in acral 
(25%) and mucosal (22%) melanoma tyrosine 
kinase inhibitors demonstrate approx. 20% 
response rate in the metastatic setting 
[102–104]

Checkpoint inhibitors
  Ipilimumab (CTLA-4 Inhibitor): Slow but 

durable response in 20% of patients [105]
  Anti-PD1: Pembrolizumab and Nivolumab
   Pembrolizumab: 5 year OS in Stage IV is 

34%, (41% when used as 1st line) [106]
   Nivolumab: 3 year OS 51.2% when used 1st 

line [107]
   Combined immunotherapy 

(Ipilimumab + Nivolumab) – 3 year OS was 
58% in the Nivo + Ipi, Treatment-related 
adverse events grade 3/4 occurred in 59% with 
combination verses 21–28% with single agent 
immunotherapy [108, 109]

Systemic chemotherapy (dacarbazine, 
temozolomide, carbo/taxol and abraxane): used 
after progression on checkpoint inhibitors ± 
targeted immunotherapy. Limited clinical 
response rate.
Consider clinical trial whenever available and 
appropriate

LFT liver function test, PET positron emission tomography, OS overall survival, PFS progression- 
free survival
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Table 16.10 Wide local excision-margins

Melanoma 
(Breslow 
thickness) Study Methods Results
In situ (MIS)
  No RCTs

Kunishigie et al. [30] Prospective case series 
1982–2008
N = 1120 MIS
All moh’s microsurgery 
(3 mm margin + additional 
3 mm)
If positive margin additional 
3 mm resected

All patients have a 
minimum of 6 mm 
margins
86% had negative 
margins with 6 mm 
increased to 97% with 
9 mm margins
Local recurrence with 
negative margins 0.3% 
at 3 years 0.8% at 
5 years

Akhtar et al. [29] Retrospective case series 
2001–2009
N = 192 MIS (75 lentigo 
maligna - LM)
All excised ≥2006 had 
5 mm margins (58%)

29.3% of LM were 
incompletely excised on 
initial excision
7/75 left incompletely 
excised with recurrence 
rate of 29%
2 (1%) recurred of 
completely excised, also 
LM margins 0.8 and 
1.4 mm

<1 mm French Cooperative 
Surgical Trial [111]

N = 337 
(melanoma < 2.1 mm)
RCT Excision margins: 
2 cm vs. 5 cm
Excluded acral lentiginous
Median F/U: 16 years

No difference in OS 
(87% vs. 86%)
Time to recurrence was 
37.6–43 months
10-year disease-free 
survival was 85% with 
2-cm margin and 83% 
with 5-cm margin. LRR 
5.6%

Swedish Cooperative 
Surgical Trial [112]

N = 989 (melanoma 
0.8–2.0 mm)
RCT Excision margins: 
2 cm vs. 5 cm
Median F/U: 11 years

No difference in 10 year 
OS (79% vs. 76%)
5-year recurrence-free 
survival was 81% with 
2 cm and 83% with 
5 cm (no difference). 
LR: <1% overall

WHO Melanoma 
Program Trial [113] 
[41]

N = 612 
(melanoma ≤ 2 mm)
RCT Excision margins: 
1 cm vs. ≥3 cm (3–5 cm)
Median F/U: 15 years

No difference in OS 
8 year OS 89.6% 1 cm 
vs. 90.3% ≥ 3 cm and 
12 year OS were 85.1% 
and 87.2% respectively
Differences (not 
significant) in LR 
narrow
And wide excision 
(2.6% 1 cm excision 
vs.0.1%, ≥ 3 cm

(continued)
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Melanoma 
(Breslow 
thickness) Study Methods Results
1–4 mm
  French, 

Swedish 
and WHO 
trials plus:

Intergroup 
Melanoma Surgical 
Trial [44, 114]

N = 740 (melanoma 
1.0–4.0 mm)
RCT Excision margins: 
2 cm vs. 4 cm on trunk and 
proximal extremity
Median F/U: 10 years

No difference in 10 year 
OS 70% with 2 cm vs. 
77% with 4 cm
No difference is LR 
with
2 cm vs. 4 cm margins 
whether the 
comparisons were made 
as first relapse 0.4% vs. 
0.9%) or anytime (2.1% 
vs. 2.6%)

British Cooperative 
Group Trial [45, 
115]

N = 675 (melanoma 
2.0–4.0 mm)
RCT excision margins: 
1 cm vs. 3 cm
Median F/U: 8.8 years

No difference in OS
Melanoma-specific 
survival improved with 
3 cm margins compared 
to 1 cm margins HR 
1.24
Cumulative incidence of 
death due to melanoma 
at 8.8 years was 47.9% 
with 1 cm and 38.1% 
with 3 cm margins
Lower LR with 3 cm 
margins (p = 0.05)

Swedish Melanoma 
Study 
Group + Danish 
Melanoma Group 
[43]

N = 936 (melanoma 
≥2 mm)
RCT 1:1 Excision margins: 
2 cm vs. 4 cm (50% >3 cm)
Median F/U: 6.7 years 
(11.8 in Swedish cohort)

No difference in OS at 
5 years (65% vs. 65%) 
or 10 years
No difference in MSS at 
5 years
Difference (non-
significant p = 0.06) 
in local recurrence 1 cm 
(4.3%) vs. 3 cm (1.9%)

>4 mm British Cooperative 
Group Trial [45, 
115]

N = 225 (melanoma > 4 
mm)
Excision margins: 3 cm vs. 
1 cm
Median F/U: 8.8 years

No difference in OS (as 
above)

F/U follow-up, RCT randomized controlled trials, WLE wide local excision, OS overall survival, 
NS not significant, LRR locoregional recurrence, LR local recurrence (within/adjacent to the scar). 
CLND completion lymphadenectomy – previous SLNB, DFS disease-free survival, TLND thera-
peutic lymphadenectomy – palpable or radiographic disease without previous SLNB, SLN sentinel 
lymph node

Table 16.10 (continued)
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Table 16.11 Sentinel lymph node biopsy and completion lymphadenectomy

Study Methods Results

Multicenter 
Selective 
Lymphadenectomy 
Trial (MSLT-1) [50]

Phase III Multicentre RCT
N = 1347 (melanoma 
1.2–3.5 mm), 314 with thick 
melanoma
Groups: WLE + SLNB (with 
CLND if SLNB positive, 
observation if SLNB negative) 
vs. WLE and observation alone 
(with TLND when clinically 
nodal relapse)
Median F/U: 10 years

5-year DFS 78% vs. 73% (p = 0.009)
10-year DFS SLNB vs. observation for 
intermediate thickness: 71.3% vs. 64.7% 
(p = 0.01) and for thick melanoma: 50.7% 
vs. 40.5% (p = 0.03)
No significant difference in 10-year 
melanoma-specific survival in intermediate-
thickness melanoma (81.4% in SLNB group 
vs. 78.3% in observation group, p = 0.18) 
and in thick melanoma (58.9% vs. 64.4%, 
p = 0.56)
Subgroup analysis in positive sentinel node 
patients:
  Better 10-year MSS in those who were 

SLN+ and had CLND vs. those who had 
TLND (62.1% vs. 41.5%, p = 0.006)

Node-negative patients have 10-year OS of 
85.1% vs. 62.1% for those with node-
positive disease (p < 0.001)
In multivariable analysis, sentinel node 
status is the strongest predictor of disease 
recurrence and death from melanoma

Multicenter 
Selective 
Lymphadenectomy 
Trial (MSLT-2) [52]

Phase III multicentre RCT 
N = 1939
Intermediate and thick 
melanomas (≥1.2 mm) with 
positive SLNB (all underwent 
WLE and SLNB)
1:1 Randomization to either:
  Completion lymph node 

dissection
  Close observation with 

clinical exam and ultrasound 
and completion dissection 
with additional nodal disease

Median f/u 43 months
3 year MSS did not differ between the 
CLND group and the nodal observation 
group (86% vs. 86%)
Sub-group analysis did not identify any 
group with improved MSS with CLND vs. 
observation
3 year DFS higher with CLND (68%) vs. 
observation (63%) 2nd to decreased nodal 
recurrence at 3 years (92% with CLND vs. 
77% with observation)
No difference in distant metastasis-free 
survival
Median thickness in both groups 2.1 mm, 
69–72% had only one SLN positive, median 
size of metastasis in SLN 0.61–0.67 mm, 
approx. 65% had ≤1 mm of disease in SLN

De-COG SLT  
[53, 54]

Phase III multicentre RCT
N = 438 (trial closed early 2nd 
to limited accrual)
Intermediate and thick 
melanomas (≥1 mm) with 
positive SLNB (all underwent 
WLE and SLNB)
1:1 Randomization to either:
  completion lymph node 

dissection
  close observation with 

clinical exam and ultrasound 
and completion dissection 
with additional nodal disease

Median f/u 72 months
No difference in Distant metastasis-free 
survival (DMFS) at 3 years 77% with 
observation and 74.9% with CLND, or 
5 years 68% with observation and 65% with 
CLND
No difference in OS at 3 years (81.7% 
observation and 81.2% CLND) or 5 years
No difference in recurrence free survival 
(RcFS) at 3 years (67.4% observation vs. 
66.8% CLND) and 5 years
Median thickness in both groups 2.4 mm, 
91–93% had only one SLN positive, approx. 
65% had ≤1 mm of disease in SLN

RCT randomized controlled trial, WLE wide local excision, OS overall survival, LR locoregional 
recurrence, NS not significant, CLND completion lymphadenectomy – immediate, TLND thera-
peutic lymphadenectomy – delayed, SLN sentinel lymph node, DFS disease-free survival, RcFS 
recurrence-free survival, DMFS distant-metastasis-free survival
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Table 16.13 Systemic therapy for metastatic disease

Drug Study Methods Results
Targeted immunotherapy:
Dabrafenib 
(BRAF 
inhibitor) + 
Trametinib 
(MEK 
inhibitor)

Long, G. et 
al. [116]
N = 423

Phase 3 RCT (Combi-D)
BRAF V600E/K mutation 
unresectable stage III or IV
1:1 Dabrafenib + 
Trametinib vs. Dabrafenib 
alone
No prior systemic tx for 
Stage IV disease, excluded 
untreated brain metastasis

3-year PFS was 22% with 
combination therapy versus 
12% with monotherapy
3-year OS was 44% vs. 32%, 
respectively
Greatest 3 year OS benefit in 
pts with baseline LDH ≤ ULN 
and <3 organ sites with 
metastasis 62% vs. 25%

Robert, C. et 
al. [99, 117]
N = 704

Phase 3 RCT (Combi-V)
BRAF V600E/K mutation 
unresectable stage III or IV
1:1 Dabrafenib + 
Trametinib vs. Vemurafenib 
alone
No prior systemic tx for 
Stage IV disease, excluded 
untreated brain metastasis

3-y PFS, 25% with 
combination therapy vs. 11% 
with monotherapy
3-year OS, 45% vs. 32% 
respectively
Greatest 3 year OS benefit in 
pts with baseline LDH ≤ ULN 
and <3 organ sites with 
metastasis 70% vs. 46%

Vemurafenib 
(BRAF 
inhibitor) + 
Cobimetinib 
(MEK 
inhibitor)

Ascierto et 
al. [97]
N = 495

Phase 3 RCT (CoBRIM)
BRAF V600E/K mutation, 
unresectable stage III or IV
RCT 1:1 Vemurafenib + 
Cobimetinib vs. 
Vemurafenib alone
No prior systemic tx for 
Stage IV disease, excluded 
untreated brain metastasis

Median progression-free 
survival was 12.3 months for 
combined therapy vs. 7.2 
months for monotherapy
Median overall survival was 
22.3 months versus 17.4 
months respectively

Encorafenib 
(BRAF 
Inhibitor) + 
Binimetinib
(MEK 
Inhibitor)

Dummer et 
al. [98]
N = 577

Phase 3 RCT (Columbus 
Trial)
BRAF V600E/K mutation, 
unresectable stage III or IV
1:1:1 Encorafenib + 
Binimetinib vs. Encorafenib 
alone vs. Vemurafenib alone
No prior systemic tx for 
Stage IV disease, excluded 
untreated brain metastasis

median progression-free 
survival was 14·9 months with 
combination therapy vs. 9.6 
months with encorafenib 
alone vs. 7·3 months with 
vemurafenib alone
median follow-up 16.6 
months, median OS not yet 
reached

Checkpoint inhibitors:
Ipilimumab 
(CTLA-4 
Inhibitor)

Robert C et 
al. [118]
N = 502

Phase 3 RCT tx naive 
unresectable stage III or IV
Ipilimumab 10 mg/kg + 
dacarbazine vs. dacarbazine 
+ placebo

OS significantly longer in Ipi 
+ D vs. D + placebo—11.2 vs. 
9.1 months with higher 
survival rates at:
  1 year 47% vs. 36%, 2 year 

28% vs. 18%, and 3 year 
20.8% vs. 12.2%

A. M. Covelli et al.
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Drug Study Methods Results
Hodi et al. 
[119]
N = 676

Phase 3 RCT previously 
treated unresectable stage 
III or IV, HLA-A*0201 
positive
3:1:1 ipilimumab 3 mg/kg + 
gp100, vs. ipilimumab 3 
mg/kg vs. gp100

median overall survival was 
10 months among patients 
receiving ipilimumab ± gp100 
vs. 6 months with gp100 alone
progression-free survival was 
highest in the ipi alone group 
57.7% at 12 weeks (vs. 49% 
with combination and 49% 
with gp100 alone
Ipi alone group had best ORR 
10.9%

Schadendorf 
et al. [105]

Patient level OS-analysis,
1861 patients unresectable 
stage III or IV, previously 
treated (1257) or treatment 
naive (604)
2 trials, (10 prospective and 
2 retrospective including 2 
phase III trials) 
comparisons of ipilimumab 
with controls (3 mg/kg in 
52%, 10 mg/kg in 40% of 
patients)

median OS was 11.4 months
3 year OS rates were 22% for 
all patients 26% for treatment-
naive patients, and 20% for 
previously treated patients

Nivolumab (PD-1 inhibitor)
Weber et al. 
[120]
N = 631

Phase 3 RCT (Checkmate 
037)
Unresectable stage III or IV 
progressed on ipilimumab ± 
BRAF/MEK inhibitor
2:1 nivolumab 3 mg/kg q2 
week vs. cytotoxic 
chemotherapy (ICC) 
(dacarbazine/paclitaxel)

ORR 31. 7%, in the 
nivolumab group vs. 10. 6%, 
in the ICC group
Median duration of response 
had not yet been reached at 
8.4 months with nivolumab 
vs. 3·5 months with ICC

Ascierto et 
al. [107]
Robert et al. 
[121]
N = 418

Phase 3 RCT (Checkmate 
066)
unresectable stage III or IV, 
treatment naive BRAF wt
1:1 nivolumab 3 mg/kg q2 
week vs. dacarbazine q3 
week

3-year OS 51.2% with 
nivolumab vs. 21.6% with 
Dacarbazine
median OS was 37.5 vs. 11.2 
months
Complete and partial 
responses were 19.0% and 
23.8% with Nivo

Table 16.13 (continued)

(continued)
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Drug Study Methods Results
Pembrolizumab
(PD-1 inhibitor)

Robert et al. 
[122]
N = 173

Phase 1 trial (Keynote-001)
unresectable stage III or IV 
progressed on ipilimumab
Pembrolizumab 2 mg/kg q3 
week vs. 10 mg/kg q3 week

ORR 26% at 8 months f/u in 
both groups
A/E rate was the same in both 
groups

Hamid et al. 
[106], 
Robert el al 
[123].
N = 655

Phase 1b trial, 
(Keynote-001)
unresectable stage III or IV
Pembro 2 mg/kg q3week 
vs. 10 mg/kg q3 week vs. 
10 mg/kg q2 week
151 treatment naive, 496 
had previous systemic 
treatment (excluding PD-1 
inhibitors)

5 year OS 34% in all patients 
and 41% in treatment 
(tx)-naive patients
Median OS was 23.8 months 
in all patients and 38.6 months 
in tx naïve patients
16.0% achieved CR at median 
12 months, 2 year sustained 
DFS 90% and sustained CR 
88% at 30 months

Schacter et 
al. [124]
Robert et al. 
[125]
N = 834

Phase 3 RCT 
(Keynote-006)
unresectable stage III or IV
1:1:1 Pembrolizumab 10 
mg/kg q 2 weeks vs. 
Pembrolizumab 10 mg/kg q 
3 week vs. Ipilimumab 3 
mg/kg
Prior systemic tx for Stage 
IV disease (excluding PD-1 
and CTLA-4 inhibitors)

ORR 36% in pembro group 
vs. 13% in ipi group
median OS not reached in 
pembro at 23 months, median 
OS with ipi 16 months
2 year OS was 55% in the 
pembro arms vs. 43% in ipi 
arm

Combination 
therapy:

Hodi et al., 
Wolchok et 
al.
[108, 109]
N = 94

Phase 3 RCT 
(Checkmate-067)
tx naive unresectable stage 
III or IV
1:1:1 Nivolumab 1 mg/kg + 
Ipilimumab 3 mg/kg q 3 
weeks * 4 doses then 
Nivolumab alone 3 mg/kg q 
2 weeks vs. Nivolumab 
alone 3 mg/kg q 2 weeks 
vs. Ipilimumab alone 3 mg/
kg q 3 weeks * 4 doses

median OS was not reached at 
48months in the
Nivo + Ipi group vs. 36.9 
months with Nivo vs. 19.9 
months with Ipi
3 year OS was 58% in the 
Nivo + Ipi group vs. 52% in 
the Nivo group vs. 34% in the 
Ipi group
Treatment-related adverse 
events grade 3/4 occurred in 
59% with combination, 21% 
with Nivo alone and 28% with 
Ipi alone

RCT randomized controlled trial, PFS progression-free survival, OS overall survival, D dacarba-
zine, RFS relapse-free survival, DFS disease-free survival, IFN interferon, Ipi ipilimumab, Nivo 
nivolumab, Pembro pembrolizumab, RcFS recurrence-free survival

Table 16.13 (continued)
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 Landmark Trials

 Systemic Therapy

 Referring to Medical Oncology (Patients 
with High-Risk Melanoma)

 1. Primary melanoma with Breslow thickness >4 mm
 2. Node-positive melanoma (palpable and sentinel node positive)
 3. In-transit or satellite lesions
 4. Metastatic disease
 5. Recurrent disease
 6. Unknown primary melanoma

Patients with metastatic melanoma should be referred for clinical trials whenever 
possible. Metastatic melanoma of the unknown primary site is diagnosed in approx-
imately 2–9% of all melanoma cases. It is usually diagnosed if metastatic melanoma 
is confirmed clinically and pathologically, and if no cutaneous, uveal, or mucosal 
melanoma primary can be found. Data suggests that unknown primary melanoma 
can be accurately staged using the AJCC staging system and have equal survival 
stage per stage [126].

 Referring to Radiation Oncology [90, 91]

 1. Unresectable or gross residual nodal disease
 2. Extracapsular nodal extension
 3. ≥1 parotid, ≥2 cervical, ≥2 axillary, ≥3 inguinal palpable lymph nodes involved
 4. Cervical lymph node ≥2 cm, axillary and inguinal lymph node ≥3 cm
 5. Metastatic disease – if symptomatic from focal disease; treatment of brain metas-

tases with stereotactic radiosurgery
 6. Pure desmoplastic melanoma with narrow margins, locally recurrent or exten-

sive neurotropism
 7. Multiple local recurrences at the primary site (after resection), positive margins 

around primary site from microsatellites
 8. In transit/satellite disease unsuitable for surgery, intralesional, or topical thera-

pies or systemic therapy

 Referring to Multidisciplinary Cancer Conference (MCC)

 1. Bulky nodal disease
 2. New metastatic disease
 3. In-transit or locoregional recurrence

16 Melanoma
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 4. Any consideration of non-standard multimodal therapy
 5. Consideration of available clinical trials

 Technical Aspects of Melanoma Defect Reconstruction

There are various coverage options following melanoma excision. The decision- 
making process for selection of the best coverage method is dependent on the fol-
lowing factors: defect location, size, adjacent skin laxity, history of radiation or 
need for adjuvant treatment, and the patient’s medical comorbidities. In general, the 
simplest closure method is used that will provide optimal function and cosmesis.

Generally, a full-thickness circular tissue defect, going down to fascia, perios-
teum, or paratenon, is present after a melanoma excision. The commonly used cov-
erage options are listed below with a brief description of their appropriate use and 
important perioperative care.

 Primary Closure

Primary closure is the simplest closure available and is recommended whenever 
possible. It requires adequate laxity in the surrounding tissue and can be used in any 
part of the body. It is also easily done in a clinic setting with the use of local 
anesthetics.

As for technical tips, a preoperative elliptical excision marking allows a linear 
closure without a dog-ear formation that would otherwise result from closing a cir-
cular defect. It may be necessary to undermine both sides of the skin flaps at the 
pre-fascial level to allow adequate advancement. It is recommended to suture the 
incision in a layered fashion to approximate the superficial fascia where present, the 
deep dermis, and finally the skin closure.

 Skin Graft

When primary closure is not possible, skin graft may be useful in areas where there 
is a lack of adjacent skin laxity. A skin graft is a fast procedure, but it takes longer 
to heal, requires postoperative wound care, and has worse aesthetics than flap cover-
age. Furthermore, a skin graft should not be used in a previously irradiated tissue or 
in an area that will likely receive adjuvant radiation.

There are two types of skin grafts: (1) full thickness skin graft (FTSG) that con-
sists of epidermis and the full thickness of dermis and (2) split thickness skin graft 
(STSG) that consists of epidermis and a partial thickness of dermis.

The FTSG may be useful across a joint as it does not undergo significant second-
ary contraction like STSG. However, it is important to remember that an FTSG has 
a limitation to the size that can be harvested since the donor site requires a primary 
closure (i.e. groin, supraclavicular region, etc.), and an FTSG takes less readily than 
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the STSG. Intraoperatively, it is pie-crusted using a scalpel to prevent hematoma or 
seroma formation under the graft, and it is sutured to the defect skin edges with gut 
sutures.

The STSG is useful in a larger surface area over any soft tissue (muscle, fascia, 
fat), periosteum, perichondrium, paratenon, and medullary bone. Frequently har-
vested using a dermatome from any healthy skin (i.e. commonly thighs), the com-
mon thickness used is 0.012″ and STSGs may be used as a pie-crusted sheet graft or 
meshed to enlarge the surface area and improve its ability to conform to irregular 
contours. The STSG may be sutured or stapled to the recipient site, and the donor 
site undergoes secondary healing over the course of approximately 2 weeks.

Postoperative care is necessary to allow adequate graft healing. This may be 
achieved using a bolster dressing using a Reston foam or a VAC dressing, which is 
necessary for approximately 5 days postop to provide compression, avoid shear, and 
avoid fluid accumulation under the graft. After removal of the initial dressings, daily 
non-adherent dressing changes are required for approximately 2 weeks afterwards 
until the skin graft has fully healed. Patients may require splints during the immedi-
ate postoperative graft healing period if skin grafts are placed in extremities and do 
not have a VAC dressing on in order to prevent tendon or muscle movement below 
the graft.

 Local Flaps [1]

Local flaps may be a better option over skin grafts when the coverage requires better 
tissue colour and contour match and durability. Local flaps consist of skin, subcuta-
neous tissue, and superficial fascia, where the tissues in the immediate vicinity of 
the primary defect are raised and transferred to the defect size. There are a variety 
of local flaps, and the commonly used types in melanoma defect coverage include 
advancement, transposition, rotation, and keystone flaps. It is important to note that 
after a local flap is performed, it may interfere with accuracy of sentinel lymph node 
mapping and make re-excision more challenging.

 Advancement Flap
Advancement flap as shown in Fig. 16.1 is a unidirectional linear advancement of 
tissue. There are many varieties of this flap. The single advancement flap, which 
demonstrates the general principle of this flap design, is demonstrated below. The 
flap is designed by making parallel incisions along a tangent to the defect at the 
depth of the defect. Tension may be reduced by undermining both opposing wound 
edges and by utilizing Burrow’s triangle excisions.

 Transposition Flap
An example of a transposition flap is the classic rhomboid flap as shown in Fig. 16.2. 
A defect is shaped into a rhombus shape with angles of 60 and 120 degrees. The flap 
is designed as an extension of the short axis of the rhomboid in the region of the 
maximal adjacent skin laxity. The flap is lifted and transposed into the defect as the 
tension vector changes by 90 degrees, and the donor site is closed primarily.
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 Rotation Flap
Rotation flaps repair defects that cannot be closed along a single tension vector by 
an advancement flap as shown in Fig. 16.3. It is designed by extending an arc from 
beyond the base of the defect (of approximately 5–6 times the base of the triangu-
lated defect), with a pivot point about 2 times in length of the triangulated defect. 
The rotation results in a secondary defect along the arc of rotation, which is often 
closed by re-distribution of the elevated flap over this defect and the defect form the 
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melanoma excision. Alternatively, a Burrow’s triangle allows a closure without a 
dog ear and by eliminating the secondary defect. A Burrow’s triangle may also be 
used to relax the line of maximal tension of the flap, to avoid ischemic compromise 
to the flap.

 Keystone Flap
Keystone flap as shown in Fig. 16.4 is a fasciocutaneous flap based on muscular 
perforators that can be considered in most parts of the body, and is particularly use-
ful in back, chest, abdomen, and longitudinally oriented leg or arm defects. It 
requires having intact fascia with intact perforators supplying it. When designing a 
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keystone flap, it is important to take the flap from area of maximal laxity. Below 
diagrams demonstrate the classic keystone flap design and a modification of it 
below to optimize blood supply. While it is a flap design that may be considered in 
most parts of the body, it is not ideal in the following situations:

• Distal medial leg where the flap is designed over the bone
• Midline of back is in the flap design
• Fascial septum is in the flap
• Skin has been elevated off the fascia perforators already (i.e. if an advancement 

flap has been attempted and didn’t reach)

 Regional Flaps

Regional flaps, which are tissue with its own blood supply, are used for larger 
defects. They are useful in irradiated defects or defects that may have exposed criti-
cal structures, such as major vessels, nerves, bones and/or tendons; for example, in 
a larger defect with exposed axillary vessels, a pectoralis muscle flap or a latissimus 
dorsi flap may be indicated. Free flaps, which are distant transfers of tissue with its 
own blood supply using microsurgical techniques, are less commonly performed in 
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Fig. 16.4 Keystone flap and its modification (Type ‘A’ flap) [2]
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melanoma and non-melanoma coverage situations. In situations where regional 
flaps would be needed or when local flap options are not straightforward, early plas-
tic surgery consultation is recommended to allow operative planning and coordi-
nated surgery.

 Toronto Pearls

• Groin dissection flaps should preserve Scarpa’s fascia with the flap.
• Saphenous vein preservation during groin dissection could be considered.
• Level 3 axillary dissection should be completed in the presence of palpable axil-

lary disease.
• Superficial and deep groin dissection should be completed in the presence of 

palpable disease.
• If patient does not undergo completion lymphadenectomy after a positive SLNB, 

perform ultrasound monitoring of the axilla and/or groin every 4–6 months for 
3 years and then yearly to 5 years.

• Pembrolizumab is the preferred adjuvant therapy in non-BRAF mutated patients 
(2nd to q3 week drug dosing) over nivolumab.

• Consider radiation for multiple local recurrences at the site of primary disease 
following re-excision.

• Currently we do not have access to VP10, T-VEC, or interferon-α as injectable 
treatment for in-transit disease.

• Our centre routinely uses IL-2 intra-tumoral injection and aldara and retinoid 
creams (triple therapy) in the management of multiple in-transit metastases as 
first-line treatment after surgery.

• Topical immunotherapy (diphencyprone – DPCP) or systemic immunotherapy is 
2nd line after triple therapy for ongoing in-transit disease.

• Radiation is rarely used for in-transit disease.
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 Introduction

Merkel cell carcinomas (MCCs) are rare cutaneous neuroendocrine neoplasms that 
are clinically aggressive due to a relatively high local, regional, and distant meta-
static recurrence potential [1]. These tumours are thought to be more aggressive 
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than melanoma and are associated with an overall historical 5-year survival rate 
between 13.5% and 56% depending on stage at time of initial presentation [2–4]. 
They are found most commonly in Caucasian (94%), elderly patients, with the 
average age at presentation being 72  years [5–9]. The most common sites of 
involvement include the head and neck (46–48%), followed by the extremities 
(35–38%), and trunk (11–17%) [5, 7]. Risk factors include extensive sun exposure, 
immunosuppression, and/or infection with the polyomavirus [7, 10–12]. It is esti-
mated that 60-80% of MCC in the Northern Hemisphere are related to the poly-
omavirus [13, 14].

MCCs usually present as non-tender (86%), rapidly growing (63%), painless, red 
to violaceous intradermal papules (56%), or large nodules [1, 10]. MCC can also be 
flesh toned and the overlying epidermis is usually preserved [1]. A common clinical 
presentation is an elderly Caucasian man with a rapidly growing, otherwise asymp-
tomatic, nodule in a sun-exposed area, often with other signs of background sun 
exposure [1, 5, 7, 15]. Given their relatively non-specific clinical presentation, diag-
nosis is often delayed leading to advanced disease at the time of diagnosis. 
Approximately half of all MCC are considered to be benign lesions on visual 
inspection alone [10]. The “AEIOU” acronym can be used to assist with diagnosis: 
A—asymptomatic, E—expanding, I—immunosuppressed, O—older than age 
>50  years, and U—ultraviolet-exposed fair skin [1, 10]. Ultimately, diagnosis is 
established by excisional or punch biopsy demonstrating the characteristic “small, 
round, blue cells” with large prominent nuclei [16].

Three histological subtypes of Merkel cell include: (i) small-cell variant which is 
poorly differentiated and indistinguishable from bronchial small-cell carcinoma on 
histology alone, (ii) intermediate variant, which is the most common, and (iii) tra-
becular variant, which is the most well-differentiated and also the most uncommon; 
it is often only seen as a component of a mixed variant with the other two histologic 
subtypes [14, 16]. While the utility of differentiating the variants remains unclear, it 
is thought that the trabecular variant is least aggressive whereas the small-cell vari-
ant the most aggressive.

Immunohistochemical analysis has been instrumental in identifying markers 
characteristic of MCC, facilitating its differentiation from other “small round, blue 
cell tumours” commonly seen with bronchial small-cell carcinoma, poorly differen-
tiated neuroendocrine tumours, lymphoma, and small-cell melanoma. Cytokeratin-20 
(CK-20 and neuron-specific enolase (NSE) are highly specific for MCC.  CK-20 
staining is positive in 89–100% of MCCs. In contrast, thyroid transcription factor-1 
(TTF-1) and CK-7 stain positive in bronchial small cell but are generally absent in 
MCC [1, 16]. Small-cell melanoma stains positive for S-100 and HBM-45 but nega-
tive for CK-20 differentiating it from MCC [16].

The American Joint Committee on Cancer AJCC eighth edition is the current 
recommended staging system for MCCs. Clinically and pathologically node nega-
tive patients (Stage I and Stage II) demonstrate improved overall survival (OS) with 
smaller MCCs at the time of presentation. In Stage I patients (i.e. <2 cm), the 5-year 
OS is 45.0%, whereas in Stage IIA (>2 cm), 5-year OS is 30.9%, and MCC with 
local invasion into the fascia, muscle, cartilage, or bone (Stage IIB) 5-year OS is 
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27.3% [17]. Prognostically overall survival is also related to nodal involvement. 
5-year OS is highest in patients who are clinically and pathologically node negative 
(50.6%) (Table 17.1). Those who are discovered to be node-positive on pathological 
examination (micrometastasis identified within a sentinel lymph node) demonstrate 
a 5-year OS 39.7% which decreases to 26.8% in patients with clinically discovered 
regional lymph node involvement at the time of diagnosis [17] (Table 17.1).

 Management

 Wide Local Excision

Wide local excision (WLE) is considered the cornerstone of treatment for localized 
MCC (Table 17.2). While no trials have demonstrated, the absolute size of margin 
required to reduce local recurrence current recommendations are 1–2 cm down to 
the fascia or pericranium, irrespective of size of the MCC [2, 19] (Table 17.2). The 
intent behind wide local excision is not to achieve wide negative margins on the 
primary lesion itself, but rather to remove microscopic satellite disease [19].

40-50% of MCC occur in the head and neck region.WLE with 1–2  cm is 
attempted whenever possible; however, when WLE would preclude appropriate 
functional and/or cosmetic outcomes, Mohs micrographic surgery can be consid-
ered. There has been no prospective data comparing the outcomes of Mohs 
micrographic surgery to WLE ≥1 cm. Retrospective studies have demonstrated 
that when microscopically negative margins are achieved, Mohs’ microsurgery 
did not confer worse recurrence nor overall survival compared to WLE for stage 
I and II disease [20, 21].

 Sentinel Lymph Node Biopsy

The single most important prognostic characteristic of clinically localized MCC is 
the presence or absence of occult nodal metastases [2, 9, 17]. The incidence of sen-
tinel node metastases in MCC ranges anywhere between 14 and 47%, and approxi-
mately 30% of clinically node-negative patients will harbour micrometastatic 
disease [2, 3, 17, 24] . While an increase in size of the primary MCC has been 

Table 17.1 Clinical presentation and prognosis

Presentation [3, 17]
Prognosis [8]
5-Year overall survival (OS)

Localized disease (65–66%) 51
Regional metastasis (27–28%) 35%
Distant metastasis (7–8%) 14%
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associated with an increase in occult lymph node metastasis, sentinel lymph node 
(SLN) positivity has been demonstrated up to 14% in MCCs <1 cm [9, 17]. Overall, 
however, SLN positivity has been associated with (a) primary tumour size (25% for 
tumours ≤2 cm vs. 45% for tumours >2 cm) and (b) the presence of lymphovascular 
invasion (55% for tumours with lymphovascular invasion vs. 4% for tumours with 
no evidence of lymphovascular invasion) [9, 25].

Undergoing SLNB may offer local therapeutic benefit as there has been decreased 
regional nodal recurrence compared to patients who underwent observation alone [2, 
26]. In addition, patients with a positive sentinel lymph node appear to be at signifi-
cantly higher risk of distant metastasis and death from MCC and thus may benefit 
from additional treatment [2, 18, 24, 26–28]. False negative rates with sentinel lymph 
node biopsy (SLNB) have been reported to range from 0 to 57% with recent patient-
level systematic review reporting ~15% [24]. False negative rates are likely secondary 
to lymphatic dysfunction and/or the relatively high number of MCCs on the head and 
neck leading to multiplicity of lymph node basins compared to other sites.

Current recommendations following a positive SLN include completion lymph 
node dissection and/or radiation therapy [19] (Table 17.3). While there have been no 
clinical trials comparing local-regional treatments (completion lymph node dissec-
tion (CLND) alone, nodal irradiation (NRT) alone, and CLND plus nodal radiation) 
following a positive SLN, large series single institute studies have not demonstrated 
a difference in recurrence or survival outcomes between local-regional treatment 
options [29, 30] (Table 17.3). Patients undergoing NRT tend to be older with more 
medical comorbidities whereas those who undergo both CLND + NRT tend to be 

Table 17.2 Management of localized Merkel cell carcinoma [2, 18, 19]

Workup
Surgical excision 
(margins)

Lymph node 
assessment Adjuvant therapy Follow-up

History and 
physical 
examination
Complete 
skin and 
lymph node 
examination
Biopsy 
(H + E, IHC)
No labs
Imaging 
studies at 
physician 
discretion

Wide local 
excision (WLE) 
(1–2 cm margins) 
to investing fascia
Mohs 
micrographic 
surgical excision 
with negative 
margins and then 
re-excision 
(0.5–1.0 cm 
margins)a

Offer and 
discuss 
SLNB—
Ideally done 
at time of 
definitive 
resection

Refer to radiation 
oncology for 
consideration of 
adjuvant RTX to 
the primary site
No role for 
systemic 
chemotherapy in 
the adjuvant or 
neoadjuvant 
setting
Adjuvant 
immuno-therapy 
is being 
investigated in 
clinical trials

History and physical 
exam every 
3–6 months for 
3 years including 
full skin exam and 
assessment of lymph 
node basins and then 
every 6–12 months 
thereafter

H + E hematoxylin and eosin staining, IHC immunohistochemistry, SLNB sentinel lymph node 
biopsy, RTX radiation therapy
aMohs surgery is not routinely recommended but can be considered in cosmetically sensitive areas 
when 1–2 cm margins are not feasible or would result in significant morbidity
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younger with a higher SLN disease burden. No study has demonstrated a significant 
difference in local-regional recurrence (LRR) in the lymph node basin irrespective 
of treatment modality. Overall LRR alone occurred in less than 10% of patients 
across all treatment modalities [25, 29].

While there has been no demonstrated difference in  local-regional or distant 
recurrence or disease-specific survival, CLND offers the advantage over radiation 
therapy of identifying non-sentinel lymph node positive disease. Non-sentinel 
lymph node positivity is demonstrated in approximately 32% of patients who 
undergo CLND and confers a worse prognosis than positive sentinel lymph nodes 
alone (5 year Merkel cell-specific survival 51% vs. 90% and 5 year disease-free 
survival 33% vs. 64% after controlling for number of involved lymph nodes) [30].

 Metastatic Merkel Cell Carcinoma

 Adjuvant Therapy for Merkel Cell Carcinoma

 Indications for Post-Operative Radiation Therapy [19]

• Radiation to the primary site*

 – Primary tumour >1 cm in diameter
 – Salvage operation for recurrent disease

Table 17.3 Management of regional metastatic Merkel cell carcinoma [19, 22, 23]

Clinical scenario Workupa Surgical approach
SLNB positive Imaging:

  CT chest, 
abdomen, 
and pelvis

  PET-CTa

  MRIb

Completion lymphadenectomy (CLND) should be offered 
and discussed
Level I–III axillary lymph node dissection
Superficial and deep groin dissection
Refer to radiation oncology for consideration of treatment 
to primary site and nodal basin. There may be a role for 
radiation to the nodal basin instead of CLND in some 
patients
Refer to medical oncology for assessment of adjuvant 
therapy clinical trial

Clinically 
positive lymph 
nodes

FNA or core 
biopsy
Imaging:
  CT chest, 

abdomen, 
and pelvis

  PET-CTa

  MRIb

Therapeutic lymphadenectomy should be offered and 
discussed
Refer to radiation oncology for assessment of adjuvant 
therapy
Refer to medical oncology for assessment of adjuvant 
therapy clinical trial

SLNB sentinel lymph node biopsy, FNA fine-needle aspiration, CLND completion 
lymphadenectomy
aPET-CT is gaining importance and may be preferred in some instances
bMRI can be used if PET-CT is unavailable
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Table 17.5 Radiation therapy for Merkel cell carcinoma

Study Treatment Conclusions Comment
Mojica 
P et al. 
[32]

Surgery ± adjuvant RT to the 
primary site
N = 1187

OS was significantly 
increased with adjuvant 
RT vs. surgery alone

SEER registry data; 
no information on 
RFS or DSS
RT-treated patients 
significantly younger 
than surgery-alone 
patients

Jouary 
T et al. 
[33]

Surgery + RT to the primary 
site and regional nodal basin 
vs. surgery + observation
N = 83

Adjuvant RT associated 
with improvement in 
regional recurrence 
compared to observation 
(0% vs. 16.7%); no 
improvement in OS

RCT of patients with 
stage I disease
Prematurely closed 
due to a drop in 
recruitment with the 
advent of SLNB

Table 17.4 Management of distant metastatic Merkel cell carcinoma [19]

Workup Surgical approach Systemic therapy
Imaging:
  CT chest, 

abdomen, 
and pelvis

  PET-CT
  MRI
No specific 
labs

May be considered for patients with 
oligometastasis after 
multidisciplinary tumour board 
consultation [31]
For palliation of symptoms such as 
bleeding, pain, intestinal 
obstruction, or perforation of 
intestinal metastases

Refer to radiation and medical 
oncology for assessment of 
combination therapy ± clinical trial 
enrollment
Single-agent immunotherapy:
  Avelumab
Multi-agent chemotherapy:
  Carboplatin/etoposide
  Cisplatin/etoposide
  Cyclophosphamide/doxorubicin/

vincristine

Notes: Immunotherapy has recently demonstrated promise for metastatic disease both as a first- 
line agent and a second-line agent after progression on chemotherapy. There is no data currently 
combining immunotherapy with radiation therapy. Combining chemotherapy and radiation ther-
apy may provide better palliation of advanced locoregional disease compared to chemother-
apy alone

 – Positive margins that cannot be surgically re-excised
• Radiation to the nodal basin

 – Absence of surgical assessment of lymph node basin
 – Positive sentinel node without completion of node dissection/ alternative to 

CLND (Table 17.5)
 – Bulky nodal disease with multiple (4+ axillary and 10+ inguinal) lymph node 

metastases
 – Extracapsular spread

*can consider omitting adjuvant RT in MCC <1 cm, with negative margins and 
negative SLN [19, 26].
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Table 17.5 (continued)

Study Treatment Conclusions Comment
Bhatia 
S et al. 
[34]

Surgery ± adjuvant RT or RT 
alone (RT alone only 5% of 
study cohort) to the primary 
site and regional nodal basin
N = 6908

Adjuvant RT had 
significantly improved 
overall survival compared 
to surgery alone for 
localized disease stages I 
& II but not with nodal 
involvement (stage III)
Relative risk reduction 
29% and 23% in stage I/II

Retrospective cohort 
NCDB registry, no 
information on DSS
Unable to assess RT 
fields (i.e. local site 
+/− lymph node 
basins) which may 
be key in stage III

Chen 
et al. 
[20]

Head and neck MCC 
surgery ± adjuvant RT or 
ChemoRT (only 13% of study 
cohort) to the primary site and 
regional nodal basin
N = 4815

Adjuvant RT provided a 
survival benefit over 
surgery alone (HR 0.80 
[95% CI, 0.70-0.92])

Retrospective cohort 
NCDB Registry 
(1998–2011), no 
information on DSS

Hasan 
et al. 
[35]

Surgery ± adjuvant RT/
adjuvant chemoRT to the 
primary site and regional nodal 
basin
N = 4475

Adjuvant RT had 
significantly improved 
overall survival compared 
to surgery alone
Reduced recurrence rate 
(38% surgery alone vs. 
23% surgery + RT) and 
improved
3-year overall survival was 
55% with surgery alone 
and (78%) with 
surgery + RT

Systematic review of 
34 studies
All studies were 
primary Merkel that 
underwent WLE and 
either observation or 
adjuvant therapy
RT included both the 
primary site and 
lymph node basin

Perez 
et al. 
[29]

Surgery (completion lymph 
node dissection) or RT alone 
(nodal basin irradiation), or 
surgery+RT after positive SLN
N = 71 (CLND = 11, RT 
alone = 40, CLND + RT = 20)

No difference in DSS or 
distant metastasis or 
regional recurrence 
between groups
Regional failure <10% in 
all treatment arms

Single institute 
retrospective 
database 
(1998–2005)
Median f/u 
22.3 months
Higher burden of 
nodal disease in 
combination group, 
lowest in CLND
Limited number of 
patients in the 
CLND group

Lee 
et al. 
[30]

Surgery (completion lymph 
node dissection) or RT (nodal 
basin irradiation) after positive 
SLN
N = 163 (CLND = 137, 
RT = 26)

No difference in DSS, 
DFS, or regional 
recurrence between 
treatments
Decreased DSS, DFS, 
distant recurrence in 
patients with positive 
non-SLNs vs. positive 
SLNs alone

Single institute 
prospective database 
(2006–2017)
Median f/u 1.9 years
Limited number of 
patients in the RT 
alone group

RT radiation therapy, OS overall survival, DFS disease-free survival, DSS disease-specific survival, 
RFS recurrence-free survival, RCT randomized controlled trial, CLND completion lymph node 
dissection, SLN sentinel lymph node
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 Systemic Therapy for Merkel Cell Carcinoma

While MCC is a chemosensitive disease, there is no evidence supporting the use of 
chemotherapy as an adjuvant to resected high-risk MCC (stage III) [19, 36, 37]. 
Similarly, there is limited data around the utility of adjuvant chemotherapy in the 
setting of resectable local-regional recurrent disease [19, 34]. The use of immuno-
therapy in the adjuvant setting is currently being investigated.

Despite sparse literature on chemotherapeutic options for MCC, until recently 
chemotherapy was used at most institutions with or without or radiation therapy for 
stage IV (distant metastatic disease) [19, 38] (Table 17.4). While MCC does appear 
to be chemosensitive the response duration is short and patients often experience 
significant toxicities [14, 39]. Additionally, it is unclear from retrospective studies 
whether there is a significant survival benefit with palliative chemotherapy particu-
larly given the associated toxicities [4, 14, 34].

Recent emerging data has demonstrated the benefit of immunotherapy in unre-
sectable stage III and Stage IV disease. Both PD-1 (pembrolizumab and nivolumab) 
and PDL-1 (avelumab) inhibitors have demonstrated high response rates and appear 
to be much more durable compared to chemotherapy. Pembrolizumab as first-line 
therapy demonstrated an overall response rate (ORR) of 56% with 2-year 
progression- free survival of 48% [40, 41]. Avelumab as a first-line agent has dem-
onstrated an objective response rate of 62.1% and when used as second-line treat-
ment an overall response rate (ORR) of 33% with duration >1 year in over 74% of 
responders [42–44]. Given these findings, immunotherapy is now considered the 
preferred treatment for metastatic disease [19] (Table 17.4). Enrollment in clinical 
trials is encouraged whenever available and appropriate, particularly as approval for 
immunotherapy is not yet widely available.

 Referring to Medical Oncology

• All patients with histologically confirmed MCCs, other than those with local-
ized, non-nodal disease should be referred to medical oncology to (1) evaluate 
the risk of tumour recurrence and (2) to establish the role of systemic therapy. If 
any doubt exists regarding patient risk stratification, referral to medical oncology 
is warranted.

 Referring to Radiation Oncology

• All patients with histologically confirmed MCCs should be referred to radiation 
oncology for consideration of adjuvant, neoadjuvant, or primary therapy.
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 Referring to Multidisciplinary Cancer Conference (MCC)

• All patients with a diagnosis of MCC should be discussed to confirm pathologic 
diagnosis, and evaluate the indications for adjuvant or therapy.

 Toronto Pearls

• The multidisciplinary management of MCCs is the cornerstone of evidence- 
based treatment.
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 Introduction

An increasing incidence (per 100,000 population per year) has been reported in 
multiple recent population-based studies throughout the world. In the USA, the 
prevalence of neuroendocrine tumors (NETs) is 3.5 per 100,000 [1]. In Ontario, 
Canada, the incidence of NETs went from 2.48 (1994) to 5.86 (2009) [2]. This 
increase is likely explained by better detection, diagnosis, and classification [2]. 
Combined with prolonged survival, this explains that NETs are now more prevalent 
than esophageal, gastric, and pancreatic carcinoma combined [2–4]. Distribution 
and survival of various NETs are summarized in Table 18.1.
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Table 18.1 Distribution, presentation, and survival of neuroendocrine tumors [2]

Site
Proportion of all 
NETs (%)

Metastases at 
presentation (%)

Metachronous 
metastases (%)

10-year overall 
survival (%)

Stomach 5.0 10.6 23 49.7
Small 
intestine

18.1 34 42.3 51.2

Colona 12.9 22.6 37.6 48.3
Rectum 12.3 3.3 13.3 84.0
Pancreas 9.4 23.4 57.8 30.2
Broncho-
pulmonary

25.0 14.3 33.9 49.7

Others 17.3 28.8 50.7 23.1
aThis group includes appendiceal NET

For the purpose of this chapter, we focus on well-differentiated gastroenteropan-
creatic (GEP) NETs. Primary pulmonary, thyroid, or thymic NETs and gynecologi-
cal and poorly differentiated NETs are beyond the scope of this chapter.

 Pathological Classification and Grading

• If the histology is suggestive of NET, confirmation of GEP-NET requires immu-
nohistochemistry (IHC) for low molecular keratin and chromogranin, as well as 
synaptophysin (optional). The neuroendocrine granules contained in the cells 
stain strongly for chromogranin and most often synaptophysin [5, 6].

• The histological grading system of NETs is determined by both the proliferation 
index (using the Ki-67 labeling index or the mitotic index) and differentiation. It 
is most commonly classified according to the World Health Organization (WHO) 
and UICC/AJCC, which is endorsed by the European Neuroendocrine Tumor 
Society (ENETS) and the North American Neuroendocrine Tumor Society 
(NANETS) [7]. This grading system is independent of tumor stage.

• Ki-67 labeling index requires automated or manual counting of 1000 cells. The 
grade is assigned based on the region with most intensive labeling (“hotspot”) [6].

• The most recent WHO grading classification of NETs was updated in 2017 
[3] and is summarized in Table 18.2. It includes a new distinction between 
poorly- differentiated G3 (G3 neuroendocrine cancers) and well-differenti-
ated G3. NENs (G3 neuroendocrine tumors) recognizes different biology, 
response to treatment, and prognosis, and was initially developed for pancre-
atic tumors [30].

• In case of metastatic disease without identified primary tumor, additional IHC 
can support identification of the primary tumor site (see Table 18.3) [6].
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 Staging

Two TNM staging systems are currently available, the American Joint Committee 
on Cancer/Union for International Cancer Control (AJCC/UICC) and ENETS [9, 
10]. Staging systems are specific to each primary tumor site. The College of 
American Pathologists (CAP) has based their protocol on the AJCC classification. 
Neither staging system includes patient-level variables or information on associated 
endocrinopathy.

Table 18.2 Derived from 2017 World Health Organization neuroendocrine neoplasm classifi-
cation [8]

Differentiation Criteria
Grade 
1 (G1)

Well differentiated (called neuroendocrine tumor) <2 mitosis/10 HPF
<3% Ki-67 index

Grade 
2 (G2)

Well differentiated (called neuroendocrine tumor) 3–20% Ki-67 index
2–20 mitosis/10 HPF

Grade 
3 (G3)

Well differentiated (neuroendocrine tumor) >20 mitosis/10 HPF
>30% Ki-67 index

Poorly 
differentiated 
(neuroendocrine 
cancer)

Small cells >20 mitosis/10 HPF
>30% Ki-67 indexLarge cells

Mixed neuroendocrine 
non-neuroendocrine 
neoplasms (MiNEN)

Combination of neuroendocrine 
histology with another histology, 
each accounting for ≥30% of the 
specimen

Grade is assigned based on 
grading of the most 
aggressive histological 
component

GEP gastroentropancreatic, NET neuroendocrine tumor, GI gastrointestinal, Panc pancreatic, HPF 
high power field

Table 18.3 IHC differential diagnosis of suspected NET

IHC stains Primary tumor site Confirmation IHC stains
TTF-1 Thyroid (medullary thyroid 

carcinoma)
Broncho-pulmonary

CEA and calcitonin + in 
thyroid NET

CDX-2 Small intestine
Pancreas

Serotonin + in small 
intestine.
Pancreatic hormones + in 
pancreas

ISL-1
PDX-1

Pancreas Pancreatic hormones +

PSAP Rectum
Tyrosine hydroxylase (and 
keratin negative)

Pheochromocytoma
Paraganglioma

Adapted from [6]
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• Given the variability in staging systems, it is essential that pathology reports 
clearly identify the system that was used to classify, grade, and stage the tumor.

• Survival for GEP-NETs is dictated by (1) grade and (2) primary tumor localiza-
tion, and (3) metastases [1, 2].

• Minimal dataset for pathology reporting of NET include: anatomic site of pri-
mary tumor, presence of multicentric disease, immunohistochemistry (IHC) for 
chromogranin and synaptophysin, grade (proliferation rate assessed by Ki-67 
and mitotic rate), presence of other non-neuroendocrine components, lymph 
node metastases, and their characteristics [11].

 Workup

The workup of NETs can be divided into the following:

 1. Primary tumor site and extent of disease
 (a) Primary tumor site:

• Cross-sectional imaging:
• CT C/A/P for pancreas and lungs
• CT-enterogram for small intestine
• MRI for pancreas if further assessment required after CT
• Upper and lower gastrointestinal endoscopy for stomach, colon, 

and rectum
• Endoscopic ultrasound for pancreas if further assessment and tissue diag-

nosis require
 (b) Extent disease

• Cross-sectional imaging with arterial and venous phases – NETs are typi-
cally hypervascular hyperenhancing tumors that require an arterial phase 
for identification. Liver metastases can be isointense to the normal paren-
chyma on venous phase and thus overlooked.

• CT scan C/A/P
• MRI liver if further assessment of liver metastases required for surgery-

Functional imaging (see below)
 2. Grading

 (a) Tissue diagnosis for histological grade classification
 (b) Functional imaging for biology behavior classification (see below)

 3. Endocrinopathy (hormonal status)
 (a) Clinical evaluation for functional syndromes
 (b) Biochemical assessment, based on primary tumor site (see below)
 (c) Echo if serotonin secretion
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Table 18.4 Initial workup for NETs

Tumor site Endoscopy
CT 
chest

CT 
triphasic 
abdo- 
pelvis

CT 
enterogram

Biochemical 
markers Other

Stomach Gastroscopy X X Gastrin (off 
PPI)

Biopsy of 
antrum to 
document the 
presence of 
atrophic 
gastritis

Small 
intestine

Colonoscopy X X X 24 h-u5HIAA

Appendix Colonoscopy X X 24 h-u5HIAA Role of video 
capsule is 
limited due to 
risk of 
obstruction and 
small luminal 
size of small 
intestine NETs

Colon Colonoscopy X X 24 h-u5HIAA
Rectum Colonoscopy X X Targeted by 

symptoms 
(see below)

If >2 cm or 
high risk 
signsa: local 
staging with 
ERUS or MRI 
pelvis

Pancreas X X Targeted by 
symptoms 
(see below)

MRI pancreas 
if additional 
information 
required after 
CT scan

Metastases 
with 
unknown 
primary

Gastroscopy
Colonoscopy

X X X 24 h-u-
5HIAA
Targeted by 
symptoms 
(see below)

MRI pancreas 
if other 
investigations 
negative

aHigh risk sign for rectum NET: ulceration, umbilication, hyperaemia, semi-pedunculated

 Primary Tumor and Extent of Disease

 Imaging and Endoscopy

Initial investigations in the workup of NETs are summarized in Table 18.4.
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 Special Notes
• CT-enterogram is an important imaging modality to identify primary small 

bowel NET and synchronous tumors. It should be performed and interpreted in 
specialized centers, as sensitivity and specificity of the test is related to expertise 
and volume.

• Over 50% of small bowel NETs are multifocal. Identification of multiple sites of 
intestinal NETs is important in planning therapy. CT-enterogram is therefore 
useful for workup of small intestine NETs.

• Unknown primary has been reported in up to 46% of NETs diagnosed initially 
by identification of distant metastases. Detailed preoperative workup can iden-
tify the primary tumor in the majority of those cases. With preoperative workup, 
10% of metastatic NETs may not have a primary tumor identified. Surgical 
exploration, including staging laparoscopy, can identify the primary tumor in 
half of those cases. It is indicated if identification of the primary tumor will alter 
surgical or medical management [12, 13].

• MRI of the liver can further define the extent of metastatic disease. It is most 
useful for: (1) identification of occult metastases when suspected based on endo-
crinopathy or other clinical signs and (2) detailing number and localization of 
metastases in planning for maximal surgical cytoreduction.

• The risk of synchronous or metachronous neoplasia in patients with GEP-NETs 
is 20–25% in contemporary studies [14–16]. It has been suggested that this asso-
ciation could be related to higher detection rate of NET in patients with other 
cancers as a result of surveillance strategies.

 Functional/Somatostatin Receptor-Based Imaging Techniques

• Given many well-differentiated NETs express somatostatin receptors, radiola-
beled somatostatin analog can be utilized to produce functional images. The 
most commonly used somatostatin receptor analog imaging (SRI) techniques are 
indium-111 pentetreotide scan (OctreoScan) and somatostatin receptor positron 
emission tomography (SSTR-PET, e.g., 68-Ga DOTATATE PET/CT).

• With improvement in cross-sectional imaging and introduction of new functional 
imaging modalities (such as SSTR-PET), the role of Octreoscan is limited. 
SSTR-PET should replace Octreoscan [17].

• Use of SSTR-PET can be useful in the following situations [17]:
 – Staging after initial histologic diagnosis of NET, if the identification of addi-

tional disease sites will change management
 – Evaluation of a mass suggestive of NET but not amenable to endoscopic or 

percutaneous biopsy
 – Staging prior to planned surgery, if the identification of additional disease 

sites will change the indication or extent of surgery

M. Khorasani et al.
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 – Evaluation of unknown primary (after completing other workup)
 – Evaluation of patients with biochemical evidence of NET without evidence 

on conventional imaging, or re-staging of patients with biochemical or clini-
cal evidence of progression without progression on conventional imaging

 – New indeterminate lesion on conventional imaging with unclear etiology and 
not amenable to biopsy

• The avidity of NETs on functional imaging can help assess the tumor biology:
 – As the grade of NENs increases, their somatostatin receptor expression 

decreases, making grade 3 well-differentiated NETs less likely to be avid on 
SSTR-PET than their grade counterparts [18].

 – Grade 3 and/or poorly differentiated NENs are more likely to be avid on 
FDG-PET [18–20].

 Grading

• Histology confirmation and grading is necessary for classification and therapeu-
tic decision-making.

• Fine needle aspiration (FNA) can obtain adequate cells for establishing the diag-
nosis of NENs via performing specific staining and/or IHC.

• Morphological assessment can also be performed on the FNA samples to try to 
distinguish poorly-differentiated NEC from well-differentiated NETs [5].

• Larger amount of material through core biopsies are usually required for more 
accurate grading assessment and calculation of mitotic rate or Ki-67 index as 
analysis on the FNA can underestimate the grade [5, 21, 22].

• IHC profile can be used to identify the primary tumor site and orient workup for 
patients with distant metastases with unknown primary (see section “Pathological 
Classification and Grading”)

 Endocrinopathy

Tumor site Hormone Clinical syndrome Diagnosis
Stomach Type I None

Type II Gastrin

Type III Serotonin
Histamine

Atypical carcinoid 
syndrome

Elevated 24-hour u5HIAA
Elevated 24-hour urinary 
N-methyl histamine

Type IV Rare

Small intestine Serotonin Carcinoid syndrome Elevated 24-hour u5HIAA
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Tumor site Hormone Clinical syndrome Diagnosis
Pancreas Insulinoma Insulin Whipple’s triad:

  Documented 
hypoglycemia (BG <3.0 
mmol/L) associated with 
symptoms of 
hypoglycemia 
(confusion, sweating, 
weakness, 
unconsciousness), and 
immediate relief with 
administration of glucose

  Weight gain

Inappropriately elevated 
insulin (>20 pmol/L) and 
C-peptide (>200 pmol/L) when 
hypoglycemic (<3.0)
48–72 hours supervised fasting 
test: glucose, insulin, 
c-peptide, pro-insulin, 
beta-hydroxybutyrate, 
sulfonylurea screen, drawn at 
the time of hypoglycemia(<3.0 
mmol/L)
Can also assess response to 
glucagon

Gastrinoma Gastrin Zollinger-Ellison syndrome 
(ZES):
Multiple ulcers
Diarrhea (may resolve with 
PPI)

Elevated fasting serum gastrin 
(off PPI for 1 week, can use 
H2 blockers during this period)
  Usually >200 pg/mL
  If >1000 pg/mL: diagnostic 

of ZES unless 
hypochlorhydria present

  If <1000 pg/mL: confirm 
with secretin or calcium 
simulated gastrin or acidic 
gastric acid

Gastroscopy:
  Gastric pH <2 (perform off 

PPI to avoid false negatives)
  Document peptic ulcer 

disease

Glucagonoma Glucagon “Sweet” syndrome: 4Ds:
  Dermatosis (necrolytic 

migratory erythema)
  Depression
  Deep venous thrombosis
Diabetes: 40–90% will 
have glucose intolerance
Weight loss

Fasting serum glucagon >500 
pg/ml (normal≤50) (check 
with a blood glucose to rule 
out a physiologic response to 
hypoglycemia)

VIPoma Vasoactive 
intestinal peptide 
(VIP)

Verner-Morrison syndrome:
  Watery, secretory 

diarrhea (>700 ml/day)
  Hypokalemia
   Hypochlorhydria
   Hypercalcemia

Elevated serum VIP

Somatostatinoma Somatostatin Secretory diarrhea that 
persists with fasting
Possible steatorrhea 
(secondary to somatostatin 
inhibition of digestive 
enzymes)
Cholelithiasis
Diabetes
Hypochlorhydria

Elevated fasting serum 
somatostatin

Colon Serotonin Carcinoid syndrome Elevated 24-hour u5HIAA

Rectum Very rare
Histamine

Elevated 24-hour urinary 
N-methyl histamine

u5HIAA urinary 5-hydroxyindoleacetic acid [23, 24]
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 Biochemical Testing for Endocrinopathy

• 24-Hour urinary 5-HIAA (U5-HIAA): 5-Hydroxyindoleacetic acid is an end 
product of serotonin metabolism and may be elevated in well-differentiated 
NETs that produce serotonin, most commonly in midgut primary NETs versus 
rarely in foregut, hindgut, or pancreatic NETs [25].
 – Its levels can be falsely elevated by a variety of foods and medications, which 

should be avoided when possible before testing [25].
 – In patients with elevated U5-HIAA at diagnosis, this marker can be followed 

as a marker after treatment [21].
 – All patients with symptoms suggestive of carcinoid syndrome should have 

U5-HIAA levels checked as the marker to confirm serotonin excess [6] and to 
monitor effective serotonin inhibition after treatment.

• Functional pancreatic NETs hormones: 10% of pancreatic NETs are functional.
 – Routine testing for hypersecretion of pancreatic hormones is not recom-

mended. Biochemical testing should be performed in the presence of clinical 
signs and symptoms suggestive of a pancreatic endocrine syndrome [6, 21].

 – Hormones should be checked at a fasting state, as secretion is stimulated 
postprandially

 – Hormone testing needs to be interpreted in the context of the clinical situa-
tion. An elevated value is not always pathologic, if it is an appropriate physi-
ologic response.

 Carcinoid Syndrome

• Constellation of symptoms including secretary diarrhea, dry flushing (no sweat-
ing), and/or bronchospasm, as a result of excess serotonin in the systemic circu-
lation [6, 26].

• Most common primary tumor sites [6, 26].:
 – Small intestine
 – Colon
 – Pancreatic: rarely
 – Rectal: rarely

• As serotonin is inactivated in the liver, carcinoid syndrome usually occurs in the 
context of liver metastasis or when the portal circulation is bypassed if there is 
disease in sites not drained by the portal system (such as retroperitoneum) 
[6, 27].

• 20–30% of patients with liver metastases will present clinical carcinoid syn-
drome [27].

• Fibrosis: desmoplastic reaction and fibrosis can develop as a complication of 
serotonin excess, with or without clinical manifestations of carcinoid syn-
drome [28].
 – Mesenteric and retroperitoneal fibrosis: 50% of patients with midgut NETs 

and can lead to:
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Intestinal obstruction
Mesenteric angina or ischemia
Mesenteric venous ischemia
Ureteral obstruction

 – Cardiac valvulopathy: 40% of patients with carcinoid syndrome and is due to 
fibrosis in the right-heart leading to:

Pulmonic insufficiency in 50%
Tricuspid insufficiency in 90%
Left ventricular dysfunction, if the left heart exposed to serotonin (e.g., 
lung secretion of serotonin), in 10%

 – All patients with elevated 24 h-u5HIAA should have an echocardiogram to 
rule out carcinoid heart disease upon diagnosis, and yearly thereafter for 
follow-up.

• Biochemical workup: 24-hour urinary 5-HIAA acid
 – 24-Hour urinary collection.
 – Diet restrictions with a low-amine diet should be followed in days prior and 

during the collection to ensure accuracy.
• Diagnosis:

 – Carcinoid syndrome symptoms with elevated 24 h-u5HIAA.
 – Patients may have endocrinopathy and functional tumors with hypersecretion 

of serotonin (elevated 24 h-u5HIAA) without reporting typical symptoms.

 Other Biochemical Markers

• Serum chromogranin A (CgA): It is a protein that is stored in neuroendocrine tis-
sue. Elevated serum CgA levels can be associated with functional or nonfunc-
tional well-differentiated GEP NETs [29].
 – CgA is nonspecific and can be falsely elevated by different medications, 

foods, and medical conditions [29, 30].
 – CgA alone should not be used for diagnosis of NETs, but with caution, its 

levels can be used as one of the tools in assessing disease progression, 
response to treatment, or as a sign of disease recurrence in surveillance 
[21, 29].

 – CgA level changes should not be used alone as the reason to modify treatment 
[21, 25].

 Management of Gastroenteropancreatic NETs 
with Locoregional Disease

 Goals of Therapy

 Incidental Finding
When an NET is identified incidentally, the management should be tailored to the 
risk of nodal and distant metastases, the morbidity of therapy, and the acceptability/
feasibility of monitoring. Clinical observation can be indicated.
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 Curative Intent
When the disease is localized (local or locoregional), curative intent management 
can be undertaken. The risk of recurrence is however high, and recurrence can occur 
over a prolonged period of time [31]. See section below for details regarding recom-
mended surveillance protocols.

 Noncurative Intent
Patients with NETs have prolonged survival even with active metastatic disease and 
can experience complications and deteriorating quality of life from hormonal hyper-
secretion. It can be considered a “chronic cancer [1].

With metastatic disease, curative intent management is unlikely. Half of liver 
metastases are not detectable on preoperative imaging and measure <2 mm [32].

Considering the unique characteristics of NETs, the goals of therapy are:

 1. Control of tumor burden
 2. Control of endocrinopathy/hormonal hypersecretion
 3. Prevention of locoregional complications from primary tumor site

 Gastric NETs

Characteristics, workup, and management of gastric NET subtypes are summarized 
in Table 18.5.

 Duodenal NETs

Characteristics, workup, and management of duodenal NETs are summarized in 
Table 18.6.

 Special Notes
• Although liver metastases are rare in duodenal NETs, lymph node dissection 

(LND) is advised if imaging suggests lymph node involvement.
• Duodenal/ampullary NETs are classified separately from jejunal in the eighth 

edition of AJCC TNM staging (2017)
• Ampullary NETs appear to have a higher nodal metastasis rate even in smaller 

than 2 cm lesions [38, 39] and may need to be treated more aggressively even 
when small [36].

 Ileal/Jejunal NETs

Characteristics, workup, and management of small bowel NETs are summarized in 
Table 18.7.
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Table 18.5 Characteristics and management of locoregional gastric NETs [21, 33–35]

Type I II III IV
Frequency 75% 4% 20% 1%
Associated 
conditions

Atrophic gastritis
Pernicious 
anemia (50%)

ZES
MEN-1

Sporadic
Atypical carcinoid 
syndrome

Sporadic

Size and 
number

<1 cm
Multifocal

<2 cm
Multifocal

>2 cm
Solitary

4-5 cm
Solitary

Grade G1-G2 G1-G2 G3 G3
Poorly 
differentiated
Small cells

Gastrin (off 
PPI)

Elevated Elevated Normal Normal

Gastric pH 
(off PPI)

Elevated Low Normal Normal

Nodal 
metastases

<2% 30% 70% >75%

Distant 
metastases

<2% 10–30% 25–75% 50–100%

5-year OS 100% 90% 50% <10%
Workup Gastroscopy with biopsy of polyps and antrum

Fasting serum gastrin (off PPIa)
CT 
chest-abdo-pelvis

CT 
chest-abdo-
pelvis
MRI pancreas 
+/− EUS
Genetics 
(MEN-1)

CT 
chest-abdo-pelvis
U5HIAA

CT 
chest-abdo-pelvis

Management Monitoring: 
gastroscopy q 
1–2 years
Lesion ≥1 cm on 
monitoring:
  Endoscopic 

resection
  Surgical wedge 

resection if 
endoscopic not 
feasible

Anemia 
refractory to 
medical 
management: can 
consider 
antrectomy (very 
rare indication)

Management 
of the 
gastrinoma

Locoregional: 
gastrectomy with 
LND
Metastatic: 
systemic therapy 
(regimen based on 
Ki67 and 
differentiation)

Systemic therapy: 
cytotoxic 
chemotherapy 
(cisplatin-
etoposide)

PPI proton pump inhibitors, ZES Zollinger–Ellison syndrome, MEN-1 multiple endocrine neopla-
sia type 1, OS overall survival. EUS endoscopic ultrasound
aPPI should be stopped at least 7 days prior to measuring serum gastrin 
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Table 18.6 Characteristics and management of locoregional duodenal NET [2, 36, 37]

Types 5 types:
  Sporadic or gastrinoma occurring in the setting of 

MEN-1/ZES (most common)
  Somatostatinomas occurring near ampulla, associated 

with NF-1 (~18%)
  Gangliocytic paraganglioma
  Nonfunctional NET containing serotonin, gastrin, or 

calcitonin positive cells
  Neuroendocrine carcinoma

Associated conditions MEN-1/ZES (40%)
NF-1

Nodal metastases 40%
Increases with grade, larger tumor size, and higher grade

Distant metastases Rare
Workup Lab 24 h u5HIAA

Serum gastrin (off PPI) or somatostatin if suggestive 
clinical manifestations

Endoscopy Gastro-duodenoscopy with biopsy: localization and 
grading

Imaging CT chest-abdo-pelvis
EUS (define depth of invasion)a

Consider SSTR-PET if identification of additional 
disease will alter management

Management <2 cm
Confined to 
mucosa or 
submucosa
No nodal disease 
on imaging
REF

Endoscopic resection
If endoscopic not feasible:
  Wedge duodenal resection
  Transduodenal resection if D2/periampullary

≥2 cm
Or when 
endoscopic criteria 
not met

Segmental resection with LND
Avoid aggressive resection with 
pancreaticoduodenectomy by performing transduodenal 
or segmental duodenal resection with LND if possible

Metastases Limited role for resection of primary tumor and liver 
cytoreduction (exception: functional tumors, for 
palliation of endocrinopathy)
See section below on metastatic disease

U5HIAA urinary 5-hydroxyindoleacetic acid, ZES Zollinger–Ellison syndrome, MEN-1 multiple 
endocrine neoplasia type 1, NF-1 neurofibromatosis type 1, LND lymph node dissection
aGastrinomas can be submucosal, making detection difficult on upper GI endoscopy/EUS
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 Special Notes
• Consider resection of primary and lymph nodes even if clearly metastatic, for 

locoregional control, symptom management, and possibly survival benefit 
[40–42].

• Inspect and palpate the entire small bowel looking for additional tumors:
 – Multifocal tumors are most often located within 100 cm of the ileocecal valve.
 – Tumors are rarely located in the first 100 cm from angle of Treitz [43].

• After initial resection performed in an emergency setting (e.g., for small bowel 
obstruction), re-image with CT scan to rule out residual/unresected mesenteric 
nodal disease. Consider resection of residual/unresected mesenteric nodal dis-
ease to prevent complications from mesenteric fibrosis.

• Cross-sectional imaging should be used to carefully assess the relationship of 
mesenteric bulky nodal disease to the superior mesenteric artery/vein in the 
assessment of resectability. Desmoplasia/fibrosis can make resection of bulky 
nodal disease more challenging. Mesenteric lymph node metastases are divided 
into four stages [44]:
 – Stage 1: close to the edge of small bowel NET
 – Stage 2: involve the distal branches of the mesenteric arteries
 – Stage 3: extend proximally on the SMA, without encasement
 – Stage 4: cephalad regional disease, including retropancreatic/retroperitoneal 

nodal disease, and encasement of the SMA/SMV
• Resection of bulky mesenteric nodal disease may result in ischemia of more 

length of small bowel than required to clear the primary disease, determining the 
needed extent of small bowel resection.
 – Avoid extensive small bowel resection.
 – Favor mesenteric-sparing small bowel resection, with “peeling-off” of nodal 

mass from mesenteric vessels, to limit the length of small bowel resected.

Table 18.7 Characteristics and management of locoregional ileal/jejunal NETs [2, 36, 40]

Nodal metastases 70%
Distant metastases 76%
Workup Labs 24 h u5HIAA

Endoscopy Colonoscopy to rule out synchronous 
neoplasm

Imaging CT chest-abdo-pelvis
CT-enterogram, to assess the number and 
localization of multifocal primary tumors
Consider SSTR-PET if identification of 
additional disease will alter management

Management Localized (no lymphadenopathy 
on imaging)

Segmental resection with LNDa

Locoregional (mesenteric 
lymphadenopathy on imaging)

Segmental resection with LND
Avoid aggressive extensive small bowel 
resection to achieve resection of 
mesenteric massa

Distant metastases See section below on metastatic disease

U5HIAA urinary 5-hydroxyindoleacetic, LND lymph node dissection
aSee special notes below
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 – If mesenteric nodal disease initially deemed unresectable (e.g., due to proxi-
mal localization on superior mesenteric artery), consider referral to special-
ized center.

• Stage 1–3, and selected stage 4 nodal disease can be resected [40]:
 – Stage 1 and 2: as part of segmental small bowel resection
 – Stage 3: segmental small bowel resection, and separate resection of the proxi-

mal nodes along the vessels (incision of the peritoneum and dissection off the 
vessels up to the root of the mesentery)

 – Stage 4: typically deemed unresectable, depending on localization can be 
resected in specialized centers.

• Consider sparing the ileocecal valve to reduce the functional impacts of diarrhea 
(due to post-enterectomy syndrome or carcinoid syndrome).

• Consider cholecystectomy at the time of surgery to avoid subsequent issues with 
gallstone disease from potential for long-term use of somatostatin analogs and/or 
ischemic cholecystitis from potential embolization for liver metastases.

 Colonic NETs

Characteristics, workup, and management of colonic NETs are summarized in 
Table 18.8.

 Appendiceal NETs

Characteristics, workup, and management of appendiceal NETs are summarized in 
Table 18.9.

Table 18.8 Characteristics and management of locoregional colonic NETs

Distant metastases [2] 60%
Workup Labs 24 h u5HIAA

Endoscopy Colonoscopy
Imaging CT chest-abdo-pelvis

Consider SSTR-PET if identification of 
additional disease will alter management

Management 
[45]

<2 cm
Limited to mucosa or 
submucosa
No lymphadenopathy on 
imaging

Endoscopic resection with tattoo of resection site 
[45]

≥2 cm
Or when endoscopic 
criteria not met

Segmental colectomy with LND – same 
oncological principles as for colonic 
adenocarcinoma

Distant metastases Limited role for resection of primary tumor and 
liver cytoreduction (exception: functional tumors, 
for palliation of endocrinopathy)
See section below on metastatic disease

U5HIAA urinary 5-hydroxyindoleacetic, LND lymph node dissection
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 Special Notes
• Management of appendiceal well-differentiated NETs that are 1–2  cm is 

controversial.
 – Survival for appendiceal NET is excellent, regardless of whether patients 

undergo appendectomy or right hemicolectomy [46].
 – The role of right hemicolectomy is to achieve a larger LND, and there is a 

higher rate of microscopic nodal metastases with right hemicolectomy 
[46–49].

 – There is no established survival benefit from right hemicolectomy in this sub-
set of patients [46–49].

 – Right hemicolectomy carries a risk of short- (anastomotic leak) and long-term 
morbidity (functional diarrhea).

 – The risk of nodal metastases is increased if: lymphadenopathy identified on 
imaging, tumor >1 cm, invasion of mesoappendix >3 mm, and tumor localiza-
tion at the base of the appendix [46].

 – Therefore, decisions should be personalized for each patient, balancing risks 
associated with right hemicolectomy and LND against chance of residual dis-
ease/recurrence. It is recommended that management of these patients be dis-
cussed at multidisciplinary rounds.

• Appendiceal NENs with mixed histology should be treated according to their 
most aggressive histological component.

Table 18.9 Characteristics and management of locoregional appendiceal NETs [46]

Workup Labs 24 h u5HIAA
Endoscopy Colonoscopy to rule out synchronous neoplasm
Imaging CT chest-abdo-pelvis

Consider SSTR-PET if identification of 
additional disease will alter management

Management <1 cm
No lymphadenopathy on 
imaging

Appendectomy
If incidental finding post-appendectomy:
  R0 resection: no additional surgery
  R1 resection: completion surgery, consider 

partial cecectomy to achieve negative margin
1–2 cm
No lymphadenopathy on 
imaging

Appendectomy
If incidental finding post-appendectomy:
  No high-risk feature: no additional surgery
  High-risk feature (G2 or invasion 

mesoappendix >3 mm): completion right 
hemicolectomy

1–2 cm
Lymphadenopathy on 
imaging

Right hemicolectomy
If incidental finding post-appendectomy: 
completion right hemicolectomy

>2 cm Right hemicolectomy
If incidental finding post-appendectomy: 
completion right hemicolectomy

Distant metastases Same principles as for small bowel NETs

u5HIAA urinary 5-Hydroxyindoleacetic Acid
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 Rectal NETs

Characteristics, workup, and management of rectal NETs are summarized in 
Table 18.10.

 Special Notes
• Complete endoscopic excision of incidental well-differentiated rectal NETs that 

are less than 1 cm may be adequate [21, 53, 54].
• In case of indeterminate margins following endoscopic resection, two options 

are possible for G1 tumors[48]:
 – Clinical monitoring with sigmoidoscopy and pelvis MRI q 1–2 years for pro-

longed period time due to long interval to recurrence with indolent biology
 – Completion transanal excision of the scar to clear any residual disease and 

achieve R0 resection.
 – Patients with complete excision (R0) of T1 rectal NETs do not require further 

surveillance and can be discharged

Table 18.10 Characteristics and management of locoregional rectal NETs [46, 50–52]

Nodal 
metastases

T1 (<2 cm invading submucosa) 1%
T2 (>2 cm invading submucosa, or 
any size beyond muscularis 
propria)

26%

T3/4 (any size invading beyond 
sub-serosa)

53%

Distant 
metastases

T1 < 1%
T2 25%
T3/4 67%

Workup Labs Hormonal testing if clinical 
manifestation suggestive of 
endocrinopathy (rare)

Endoscopy Colonoscopy with tattoo of site
ERUS if need to confirm depth on 
invasion

Imaging CT chest-abdo-pelvis
MRI pelvis if need to stage pelvis
Consider SSTR-PET if identification 
of additional disease will alter 
management

Management <1 cm
No lymphadenopathy on imaging
T1 Endoscopic resection

Or
Transanal excisiona

≥T2
Locoregional lymphadenopathy

Total mesorectal excision – same 
oncological principles as for rectal 
adenocarcinoma

aSee special note below
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• In case of indeterminate margins following endoscopic resection for G2 tumors: 
consider transanal excision of the scar/residual disease to ensure complete exci-
sion [45].

• Transanal minimally invasive surgery (TAMIS) facilitates transanal excision for 
rectal NETs with low morbidity [52].

• Management of rectal NETs should be individualized, and discussion at MCC is 
recommended.

 Pancreatic NETs (pNETs)

10% of all pNETs are functional [55].

• Functionality is primarily determined based on clinical symptoms due to excess 
hormones.

• Biochemical testing is not indicated routinely.
• Biochemical testing is indicated in the presence of symptoms suspicious of 

endocrinopathy. Screening and confirmatory testing are required to meet all cri-
teria and establish an endocrine diagnosis (See above section Endocrinopathy).

• Note: Endocrinopathy is not defined by positive stains on IHC.

Characteristics, workup, and management of pancreatic NETs subtypes are sum-
marized in Table 18.11.

 Special Notes
• Small nonfunctional PNETs (<2 cm):

 – Typical imaging characteristics: Isodense on noncontrast phase, avidly hyper-
enhancing on arterial phase, and hyperenhancing on venous phase, homoge-
neous lesion with smooth contours that does not distort the pancreatic 
parenchyma. The differential diagnosis is: metastatic renal cell carcinoma or 
melanoma (associated with history of those malignancies), or solid serous 
cystadenoma and splenule (benign lesions) [59, 60].

 – EUS-biopsy is indicated if there is doubt about diagnosis on imaging. EUS 
biopsy is limited in accuracy to grade small PNETs due to small tumor size 
and intratumoral heterogeneity.

 – Observation is recommended in small nonfunctional PNETs with no evidence 
of nodal metastases on imaging. Retrospective analyses indicates growth 
0.1 mm/year, favorable long-term survival, no progression to metastatic or 
unresectable disease, rare need for surgery during follow-up (majority due to 
patient preference) [61–63].

 – Monitoring regimen: [60, 64]
Cross-sectional imaging at 6 months initially to demonstrate stability
Thereafter: cross-sectional imaging every 1–2 years
If the lesion is visible on ultrasound, this modality can also be used for 
monitoring
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• Pancreatic sparing resections (enucleation, central pancreatectomy) can be con-
sidered in selected patients with small lesions
 – They have higher rate of postoperative pancreatic fistula but lower rates of 

long-term endocrine and exocrine insufficiency [65].
 – To consider for insulinoma and gastrinoma without evidence of nodal disease
 – When deciding between observation versus enucleation versus formal resec-

tion, location of tumor (head vs. tail), the associated surgical morbidity with 
surgical resection, patients’ wishes, and their comorbidities all need to be 
taken into account.

 – Ideal candidates are tumors <2 cm in the head (enucleation) or neck (central 
pancreatectomy) of the pancreas.

• LND for PNETs is not associated with better progression-free or overall sur-
vival [66]
 – LND is performed for accurate nodal staging.
 – Nodal metastases identified on imaging should be resected, especially for 

functional tumors.
• Insulinoma [64, 67–69]

 – It is an indolent disease – only 5–15% are potentially malignant.
 – Surgery is undertaken mostly to control and prevent complications from the 

endocrinopathy.
 – 80–90% are isolated and < 2 cm.
 – Endocrine cure is 95–100% with resection, with 10-year recurrence of 6%.
 – If the primary PNET cannot be localized on imaging:

There is no indication for blind resection of the tail of the pancreas, as the 
risk is the same throughout the gland.
Laparoscopic intraoperative ultrasound can be considered in expert cen-
ters, as part of the imaging workup.
The role of formal surgical exploration is limited, considering the low risk 
of malignancy, the need for extensive mobilization of the pancreas, 10% of 
lesions are nonvisible and nonpalpable, and the ability to manage symp-
toms medically.

 – Patients can be effectively managed medically with somatostatin analogs and 
diazoxide.

 – Benign insulinomas (no nodal or distant metastases) do not require long-term 
follow-up. Routine surveillance has not been shown to reduce the incidence 
of relapsing insulinomas [7].

• Gastrinoma [70–75]
 – It is an aggressive disease – 60% are malignant and metastases are frequent.
 – MEN-1 patients with gastrinoma have better overall survival than patients 

with sporadic gastrinoma.
 – Endocrine cure is 50% immediately after resection and 40% at 10 years.
 – If the PNET is localized:

Surgery is indicated.
LND is important to improve endocrine cure.
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 – If the PNET is not localized on imaging:
Surgical exploration with duodenotomy is extremely rarely needed in con-
temporary practice.
Nonlocalized tumors are most often located in the duodenum, small, with 
lower gastrin levels, and associated with longer overall survival.
Results of surgical exploration with duodenotomy rely on data from 
patients treated prior to the introduction of new imaging techniques (1980 
to 2000).
Long-term endocrine cure with exploration is 46% at 10 years.
Medical therapy with PPI can effectively control hyperacidity and symp-
toms for up to 20 years.

• Other rare functional PNETs: While there are no large series reported, consensus 
statements and expert opinions are to resect locoregional tumors [64, 68, 76].

• Local ablation can be used for symptomatic patients with functional PNETs but 
not medically fit for surgery. Options include pancreatic radiofrequency ablation, 
alcohol ablation, or stereotactic ablative radiotherapy (SABR) [78, 79].

• Aggressive locoregional resection for functional PNETs: Debulking procedures 
for locally advanced functional PNETs can be used in selected patients, with the 
goal to control endocrine symptoms. This has to be discussed in multidisci-
plinary teams and balance patients’ wishes, comorbidities, technical feasibility 
and risks of the surgical procedure, alternative options for therapy, and response 
to medical management of the endocrinopathy.

Special cases: PNETs as part of hereditary syndromes [23, 57, 58, 77, 80].
• MEN-1:

 – 80–100% will develop non-functioning pNETs.
54% gastrinomas (>80% duodenal): majority are multifocal
18% insulinoma
<5% glucagonoma, somatostatinoma, VIPoma

 – Prognosis:
0–13% of those pNETs will grow and cause symptoms [14].
The majority have good prognosis without surgery [13].

 – Surgery:
Usually not indicated due to low rate of symptoms and growth, good prog-
nosis, and multifocality requiring extensive procedures that may not clear 
all the disease.
Indication for surgery: Nonfunctioning PNET >2 cm.

 – If MEN-1 is suspected when working up a PNET: Measure serum calcium 
and parathormone, as 95% of MEN-1 will have hyperparathyroidism.

 – Associated conditions: Parathyroid adenoma, pituitary adenoma, adrenal 
tumors, thymic and bronchial NETs.

• VHL: [80]
 – Two-thirds will develop pNET.
 – 98% are nonfunctioning PNETs.
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 – 10–20% develop pheochromocytoma or rare extra-adrenal paragangliomas. 
Check serum or urine metanephrines, normetanephrines prior to any surgery.

 – Prognosis: The natural history of those pNETs is variable, but they are less 
aggressive than sporadic PNETs.

 – Surgery:
Usually not indicated
Indications for surgery: >3 cm and with either (1) mutation in exon 3 of the 
VHL gene or (2) doubling time > 500 days.

 Metastatic

Workup and management recommendations for metastatic NETs are summarized in 
Table 18.12.

 Special Notes
• Compared to other cancers, the indolent nature of NET liver metastases and the 

pattern of growth by pushing rather than infiltrating within the parenchyma 
makes surgical debulking possible [40].

• NET liver metastases can be divided in three types: [81]
 – Type 1: single metastasis
 – Type 2: isolated bulky metastases with smaller bilobar lesions
 – Type 3: disseminated bilobar metastases with no normal liver

• Benefits of liver debulking:
 – Reduce tumor burden for symptom control: Endocrine control achieved in 96%
 – Potentially improve efficacy of antiproliferative effects of long-acting soma-

tostatin analogs, by reducing tumor burden.
 – Delay the need for other lines for medical therapy.

• R0 resection is not achievable for metastatic NETs
 – Recurrence is expected (>90%) [82, 83].
 – There is no survival benefit in attempting R0 resection.
 – Avoid anatomic or extensive resection with the goal of achieving R0 resec-

tion, to preserve function.
• Goal of liver debulking: Cytoreduction of 70% of liver metastases. It yields the 

same results as traditional goal of 90% [84, 85].
• Contraindications for liver debulking [40]:

 – Poor performance status
 – Significant liver replacement (>50–70%)

• Indications and benefits of liver debulking are for small intestinal primary NETs.
 – For other primaries, the benefits of liver debulking are controversial.
 – Liver debulking can be considered for other functional NETs, when benefits 

of symptom controls are a goal of therapy.
 – For PNETs: Liver resection and debulking and extrahepatic metastasectomy 

are controversial. PNETs have a worse prognosis than small intestinal NETs, 
are rarely functional, and have fewer long-term local complications. 
Retrospective series are limited to small samples from single institutions [86].
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Resection of metastatic disease for PNETs should be individualized 
depending on tumor burden, grade, response to prior therapies, and patient 
age and comorbidities.
Functional PNETs: Consider resection if necessary for symptom control.
Nonfunctional PNETs: No routine resection of metastases – highly selected 
cases in specialized NETs centers.

Table 18.12 Characteristics and management of metastatic GEP-NET

Workup Labs 24 h-u5hIAA
Other depending on primary tumor site and 
targeted by clinical signs and symptoms (see 
prior sections)

Imaging CT chest-abdo-pelvis
MRI liver
Consider SSTR-PET if identification of 
additional disease will alter management

Endoscopy Depending on primary tumor site (see prior 
sections)

Other Echocardiogram if elevated u5HIAA
Surgical management Resectable 

(debulking 
possible)

Liver:
Consider liver debulking to achieve >70% 
cytoreduction*
Use parenchymal-preserving technique and 
avoid anatomic resections
Consider concomitant intraoperative ablation 
to increase proportion of cytoreduction
Combine with medical management
Extrahepatic:
Consider debulking for reduction of tumor 
burden, local or endocrine symptoms in 
selected patients with G1 NET, and good 
performance statusa

Unresectable 
(debulking not 
possible)

Liver embolization (TAE, TACE, RFA)*
Liver ablation (RFA, SABR)
Combine with medical management
Liver transplantation in selected patients

Medical management (see below for more 
details)

Long-acting somatostatin analogs
Targeted therapy (Afinitor, Sunitinib)
Peptide receptor radionuclide therapy (PRRT)
Cytotoxic chemotherapy: 
capecitabine-temozolomide

Resection of primary 
tumor site if 
unresectable 
metastasesa

Small intestine Consider
Pancreas In highly selected patients
Colon Not usually
Rectum Not usually

TAE transarterial embolization, TACE transarterial chemoembolization, RFA radiofrequency abla-
tion, SABR stereotactic ablative radiotherapy
aSee special notes
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• Technical considerations:
 – Consider cholecystectomy at the time of surgery for any patient-potential long-

term use of somatostatin analogs or eventual need for liver embolization.
 – Liver resection: Parenchymal sparing procedures (PSP) are recommended, 

including enucleation, wedge resection, and intraoperative ablation [40].
PSP preserves functional liver parenchyma which ensures patients remain 
candidates for future procedures upon progression or recurrence (such as 
repeat surgery, liver embolization, ablation).
Avoid anatomic resection and/or portal vein embolization in preparation 
for extensive anatomic resection.

• Liver debulking can be combined with:
 – Postoperative ablative therapies (HAE/TACE).
 – Medical therapy with long-acting somatostatin analogs.
 – Limited evidence is currently available on the benefits of multimodal therapy 

with PRRT.
• Extrahepatic NETs metastases [87]:

 – They are not a contraindication to liver debulking, but the burden of extrahe-
patic disease and morbidity associated with resection should be carefully 
considered.

 – Cytoreduction of extrahepatic disease can be considered in selected patients 
with good performance status, G1 tumors, and small bowel NETs primaries.

Goals of improving symptoms and endocrinopathy, improving local symp-
toms, reducing tumor burden, and delaying the need for additional lines of 
medical therapy
Endocrine response in 70% after surgery
Favorable long-term outcomes: 77% 5-year overall survival and 51% 
5-year progression-free survival

• Resection of primary tumor in case of unresectable metastases:
 – Primary PNETs have a different risk profile than small intestinal NETs. Local 

complications are less common and can be managed nonoperatively  (radiation 
therapy for bleeding and stents for obstruction). Resection of the primary car-
ries higher morbidity and mortality (whipple or distal pancreatectomy).

 – Emerging retrospective studies have suggested a benefit for resection of pri-
mary PNETs in the setting of unresectable metastases. Overall survival of 
resected patients was superior than for patients who were offered resection 
but declined it [88].

 – Resection of primary PNET with unresectable metastases can be considered 
in carefully selected cases (lower Ki67, lower liver tumor burden <25%, 
located in body/tail of pancreas) [88, 89].

 Medical Management in NETs

 Systemic Therapy: Adjuvant Therapy

There is no evidence for adjuvant therapy following resection of locoregional 
G1-G2 GEP-NETs.
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 Systemic Therapy: Somatostatin Analogs

• Somatostatin analogs play two roles in medical management of NETs: (1) symp-
tom control and (2) antiproliferative effect.

• Antiproliferative effect (prolonged progression-free survival) of long-acting 
forms has been demonstrated in randomized controlled trials for well- 
differentiated enteric and pancreatic NETs (PROMID trial, CLARINET trial).

• Long-acting agents are the backbone of systemic therapy for NETs and can be 
used alone or in combination with surgery in case of residual disease, for recur-
rent disease, or metastatic disease.

 Systemic Therapy: Chemotherapy

• Well-differentiated NETs are traditionally resistant to chemotherapy agents, due 
to slow proliferation. In certain cases such as bulky/progressive disease that is 
not responding to other treatments, cytotoxic chemotherapy can be considered 
[60, 90]. However, advances in alternative treatment options such as peptide 
receptor radionuclide therapy (PRRT) continues to diminish the role of cytotoxic 
chemotherapy in well-differentiated NETs.
 – Capecitabine–temozolomide can be used for well-differentiated NETs:

Benefit in overall and progression-free survival in advanced PNETs in 
ECOG-ACRIN E2211 randomized trial [91]
Activity reported in small phase 2 trials for all NETs liver metasta-
ses [92].

 – FOLFOX can be used in selected cases of well-differentiated NETs; some 
activity has been demonstrated in small phase 2 trials [93].

• For advanced/metastatic high grade (G3) NETs or poorly-differentiated NECs, 
chemotherapy is the mainstay of treatment. Platinum-based chemotherapy (cis-
platin–etoposide) is the regimen of choice [94].

 Systemic Therapy: Biologic Agents

• Indicated for metastatic or progressing GI and pancreatic NETs.
• PNETs: Everolimus and Sutent have been associated with improved progression- 

free survival and overall survival [95–98].
• GI NETs: In a phase 3 randomized placebo-controlled trial (RADIANT-4), 

everolimus showed improved PFS and better disease control over placebo in 
advanced non-functional well-differentiated GINET, while maintaining the over-
all quality of life in these patients [98, 99].

 Systemic Therapy: Peptide Receptor Radionuclide Therapy (PRRT)

• For patients with well-differentiated NETs, which are somatostatin receptor pos-
itive, PRRT can be utilized as a treatment option.
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• Currently, the use is mostly limited to advanced progressive/metastatic well- 
differentiated NETs that do not respond to long-acting somatostatin analog.

• A phase 3 randomized controlled trial (NETTER-1) of PRRT showed improved 
PFS, with suggested improved OS at interim analysis when using 177Lu-Dotatate 
compared to escalation of dose of Octreotide LAR in patients with inoperable 
somatostatin receptor positive well-differentiated GINET, whose disease was 
progressing on standard dose of Octreotide LAR [100]. In addition, time to dete-
rioration of quality of life was significantly higher in the 177Lu-Dotatate group 
[101]. PNETs were not included in this trial.

• The possible applications of PRRT in treatment of advanced somatostatin recep-
tor positive NETs is evolving.

 Perioperative Management

 Elevated u5HIAA and/or Carcinoid Syndrome

• Carcinoid heart disease: Preoperative echocardiogram to rule out carcinoid heart 
disease prior to general anesthetic:
 – If carcinoid heart disease is identified: refer to cardiology for assessment 

regarding medical management and valve replacement.
 – If valve replacement is indicated, abdominal surgery should be delayed. In 

patients with very elevated u5HIAA who need better endocrine control prior 
to cardiac surgery, alternative nonoperative options can be used, including 
somatostatin analogs and liver embolization.

 – If valve replacement is not indicated, abdominal surgery can proceed when 
the patient is deemed optimized by cardiology.

• Carcinoid crisis: Physiological stress and tumor manipulation during surgery 
under general anesthetic can trigger acute release of serotonin leading to carci-
noid crisis:
 – Plan for perioperative octreotide administration to control serotonin secretion 

in patients with elevated u5HIAA [102].
 – If an infusion of octreotide is initiated during surgery: continue for 24 hours 

and discontinue if patient is hemodynamically stable.
 – Intraoperative crisis occurs in up to one-third of the patients.
 – Other products have also been implicated in carcinoid crisis: bradykinin, kal-

likrein, and histamine, but are not targeted by perioperative octreotide 
preparation.

Table 18.13 provides an example of guidelines used for perioperative manage-
ment of patients with carcinoid syndrome.
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Table 18.13 Perioperative clinical preparation for NETs with elevated u5HIAA

Clinical scenario Preparation
Patients well controlled 
on long-acting 
somatostatin analog 
(20 mg–30 mg IM)

Additional dose of long-acting somatostatin analog 2–3 weeks 
prior to procedure
Supplementary dose of octreotide 250 μg–500 μg SC 1–2 h before 
procedure
Carcinoid crisis with hypotension:
  Fluid resuscitation
  Intraoperative octreotide 500 μg–1000 μg IV q5 min, may 

require infusion 50 μg–200 μg/h
Patients who have required supplemental doses intraoperatively 
should have 50 μg–200 μg/h infusion for 4–24 h postoperatively

Patients poorly 
controlled on long-acting 
somatostatin analog

Additional dose of octreotide LAR 60 mg 2–3 weeks prior to 
procedure
Supplementary dose of octreotide IR 500 μg–1000 μg SC 1–2 h 
before procedure
Infusion of 100 μg–250 μg/h starting 1 h before procedure, 
continue 12–24 h after surgery, wean as tolerated

Patients not on therapy or 
for emergency surgery

500 μg–1000 μg SC 1–2 h before procedure
Consider postoperative infusion 100 μg–250 μg/h

Adapted from: Belo S, Department of Anesthesia. Protocol for Perioperative Management of 
Patients with Carcinoid Syndrome. Sunnybrook Heath Sciences Centre. University of Toronto. 2011

 Functional PNETs [68, 103]

• Carcinoid syndrome is rare with PNET (<50 cases reported).
• For functional PNETs: the endocrine syndrome should be optimized prior to 

surgery.
• Insulinoma:

 – Diazoxide: control of hypoglycemia (50–60%)
 – Somatostatin analogs: control insulin hypersecretion (35–50%)

• Gastrinoma:
 – PPI: management of hyperacidity and ulcer disease

• Somatostatin analogs: control insulin hypersecretionGlucagonoma:
 – Somatostatin analogs: minimize the catabolic state
 – Doppler ultrasound: rule out DVT
 – Management of electrolytes disturbances
 – Management of hyperglycemia

• VIPoma:
 – Somatostatin analogs: control diarrhea
 – Management of electrolytes disturbances

 Follow-Up

• There is no level-1 evidence regarding the benefits or ideal regimen for surveil-
lance and follow-up of NETs.

• Recommendations for resected primary NETs have been released by the 
Commonwealth Neuroendocrine Tumors Society (CommNETS) following a 
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RAND- UCLA appropriateness methods study. These recommendations take 
into consideration the high rate but slow pace of recurrence in GEP-NETs [31].
 – Cumulative incidence of recurrence 48.5% at 10 years.
 – Median time to recurrence is 8.7 years for small intestine NET and 7.2 years 

for PNETs.
 – Low and decreasing risk of recurrence after 10 years post-resection.
 – Thoracic imaging is not recommended.
 – CT scan is the modality of choice. The role of ultrasound and MRI to detect 

recurrence is not well established, but they can be considered as alternative 
when it is desirable to avoid CT scan.

• Monitoring of patients with active disease must take into consideration the pro-
longed survival of GEP-NETs, presence of endocrinopathy, and ability to treat 
progression of disease (please see Table 18.14).

Table 18.14 Surveillance and monitoring in GEP-NETs

Modality Frequency

Consideration 
for more 
frequent 
follow-upa

Pancreas – resected CT abdo-pelvis
Nonfunctioning: 
no lab
Functioning: 
measure of relevant 
hormonal assay

Q 1 year × 
3 years
Q 2 years 
thereafter until 
10 years
Discuss with 
patient after 
10 years

Higher grade 
(Ki76 > 5%)
Positive lymph 
nodes

Small intestine
Colon – resected

CT abdo-pelvis
No routine lab

Q 1y × 3 years
Q 2 years 
thereafter until 
10 years
Discuss with 
patient after 
10 years

Higher grade 
(Ki67 > 10%)
Higher ratio of 
positive lymph 
nodes

Appendix – 
resected

<1 cm
Appendectomy

Low clinical risk: minimal or no 
follow-up.

G2
>2 cm
Positive lymph 
nodes

G1
1-2 cm
Appendectomy 
or right 
hemicolectomy

CT abdo-pelvis
No routine lab

Q 1y × 3 years
Q 2 years 
thereafter until 
10 years
Discuss with 
patient after 
10 years
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 Relevant Publications on the Management of GEP NETs

Study Methods Results
RADIANT-4
[98]

Everolimus vs. placebo
Advanced nonfunctional lung and GINET
Phase 3
N = 302
Primary end point: PFS

Median PFS 11 vs. 3.9 months.
Disease control rate 81 vs. 
64%
OS not different at median f/u 
33 months (HR 0.73, 95% CI 
0.48–1.11)

NETTER-1 
[100]

Octreotide LAR 60 mg vs. 117-Lu Dotatate
Somatostatin receptor positive midgut 
GINET with inoperable disease progressing 
on octreotide LAR 30 mg)
Phase 3
N = 230
Primary end point: PFS

Median PFS 8.4 months, but 
not reached at 30 months yet in 
117-Lu Dotatate arm
Interim analysis suggested 
improved OS for 117-Lu 
Dotatate (HR 0.4; P = 0.0004)
Higher objective response rate 
with 117-Lu Dotatate (18% vs. 
3%)

Modality Frequency

Consideration 
for more 
frequent 
follow-upa

Rectum – 
resected

T1
No nodal disease
R0 resection

No follow-up T2
G2
Positive lymph 
nodesT1

No nodal disease
R1 resection or 
margin 
unknown

Sigmoidoscopy Q 1 year
Duration 
undetermined

Others CT abdo-pelvis
No routine lab

Q 1y × 3 years
Q 2 years 
thereafter until 
10 years
Discuss with 
patient after 
10 years

Metastatic or 
visible 
disease – 
monitoring 
(with or 
without 
resection)

CT abdo-pelvis
CT chest if 
thoracic disease 
requiring 
monitoring
Lab: relevant 
hormonal assay if 
elevated

Q 6 months
Duration: while 
active disease 
under treatment

Adapted from Singh S et al. JAMA Oncol. 2018;4(4):583–5 [31]
aIncreasing frequency of follow-up may be considered in higher risk cases: q6–12  months x 
3 years, and q 1 year thereafter until 10 years, discuss with patient after 10 years

Table 18.14 (continued)

(continued)
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Study Methods Results
PROMID 
[104]

Octreotide LAR 30 mg vs. placebo
Newly diagnosed, treatment-naïve patients 
with well-differentiated (G1) midgut NETs 
(both functional and nonfunctional)
Phase 3
Primary end point: TTP

Median TTP
14.3 vs. 6 months (p < 0.001)
Reduction of disease 
progression 66%

CLARINET 
[105]

Lanreotide vs. placebo
Metastatic or unresectable, G1 or G2, 
midgut or hindgut NETs
Phase 3
N = 204
Primary end point: PFS

Median PFS 18.0 vs. median 
not reached (p < 0.001)
24 months PFS 65.1% vs. 
33.0%
No difference in OS

RADIANT-3 
[106]

Everolimus (m-TOR inhibitor) vs. placebo
Metastatic or unresectable pancreatica NETs 
with radiologic progression
Phase 3
N = 410
Primary end point: PFS

Median PFS
11 vs. 4.6 months (p < 0.001)
Grade 3 or 4 drug-related 
adverse events 5%

Sutent Trial 
[95]

Sunitinib (tyrosine kinase inhibitor) vs. 
placebo
Well-differentiated metastatic or 
unresectable pancreatica NETs and no 
candidates for surgery
Phase 3
N = 171
Primary end point: PFS

Median PFS
11.4 vs. 5.5 months (p < 0.001)
Improved OS
(HR 0.42; p = 0.02)
ORR 9.3% (p = 0.007)

CAPTEM 
[107]

Capecitabine–Temozolomide as first line in 
metastatic well to moderately differentiated 
pancreatica NET
Retrospective
N = 30
Primary end point: ORR

ORR: 70%
Median PFS: 18 months

aRADIANT-3, Sutent, and CAPTEM results are applicable only for PNETs; PFS progression-free 
survival, TTP time to tumor progression, ORR objective response rate, OS overall survival

 Referring to Medical Oncology

 1. All NETs, particularly functional, should ideally be managed in conjunction 
with medical oncology and/or endocrinology as per individual institution [108].

 2. Metastatic disease
 3. Unresectable pNETs
 4. Any poorly differentiated or high grade (G3) NETs
 5. Patients with elevated 5-HIAA or carcinoid syndrome preoperatively
 6. Patients with carcinoid syndrome requiring somatostatin analogs for symp-

tom control
 7. Candidates for clinical trials
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 Referring to Radiation Oncology/Interventional Radiology

 1. Unresectable and metastatic tumors should be referred for discussion of new 
radioablative and ablative therapies.

 Referring to Multidisciplinary Cancer Conference (MCC)

 1. All NETs would benefit from discussion and collaboration with MCC, and ide-
ally, due to their unique needs, would be best managed in a conjoint multidisci-
plinary clinic [108].

 Toronto Pearls

• Pathology:
 – Pathology interpretation is crucial to the proper identification of neuroendo-

crine tumors. Review of pathology by a specialized pathologist can alter the 
grading and therefore management of patients.

 – IHC can help identify suspected primary NET site in case of metastatic 
presentations.

 – NETs profile can change over the course of disease, or from one site to 
another. Repeat biopsies can be considered to better tailor treatment [109].

• Multidisciplinary clinics can facilitate access to care and multimodal therapy for 
NETs. Such team include: surgical oncology, medical oncology, radiation oncol-
ogy, endocrinology, with supportive services from interventional radiology, radi-
ology, cardiology, psychiatric oncology, clinical nutrition, and nursing [108].

• Surgery:
 – Surgery has a role in the management of locoregional and metastatic NETs, 

even with large burden of metastatic disease, but 60% never see a surgeon 
[110]. All patients with NETs should be assessed by a surgeon with expertise 
in management of those patients.

 – Treatment of primary neuroendocrine tumors does require some experience in 
order to ensure that maximum but not over-aggressive LND is done, particu-
larly to intestinal NETs. Mesentery-sparing resections are favored over resec-
tion of large extent of intestine, in order to minimize functional impact while 
ensuring resection of the disease.

 – Surgical therapy of neuroendocrine liver metastases is very different from the 
strategies used for other cancers, and parenchymal preservation is a very 
important principle of treatment. Anatomical liver resections should be 
avoided [111].

 – Cytoreductive surgery for metastatic NETs plays an important therapy- 
sparing role in the sequencing of therapies. By reducing tumor burden and 
symptoms, cytoreduction can delay the need to escalate medical therapy, 
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thereby maintaining treatment options for a longer period of time. This is 
crucial when managing a chronic malignancy.

• Multimodal therapy is key in NETs. Surgical, medical, and ablative therapies can 
be combined and sequenced for maximal effect for patients.
 – Sequencing of therapies will take place over several years [108].
 – When discussing treatment options and sequencing, it is important to consider 

tumor grade, primary tumor site, endocrine symptoms, and tumor burden, as 
well as sparing therapies for the future and not compromising eligibility for 
future therapies.

 – Treatment options should be re-evaluated at each visit.
• Patient support: Serotonin secretion in NETs can be associated with neuropsy-

chological symptoms, including subclinical cognitive and depressive disorders, 
even when 24  h-u5HIAA is below detectable levels. Patient support should 
include screening for those symptomatic involvement of psychology or psychi-
atric oncology services [112, 113].

• Protocol for liver embolization:
 – Give 100 μg octreotide iv bolus prior to procedure in angiography holding 

area (100 μg in 50 ml NS over 10 min).
 – Start continuous infusion of octreotide at 50 μg/h (500 μg in 100 ml NS, i.e., 

10 ml/h) for duration of procedure.
 – After 6 h from the start of octreotide infusion, decrease rate to 5 ml/h.
 – Stop infusion after the bag is finished unless patient is clinically symptomatic 

(e.g., flushing, palpitations, alteration of mental status, diarrhea, wheezing) or 
vital signs are abnormal.

• Radiation therapy:
 – Delivery of PRRT requires the use of up-to-date agents, an experienced team, 

and careful dosimetry.
 – Radiation therapy remains an important component of management of GEP- 

NETs, including all metastatic neuroendocrine tumors. In patients with good 
performance status, consider ablative approaches to maximize local control, 
even in the context of metastatic disease. 
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 Introduction

Non-melanoma skin cancers (NMSCs) are the most commonly diagnosed cancers 
in Canadians, accounting for 28% of all new cancer cases in Canada. In 2014, the 
Canadian Cancer Society estimated that there will be approximately 76,100 new 
cases and 440 deaths from squamous cell carcinoma (SCC) and basal cell carci-
noma (BCC) combined [1]. The incidence of both tumor types continues to rise 
despite growing awareness of the risk factors (see Table 19.1) [2, 3]. The American 
Joint Committee on Cancer (AJCC) eighth edition is the current recommended 
cutaneous squamous cell carcinoma and other cutaneous carcinoma staging 
system [4].

Skin lesions in high-risk populations may be challenging to clinically assess. A 
low threshold for performing skin biopsies is prudent.

Table 19.1 Risk factors [3, 5–10]

Risk factor BCC SCC
Exposure to ultraviolet light Intense, intermittent 

exposure; burns
Cumulative 
exposure

Increasing age ++ ++
Fair complexion ++ ++
Recreational tanning/tanning beds ++ (OR 1.5) ++ (OR 2.5)
Immunosuppression (including transplant 
patients)

++ (ten-fold) ++++ 
(40–250-fold)

HPV (especially serotypes 16 and 18)
HIV/AIDS and non-Hodgkin lymphoma

+
++

+++
+++

Exposure to ionizing radiation ++ ++
Chemical exposure
Arsenic, coal tar
Tobacco
Soot, asphalt, mineral oil

++
+

++
++
++

Chronic inflammation and healing scars, 
burn sites, or ulcers

++ (Marjolin 
ulcer)

Personal history of skin cancer ++ ++
Family history of skin cancer ++ (OR 2.2) ++
Genetic syndromes
  Xeroderma pigmentosum
  Albinism
  Muir–Torre syndrome
  Fanconi anemia
  CSTT1 or CYP2D6 polymorphisms

++ ++

Nevoid basal cell (Gorlin) syndrome ++
Benign sun-related skin disorders (i.e., 
actinic keratoses and

++

solar lentigines)
Psoralen/PUVA therapy for psoriasis + ++

BCC basal cell carcinoma, SCC squamous cell carcinoma, OR odds ratio, PUVA psoralen and 
ultraviolet A
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 Clinical Presentation [3, 5]

Both BCC and SCC characteristically develop on body areas previously 
exposed to sun.

Early BCCs are small, translucent or pearly, with raised telangiectatic edges; 
80% of BCCs occur on the head and neck, followed by trunk (15%) and extremities. 
Clinical subtypes of BCCs include the following: (1) classic rodent ulcer (indurated 
edge and ulcerated center), (2) nodular or cystic, (3) superficial, (4) morphoeic (ill- 
defined borders), and (5) pigmented. Up to 40% of BCCs contain a mixed pattern of 
two or more histologic subtypes. Nodulocystic BCC is the most common subtype, 
usually on the head and neck, while superficial BCCs mainly present on the trunk 
and limbs. BCC is characterized by local and sometimes disfiguring invasiveness if 
left untreated; however, metastasis is rare, occurring in less than 0.05% of cases 
[11]. BCC most commonly metastasizes to regional lymph nodes, followed by 
bone, lung, and liver [7].

SCCs can arise de novo or from premalignant lesions such as actinic keratoses, 
SCC in situ (Bowen’s disease), keratoacanthoma, and cutaneous horns. Individual 
actinic keratoses are estimated to progress to invasive SCC at 1–10% over 10 years, 
but the risk is increased with greater than 5 actinic keratoses. Bowen’s disease pres-
ents as slow-developing erythematous scaly or crusted plaques, with a 3–5% risk of 
progression to SCC. Keratoacanthomas have a rapid onset, progression, and regres-
sion within months, with similar clinicopathologic features to well-differentiated 
SCC. Cutaneous horns are growths that present as a dense cone of epithelium; up to 
15% demonstrate invasive SCC at the base. Given the associated risk of progressing 
to invasive SCC, these precursor lesions are generally excised or consider cryo-
therapy, topical 5-fluorouracil, topical imiquimod, photodynamic therapy, or curet-
tage and electrodessication.

All SCCs demonstrate induration, which is usually the first sign of malignancy, 
and typically have an adherent crust with ill-defined margins. In contrast to BCCs, 
SCCs are responsible for the majority of deaths from NMSCs as they have a higher 
metastatic potential (~5% at 5 years) [12]. The most common metastatic site for 
SCC are regional lymph nodes; distant sites include bone, brain, and lung (parotid 
gland for head and neck SCCs).

Tables 19.2 and 19.3 describe the low- and high-risk factors for local recurrence 
or metastasis for BCC and SCC.

 Management: Primary Localized Basal and Squamous Cell 
Carcinoma (No Evidence of Regional or Metastatic Disease)  
[13, 14, 25, 26]

 Management of Low-Risk Basal Cell Carcinoma and Squamous 
Cell Carcinoma (See Table 19.4)

For patients unable or unwilling to undergo surgical treatment of primary lesions or 
when clear margins cannot be obtained by Mohs or more extensive surgery, 
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Table 19.2 Definition: low- and high-risk factors for local recurrence of BCC and metastasis 
[7, 13–24]

Risk factor Low risk High risk
Location and transverse size (i.e., 
diameter)

Site L— < 20 mm
Site M— < 10 mm

Site L— ≥ 20 mm
Site M— ≥ 10 mm
Any H

Borders Well defined Poorly defined
Primary vs. recurrent Primary Recurrent
Immunosuppression Negative Positive
Site of prior radiation therapy Negative Positive
Subtypea Nodular, superficial Aggressive growth patternb

Perineural or perivascular involvement
Residual margins

Negative
Negative

Positive
Positive

Site L = trunk or extremity location
Site M = cheek, forehead, scalp, neck, or pretibial location
Site H = mask area of face, genitalia, hand, or foot location
aLow-risk subtypes include nodular, superficial, and other nonaggressive growth patterns such as 
keratotic, infundibulocystic, and fibroepithelioma of Pinkus
bHaving morpheaform, basosquamous (metatypical), sclerosing, mixed infiltrative, micronodular, 
or carcinosarcomatous features in any portion of the tumor

Table 19.3 Definition: low- and high-risk factors for local recurrence or metastases for SCC 
[3, 14–24]

Risk factor Low risk High risk
Location and transverse size (must include 
peripheral rim of erythema)

Site L— < 20 mm
Site M— < 10 mm

Site L— ≥ 20 mm
Site M— ≥ 10 mm
Any H

Borders Well defined Poorly defined
Primary vs. recurrent Primary Recurrent
Immunosuppression Negative Positive
Site of prior radiation therapy, scar, or 
chronic inflammation

Negative Positive

Rapid growth rate Negative Positive
Neurologic symptoms Negative Positive
Degree of differentiation Well or moderate Poor
Adenoid, adenosquamous (mucin), 
desmoplastic, or metaplastic 
(carcinosarcomatous) subtypes

Negative Positive

Depth (thickness or level of invasion)a ≤6 mm and no invasion 
beyond subcutaneous 
fat

>6 mm or invasion 
beyond subcutaneous 
fat

Perineural, lymphatic, or vascular 
involvement
Excision

Negative
Complete

Positive
Incomplete

Site L = trunk or extremity location
Site M = cheek, forehead, scalp, neck, or pretibial location
Site H = mask area of face, genitalia, hand, or foot location
aDeep invasion = invasion beyond the subcutaneous fat or > 6 mm measured from the granular 
layer of adjacent normal epidermis to the base of the tumor

D. W. Lim et al.



387

radiation therapy should be pursued. Radiation should also be considered for pri-
mary treatment (instead of surgery) to sites that cause significant morbidity or 
require extensive reconstruction. Radiation is not recommended for patients younger 
than 60  years of age due to inferior long-term cosmesis and potential for 
carcinogenesis.

 Management of High-Risk Basal Cell Carcinoma and Squamous 
Cell Carcinoma (See Table 19.5)

For patients unable or unwilling to undergo surgical treatment of primary lesions or 
when clear margins cannot be obtained, radiation therapy should be pursued if over 
the age of 60  years old. Consider multidisciplinary tumor board consultation to 
discuss chemoradiation or enrolment into a clinical trial. Radiation should also be 
considered as primary treatment (instead of surgery) to sites where surgery may be 
disfiguring, cause significant morbidity, or require extensive reconstruction (i.e., 
nose, ears, eyelids, lips). Radiotherapy should also be considered in the adjuvant 
setting if there is extensive perineural or large nerve involvement (≥ 0.1 mm for 
cutaneous SCC of the head and neck).

 Mohs Micrographic Surgery

• Removes malignant skin tumors with rapid, in-office analysis of horizontal 
frozen- section specimens processed to include 100% of the peripheral and deep 
surgical margins. If any part of the specimen demonstrates tumor infiltration of a 
margin, serial margins can be limited to the affected areas, allowing the narrow-
est possible margin excised.

• Lowest 5-year recurrence rate of any treatment (1% for primary tumors, 5.6% for 
recurrent tumors), followed by surgical excision, cryosurgery, and curettage and 
electrodesiccation.

• For most NMSCs, Cancer Care Ontario recommends surgery (with postoperative 
and intraoperative margin assessment), or radiation for those ineligible for sur-
gery, as standard of care. Their indications for Mohs micrographic surgery are 
limited to histologically confirmed recurrent BCC of the face, and primary BCCs 
of the face that are >1 cm in size, have aggressive histology, or are located in the 
H zone [32]. The consideration of Mohs micrographic surgery for high-risk SCC 
should be made by a multidisciplinary team.

 Role for Sentinel Lymph Node Biopsy

• Although sentinel lymph node biopsy has been used in the management of select 
patients with high-risk SCC, data remain insufficient to determine whether early 
detection of microscopic metastatic disease has a beneficial effect on patient 
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Table 19.4 Management of low-risk BCC and SCC

Work-up
Surgical 
techniques

Destructive 
techniques

Nonsurgical 
options Follow-up

History and 
physical 
examination
Complete 
skin 
examination
Assessment 
of regional 
nodal basins 
(SCC only)
No labs
No imaging 
studiesa

Biopsyb

Wide local 
excision with 
postoperative 
margin 
assessment 
(POMA) (4 mm 
margins for BCC 
and 4–6 mm 
margins for SCC)c

CCPDMAd

Curettage + 
electrodesiccatione

Cryotherapyf

Radiation 
therapy
Topical 5% 
fluorouracil
Imiquimod 
(Aldara®)g

Photodynamic 
therapy (PDT)h

Intralesional 
therapiesi

History and 
physical with skin 
examination every 
3–12 months for 
2 years, then 
every 
6–12 months for 
3 years, then 
annually (SCC)
History and 
physical with skin 
examination every 
6–12 months for 
5 years, then at 
least annually for 
life (BCC)
Sun protection 
and self- 
examination 
education

aUnless there is suspicion of deep structural involvement (i.e., CT with contrast for suspected bone 
or deep soft tissue involvement; MRI with contrast for suspected perineural disease)
bPunch or excisional biopsy techniques are preferred as the full thickness of the dermis (including 
reticular dermis) can be evaluated; incisional biopsy is an option for large lesions, lesions in diffi-
cult locations or if an excisional biopsy would be cosmetically disfiguring
cPreferred treatment if adipose tissue has been reached vertically; associated with 5-year disease- 
free survival of >98% for BCC and 92% for SCC [27–29]; may close with linear repair, skin graft, 
or secondary intention healing
dConsider if positive margins following wide local excision (may also re-attempt resection with 
complete circumferential peripheral and deep margin assessment (CCPDMA) with permanent sec-
tion or intraoperative frozen-section analysis)
eNot appropriate for terminal hair-bearing areas (scalp, pubic, axillary, beard)
fReserved for treatment of patients with low-risk, shallow NMSCs such as superficial BCC or SCC 
in situ (Bowen’s disease)
gImiquimod is approved for biopsy-proven, small (<2.0 cm diameter), primary, superficial lesions 
of the trunk, neck, or extremities of adults with normal immune systems; it is not indicated for 
nodular, recurrent, or aggressive histologic subtypes of BCC or for lesions on the head. Imiquimod 
5% is applied daily 5 times per week for 16 weeks
hPDT is effective for superficial and nodular BCC (80–100% success) but is associated with high 
recurrence rates
iIntralesional agents for low-risk BCC and SCC have some support in the literature but are not 
widely used. They can be used when surgical intervention is inappropriate or when the tumor is in 
cosmetically sensitive areas. Intralesional agents provide deeper penetration of the medication as 
opposed to topical treatment. As such, intralesional 5-fluorouracil, bleomycin, or interferon-α can 
be used to treat BCC, and intralesional 5-fluorouracil, bleomycin, interferon-α, or methotrexate 
can be used to treat SCC [30]. The best results have been reported with keratoacanthoma, a variant 
of SCC, with a cure rate of 91–100% [31]
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outcome. Nevertheless, consider sentinel lymph node biopsy in certain high-risk 
lesions such as locally advanced SCC and discuss at a multidisciplinary skin 
cancer tumor board [33–36].

 Regional Metastatic Non-melanoma Skin Cancer

 Management of Regional and Metastatic BCC [13]

For nodal or distant metastases, consider surgery and/or radiation therapy, and mul-
tidisciplinary tumor board consultation for consideration for a hedgehog pathway 
inhibitor (i.e., vismodegib, sonidegib) or clinical trial.

Table 19.5 Management of high-risk BCC and SCC

Work-up Surgical techniques
Nonsurgical 
options Follow-up

History and physical 
examination
Complete skin 
examination
Assessment of 
regional nodal 
basins (SCC only)
No labs
No imaging studiesa

Biopsy
Multidisciplinary 
consultation (for 
complicated cases)

Wide local excision with 
postoperative margin 
assessment with linear or 
delayed repairb

Mohs micrographic 
surgery (negative 
margins)c

Resection with complete 
circumferential 
peripheral and deep 
margin assessment with 
frozen or permanent 
section (CCPDMA)d

+/− SLNB (SCC 
only)—See next section

Radiation 
therapy
+/− 
systemic 
therapye

History and physical with 
skin examination every 
1–3 months for 1 year, then 
every 2–4 months for 1 year, 
then every 4–6 months for 
3 years, then every 
6–12 months for life (SCC)
History and physical with 
skin examination every 
6–12 months for 5 years, 
then at least annually for life 
(BCC)
Sun protection education 
and self-examination of skin 
and lymph nodes

SLNB sentinel lymph node biopsy
aUnless there is suspicion of deep structural involvement—fixed lesion/large lesion (i.e., CT with 
contrast for suspected bone involvement; MRI with contrast for suspected perineural disease or 
deep soft tissue involvement)
bThere is no longer a defined margin of standard excision for high-risk BCC and SCC due to wide 
variation in clinical features that define a high-risk tumor. Complete margin assessment is recom-
mended. Previous NCCN guidelines recommended 6–10 mm for BCC and 10 mm for SCC, but 
these margins should now be modified based on tumor- and patient-specific factors, with an aware-
ness for subclinical extension
cIndications for Mohs procedure are histologically confirmed recurrent BCC of the face and pri-
mary BCCs of the face that are >1 cm in size, have aggressive histology, or are located on the H 
zone of the face. Mohs may be considered in smaller tumors <1 cm in areas of functional or cos-
metic significance, complex tumors needing margin control and immunosuppressed patients. 
Consideration of Mohs surgery for SCC should be evaluated by a multidisciplinary team [32]
dSuperficial parotidectomy is indicated if parotid fascia is involved
eRadiation therapy may be combined with chemotherapy for select patients, or systemic therapy 
alone if surgery and radiotherapy are both contraindicated. Consider multidisciplinary tumor board 
consultation after persistent positive margins
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 Management of Regionally Metastatic SCC [9] (See Table 19.6)

 Referring to Radiation Oncology

• Patients should be referred to radiation oncology for consideration of radiation as 
primary therapy if:
 – They have histologically confirmed NMSCs and are unable or unwilling to 

undergo surgical treatment of their primary lesion.
 – Clear margins cannot be obtained by Mohs or more extensive surgery.
 – Surgery may be disfiguring, cause significant morbidity, or require extensive 

reconstruction (i.e., nose, ears, eyelids, lips).
• All patients with positive margins, regional or metastatic disease should also be 

referred to radiation oncology for consideration of adjuvant radiation therapy.
• Data on the value of adjuvant radiation after surgical excision with negative mar-

gins (particularly after Mohs micrography surgery) remain conflicting [13, 14].

 Referring to Medical Oncology

• All patients with distant metastases or locally advanced disease should be 
referred to medical oncology for consideration of systemic therapy or clinical 
trial enrollment.

• Systemic therapy is usually indicated once surgical and radiation options have 
been exhausted.

 Options

• Targeted therapy.
 – Hedgehog pathway inhibitors (i.e., vismodegib, sonidegib) (BCC).

• Immunotherapy.
 – PD-1 inhibitor (i.e., pembrolizumab, cemiplimab).

• Systemic chemotherapy.
 – Cisplatin alone or with paclitaxel (BCC) [25].
 – Cetuximab, cisplatin/5-fluorouracil or α-interferon, retinoic acid, and cispla-

tin (SCC) [26].
 – There is no standard chemotherapy treatment plan for NMSCs.

BCC: Vismodegib is now standard of care (and paid for by the Provinces) for 
BCC not amenable to surgery or radiation. Patients with borderline resectable BCC 
may also be considered for neoadjuvant vismodegib. Pembrolizumab has shown 
some efficacity in case reports for patients who are refractory to targeted therapy but 
regulatory approvals have not yet occurred [37, 38].

D. W. Lim et al.



391

SCC: Phase I and II studies demonstrated a 50% response to cemiplimab 
in  locally advanced or metastatic SCC, with adverse effects in at least 15% of 
patients limited to diarrhea, fatigue, nausea, and rash [39]. Cemiplimab has since 
received both FDA and Health Canada approval and is now standard of care for 
metastatic or locally advanced cutaneous SCCs that are not curable with surgery or 
radiation.

Table 19.6 Management of regionally metastatic SCC

Work-up
Operable 
disease

Nonoperable 
disease

Adjuvant 
treatment Follow-up

History and physical 
examination
Complete skin 
examination and 
assessment of regional 
nodal basins
Biopsy (FNA or core) 
of lymph node
CT with contrast of 
nodal basin
CT chest, abdomen, and 
pelvis or PET/CT
If locally advanced then 
use MRI to assess 
extent of muscle/bone/
tendon involvement
Multidisciplinary 
consultation

Wide local 
excision of 
primary 
lesion + 
regional 
lymph node 
dissectiona

Radiationb

Multidisciplinary 
tumor board to 
discuss systemic 
therapy with  
or without 
radiation or 
immunotherapyc

Radiation 
therapy to 
regional 
lymph 
node basind

History and 
physical with 
complete skin and 
regional lymph 
node examination 
every 4–6 months 
for 3 years, then 
every 6–12 months 
up to 5 years
Sun protection 
education

aRegional lymph node dissection is preferred unless the patient is not a surgical candidate. For 
trunk and extremity cutaneous SCC, perform regional lymphadenectomy and if multiple nodes 
involved or extracapsular extension is present, consider adjuvant radiation. For head and neck 
cutaneous SCC: (1) if solitary node ≤3 cm, perform ipsilateral selective neck dissection; (2) if soli-
tary node >3 cm or multiple ipsilateral nodes, perform ipsilateral comprehensive neck dissection; 
(3) if bilateral nodes, perform comprehensive bilateral neck dissection; (4) if parotid nodes 
involved, perform superficial parotidectomy and ipsilateral neck dissection
bReassess candidacy for post-radiation lymph node dissection; contrast CT may help evaluate bur-
den of residual disease
cImmunotherapy with cemiplimab, an immune checkpoint inhibitor, is recommended for locally 
advanced or metastatic cutaneous SCC who are not candidates for either curative surgery or cura-
tive radiotherapy. This is not an option for solid organ transplant recipients, as immune checkpoint 
inhibitors can lead to organ rejection. Other options include palliative radiation/surgery if symp-
tomatic and stereotactic body radiotherapy in select patients. Multidisciplinary tumor board con-
sultation is highly recommended
dConsider RT for most head and neck primary lesions and lesions of the head and neck, trunk, or 
extremity that have lymph node basin involvement, especially with multiple nodes or the presence 
of extracapsular extension. May omit adjuvant radiation for head and neck cutaneous SCC with 
lymph node involvement if only one positive node ≤3 cm with no extracapsular extension. May 
consider concurrent systemic therapy with radiation (multidisciplinary consultation) for any node 
with extracapsular extension or incompletely resected nodal disease
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 Referring to Multidisciplinary Cancer Conference

• Patients with positive deep margins following resection with graft/flap 
reconstruction.

• All patients with regionally metastatic NMSCs.
• All patients with distant metastatic NMSCs.

 Toronto Pearls

• Patients with high-risk BCCs or SCCs on the face should be prepared for graft or 
local flap reconstruction given the cosmetically sensitive nature of this region; 
high-risk SCCs in other locations may also require graft/flap reconstruction 
given the potential size of resection.

• If deep margins are positive following resection and reconstruction, consider-
ation should be given to re-resection.

• Level 3 axillary dissection for SCC should be considered for palpable disease in 
the axilla.
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 Introduction

The most recent statistics generated by the Canadian Cancer Society suggest that 
despite the fact that one in four Canadians will die from cancer, the incidence of 
Canadians surviving beyond 5 years of a cancer diagnosis is increasing [1]. These 
encouraging statistics do not only highlight the improvements that have been made 
in the provision of modern cancer care, but also emphasize the important role that 
palliative care will play in the lives of patients both dying from, or, more impor-
tantly, living with cancer.

There is strong clinical evidence to support the introduction of palliative care 
early in the treatment of cancer patients. Temel and colleagues showed that early 
referral to palliative care plus standard oncology care resulted in improved mood, 
metrics of quality of life, and a survival benefit compared with standard oncology 
care alone; benefits echoed in multiple studies [2–5]. Despite the evidence and the 
years of good work by our palliative care colleagues, there remains a strong stigma 
attached to palliative care, which impairs the effective integration of palliative care 
into modern surgical oncology [6]. This challenge is deepened by the ever-changing 
face of cancer treatment and disease trajectories that creates difficulty in accurate 
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prognoses of certain diseases and increased uncertainty in a patient’s treatment 
course [7]. Indeed, physicians are accurate in predicting survival only about 50% of 
the time for patients with advanced cancer [8]. This accuracy is likely to become 
even more inaccurate as more novel therapeutic options become available.

Palliative care and surgical oncology are two disciplines that are transitioning 
into a synergistic relationship rather than being perceived historically as mutually 
exclusive pursuits [9]. Despite a growing body of evidence that this synergy is pos-
sible, necessary, and of great benefit to patients across the oncology spectrum, there 
continue to be challenges in bringing palliative care to the consciousness of surgical 
oncologists, to the forefront of comprehensive surgical cancer care, and its integra-
tion into surgical oncology education. This synergistic relationship is ever more 
important when one considers that up to 22% of patients undergo a surgical proce-
dure in the last year of their life [10], and 10–20% of all surgical procedures are 
done with palliative intent [11]. The American College of Surgeons has integrated 
this philosophy, whereby the College now emphasizes the need for palliative care to 
be incorporated alongside curative and life-prolonging surgical interventions [12].

Alongside palliative care is the concept of palliative surgery, which is generally 
defined as a surgical pursuit designed to improve quality of life and relieve or pre-
vent symptoms caused by an advanced disease [13]. Palliative surgery must be dis-
tinguished from non-curative surgery, where the latter’s primary intent is not the 
improvement of quality of life. Together, these complementary concepts fall under 
the overarching entity of surgical palliative care, defined as the treatment of suffer-
ing, and the promotion of quality life for seriously or terminally ill patients under 
surgical care [14].

 Evidence for Palliative Care in Surgical Oncology

In January 2017, the American Society of Clinical Oncology created a new set of 
guidelines with regard to integration of palliative care into standard oncology care 
after careful review of the current evidence as derived from the sentinel studies in 
this area [2, 3, 5, 15–18]. The specific recommendations from this evidence-based 
document include [19]:

 1. Patients with advanced cancer (defined as patients with distant metastases, late- 
stage disease, cancer that is life limiting, and/or prognosis of 6–24  months) 
should be referred to interdisciplinary palliative care teams that provide inpatient 
and outpatient care early in the course of disease, alongside active disease man-
agement of their cancer.

 2. Palliative care for patients with advanced cancer should be delivered through 
interdisciplinary palliative care teams with consultation available in both outpa-
tient and inpatient environments.

 3. Essential components of palliative care include:
• Rapport and relationship building with patients and family caregivers
• Symptom and functional status management

E. M. Sadler et al.



397

• Exploration and education of understanding illness and prognosis
• Clarification of treatment goals
• Assessment and support of coping needs
• Assistance with medical decision-making
• Coordination with other care providers
• Provision of referrals to other healthcare providers as needed

 4. Early palliative care involvement within 8 weeks of diagnosis of advanced cancer
 5. Patients with high symptom burden should be provided with outpatient cancer 

care programs with dedicated resources to deliver palliative care services to 
complement existing program tools.

 Palliative Surgery

 Goals of Palliative Surgery

• Primary outcome: Improvement in quality of life through the relief of symptoms 
caused by an advanced disease [20].

• Secondary outcome (but not primary goal of treatment): Improvement in survival.
• Successful outcome defined by patient and surgeon preoperatively.

 – Relief from distressing symptoms, easing of pain, and improvement in quality 
of life.

 – May increase response to chemotherapy or radiotherapy in certain circum-
stances [21].

• The decision to intervene is based on the treatment’s ability to meet these goals, 
rather than its effect on the underlying disease.

• See Table  20.1 for details regarding important aspects of surgical decision- 
making in patients with advanced cancer

• See Table 20.2 for examples of indications for palliative procedures and surgery

The first step for consideration of palliative surgery is proper patient selection. 
Patients with at least a 3-month expected survival may be considered adequate can-
didates [21]. However, acceptable timelines may be variable on an individual 
patient basis.

Patients’ choices are greatly influenced by a physician’s recommendations. It has 
been estimated that physician recommendation is the predominant reason for treat-
ment selection in up to 40% of cases [22]. Therefore, the situation should be man-
aged carefully, ensuring the patient has clear and honest information in order to 
make the best decision for themselves. When discussing treatment options and a 
possible surgical approach, the attending physician should choose words wisely, 
making sure to explain the current status of the patient and disease process, the 
goals of treatment, its possible benefits, likely outcomes, and also the risks involved. 
Qualitative research has shown that patients often choose surgical intervention as 
they feel there are “no other options,” and thus it is the physician’s role to ensure the 
patient understands the options and alternatives to surgical intervention [23].
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Table 20.1 Surgical decision-making in the advanced cancer patient

Identify Assess Discuss and Recommend
Acuity of presentation:
  Emergent
  Urgent
  Elective
Symptoms:
  Nausea/vomiting
  Anorexia
  Abdominal distension
  Pain
  Bleeding
  Shortness of breath
  Weakness/fatigue
Potential surgical causes:
  Mechanical bowel 

obstruction
  Bleeding/eroding 

tumor
  Tumor bulk
  Ascites
  Pleural effusion

Patient factors:
  Prognosis
  Goals of care
  Active/future oncologic 

treatment
  Age—biologic, physiologic
  Concurrent illness and 

comorbidities
  Malnutrition and/or 

cachexia
  Performance status
Technical factors:
  Degree of invasiveness of 

the intervention: 
Interventional radiology 
< endoscopy < laparoscopy 
< laparotomy

  Anesthetic requirements
  Tumor factors affecting 

technical success
Risk of complications
  Expected outcome
  Anticipated length of stay
  Impact on future treatments

Discuss with patient and family:
  What do they understand about 

their disease and where are they 
on their disease trajectory?

  Does surgical intervention fit 
with the patient’s goals of care?

  What are the perceived and/or 
expected benefits of the surgical 
intervention from both the 
patient’s and surgeon’s 
perspective?

  What are the potential risks, and 
likely outcomes, and are they 
worth the potential benefit to 
the patient?

  Provide a commitment to 
continue to care for the patient 
regardless of the outcome of the 
discussion

Formulate recommendation(s)
  Consider all options and 

alternatives
  What is feasible? What is 

futile?
  No ethical or legal obligation to 

offer futile treatment
When decision is to operate:
  Thorough preoperative evaluation to avoid intraoperative surprises
  Prevention of emergency situations
  Clear and honest communication with the patient and family about the goals of care and 

likelihood of success
  Discuss all potential outcomes of the procedure
  A commitment to ongoing care with a clear care plan, whatever the outcome of surgery

Table 20.2 Examples of indications for palliative surgical procedures

Drainage of fluid
  Ascites
  Pleural effusion
Relief of obstruction
  Gastrointestinal tract from mouth to anus
  Genitourinary tract from kidney to bladder neck
  Hepatobiliary system
Treatment/prevention of bleeding
  From tumor or feeding vessels
Palliative tumor resection
  Space occupying lesions in the cranium
  Debulking tumors for symptoms: Pain, distension, biochemically functional tumors
  Prevent/palliate bleeding, obstruction, fungation, neuropathic pain
Fixation for bony metastases and impending fracture
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Postoperative care and recovery should also be discussed with patients and fami-
lies. Routine postoperative care, the risks of developing complications, the need for 
additional actions (e.g., ICU, mechanical ventilation), the aggressiveness of treat-
ments in the event of any postoperative complication, the anticipated length of stay, 
and the risk of spending an important part of their remaining lifespan in the hospital 
must be addressed [24, 25].

 Prognostication

Prognostication is not limited to predicting survival, but rather includes prognoses 
of response to treatment, ability to cure, attainment of functional goals, relief of 
symptoms, and risk of recurrence, among others [26]. Awareness of one’s prognoses 
has been associated with improved end of life planning, decreased levels of psycho-
logical distress, and more positive bereavement experiences [27–29]. In surgical 
oncology this is a complex process that must integrate patient factors (surgical fit-
ness, functional status, etc.) and disease factors (tumor type, stage, previous treat-
ments, etc.). For this reason, various tools exist that can aid in the prognostication 
of patients with advanced cancer (Table 20.3).

Beyond prognostication tools for the physician to determine patient suitability 
for intervention, another important aspect of prognostication is for the patient to 
understand the expected benefit and potential for risk and complications. A useful 
tool for this application is the American College of Surgeons Surgical Risk 
Calculator [30]. This National Surgical Quality Improvement Program (NSQIP) 
databased derived instrument can be accessed online, and provides an estimation of 
risk for complications and expected outcomes provided 20 individualized patient 
factors. Although this tool is not specific to the palliative context, it is a useful tool 
to supplement communication with patient and families.

Table 20.3 Examples of tools for prognostication

Tool
Predicts 
survival

Externally 
validated Special notes

Palliative 
Performance 
Scale (PPS)

x x Studied in largest group of patients
Based on Karnofsky Performance Scale but 
more specific to palliative patient population
Survival decreases by ~50% with each 
performance level
Depends largely on functional status

Palliative 
Prognostic 
Score (PaP)

x x Depends largely on functional status
Heavily reliant on physician’s expertise in 
prognostication

Palliative 
Prognostic 
Index (PPI)

x x Depends largely on functional status
Incorporates PPS in its score

Glasgow 
Prognostic 
Score (GPS)

x x Only two objective parameters (CRP and 
albumin)
Robust evidence for accuracy
Quick and easy to use
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 Evaluation of Outcomes

Currently, there are no validated instruments to measure Quality of Life (QOL) after 
palliative procedures. In the absence of a good measurement tool, the absence of a 
postoperative complication has been used as an indicator of QOL [31]. In the 
absence of a validated instrument, the Palliative Surgery Outcome Score (PSOS) 
has been used as a measure of symptom resolution after a palliative procedure.

 Palliative Surgery Outcome Score PSOS SFD POD( ) = /  

SFD = Number of days a patient is without symptoms and not in the hospital. 
The symptoms refer to those that were meant to be treated by the intervention, and 
include complications related to the surgical procedure.
POD = Number of total days of life after the operation (up to 180 days).

The PSOS score is an estimated measure of the impact of a palliative surgical 
procedure on patient well-being. A PSOS score > 0.7 is considered to be an accept-
able outcome score.

 Specific Clinical Scenarios

 Malignant Bowel Obstruction

Malignant bowel obstruction (MBO)  is estimated to occur in 15% of all palliative 
care patients and encompasses a heterogeneous clinical syndrome, defined as 
obstructive symptoms due to the presence of intra-abdominal neoplastic disease. 
The small bowel is more commonly involved than large bowel, and the most com-
mon causes are ovarian and colon cancer [31–34].

MBO can be due to extraluminal compression, intraluminal obstruction, or func-
tional obstruction due to tumor infiltration of the mesentery, nerve involvement, or 
paraneoplastic neuropathy [33]. Often, obstruction involving the small bowel is 
multifocal (carcinomatosis), in contrast to large bowel obstruction, which is usually 
endoluminal and unifocal (solitary tumor). The site and degree of involvement of 
the bowel determine the treatment path.

High-quality imaging is crucial to rule out signs of a surgical emergency and to 
properly characterize the obstruction (location, degree, multifocality, and cause). In 
addition, imaging can rule out other non-neoplastic causes of obstruction, which 
can be found in up to 15–30% of patients with previously known peritoneal carci-
nomatosis [33].

 Special Notes
• Criteria for MBO:

 – Clinical evidence of bowel obstruction
 – Obstruction beyond the ligament of Treitz
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 – Caused by incurable intra-abdominal cancer or extra-abdominal cancer with 
peritoneal disease

• Clinical variables associated with decreased survival in patients with MBO 
[25, 35]:
 – ECOG status 2–4
 – Elevated BUN
 – Low albumin
 – Ascites
 – Palpable mass
 – Peritoneal carcinomatosis
 – Progression of symptoms despite active or recent treatment with chemother-

apy (within 6 months)
 – Continued postoperative obstruction

• Careful patient selection is important, as operative morbidity and mortality 
are high.

• Most important prognosticator for survival in these patients is functional status.
• MBOs related to peritoneal carcinomatosis from neuroendocrine tumor may 

have more favorable outcomes after surgery [35].
• Patients should also be aware of the risk of failure of the intent of surgery.
• Table 20.4 outlines general principles for management of MBO.

 Gastric Outlet Obstruction (GOO)

Most common causes are cancers of the stomach, pancreas, and periampullary/bili-
ary tract, as well as lymphoma and metastases [36]. Treatment is necessary, as 
patients quickly develop vomiting, dehydration, and malnutrition [37]. The goal of 
therapy is to restore the ability to tolerate diet orally. Table 20.5 outlines treatment 
options for GOO.

Patient selection for the appropriate therapy is important, because the outcome 
depends on the clinical condition of the patient and their anticipated lifespan. A 
WHO performance status >2 or short expected lifespan should prompt consider-
ation for stent therapy, given the poor prognosis of this group of patients.

In patients with periampullary cancer who underwent a surgical exploration and 
were deemed unresectable, a prophylactic gastrojejunostomy should be considered 
(up to 20% of these patients will develop GOO). A Cochrane review demonstrated 
no increased morbidity, and compared to patients with no gastrojejunostomy, their 
risk of developing GOO in the future was lower (2.5% vs. 28%) [40].

 Large Bowel Obstruction (LBO)

About 80% of all LBO are malignant in nature and up to 10–30% of patients with 
colorectal cancer present with acute obstructive symptoms. Usually, it is associated 
with fluid and electrolyte disturbances [32].
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Table 20.4 Malignant bowel obstruction (MBO) management steps

1. Fluid 
Resuscitation
2. Nasogastric 
Decompression

Should be reserved for the period of initial evaluation, for temporary 
relief, until more durable measures are initiated or resolution of the 
episode has occurred or as an adjunct to perioperative care.

3. Radiologic 
Investigations

To determine:
  Single site vs. multiple sites
  Anatomic site, e.g., gastric outlet, small bowel, large bowel
  Partial vs. complete obstruction
  Burden of disease
  Ascites

4. Symptom 
Management

Anti-secretory Octreotide
Buscopan

Antiemetic Haloperidol
Stemetil
Gravol
Dexamethasone

Antispasmodic (colicky 
pain)

Loperamide
Buscopan

Analgesic Morphine/hydromorphone
Fentanyl patch

Intravenous Hydration If no reversible cause found for MBO or if no 
appreciable change with steroids and octreotide
Can be maintained via SC boluses if required
Controversial when to stop

5. Indications for 
Surgery

Ischemic complications are rare, allowing for careful patient selection for 
operative therapy
Risk of major surgical complications after surgery is 7–44%. 30 day 
mortality ranges between 6% and 32% [25, 34]
Obstructive symptoms resolution may vary between 32% and 100%, 
re-obstruction occurs in 6–47% [25]
Symptom relief may be short lived, with only 32–71% being symptom 
free at 60 days postoperatively [25]
Surgery as a bridge to palliative chemotherapy is associated with 
prolonged survival over surgery alone

MBO malignant bowel obstruction

Table 20.5 Treatment options for gastric outlet obstruction [36, 38]

Gastrojejunostomy 
(GJ)

Open vs. laparoscopic
More medical complications in early postoperative period
Consider for patients with longer anticipated survival
Better functional outcomes in the long term [39]

Endoscopic Stent Improved time to PO intake
Shorter hospital stay
Higher re-obstruction rate and late complications (20–44%)
Consider for patients with shorter anticipated survival

Gastrostomy with 
Tube 
Decompression

May provide relief from intractable nausea
Placement via endoscopy, interventional radiology, or surgically
Ideally should be placed into the posterior wall of the stomach
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Obstructive lesions are more commonly found in the left colon, and in the acute 
obstructive setting they are associated with worse oncological outcomes and a 
higher incidence of local spread and metastatic disease [41]. See Table  20.6 for 
treatment option for LBO.

 Biliary Duct Obstruction

Malignant bile duct obstruction can be due to intraluminal tumor presence, local 
invasion of primary disease, extraluminal compression, or metastatic cancers [47]. 
See Table 20.7 for treatment options.

Table 20.6 Treatment options for large bowel obstruction [32, 41]

Surgical 
Resection and 
Anastomosis

Option in patients with less advanced disease
May involve multistage resection with temporary stoma
Considered the ideal management for lesions proximal to the splenic flexure. 
Patient selection is advised. Anastomotic leak rates of 2.8–16.4% [32]
Resolution of obstruction 98%

Surgical 
Resection and 
Hartmann’s

Less complex procedure in the acute setting
Avoids the morbidity of an anastomosis.
Reconstruction of the Hartmann’s is only attempted in 60% of the patients.
Morbidity 5–57% [32]

Surgical 
Diversion 
with Stoma

High morbidity and mortality
Option in patients with mid or distal rectal tumors:
  There is no strong evidence for stents in proximal colon or rectal tumors as 

definitive palliative management [42].
   Some patients derive benefit from neoadjuvant therapy. Initially 

unresectable liver metastasis may become resectable after chemotherapy in 
12–26% of the cases [43, 44].

Colonic 
Stenting

Effective with minimal morbidity
Definitive Therapy [42, 45]:
  Technical success in 88%.
  Clinical success (evidence of intestinal transit) up to 95%
 Median patency ranges between 55 and 343 days.
  Less success in tumors close to anal verge (<5 cm)
  Compared to surgery, stents had a shorter length of hospital stay, lower rates 

of ICU admission, lower 30-day mortality rates, lower rates of early 
complications (<30 days), and a shorter time to initiation of chemotherapy. 
The overall survival was the same, but there was a lower clinical success 
rate and higher rate of late (>30 days) complications [45].

 Complications: Perforation 10%, migration 9%, and stent obstruction 18%
 Not recommended if angiogenesis inhibitor (e.g., Bevacizumab) 
chemotherapy is going to be administered, because of the increased risk of 
perforation.
Bridging therapy to surgery:
 Technical success in 70%. Clinical success 52.5–78%
 Increases the possibility of a primary anastomosis and avoiding a stoma [32, 
41, 46]
  No difference in permanent stoma rates, 30-day mortality, surgical site 
infection, or anastomotic leakage [32, 41, 42, 46]
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 Malignant Ascites

The pathogenesis of malignant ascites (MA) is multifactorial. Increased production 
of peritoneal fluid due to high permeability of the tumor-generated neovasculariza-
tion and diminished reabsorption (secondary in most cases to obstruction of fluid 
drainage through peritoneal “stomata”) are the main causes [51, 52].

Malignant ascites is a sign of poor prognosis; median survivals range from 
10 weeks in foregut tumors to 20 weeks in gynecological tumors. See Table 20.8 for 
treatment options.

 Symptoms

 Pain

Even though it has been recognized as the fifth vital sign and a lot of research has been 
done to improve its management, we have not risen to the challenge yet. Currently it 
is estimated that up to 60% of patients with cancer have pain issues, and up to 75% of 
the patients who are under treatment for cancer pain are undertreated [59, 60].

 Pain Assessment [60–62]

• Routinely screen all patients for pain, at all encounters
• Characterize its dimensions

 – Location, duration, radiation, temporal pattern, provocative or relieving factors
• Formulate an understanding of the nature of the pain

 – Etiology (Cancer related, treatment related, or not related to cancer)
 – Pain mechanism

• Quality:
 – Somatic (dull/aching, well localized)

Table 20.7 Treatment options for biliary duct obstruction [48]

Surgical diversion Options: Hepaticojejunostomy, Segment III cholangiojejunostomy, right 
sectoral duct bypass or transtumoral tube placement.
Considered in patients deemed unresectable during surgical exploration, 
or when endoscopic and/or percutaneous stenting has failed.

Endoscopic 
stenting

Option for patients with obstruction distal to the hilum.
Plastic stents (PS) have a patency time of 1.4–3 months. Self-expandable 
metal stents (SEMS) are patent for 6–10 months [48, 49].
If life expectancy is greater than 4 months, SEMS are recommended [50]

Percutaneous 
stenting [47]

Option for patients with advanced disease and proximal (common hepatic 
duct or higher) obstruction.
Success in 77–98% of interventions
Stent occlusion 5–25%
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 – Visceral (dull/sharp/colicky, referred)
 – Neuropathic (burning, stabbing, itching, radicular)

• Impact of pain in activities of daily living
 – Emotional component: What does it represent to the patient?

• Severity:
 – 0 (no pain)-10(most severe possible)

• Clarify the extent of the neoplastic disease
• Elucidate comorbidities

 – Screen for alcohol and smoking dependencies
• Treatment:

 – What has been used to relieve the pain
 – Determine the need for other palliative care interventions
 – Identify barriers to treatment (patients’ beliefs, physicians’ misconceptions, 

fear of addiction to opioids)

A useful mnemonic is LMNOPQRST (location, medical treatments, number of 
episodes, onset, position, quality, radiation, severity, and triggers [61]).

There are multiple ways to treat cancer-related pain, and a clinician should 
always recognize that pharmacological management is only one of them (Table 20.9).

 Pharmacological Pain Management

• Degree of pain (mild/moderate/severe) determines selection of analgesic
• Oral route preferred, avoid IM route, IV route for quick onset (severe pain).

 – Subcutaneous route is reserved for advanced disease and management of 
dehydration.

• At appropriate doses, respiratory depression is uncommon with opioid use in 
palliative cancer patients

• Addiction is rare when pain is present
• See Table 20.10 for examples of pharmacologic agents for pain treatment

 Special Notes
• If there is a decline or fluctuation in renal function, the use of an opioid without 

active metabolites, such as fentanyl, or with a lower concentration of renally 
cleared metabolites, such as hydromorphone, is recommended [60].

• Opioid rotation: A change from one opioid to another in patients who are poorly 
responsive to an initial medication is accompanied by a better therapeutic out-
come. Response is evident in approximately 2/3 of the patients who are 
switched [60].

 Adjuvant Analgesics
Adjuvant analgesics are especially useful in cancer-related neuropathic pain [63]. 
The number needed to treat (NNT) to prevent one episode of pain for many adjuvant 
drugs is 3–5 [64], and drug toxicity is limiting. The overall clinical picture of the 
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patient and possible secondary benefits (e.g., treatment of concomitant depression) 
should guide agent selection. Table 20.11 outlines examples of some adjuvant thera-
pies for pain management.

 Nausea

About 20–30% of people with advanced cancer suffer from nausea, and the impact 
nausea can have on their quality of life can be devastating [65]. There are different 
mechanisms that can cause nausea in palliative cancer patients (Table 20.12). It is 

Table 20.8 Treatment options for malignant ascites [51, 53]

Diuretic Therapy [53] Successful in approximately 40% of cases.
More useful in patients with liver metastasis and portal 
hypertension
Better results when combined with other therapies

Paracentesis Symptom resolution in 90%. Need for repeated treatments.
Especially indicated in patients who need rapid resolution of 
symptoms.
Up to 5 L of fluid can be removed, without requiring IV 
fluid replacement.
 No evidence of benefit from albumin replacement. Studies 
in MA have used D5W [53]

Permanent Catheters (Tunneled) 
[51, 54]

Ideal for patients requiring frequent paracentesis (<7 days of 
interval)
Risk of peritonitis (1–4.4%). Complications 7%

Intraperitoneal Chemotherapy Range of success depends on tumor type. Ranges between 
33% and 65%

Cytoreductive Surgery (CRS) 
and Heated Intraperitoneal 
Chemotherapy (HIPEC) [55]

Resolution of ascites in 93%
Resolution of ascites not related to R0–R1 or R2 resection.
Magnitude of preoperative ascites did not correlate with the 
probability of resolution. However there was an inverse 
correlation between quantity of ascites and R0–R1 resection.
Survival advantage with R0–R1 resections
Not considered an ideal “palliative option”

Laparoscopic HIPEC [56, 57] Valuable option for patients not eligible for 
CRS + HIPEC. Considered a viable “Palliative therapy”
Resolution of ascites in 95% of patients.
Mean Hospital Stay 2.3 days.
No Cytoreductive Surgery required

Surgical Peritoneovenous 
Shunts [58]

High rates of complications (up to 38%). Occlusion 24%
Shunt revision in 12%
Use in extremely selected patients with life expectancy 
greater than 3 months
Contraindicated in patients with heart or renal failure, portal 
hypertension, loculated effusions, and hemorrhagic ascites
Prevents protein and fluid loses [53].
Better outcomes in patients with non-gastrointestinal cancer
Median patency of peritoneovenous shunt (Denver®) is 
3 months
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important to try to determine the cause so the treatment can be tailored to it. Nondrug 
and pharmacologic approaches can be helpful in the management of nausea 
(Table 20.13).

 Nondrug Therapy for Nausea and Vomiting [66]
• Cool cloth, fan
• Bland, room temperature foods; limit fluids with foods
• Decrease: stimuli
• Acupuncture or acupressure

Table 20.9 Categories of treatment for pain-related to cancer

Pharmacologic Opioids/Non-opioids/Adjuvant Analgesics
Intervention Implant/Injection Therapies

Neural Blockades
Radiation therapy Treatment of bone pain, malignant spinal cord compression, or 

brain metastasis [63]
Rehabilitative Therapeutic Exercise

Occupational Therapy
Therapies for specific disorders (e.g., Lymphedema)

Psychological Psychoeducational interventions
Cognitive-behavioral therapy

Neurostimulation Transcutaneous
Transcranial

Integrative or 
Complementary

Acupuncture
Massage

Adapted from Portenoy et al. [60] and and Auret et al. [63]

Table 20.10 Pharmacological pain therapies

Mild pain Moderate pain Severe pain
Acetaminophen 
or NSAID 
(aspirin or 
ibuprofen)

Single agents:
  Codeine
    5–10% of 

patients may be 
slow CYP2D6 
metabolizers 
and experience 
no benefit from 
codeine.

  Oxycodone
Combination:
  Acetaminophen 

with codeine

First line drug is morphine—Use hydromorphone in 
elderly or renal impairment
Start with routine q4h doses of immediate release until 
pain control achieved. Do not start sustained release 
until pain control is stable for a few days
Breakthrough (PRN) doses should also be prescribed
Monitor and titrate frequently, change q4h dose when 
you know how much was needed in 24 h, watch for 
over-sedation and respiratory depression
Always prescribe a laxative and antiemetic with 
opiates
30 mg oral morphine = 20–30 mg oral 
oxycodone = 7.5 mg oral hydromorphone = 10 mg IV/
SC morphine = 2 mg IV/SC hydromorphone
Conversion is an estimate, so use 50–75% of new dose 
to avoid overdosing
FENTANYL patch (mcg) = 24 h oral morphine 
dose/2. Round down to avoid overdosing.
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 Dyspnea

Dyspnea is the subjective sensation of uncomfortable breathing that may not relate 
to measured oxygen saturation or blood gases. It is strongly associated with anxiety 
(feedback loop). There are nondrug and drug therapies that are helpful in the man-
agement of dyspnea (Table 20.14).

 Nondrug Therapy
• Positioning
• Supplemental oxygen (preferably nasal cannula) titrated to symptom relief not 

pulse oximetry
• Increase air movement (fans)
• Humidified air
• Behavioral treatment

Table 20.11 Adjuvant therapies for pain management

Class Notes Examples
Antidepressants Start low dose

Escalate slowly (2–3 days)
Discontinue if no effect in 1 week

Amitriptyline
Venlafaxine
Duloxetine

Anticonvulsants Gabapentin
Pregabalin
Carbamazepine

Corticosteroids Limited for long-term use Dexamethasone
Prednisone

Bisphosphonates Bone pain from metastases in 
normocalcemic patients
14–28 days for effect

Pamidronate
Zolendronate
Denosumab

Adapted from: Dunn et al. 2009 [31] and Auret et al. [65]

Table 20.12 Causes of nausea in the cancer patient [31, 65]

Pharmacologic Opioids/Nonopioids/Adjuvant Analgesics
 In patients with reversible causes for nausea, it may be the culprit 
in up to 50%
 If related to opioids, a dose reduction or opioid rotation may 
reduce the severity [65]

Elevated Intracranial 
Pressure

Metastatic/primary brain lesions
Blockage of cerebrospinal fluid collecting system
Leptomeningeal disease

Vestibular Stimulation of vestibular system
Emotional/Psychological Anticipatory nausea prior to chemotherapy or procedures

Anxiety
Gastrointestinal Impaired gastric motility

Constipation
Obstruction

Metabolic Causes Electrolyte disorders
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 Constipation

Constipation is a very common symptom in patients with cancer. Its prevalence can 
be between 70% and 100% [67]. Every patient with new onset constipation or a 
change from their regular bowel habits should have other processes ruled out to 
explain the change in presentation, especially obstruction [31, 67].

• Prevention is more effective than cure.
• Considerations include addition of stool softeners or laxatives when ordering 

opioids (constipation is the most frequent and persistent side effect of opioid 
therapy) [67]

Table 20.13 Pharmacologic management for nausea and vomiting [66]

Class Indications Examples
Serotonin agonist Stimulation of chemoreceptor trigger zone (CTZ): 

e.g. morphine, hypercalcemia, uremia
Ondansetron

Dopamine agonist Stimulation of CTZ Haloperidol
Promotility Gastric stasis (should be avoided in patients with 

query obstruction)
Metoclopramide

Glucocorticoids Consider in patients with elevated ICP Dexamethasone
Antihistamine Vestibular nausea (movement related, tumor, 

infections, morphine)
Diphenhydramine

Benzodiazepines Helps prevent anticipatory nausea and vomiting 
(limbic system)

Lorazepam

ICP intracranial pressure

Table 20.14 Drug therapy for dyspnea [31]

Symptoms Class Examples
Cough Opioid

Inhaled local anesthetics may be used 
for cough, though impairs gag reflex and 
limits ability to taste

Dextromethorphan, 
codeine
Inhaled lidocaine

Patients with air hunger Opioids Morphine
Patients experiencing 
anxiety, panic, or sense of 
suffocation

Anxiolytics Lorazepam
Diazepam

Bronchospasm
Superior vena cava 
syndrome
Parenchymal metastases

Corticosteroids Dexamethasone
Prednisone

Excessive watery 
secretions

Anticholinergic Glycopyrrolate

Excessive thick secretions Sedatives
Avoid anticholinergics (causes increased 
thickening of secretions)
Avoid suctioning if possible (causes 
patient distress [66])

Chlorpromazine

20 Palliative Surgical Care
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• Stool softeners or bulking agents alone may not be adequate
 – (See Table 20.15 for treatment options for constipation)
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 Introduction

Pancreatic cancer is the 12th most common cancer and the 10th most common solid 
organ malignancy with approximately 5500 new diagnosis per year in Canada. It 
has one of the lowest relative survival rates, making it the fourth most common 
cause of cancer death. In Canada, the lifetime probability of developing pancreatic 
cancer is 1  in 72 and the 5-year overall survival for pancreatic cancer is 8% [1]. 
Incidence rates of pancreatic cancer have remained relatively unchanged since 1992 
[2]. However, if current trends continue, pancreatic cancer will surpass breast can-
cer to become the third leading cause of cancer-related death after lung and colorec-
tal cancers [2]. The stage at diagnosis is the most important prognostic factor. Most 
patients are diagnosed with metastatic disease, where survival is limited (Table 21.1).

With regard to incidence, there is great variability among ethnic groups with 
Northern, Central, and Eastern Europeans and African Americans having high inci-
dence rates of 10–15/100,000 whereas Asians and native Africans have low rates of 
<1/100,000.
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The most significant risk factor for the development of pancreatic cancer is age, 
with a rapid rise in incidence after the age of 50. Smoking has been clearly causally 
related to an increased risk of pancreatic cancer in epidemiological studies, and risk 
increases with extent of exposure. Pancreatic cancer is more common in people with 
diabetes. Interestingly, many patients present with new onset or worsening diabetes 
around the time of diagnosis although the association between pancreatic cancer 
and diabetes are not fully understood. Obesity and chronic pancreatitis are more 
controversial; while statistical associations exist, the relative risk is low (1.2–1.5) 
and it is difficult to confirm causality [3–7].

A few uncommon genetic disorders contribute to 10–15% of cases [7, 8]. The 
recognition of the presence of an underlying genetic disorder may have significant 
implications for the treatment of pancreatic cancer (Table 21.2). For example, some 
patients with a BRCA or PALB2 mutation who develop pancreatic cancer have 
exceptional response to platinum-based chemotherapy, some demonstrating signifi-
cant tumor regression, even with metastatic disease [9].

There is no level I evidence to support screening of pancreas cancer in the gen-
eral population. Investigational screening protocols are underway for high-risk indi-
viduals with Peutz–Jeghers syndrome, known BRCA mutation, FAMM, familial 
pancreatic cancer, and hereditary pancreatitis. The diagnostic yield of screening in 
these groups varies from 1% to 50% [3, 8, 10]. Subjects from high-risk families 
should be enrolled in investigational surveillance protocols.

Table 21.1 Prognosis by stage at presentation

Presentation
Prognosis
5-year overall survival (OS)

Resectable disease (10–20%) 15–34%
Borderline resectable disease (5–10%) 15–20%
Unresectable disease—locally advanced (20–40%) <5%
Metastatic disease (40–60%) 0%

Table 21.2 Most common genetic disorders associated with pancreatic cancer

Genetic disorder Gene implicated
Approximate relative 
risk

Hereditary pancreatitis SPINK1/PRSS1 50–70
Peutz–Jeghers syndrome LKB1/STK11 >100
Cystic fibrosis CFTR 2, 6–60
Familial atypical, multiple-mole 
melanoma

CDKN2A 13–39

Hereditary breast ovarian cancer 
syndrome

BRCA1/2/PALB2 2, 3–10

Lynch syndrome MSH2/MLH1/MSH6/
PMS2

4–5

Familial adenomatous polyposis APC 4–5
Li–Fraumeni p53 Unknown
Familial pancreatic cancer Multiple, unidentified 4–32
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 Diagnosis and Staging

 Work-Up

• History and physical exam
• Performance status assessment

 – A careful examination of performance status is essential, as it may greatly 
affect the sequencing and choice of treatment. Performance status is one of 
the primary indicators of long-term survival in patients with metastatic 
disease.

• Labs:
 – Liver function tests: Including albumin and coagulation profile (specifi-

cally INR)
 – Serum CA 19-9 (also consider CEA)

• Tumor marker CA 19-9 should be performed. Elevated CA 19-9 has been 
shown to be a biological indicator of advanced disease and poor prognosis 
[11, 12]. Some evidence has shown that even among early-stage resectable 
pancreatic cancer, CA 19-9 elevation is associated with worse prognosis 
and may warrant chemotherapy as first approach to treatment [11]. Results 
should be interpreted with caution, however, as strict cutoff levels have not 
been established and jaundice artificially elevates serum levels [12].

 – Consider IgG4 in selected cases to exclude autoimmune pancreatitis.
• Imaging:

 – Pancreas protocol CT scan
 – Chest imaging (ideally CT chest but X-ray could also be accepted)
 – Consider EUS, MRI, and/or staging laparoscopy in selected cases

 Classification and Staging

The most well established, CT-based classification of resectability was developed at 
the MD Anderson Cancer Center (MDACC) and uses key parameters based on pre-
operative, multi-detector CT imaging. This classification is accepted by AHPBA, 
SSO, and SAT since 2009 and was incorporated into the NCCN guidelines since 
[13] (Table 21.3).

The American Joint Committee on Cancer/Union for International Cancer 
Control (AJCC/UICC) TNM 8th edition staging system is the most current recom-
mended staging system for pathology reporting. The TNM staging system provides 
a unified and standard staging language for communication of the extent of cancer. 
This information conveys useful and objective information for prognosis and is the 
basis of treatment decisions for individual patients. As well, TNM staging aids in 
the evaluation of treatment response, facilitates exchange of information among 
centers and oncology professionals, is critical to cancer registries, and policy devel-
opment and implementation.

21 Adenocarcinoma of the Pancreas
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 Imaging Studies

• CT scan of the abdomen:
 – Thin slice pancreatic protocol CT including arterial and pancreatic phases via 

a high-quality scanner is mandatory for accurate preoperative staging of pan-
creatic cancer and represents the single best test for determining resectability 
[15–18].

 – CT review by an experienced HPB radiologist and standardized, structured, 
synoptic reporting is recommended [19]

 – CT should be evaluated with detailed comments on the following [15–19]:
• Presence or suspicion of metastatic disease (e.g., liver, peritoneum, 

omentum)
• Presence or suspicion of nodal disease outside the resected field (aorto- 

caval nodes)
• Presence of a hypodense mass and/or pancreatic duct dilatation and/or bili-

ary duct dilatation

Table 21.3 CT-based classification of resectability

Metastatic 
disease

Nodal 
disease

Relationship to 
SMV-PV

Relationship to 
arteries

Resectable 
disease (RES) (all 
criteria must be 
met)

None Allowed 
within 
regional 
nodes

No evidence of PV or 
SMV distortion

Normal tissue 
planes

Borderline 
Resectable (BOR) 
(any criteria 
fulfilled)

None Allowed 
within 
regional 
nodes

Venous involvement 
of PV or SMV with 
distortion, narrowing 
or occlusion of the 
vein
Must be suitable for 
reconstruction
Contact with IVC

Tumor contact 
with CHA or 
variant of 
arterial anatomy
Tumor contact 
with SMA 
0–180 °
Body-tail tumor 
with tumor 
contact with CA 
0–180 °

Unresectable—
Locally Advanced 
(LA) (any criteria 
fulfilled)

None Allowed 
within 
regional 
nodes

Unreconstructible PV 
and/or SMV occlusion

SMA > 180 °
CA > 180 °
Aortic invasion

Metastatic disease Yes (e.g., 
peritoneum, 
liver, lung, 
bones)

Non-regional 
lymph node 
metastasis 
(e.g., celiac, 
peri-aortic)

Any Any

Based on NCCN criteria defining resectability status (Version 1.2019) [13, 14]
CA celiac axis, CHA common hepatic artery, PV portal vein, SMA superior mesenteric artery, SMV 
superior mesenteric vein

C. R. Shubert et al.
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• Presence of SMV-PV involvement and/or arterial involvement including 
name of the vessel with degree of involvement

• Presence of aberrant vascular anatomy and if involved by tumor
 – CT should be performed prior to any interventional endoscopic procedure, as 

both biliary decompression and lesion biopsy can result in pancreatitis that 
can preclude the necessary detailed anatomical evaluation of the lesion. 
Furthermore, high-quality CT may prove these interventions unnecessary.

 – The addition of the borderline resectable and locally advanced categories 
identify groups of patients at higher risk for positive resection margins and 
worse outcomes who may benefit from neoadjuvant therapy [20].

• Magnetic Resonance Imaging (MRI) [21]
 – Magnetic resonance cholangio-pancreatography (MRCP) may have a role in 

diagnosis for patients with a differential diagnosis of distal common bile duct 
tumors (CBD), cystic pancreatic lesions.

 – MRI can be useful when CT is contraindicated.
 – MRI is less sensitive for detecting pancreatic lesions than CT and is equiva-

lent for determining resectability.
 – Equivocal hepatic lesions may be better defined with MRI or transab-

dominal US.
• Endoscopic Ultrasound (EUS):

 – Diagnostic EUS may be useful when:
• A lesion is not clearly visible, despite associated pancreatic duct/common 

bile duct dilatation
• To allow fine needle aspiration of the primary lesion for tissue diagnosis 

if needed
 – It is also useful when highly suspicious nodes in the peri-aortic and celiac area 

are identified on CT that, if confirmed metastatic, would preclude surgical 
resection.

 – Due to the increasing use and investigation of neoadjuvant treatments, there is 
a growing role for EUS to obtain preoperative tissue diagnosis.

• PET/CT Scan:
 – The role of PET/CT in the diagnosis and staging of pancreatic cancer is 

controversial.
 – PET/CT does not appear to have sensitivity advantage over CT alone in iden-

tifying small-volume metastatic hepatic or peritoneal disease.

 Tissue Diagnosis

Biopsy should not be performed in patients whose presentation and imaging find-
ings are classic for pancreas cancer and are planned to undergo a surgery-first 
approach.

Tissue diagnosis is necessary for patients with unresectable and metastatic dis-
ease prior to definitive chemotherapy, as well for neoadjuvant therapy for those with 
borderline resectable and locally advanced lesions. Brushings can be obtained at the 

21 Adenocarcinoma of the Pancreas



420

time of ERCP. When the pancreas lesion is targeted, endoscopic ultrasound-fine 
needle aspiration (EUS-FNA) has the best overall operating characteristics and is 
most cost-effective [22]. EUS-FNA should be favored when ERCP is not indicated 
and/or brushings are negative. Additionally, CT or US-guided percutaneous biopsy 
is also acceptable.

Biopsy of a potential metastatic lesion is often preferred over biopsy of the pri-
mary, as confirmation of the metastatic lesion in question would change staging and 
subsequent treatment.

 Biopsy for Molecular Analysis

Molecular profiling studies, primarily in patients with resectable PDAC, have 
described genomic and gene expression profiles [23–27]. To date, these have not 
informed clinical practices. Furthermore, in the clinical setting, physicians choose 
between modified FOLFIRINOX and gemcitabine/nab-paclitaxel as a chemother-
apy backbone; however, biomarkers to aid the choice of treatment are lacking. As a 
result, the Comprehensive Molecular Characterization of Advanced PDAC for 
Better Treatment Selection: A Prospective Study (COMPASS, NCT02750657) was 
established at Princess Margaret Cancer Centre. Patients with advanced PDAC 
(locally advanced and metastatic), suitable for combination chemotherapy, enroll in 
the COMPASS study and have a fresh biopsy for whole genome sequencing (WGS) 
and RNAseq prior to treatment.

As part of this high content trial, a poor prognostic group of patients has been 
reported (modified Moffitt basal-like RNA signature) which encompasses 25% of 
patients with metastatic PDAC [28]. In addition, it has been shown that GATA6 
expression can dichotomize the ‘classical’ and basal-like (modified Moffitt) sub-
groups. GATA6 can be reliably determined by RNA in situ hybridization (ISH).

The COMPASS trial represents an ongoing real-world analysis linking outcomes 
to molecular profiles, and early data suggest tumors scored as GATA6 low using 
RNA ISH are particularly resistant to modified FOLFIRINOX therefore represent-
ing a potential predictive biomarker [29]. Similar to other groups [30–32], WGS has 
also identified potentially actionable variants in advanced cases, primarily in 
patients with KRAS wild-type tumors (~8–10%) and the small cohort of patients 
(~5–8%) with tumors deficient in homologous recombination repair.

A cross-Canada multisite neoadjuvant FOLFIRINOX trial evaluating the GATA6 
biomarker in patients with resectable PDAC is planned and opening Summer 2020.

 Staging Laparoscopy

Staging laparoscopy should be reserved for selected cases where the yield is likely 
to justify the additional procedural risks and costs [33]. The literature suggests that 
10–36% of patients can be spared an unnecessary laparotomy [34]. As a guide, 
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patients with tumors >3 cm, tumors in the neck, body, or tail, or with equivocal CT 
findings for metastatic disease may benefit from laparoscopy [35]. Additionally, 
prior to neoadjuvant therapy, staging laparoscopy should be considered. Patients 
selected for neoadjuvant therapy typically have locally advanced lesions with higher 
risk of distant spread of disease which if found would change treatment intent and 
sequence. Also, knowledge of metastatic disease prior to therapy would allow more 
accurate patient counseling and informed consent.

 Biliary Decompression

Preoperative biliary decompression should be used selectively, as routine biliary 
drainage increases the rate of perioperative infectious complications, in addition to 
the risks of the procedure itself [36–39]. Biliary decompression with metal stent 
should be performed prior to neoadjuvant therapy. When biliary decompression is 
indicated, it is typically achieved via ERCP.  One possible exception is biliary 
obstruction in the setting of simultaneous gastric outlet obstruction, whereby an 
operative double bypass should be considered if a Whipple is not indicated, assum-
ing sufficient performance status and expected survival to warrant operative inter-
vention (Table 21.4).

One special consideration when metal common bile duct stents are placed, atten-
tion must be paid to the location of the cystic duct (if the gallbladder is in-situ) as 
coverage of the cystic duct by the stent can cause cystic duct obstruction and pre-
cipitate acute cholecystitis.

Table 21.4 Biliary decompression considerations

Presentation Recommendation Procedure
Cholangitis Urgent Biliary Decompression ERCP + 10Fr plastic 

stent or SEMS
Preoperative 
elective

Routine biliary drainage is not recommended in 
mild/moderate jaundice due to higher overall 
risks
Selective approach is recommended with 
consideration for stent if severe jaundice AND 
expected delay to surgery (>7–10 days)

±ERCP + 10Fr plastic 
stent or short metal 
stent

Consideration for 
neo-adjuvant 
therapy

Self-expanding metal stents should be 
considered

ERCP + short metal 
stent

Unresectable or 
metastatic

Consider stent if symptomatic or elevated 
bilirubin
The choice of metallic or plastic stent depends 
on life expectancy.
The significantly higher price of SEMS 
suggests their use in selected cases (life 
expectancy > 3 months) [40]

ERCP + SEMS or 
10Fr plastic stent

ERCP endoscopic retrograde cholangio-pancreatography, SEMS self-expanding metal stent
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 Oncologic Management

 Referring to Multidisciplinary Cancer Conference (MCC)

 1. All patients should be presented early for multidisciplinary review to enable 
appropriate and efficient sequencing of investigations and treatments.

 2. All patients should be offered to participate in clinical trials when available and 
appropriate for their stage and situation.

 Systemic Chemotherapy

 Neoadjuvant Therapy

Surgery alone, even for resectable PDAC, often leads to poor outcomes. Due to the 
relatively high morbidity of the procedure, only 59–95% of the patients have ade-
quately recovered to receive adjuvant chemotherapy within 3 months of resection 
[41–44]. In addition, the aggressive nature of PDAC and its propensity to metasta-
size are arguments in favor of earlier systemic treatments.

There is some concern regarding the potential for “loss of the surgical window” 
due to local (or distant) progression during neoadjuvant therapy that could ulti-
mately preclude surgery. However, proponents argue that neoadjuvant therapy 
allows for a more appropriate selection of patients for surgery by assessing tumor 
biology via response/stability of the tumor to chemotherapy prior to surgical resec-
tion. Studies suggest that 16–27% of patients progress during neoadjuvant therapy 
and do not proceed to surgical resection [45–47]. Most patients who progressed 
developed metastases during induction therapy and therefore were not offered sur-
gery. This is a subgroup of patients with very poor cancer biology who may be 
spared a futile operation. In this setting, neoadjuvant therapy may increase the abil-
ity to identify patients who are most likely to not benefit from surgery.

The role of neoadjuvant therapy for PDAC continues to be defined. There is tre-
mendous variability of its use worldwide. Patients with resectable or borderline 
disease should be offered the opportunity to participate in clinical trials examining 
this question where available.

In general, the goal of neoadjuvant therapy is to improve DFS and OS. Additionally, 
neoadjuvant therapy objectives are to expand operative eligibility and increase the 
rate of margin-negative resections (R0) in patients with locally advanced and bor-
derline resectable disease.

Currently available data largely comes from small and heterogeneous retrospective 
studies and Phase 1–2 studies. In general, neoadjuvant regimens with CT restaging 
have shown partial response (PR) in 0–31%, stable disease (SD) in 60%, and progres-
sion (PD) in 17–32%. Interestingly, in the previously resectable group, 0–17% of the 
specimens have shown complete histological responses [48, 49]. One recent meta-anal-
ysis from the Dutch Pancreatic Cancer Group compared upfront surgery to neoadju-
vant therapy with resectable and borderline resectable pancreatic cancer. They reported 
intention to treat improvement in overall survival despite lower resection rates [50].
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To date, there has been only one published randomized controlled study compar-
ing neoadjuvant therapy (chemoradiotherapy) and up-front surgery in the setting of 
resectable or borderline disease; however, there are many studies currently open and 
accruing and others starting to report. In the aforementioned multicenter study, 66 
patients with resectable disease were randomized to surgery vs. neoadjuvant chemo-
radiotherapy (gemcitabine and cisplatin plus radiotherapy 50.4  Gy) plus surgery 
and both groups received adjuvant gemcitabine. Unfortunately, the trial was termi-
nated early due to slow accrual. Median OS was 14.4 vs. 17.4  months with an 
intention-to-treat analysis and 18.9 vs. 25.0 months after resection [51].

Another study recently reported that patients with proven borderline resectable dis-
ease were randomized to preoperative chemoradiotherapy (36 Gray with gemcitabine) 
or immediate surgery, both followed by adjuvant chemotherapy. This study observed a 
significant improvement in overall survival (13.5 vs. 17.1 months, HR 0.71; p = 0.047) 
as well as an improvement in R0 resection rate (31% vs. 65%, p < 0.001) [52]. Another 
recently reported abstract of a randomized phase II/III trial of neoadjuvant gemcitabine 
and S-1 versus up front surgery for resectable disease showed a significant improve-
ment in median overall survival (36.7 versus 26.6 months; HR 0.72, p = 0.015) [53].

FOLFIRINOX-based regimens have been studied in selected patients with bor-
derline resectable or LAPC and have shown PR in 28–44% with resection made 
possible in 22–67% and an overall R0 rate of 28–67% [48, 54–56]. Noteworthy, 
in locally advanced cases despite post-neoadjuvant therapy imaging continuing to 
show locally advanced/unresectable disease, a margin negative (R0) resection is 
possible in >90% of cases after FOLFIRINOX.  This same study showed that 
patients who received neoadjuvant therapy had decreased rates of lymph node 
involvement, lymphovascular invasion, perineural invasion, and resulted in a smaller 
tumors compared to those who had no neoadjuvant therapy [57]. One recent phase 
2 study studying a combination of neoadjuvant FOLFIRINOX followed by radio-
therapy for borderline resectable disease resulted in 66% of patients proceeding to 
surgery, 97% RO resection rate, median OS for all patients being 37.7 months, and 
2-year OS for all patients being 56%; and among surgically resected patients, 
median OS had not been reached with a 2-year OS of 72% [58] (Table 21.5).

FOLFIRINOX, gemcitabine–paclitaxel, and chemoradiation protocols have 
been introduced into novel multimodality treatment, but further study is required to 
clarify the optimal sequence and strategy of treatment.

 Adjuvant Therapy

Adjuvant therapy is generally recommended for all resected patients who are able to 
tolerate therapy regardless of final pathology stage. Adjuvant therapy is well estab-
lished following surgical resection and improves long-term survival (5 years OS 
increases from 11% to 22% with gemcitabine vs. observation) [59].

The current standard of care in Ontario has been for postoperative chemotherapy 
with gemcitabine for 6 months post resection and should be started within 3 months 
of surgery. While there has been no evidence demonstrating superiority of 
Gemcitabine over 5-FU-based chemotherapy, Gemcitabine has a lower toxicity 
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profile [60]. However, recently the PRODIGE trial comparing FOLFIRINOX to 
Gemcitabine as adjuvant therapy found significantly improved survival with 
FOLFIRINOX at the expense of higher incidence of toxicity [61]. Additionally, the 
ESPAC-4 trial compared adjuvant Gemcitabine to combination Gemcitabine and 
Capecitabine found and improvement in median overall survival for combination 
Gemcitabine and Capecitabine [62] (Table 21.5).

 Referring to Medical Oncology

 1. All patients who underwent resection should be referred for adjuvant 
chemotherapy.

 2. Patients with unresectable or metastatic disease should be referred for consider-
ation of systemic treatment.

Table 21.5 Landmark trials of systemic therapy for PDAC

Study comparison Publication Year Main findings
Adjuvant 
chemoradiotherapy

EORTC- 
GITG [63]

1985 
Ann 
Surg

NS improvement in OS—discouraged 
use of adjuvant chemoradiotherapy

Adjuvant 
chemoradiotherapy vs. 
chemotherapy alone

ESPAC-1 
[64]

2001 
Lancet

5 years OS: chemotherapy (20%) vs. 
chemoradiotherapy (10%)

Adjuvant gemcitabine 
vs. observation

CONKO-001 
[59]

2007 
JAMA

Median DFS: 13.4 vs. 6.9 months
5 years OS: 22.5% vs. 11.5%

Adjuvant 5-FU vs. 
gemcitabine

ESPAC-3 
[60]

2010 
JAMA

No difference in median overall 
survival (23 months), fewer adverse 
events with gemcitabine

FOLFIRINOX vs. 
gemcitabine (metastatic)

PRODIGE 4 
(Accord 11) 
Trial [65]

2011 
NEJM

Median survival 11.1 months vs. 
6.8 months
Increased toxicity with FOLFIRINOX, 
reserved for ECOG performance status 
0 and 1 patients

Gemcitabine–paclitaxel 
vs. gemcitabine 
(metastatic) [66]

2013 
(NEJM)

Median survival 8.5 months vs. 
6.7 months
Slightly increased toxicity with 
gemcitabine–paclitaxel

Adjuvant Gemcitabine 
vs. 
Gemcitabine- 
Capecitabine

ESPAC-4 
[62]

2017 
Lancet

Median survival 28.0 vs. 25.5 months

FOLFIRINOX or 
Gemcitabine as adjuvant 
therapy for pancreatic 
cancer

PRODIGE 24 
[61]

2018 
NEJM

Adjuvant therapy with a modified 
FOLFIRINOX regimen led to 
significantly longer survival than 
gemcitabine among patients with 
resected pancreatic cancer, at the 
expense of a higher incidence of toxic 
effects.

NS nonsignificant, OS overall survival, DFS disease-free survival, ECOG Eastern Cooperative 
Oncology Group
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 3. Patients with borderline disease could be referred preoperatively for consider-
ation of neoadjuvant treatment in the setting of a clinical trial.

 4. Patients with unresectable/locally advanced disease could be considered for neo-
adjuvant therapy in the setting of a clinical trial.

 Radiation Therapy

Neoadjuvant therapy:
Patients with borderline resectable pancreatic cancer likely receive systemic che-
motherapy followed by chemoradiation aiming to achieve higher R0 resection rates. 
Patients who complete this multimodality regimen without evidence of disease pro-
gression undergo curative-intent surgery. This approach leverages theoretical bene-
fits associated with “systemic” chemotherapy and “targeted” radiation.

Definitive therapy:
The addition of chemoradiation to chemotherapy showed better overall survival in 
ECOG 4201 randomized controlled trial and GERCOR Phase II and III studies [67, 68]. 
However, it showed inferior overall survival in phase III 2000–01 FFCD-SFRO study 
[69]. In phase III GERCOR LAP07 trial, chemoradiation was associated with decreased 
local progression (32% vs. 46%, p = 0.03) with no overall survival benefit [70].

Results of SBRT in patients with locally advanced pancreatic cancer are encour-
aging. Phase I/II studies showed excellent local control at 1 year (>90% for single 
fraction 25 Gy, and 78% following 33 Gy in 5 fractions), with less reported toxicity 
for fractionated (i.e., 5 fraction) SBRT regimen [71]. A multi-center phase III ran-
domized study (NCT01926197) is currently recruiting locally advanced unresect-
able pancreatic cancer to evaluate the addition of SBRT to systemic chemotherapy, 
by which patients who show stable disease or response following 4 cycles of mFOL-
FIRINOX will be randomized to receive sequential SBRT then mFOLFIRINOX or 
continue with mFOLFIRINOX only [72].

 Referring to Radiation Oncology
 1. Patients with unresectable disease could be referred for consideration of radio-

therapy as an adjunct to chemotherapy.
 2. The routine use of radiotherapy in the adjuvant setting remains controversial. 

Patients who underwent resection and had positive margins could be referred for 
consideration of adjuvant radiotherapy adjunct to chemotherapy.

 3. Some neoadjuvant protocols utilize pre-operative chemoradiotherapy for locally 
advanced lesions where there is high risk of positive margin.

 Surgery

The tumor is located in the head of the pancreas or the uncinate process in approxi-
mately 45% of cases. Among resectable cases, 80% of tumors are located in the 
head/uncinate. For lesions of the pancreatic head and uncinate, patients should be 
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offered a pancreatoduodenectomy (PD—Whipple procedure). When the tumor is 
located in the body-tail and judged resectable, distal pancreatectomy with splenec-
tomy is the procedure of choice.

Outcomes following pancreatoduodenectomy (PD) vary widely with the volume 
of cases performed. This is reflected in recent series from high-volume centers, 
which reported peri-operative mortality between 1% and 2%, median LOS of 
6–9 days, and median OS of 22–27 months after PD for pancreas cancer. About 
20–25% of the surgeries included a PV-SMV resection and reconstruction. Positive 
surgical margins occur in 13–50% of patients undergoing resection. Positive surgi-
cal margin may negate the benefits of surgical resection, although pathological 
reporting of margins is inconsistent.

Arterial resection for borderline resectable and locally advanced pancreas cancer 
is now being performed in some high-volume centers with tailored neoadjuvant 
treatment protocols. Arterial resections are typically only entertained after extensive 
neoadjuvant chemotherapy often followed by chemo-radiotherapy, with proven sta-
bility/non-progression of disease on treatment. Postoperative morbidity is signifi-
cantly increased for arterial resection compared to non-arterial resections. However, 
survival appears to be comparable to pancreatectomy without arterial resection [73, 
74] (Table 21.6).

Table 21.6 Technical aspects of surgery. Multiple controversies exist regarding various technical 
aspects of pancreatic resection and reconstruction. These are summarized here

Evidence Recommendation
Extended 
lymphadenectomy vs. 
regular [77–79]

No survival advantage with extended 
lymphadenectomy, increased early 
morbidity

Standard 
lymphadenectomy

Venous resection 
[80–82]

Need for venous resection does not 
impact survival if R0 resection 
obtained

Venous resection is 
standard of care if 
reconstruction is possible 
and R0 resection is 
obtainable

PPPD vs. standard [83] No difference in clinically relevant 
outcome between the two techniques

PPPD and standard 
Whipple are acceptable

PJ vs. PG [84] Meta-analysis shows no difference in 
overall morbidity, DGE, bleeding, 
reoperation, or mortality.
Possible decreased incidence of POPF 
and intra-abdominal collection with 
PG

PJ and PG are acceptable
Even among high-risk 
anastomoses, PJ is most 
commonly performed

Pancreatic duct stent 
[85, 86]

No evidence to support decrease in 
POPF rate with trans- anastomotic 
pancreatic duct stenting.
Possible increase in morbidity with 
stenting

No evidence to support 
internal stenting 
decreased morbidity
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Table 21.6 (continued)

Evidence Recommendation
Somatostatin analogues 
[87–89]

Conflicting data from European and 
US trials
Meta-analysis suggests reduction in 
POPF rate
RCT suggests a decreased rate of 
clinically significant POPF from 21% 
to 9%
No difference in mortality

Consider administration 
of peri-op somatostatin 
analogues for those at 
higher risk of POPF

Intra-abdominal drain 
[90–94]

Conflicting data among RCTs
One trial failed to show a reduction in 
the number of deaths or complications 
with the addition of surgical 
intraperitoneal closed suction drainage 
after pancreatic resection [90]
Another trial was stopped early due to 
increase in mortality and morbidity 
among PD patients without drain [91]
Amylase value >5000 on POD#1 can 
predict POPF [94] Drain amylase 
analysis identifies which moderate/
high risk patients benefit from early 
drain removal [93].

Selective use of drain
Early drain removal (on 
POD 3) [57, 92]

Open vs. laparoscopic 
distal pancreatectomy 
(DP)

Systematic review and meta- analysis: 
lap DP could decrease EBL, 
transfusion rate, LOS, and infections 
[95]
Small retrospective series of 23 Lap 
DP for pancreas cancer: similar short- 
and long-term oncologic outcomes 
compared with open technique, with 
potentially shorter hospital stay [96]

Laparoscopic DP for 
pancreas cancer is 
feasible and safe in 
experienced hands.

Open vs. laparoscopic 
pancreatoduodenectomy 
(PD) [44]

Large retrospective series of 108 
totally laparoscopic PD for pancreatic 
ductal adenocarcinoma (PDAC)
Decreased EBL, transfusion rate, LOS, 
DGE grade B/C, and time to adjuvant 
chemotherapy.
No difference in R0 rate, OS.
Improved PFS

Laparoscopic PD for 
pancreas cancer is 
feasible and safe in 
experienced hands at 
select centers

Arterial Resection [73, 
74]

After extensive neoadjuvant therapy, 
survival is comparable to non-arterial 
resections
Increased postoperative complications 
compared to non-arterial resections

Arterial resections should 
only be considered at 
select high volume 
centers with particular 
expertise in arterial 
resection with arterial 
resection protocols.

DGE delayed gastric emptying, PJ pancreatojejunostomy, PG pancreatogastrostomy, POPF post-
operative pancreatic fistula, PPPD pylorus preserving pancreatoduodenectomy, EBL estimated 
blood loss, LOS length of stay, DGE delayed gastric emptying
aSoft gland or small pancreatic duct
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 Special Notes
Clinical pathways to standardize recovery and mitigate risks of post-surgical com-
plications after PD have been shown to decrease morbidity, decrease resource utili-
zation including decreased LOS and decreased postoperative interventional 
radiology procedures while not increasing mortality or readmission rate [75].

• Laparoscopic PD for pancreas cancer is feasible and safe in select centers with 
experienced surgeons. It may decrease LOS and time to adjuvant chemotherapy 
and prolong PFS [44].

• In the setting of good imaging techniques, exploratory laparotomy for the pur-
pose of determining resectability should be avoided.

• Patients with large lesions of the neck or body or those with associated main duct 
intraductal papillary mucinous neoplasm (IPMN) may require total pancreatec-
tomy and splenectomy.

• Palliative surgical biliary ± gastric bypass may be considered at the time of explora-
tion if the disease is deemed unresectable or metastatic and patient has an expected 
survival greater than 12 months (good performance status, absence of risk factors of 
poor survival) and with poor access to interventional/radiologic stenting [76].

 Toronto Pearls

• High-quality CT imaging with biphasic pancreas protocol is essential for accu-
rate staging and operative planning.

• All patients should be presented early for multidisciplinary review at a high- 
volume HPB center to enable appropriate and efficient sequencing of investiga-
tions and treatments.

• The sequencing of treatment should be individualized.
• Patients should routinely be given an opportunity to participate in clinical trials.
• Reconstructable venous involvement requires PV and/or SMV resection and 

reconstruction. The procedure is considered technically safe; therefore, this sub-
group of borderline disease is treated like resectable disease.

• Arterial involvement does not absolutely preclude resection. Whether these 
tumors are classified as “borderline-artery” or “locally advanced-unresectable,” 
the cases should be reviewed at a tertiary center. These patients should be given 
an opportunity to participate in trials or clinical protocols and considered for 
neoadjuvant chemotherapy [26] (Table 21.7).
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 Introduction

Peritoneal surface malignancy can be defined as any cancer that has either origi-
nated from the peritoneum itself (primary peritoneal malignancy) or has metasta-
sized to the peritoneum from a different primary site (secondary peritoneal 
malignancy).

Although peritoneal spread is described from many malignancies, peritoneal sur-
face malignancies can be subdivided into three main categories based on common 
sites of origin: peritoneal, gastrointestinal, and ovarian (Table 22.1).

This chapter focuses on peritoneal mesothelioma and peritoneal carcinomatosis 
arising from the appendix, colon, and rectum.
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 Peritoneal Carcinomatosis Arising from the Appendix

Neoplasms of the appendix have an incidence rate of 0.12–2 cases per 1 million 
people, with female predominance, and are most commonly epithelial tumors [1]. 
Peritoneal carcinomatosis from mucinous tumors has a better prognosis than carci-
nomatosis from non-mucinous tumors [2].

 Mucinous Appendiceal Neoplasms

Approximately 50% of appendiceal adenocarcinomas will have mucinous histology 
[3]. There are several classification systems for mucinous tumors arising in the 
appendix. The WHO and the Ronnett histologic classification are two commonly 
used systems [4, 5]. A consensus paper was published from the Peritoneal Surface 
Oncology Group International (PSOGI) that classifies both the tumor in the appen-
dix and the peritoneal disease (Table 22.2).

Table 22.1 Common sites and histologies that have peritoneal involvement

Site of origin Common histologies
Peritoneum Mesothelioma

Primary peritoneal carcinoma
Gastrointestinal tract (stomach, appendix, 
colon, rectum, pancreas)

Low Grade Appendiceal Mucinous Neoplasm 
(LAMN)
Intestinal/colonic-type adenocarcinoma
Signet ring cell adenocarcinoma
Goblet cell adenocarcinoma/Adenocarcinoma 
ex-goblet cell

Ovary Epithelial carcinoma (often low- or high-grade 
serous carcinoma)

Table 22.2 PSOGI classification of appendiceal tumors

Lesion Terminology
Mucinous neoplasm with low-grade cytologic 
atypiaa

Low-grade appendiceal mucinous 
neoplasm (LAMN)

Mucinous neoplasm with architectural features of 
LAMN, no invasion, with high-grade cytologic 
atypia

High-grade appendiceal mucinous 
neoplasm (HAMN)

Mucinous neoplasm with infiltrative invasion Mucinous adenocarcinoma (moderately, 
or poorly differentiated)

Neoplasm with signet ring cells (<50%) Poorly differentiated (mucinous) 
adenocarcinoma with signet ring cells

Neoplasm with signet ring cells (>50%) Mucinous signet ring cell carcinoma
Non-mucinous adenocarcinoma resembling 
traditional colorectal type

Adenocarcinoma (well, moderately, or 
poorly differentiated)

Table adapted from Carr et al. [6]
aMay include loss of muscularis mucosa, submucosal fibrosis, acellular mucin dissecting the wall, 
appendix rupture, mucin outside of the appendix, flattened epithelial growth
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The WHO uses the term Mucinous Adenocarcinoma (MACA) to reflect infiltrative 
tumors from the appendix [3, 5, 7]. The Ronnett histologic classification uses Disseminated 
Peritoneal Adenomucinosis (DPAM) and Peritoneal Mucinous Carcinomatosis (PMCA) 
to represent low- and high-grade mucinous tumors, respectively, arising from appendi-
ceal or colorectal origin (see Table 22.3) [4, 8]. These descriptors have generally been 
replaced by the PSOGI terminology. Terms such as mucinous cystadenoma or cystadeno-
carcinoma should be avoided as a pathologic descriptor [6].

The 8th edition of the American Joint Council on Cancer (AJCC) staging manual 
has recommended a three-tier grading scheme with well, moderately, and poorly 
differentiated mucinous tumors [3].

• Well differentiated (G1) tumors typically push, rather than infiltrate; have low 
cellularity; and mucin is often acellular. These are classified as LAMNs and are 
considered low grade (G1) despite extensive peritoneal mucinous disease.

• Moderately differentiated (G2) tumors often show features of invasion and higher 
cellularity.
 – Rarely, there are High-Grade Appendiceal Mucinous Neoplasms (HAMN), 

which have moderate or high-grade (G2) cytologic features without signs of 
invasion. This is a rare diagnosis and the entire appendix specimen needs to 
be evaluated to confirm this diagnosis [7, 9].

• Poorly differentiated (G3) tumors are high grade, invasive, and often have a sig-
net ring component [3].

At the University of Toronto, the PSOGI classification is accepted and the dis-
tinction in management is made when a tumor is low grade (G1 or LAMN) com-
pared to higher grade because of the prognostic significance of grade [10].

Pseudomyxoma peritonei (PMP) is defined as the accumulation of mucin in 
the peritoneal cavity, secondary to mucinous epithelial tumors. The term 
encompasses mucinous ascites, peritoneal implants, ovarian metastases, and 
omental caking [6]. Ninety percent of cases originate from appendiceal tumors, 
but can also arise from the ovary, colon, and infrequently from pancreas, gall-
bladder, and urachus [7]. Although the term PMP is often used to describe 
mucinous disease in the peritoneum secondary to a low-grade appendiceal 

Table 22.3 Classification systems for appendiceal mucinous tumors

Ronnett WHO AJCC 8th edition PSOGI
DPAM LAMN Well Differentiated or 

LAMN (G1)
LAMN

Intermediate/
Discordant

Moderately 
Differentiated (G2)

HAMNa

Moderately differentiated mucinous 
adenocarcinoma

PMCA MACA Poorly differentiated 
(G3)

Poorly differentiated mucinous 
adenocarcinoma (with or without signet 
ring cells)
Signet ring cell carcinoma

aThe metastatic potential of HAMN is not well known. Although there should be no invasion, it is 
not classified with LAMN
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primary, the term is best used only as a clinical description rather than a patho-
logic one [3]. The PSOGI consensus paper classifies peritoneal spread into 
four categories (see Tables 22.4 and 22.5).

This is supported by the AJCC classification where acellular mucin is considered 
M1a disease, cellular mucin is M1b, and peritoneal disease with other metastatic 
sites as M1c [3].

 Non-mucinous Appendiceal Neoplasms

• Adenocarcinoma
• Signet ring cell carcinoma (>50% signet ring cells)

 – This is associated with a poor prognosis with rapid dissemination in the peri-
toneal cavity.

• Goblet cell carcinoids (GCC)
 – These demonstrate both endocrine and exocrine differentiation. They behave 

more like adenocarcinomas and are therefore staged as appendiceal carci-
noma unlike low-grade neuroendocrine tumors, which should be classified as 
gastrointestinal neuroendocrine tumors.

 – The WHO classification distinguishes “goblet cell carcinoids” from “mixed 
goblet cell carcinoid/adenocarcinoma (adenocarcinoma ex-goblet cell)”. The 
latter suggests a more aggressive subtype [11]

 – Tang et al. have classified GCC into three prognostic groups: typical GCC 
(Group A), signet ring cell adenocarcinoma ex-GCC (Group B), and poorly 
differentiated adenocarcinoma ex-GCC (Group C) [12]

All non-mucinous neoplasms are approached as high-grade tumors.

Table 22.4 Pathologic description and terminology as per PSOGI

Lesion Terminology
Mucin with no epithelial cells 
present

Acellular mucin

PMP with low-grade histology Low-grade mucinous carcinoma peritonei (synonymous with 
DPAM)

PMP with high-grade histology High-grade mucinous carcinoma peritonei (synonymous with 
PMCA)

PMP with signet ring cells High-grade mucinous carcinoma peritonei with signet ring 
cells

Adapted from Carr et al. [6]

Table 22.5 Cancer-specific survival for Stage IV appendiceal tumors according to grade [13]

Tumor grade
5-year cancer specific survival
Mucinous (%) Non-mucinous (%)

Well differentiated (G1) 71 48
Moderately differentiated (G2) 51 9
Poorly differentiated (G3) 0 5
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 Peritoneal Carcinomatosis Arising from the Colon And Rectum

Peritoneal carcinomatosis will affect 30% of patients with colorectal cancer, and 
5–10% of these patients will have synchronous disease [14]. In 25% of these cases, 
the peritoneal cavity seems to be the only site of metastatic disease [15]. Patients 
with peritoneal metastases from colorectal cancer are more likely to be female, have 
colon primaries, have BRAF mutant tumors, and have worse performance status 
[16]. Having peritoneal involvement is associated with worse overall survival [16]. 
It is important to recognize this because surgical treatment for peritoneal disease is 
often compared to systemic treatment for Stage IV colorectal cancer, and it is essen-
tial to understand the prognostic implications of peritoneal disease.

This is reflected in the 8th edition of the AJCC staging. For colorectal origin, 
M1a disease represents metastasis confined to one organ or site (e.g., liver, lung, 
ovary, non-regional node) without peritoneal metastasis, M1b disease represents 
metastasis in more than one organ/site without peritoneal metastasis. M1c disease 
represents peritoneal metastasis with or without other organs involved. Peritoneal 
carcinomatosis is classified as stage IV C disease [3].

 Peritoneal Mesothelioma

Mesothelioma is a rare condition with approximately 500 cases a year in Canada, 
10–30% present as peritoneal mesothelioma, which is the second most common site 
after the pleura [17]. Asbestos is associated with peritoneal mesothelioma in 33% of 
cases, opposed to >80% seen in pleural mesothelioma [17]. Other associated expo-
sures include talc, mica, erionite, thorotrast, Hodgkin’s disease, chronic peritonitis, 
and therapeutic radiation [18]. There is no uniformly accepted staging system for 
mesothelioma. A TNM staging system has been proposed by the Peritoneal Surface 
Oncology Group which uses Peritoneal Cancer Index (PCI) for T stage (Table 22.6) 
[19]. Prognostic factors for survival include histologic subtype, completeness of 
cytoreduction and stage according to this system (Table 22.7) [18–20]. Epithelioid 
subtypes, which are most common, are associated with a better prognosis, while 
sarcomatoid and biphasic histology are associated with worse prognosis [17–21]. 
Mortality of peritoneal mesothelioma is often secondary to disease progression in 
peritoneum and not due to distant metastases.

Table 22.6 Prognostic factors for survival in peritoneal mesothelioma

Histologic subtype [21] Tumor Nodal status Metastases
Epithelioid subtypes:
  Tubulopapillary
  Micropapillary
  Solid
Sarcomatoid (rare)
Biphasic (combination of epithelioid 
and sarcomatoid)

T1: PCI 
1-10
T2: PCI 
11-20
T3: PCI 
21-30
T4: PCI 
>30

N0: No nodal 
disease
N1: Nodal 
disease

M0: No distant 
metastases
M1: Presence of distant 
metastases
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 Management of Peritoneal Surface Malignancies

Management of peritoneal malignancies can include cytoreductive surgery (CRS) 
and heated intra-peritoneal chemotherapy (HIPEC), chemotherapy, surgery alone, 
or palliative treatment only. This chapter will focus on CRS and HIPEC.

In candidates for CRS, the best results are achieved when a patient is able to 
undergo a complete cytoreduction [22]. CRS is scored based on completeness of 
cytoreduction (CC). Patient selection to determine those who might benefit from 
CRS and HIPEC is critical.

 Assessment of Extent of Disease

The peritoneal cancer index (PCI) is a score calculated intraoperatively indicating 
the extent of peritoneal disease (Fig. 22.1). PCI represents one of the most signifi-
cant prognostic factors, along with the completeness of cytoreduction [23–25]. The 
PCI score is also used to estimate the likelihood of proceeding with cytoreduction, 
and to determine if the procedure is beneficial to the patient. The score is a summa-
tion of cancer lesions size (scored 0–3) present in the 13 abdominopelvic regions, 
with a maximum score of 39.

CT is the most commonly used imaging modality to characterize peritoneal car-
cinomatosis, although, recently, some groups are incorporating MRI. Sugarbaker 
has defined criteria on cross-sectional imaging as predictors of unresectability: 
implant >5 cm in epigastrium, loss of normal architecture of small bowel, matted 
adjacent small bowel loops, segmental obstruction, distorted or thickened bowel, 
and inability to identify mesenteric vessels [26, 27]. However, conventional cross- 
sectional imaging can incorrectly estimate the degree of peritoneal disease by 
20–30%, making laparoscopy a useful tool for those patients [28]. Although speci-
ficity of detecting small bowel peritoneal disease is over 90%, the sensitivity is 
limited. The use of MRI may have benefit in identifying small bowel and mesenteric 
disease, but this is not routinely used [29].

Diagnostic laparoscopy has been shown to be beneficial to evaluate the extent of 
disease and resectability [28, 30, 31]. Laparotomy may be superior to laparoscopy 
for visualizing the right hemidiaphragm, omental bursa, and pelvis, and remains the 
most accurate way to evaluate the extent of PCI. Laparoscopy serves to determine 
PCI score more as a threshold to assess resectability than for accuracy and reduces 
the number of non-therapeutic laparotomies for patients found with extensive 

Table 22.7 Survival based 
on stage for peritoneal 
mesothelioma

Stage
5-year overall 
survivala

Stage I (T1 N0 M0) 87%
Stage II (T2-3 N0 M0) 53%
Stage III (T4 or N1 or 
M1)

29%

aPrognosis is with cytoreductive surgery and 
heated intra-peritoneal chemotherapy
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disease or without peritoneal carcinomatosis. Laparoscopy may also allow one to 
obtain tissue for diagnostic confirmation.

A low PCI indicates a better probability of achieving complete cytoreduction, 
and is associated with better survival than patients with a high PCI. With regard to 
mucinous adenocarcinoma of the appendix, Sugarbaker reported that PCI ≤10 is 
associated with a 50% 5-year survival, PCI of 11–20 with a 20% 5-year survival, 
and a PCI >20 with a 0% 5-year survival [32]. Thus, a PCI <20 is recommended to 
perform CRS + HIPEC in these cases. For peritoneal carcinomatosis from colorec-
tal origin, a similar threshold of PCI <20 is used to determine candidacy for 
CRS  +  HIPEC; moreover, some suggest that optimal outcomes are achieved in 
patients with PCI ≤17 [33]. For patients with PMP from LAMN, high PCI (>20) 
does not necessarily preclude CRS + HIPEC. CRS can thus be performed in one or 
two separate procedures, proceeding with the infra-mesocolic part first and the 
supra-mesocolic part done subsequently [34]. For mesothelioma, PCI is considered 
in some staging systems and is considered prognostic but is not necessarily used to 
select patients for surgery.

11
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Lesion Size Score

LS 0  No tumor seen
LS 1  Tumor up to 0.5 cm
LS 2  Tumor up to 5.0 cm
LS 3  Tumor > 5.0 cm
 or confluence
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Fig. 22.1 Peritoneal cancer index scoring system based on location and amount of carcinomatosis 
in each region
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Once cytoreductive surgery is completed, evaluation of the amount of residual 
disease is performed using the completeness of cytoreduction score (CC-score). 
CC-score of 0 signifies no residual disease; CC-1 corresponds to deposits < 2.5 mm; 
CC-2 corresponds to deposits between 2.5 mm and 2.5 cm. Finally, CC-3 score cor-
responds to deposits > 2.5 cm. This number represents the largest deposit remaining 
and not a sum of the residual disease.

The Peritoneal Surface Disease Severity Score of colon cancer developed by 
Esquivel et al. may also be useful to determine resectability in carcinomatosis of 
colorectal origin, as it includes preoperative factors related to the patient, tumor 
histology, and extent of disease [35].

Colonoscopy should be performed in patients with appendiceal mucinous neo-
plasms, as there is risk of finding a synchronous colorectal neoplasm.

If thoracic imaging shows a pleural effusion, thoracentesis or video-assisted tho-
racic surgery (VATS) should be done for biopsy to rule out distant metastatic spread.

The next table summarizes the preoperative investigations, the surgical proce-
dures, and the follow-up of these patients (Table 22.8).

Table 22.8 Workup, investigations, procedure and follow-up for patients with peritoneal 
malignancy

Workup Cytoreductive surgery HIPEC Follow-up
History and 
physical exam
Labsa:
  Tumor markers
Imaging:
  CT abdomen/
pelvis
  CT chest
Colonoscopy 
(appendix and 
colorectal)
±Diagnostic 
laparoscopy 
(evaluate extent of 
disease and 
resectability)
Pathology review
MCC review of 
case
Consider referral to 
medical oncology

Document PCI and estimate 
completeness of 
cytoreduction
In LAMN or mesothelioma 
the inability to obtain CC-0 
is not a contraindication to 
proceeding with CRS
Remove all visible disease 
CC-0/CC-1 resection
  Selective peritonectomy
  Omentectomy
  Multivisceral resections 

if necessary
Resect previous port sites 
and scars or biopsy site if 
involved with disease

Approaches:
  Open Coliseum
  Closed
Agents for 
mesothelioma:
  Oxaliplatinb

  MMC
  Doxorubicin
  Cisplatin
Agent for appendix:
  MMC
  Oxaliplatin
Agents for colorectal:
  Oxaliplatin 

(concurrently used 
with IV 
5FU-leucovorin)

  MMC

Every 
3–6 months for 
2 years, then 
every 6–12 
monthsd:
  History and 

clinical exam
  CT of 

abdomen–
pelvis

  CT of chest 
for colorectal 
primary

  Consider 
tumor markers 
if elevated 
pre- 
operativelyc

MCC Multidisciplinary Cancer Conference, MMC mitomycin-C
aTumor markers (CA-125, Mesothelin, CA-19.9, CEA) are not routinely done, but can be followed 
for post-treatment surveillance and elevation may represent more advanced disease [36–38]
bUsed at the University of Toronto
cBased on an international consensus statement
dDue to late recurrences associated with LAMN, the duration of follow up period is extended 
long term
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 Cytoreductive Surgery (CRS) and Hyperthermic Intraperitoneal 
Chemotherapy (HIPEC)

Cytoreductive surgery is the first step of the procedure, and the extent of disease is 
assessed using the peritoneal cancer index (PCI) score. CRS generally includes 
resection of organs affected by peritoneal disease, followed by peritoneal stripping 
of involved surfaces of the abdomen, diaphragm, and pelvis. Electro-evaporation of 
small implants on serosa of small bowel, liver capsule, and other solid viscera is 
then undertaken, using fulguration by electrocautery or argon beam coagulation.

An incomplete resection of peritoneal carcinomatosis from colorectal cancer is 
not usually recommended, as median survival with incomplete resection equates to 
that with systemic chemotherapy alone. However, in LAMN or mesothelioma, 
small volume residual disease may have acceptable duration of survival and symp-
tomatic benefit.

The administration of HIPEC follows the cytoreductive phase of the operation. 
HIPEC consists of intraoperative perfusion of the abdominal cavity with heated 
chemotherapy solution for a specific length of time. Common intraperitoneal agents 
used are oxaliplatin, cisplatin, and mitomycin-C (MMC). Chemotherapy agents are 
heated between 40 °C and 43 °C, for 30–90 min. Intravenous infusion of 5-FU and 
leucovorin are given preceding intraperitoneal oxaliplatin treatment in colorectal 
carcinomatosis. There is however no international consensus on the standard agent 
or dosing for HIPEC treatment [34]. Several retrospective studies have reviewed the 
use of oxaliplatin and MMC in the setting of colorectal carcinoma. Some have 
shown longer median survival with oxaliplatin, while others have not identified a 
difference in complications or efficacy [39, 40]. A comparative prospective study 
between intraperitoneal administration of MMC vs. oxaliplatin for peritoneal carci-
nomatosis arising from appendiceal tumors demonstrated different toxicity profiles 
but was not powered to show a survival difference [41, 42].

Intraperitoneal chemotherapy cannot penetrate more than 2–3 mm depth and, 
thus, it is generally administered only after a CC-0 or CC-1 resection. However, 
there may be a therapeutic benefit with the addition of HIPEC in CC2-3 resection in 
the setting of LAMN and mesothelioma. HIPEC can be performed in a closed or 
open technique, with no documented differences in outcomes between the two 
methods. It has been shown that heating the chemotherapy allows for better penetra-
tion into tissues and potentiates the cytotoxicity of the chemotherapeutic agent [35, 
43, 44]. The hyperthermia itself is also thought to have an independent cytotoxic 
effect [45].

The addition of HIPEC to CRS has been shown to be associated with improved 
outcomes in non-randomized studies only. Prodige 7 is a phase III French multi-
center randomized controlled trial comparing complete CRS  +  HIPEC vs. CRS 
alone for peritoneal metastases arising from colorectal cancer with PCI <25. 
Although not yet published at the time this chapter was written, the presented 
abstract suggests there is no overall survival advantage to the addition of HIPEC 
with oxaliplatin to CRS [46]. The final publication will be informative to understand 
the findings and determine their applicability.
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A systematic review on CRS  +  HIPEC for peritoneal carcinomatosis arising 
from colorectal cancer reported an overall morbidity from 22% to 76% (mean 49%), 
and mortality of 3.6% related to the procedure [47].

 Patient Selection for Surgery

Patient selection is essential for successful surgery. Patient factors, tumor biology, 
and extent of disease constitute the main factors to consider for the selection of 
patients (Table 22.9).

 Special Note
Tumor biology and histology play an important role in evaluation of candidates for 
CRS + HIPEC. Patients harboring poorly differentiated carcinoma from the appen-
dix or colorectal have a lower median survival than those who have moderately 
differentiated tumor histology (17.7 vs. 41.3 months, respectively). For signet ring 
cell carcinomas, median survival is 7.2 vs. 29.4 months for those without signet ring 
cell features [50]. Although, high-grade and signet ring cell histology are not con-
traindications to CRS + HIPEC, these features must be considered in the decision to 
pursue CRS + HIPEC.

 Histology-Based Considerations in Managing Peritoneal 
Surface Malignancy

 Appendix

Role for Right Hemicolectomy
The presence of a malignancy of the appendix requires consideration of performing 
a right hemicolectomy to complete staging and assess for residual disease in the 
bowel wall and the regional lymph nodes. The decision about performing a right 
hemicolectomy does depend on the histology and pathologic features of the appen-
diceal tumors.

Table 22.9 Inclusion and exclusion criteria for CRS and HIPEC at the University of Toronto [30, 
34, 48, 49]

Inclusion Exclusion
Diagnosis of carcinomatosis from 
colorectal origin (resectable), appendiceal 
neoplasms or mesothelioma
Medically fit for surgery
Completely cytoreducible disease
Generally  < 70 years old (relative)

Other primaries (e.g., gastric, breast, 
cholangiocarcinoma, pancreas)
Malignant small bowel obstruction (relative)
Ureteric obstruction (relative)
Biliary obstruction
Extraperitoneal metastases (relative)
Retroperitoneal lymphadenopathy
Progression on chemotherapy
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Patients with high-grade tumors of the appendix (G2/3, mucinous adenocarci-
noma, adenocarcinoma ex goblet cell, etc.) should undergo right hemicolectomy as 
part of their treatment plan in order to assess the regional nodes. The role for right 
hemicolectomy in HAMN is unknown as the rate of lymph node metastases is not 
known due to the new use and rarity of this diagnosis. However, patients with low- 
grade histology (LAMN) do not require a right hemicolectomy. The risk of lymph 
node metastases is low and right hemicolectomy should generally be performed 
only if required to remove the primary appendiceal tumor.

Additionally, if a patient is being considered for CRS + HIPEC, timing of right 
hemicolectomy is an important consideration. The mobilization involved in a right 
hemicolectomy exposes the retroperitoneum and can make CRS more technically 
challenging and possibly even result in non-resectability due to retroperitoneal dis-
ease at the time of CRS. If necessary and if possible, right hemicolectomy should be 
performed at the time of CRS.

 Colon
In recent case series and multi-institutional studies, the 5-year overall survival of 
patients treated for colorectal peritoneal carcinomatosis with CRS + HIPEC ranges 
from 20% to 51% [15, 33, 51–53]. Compared to patients undergoing CRS + HIPEC, 
patients with colorectal cancer and peritoneal carcinomatosis treated non-surgically 
with systemic chemotherapy have 5-year overall survival of 13% [51]. In these tri-
als, chemotherapy was used prior to or after HIPEC and therefore many consider the 
results of this trial applicable only in combination with the use of systemic 
chemotherapy.

The main prognostic factors are completeness of cytoreduction, extent of disease 
(PCI), lymph node status, disease-free interval and histologic features (high-grade, 
signet ring).

 Mesothelioma
Well-differentiated papillary mesothelioma and multicystic subtypes have a high 
rate of cure with complete surgical resection. Often observation alone is considered 
for these subtypes, and usually CRS + HIPEC are reserved for mesothelioma pro-
gression recurrence or presence of extensive disease [36].

CRS + HIPEC are generally not offered in peritoneal mesothelioma present-
ing with sarcomatoid and biphasic subtypes. Similarly, patients presenting with 
nodal involvement are not offered CRS  +  HIPEC.  Presence of these features 
correlates with poor prognosis and no significant oncologic benefit from sur-
gery. Compared to patients undergoing CRS  +  HIPEC, median survival for 
untreated mesothelioma is 6  months, and patients treated with chemotherapy 
alone (pemetrexed and cisplatin based regimen) can expect a median overall 
survival between 10 and 26.8 months [54].

Of note, some groups recommend complete (rather than selective) parietal peri-
tonectomy as part of CRS for mesothelioma [55].
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 Extraperitoneal Disease and Extensive Peritoneal Carcinomatosis

The presence of disease beyond the peritoneum is a relative contraindication to 
performing CRS  +  HIPEC.  In patients with synchronous peritoneal disease and 
liver metastases, overall survival is lower after CRS + HIPEC and liver resection 
than in patients without liver metastases (27% vs. 66%) [56]. However, selected 
patients with synchronous peritoneal disease and liver metastases may have 
improved overall survival after CRS + HIPEC and liver resection compared to treat-
ment with systemic chemotherapy alone [57]. In a study by Maggiori et al., patients 
with a PCI <12 and three or fewer liver metastases achieved a median survival of 
40 months [58]. Retroperitoneal lymphadenopathy and extra-abdominal metastases 
are generally viewed as absolute contraindications to CRS + HIPEC.

The Canadian HIPEC Collaborative Group recommends different strategies for 
patients with extensive carcinomatosis. Closure of the abdomen followed by systemic 
chemotherapy and reassessment for response to treatment can be undertaken. If there is 
significant tumor response, CRS + HIPEC can then be considered. For patients who are 
not candidates for CRS and HIPEC for tumor or patient-related reasons, a referral to 
medical oncology for systemic palliative chemotherapy should be discussed. Patients 
not candidate for chemotherapy should be referred for best supportive care [34].

 Second Look Laparotomy and Prophylactic HIPEC

Second look laparotomy may be useful to diagnose early peritoneal metastases that 
could not be diagnosed by imaging and clinical evaluation. Since PCI is the stron-
gest predictor of outcome, this strategy has the potential advantage of identifying 
peritoneal carcinomatosis at a low burden with concomitantly improved survival.

The population at highest risk of developing peritoneal carcinomatosis is patients 
with perforated tumors, patients who underwent resection of limited peritoneal 
implants simultaneously with primary tumor, and patients with ovarian metastases 
[59]. In a study by Elias et al., routine second look laparotomy was performed if 
metastatic work up was negative 1 year after diagnosis of cancer and 6 months after 
the end of systemic chemotherapy [56]. When macroscopic peritoneal carcinomato-
sis was found, Elias et al. performed CRS + HIPEC, and HIPEC alone was per-
formed in those without recurrence resulting in a 5-year disease-free survival of 44%.

If no peritoneal carcinomatosis is found, prophylactic HIPEC may be under-
taken. One French study reported a 17% recurrence rate for patients with prophylac-
tic HIPEC from colorectal cancer vs. 43% for those without prophylactic HIPEC 
[60]. The Prodige 15 (ProphyloChip) study is a multicenter randomized trial com-
paring second look laparotomy followed by prophylactic HIPEC vs. observation 
alone for colorectal patients at high-risk of developing peritoneal carcinomatosis, 
with negative metastatic workup. The study randomized 150 patients to surveillance 
versus second look laparotomy and HIPEC. Disease-free survival, 3-year overall 
survival, and rate of peritoneal relapse were the same between the two arms [61].

The COLOPEC trial [62] failed to show a difference in 18  month peritoneal 
metastasis recurrence in patients who had adjuvant HIPEC along with systemic 
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chemotherapy in patients with high-risk (T4 or perforated) colorectal cancer com-
pared to systemic therapy alone [63]. Early results were presented but the final 
publication is awaited.

 Recurrent Disease and Palliation

There is very little data on how to treat patients with recurrence of peritoneal surface 
malignancy. In selected patients with a low PCI and good performance status, a 
repeat CRS + HIPEC may be performed. This was investigated by Brouquet et al. 
for a variety of histologies. With a mean PCI of 7.6 and a recurrence-free interval 
time of at least 12 months, 5 and 10 years actuarial survival rates were 72.5% and 
58%, respectively [64]. Prolonged survival of 12 months with a second complete 
CRS + HIPEC have been reported in other studies. However, the majority of those 
patients develop recurrence [65].

For patients with symptomatic peritoneal disease that are not candidates for 
curative- intent surgery, repeated surgical debulking may offer palliation. Surgery 
can palliate obstructive symptoms due to peritoneal carcinomatosis in 32–100% of 
cases. However, surgical treatment may also lead to prolonged time of hospitaliza-
tion and significant complications (7–44%), and recurrence of obstruction is 
reported to be as high as 47% [66]. Patients and family must be fully informed of 
the potential benefits and risks of palliative surgery for obstructive disease related to 
peritoneal carcinomatosis. HIPEC can also be beneficial for the treatment of high- 
volume malignant ascites in mesothelioma, even in the absence of complete cytore-
duction [67].

 Other Histologies Where CRS and HIPEC May Be Considered 
for Peritoneal Involvement

 Gastric Adenocarcinoma

The high rates of peritoneal spread in advanced gastric cancer has led to investiga-
tion of the use of CRS + HIPEC as treatment and prophylaxis for peritoneal carci-
nomatosis. In several retrospective series, CRS  +  HIPEC survival outcomes for 
gastric cancer are poor compared to colorectal, appendiceal, and ovarian histolo-
gies, with median overall survival of 9–13 months and 14% 5-year survival [68, 69]. 
Attempts have been made to identify which patients would benefit most from 
aggressive surgical treatment of carcinomatosis arising from gastric cancer. Glehen 
et al. identified that the best prognostic factor for long-term survival was the ability 
to achieve complete cytoreduction (CC-0), which led to 23% 5-year survival. The 
best results were seen in patients with very low (0-6) PCI. This suggests that there 
may be a select group of patients who can have long-term survival with CRS and 
HIPEC, but careful patient selection is essential.

The role of CRS and HIPEC in these low PCI patients is being investigated in the 
PERISCOPE trial, and results are awaited [70]. There is some survival advantage 
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seen in retrospective studies for prophylactic HIPEC in high-risk resected patients 
[71], but this needs prospective study to confirm this.

 Desmoplastic Small Round Cell Tumor

Desmoplastic Small Round Cell Tumor (DSRCT) is an abdominal sarcoma that 
arises most commonly in children and young adults. It often presents with meta-
static disease limited to the peritoneum. Traditional treatment consists of surgical 
resection, systemic therapies, and whole abdomen radiation. The role of 
CRS + HIPEC has been investigated given that this disease is often limited to the 
peritoneum. In a retrospective series of 48 patients who underwent CRS for DSRCT, 
survival was prolonged in patients who had post-operative whole-abdomen radia-
tion but there was no survival advantage with the use of HIPEC [72].

Another series of patients undergoing CRS + HIPEC showed that CC-0 or CC-1 
resection was associated with significantly longer median survival than patients 
with CC-2 resection (63.4 vs 26.7 months) [73]. Although studies have shown the 
benefit of complete cytoreduction when possible, the role of HIPEC needs to be 
studied prospectively.

 Epithelial Ovarian Cancer

A recently published phase 3 randomized trial from van Driel et al. identified that 
patients with stage III epithelial ovarian cancer have significantly longer median 
recurrence free and overall survival (HR 0.67, p = 0.02) with the addition of cispla-
tin HIPEC to cytoreductive surgery [74].

 Landmark Studies

 Appendix

Study Methods Results
Sugarbaker 
et al. 1999 
[32]

Retrospective
N = 385
DPAM + Intermediate PMCA
CRS + HIPEC (MMC) ± 5-FU 
postoperative intraperitoneal for 
5 days for PMCA

DPAM/PMP 5-year OS: 86%
Intermediate PMCA 5-year OS: 50%
Incomplete CRS 5-year OS: 20%

Chua et al. 
2012 [75]

Multi-Institutional Retrospective
N = 2298
PMP originating from 
appendiceal mucinous neoplasm

Median survival: 196 mos (16.3 year)
Median PFS: 96 mos (8.2 year)
10-year OS: 63%
15-year OS: 59%
Predictors of poorer OS: older age, PMCA 
subtype, CCR-2 or 3, prior chemotherapy, 
major post-operative complications
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Study Methods Results
Levine et al. 
2018 [42]

RCT
N = 121
Appendiceal carcinoma (low and 
high grade) undergoing CRS and 
HIPEC
Randomized to MMC vs. 
Oxaliplatin for HIPEC

Hematologic outcomes: MMC associated 
with more neutropenia and oxaliplatin had 
more thrombocytopenia
PFS: 66.8% (MMC) vs. 64.8% (oxali)
3-year OS: 83.7% (MMC) vs. 86.9% 
(oxali)

OS overall survival, PFS progression-free survival, CRS cytoreductive surgery, MMC Mitomycin-C, 
HIPEC hyperthermic intraperitoneal chemotherapy, DPAM disseminated peritoneal adenomucino-
sis, PMCA peritoneal mucinous carcinomatosis, PMP pseudomyxoma peritonei

 Colorectal

Study Methods Results
Verwaal et al. 
2003, 2008 
[15, 76]

RCT
N = 105
Colorectal and Appendiceal 
Adenocarcinomatosis (PMCA)
CRS + HIPEC (MMC) + systemic 
post-op 5-FU/LV vs. 5-FU/LV systemic 
chemo ± palliative surgery

DSS: Improved with 
CRS + HIPEC (43 vs. 23 mos)
Median FU of 8 year: 45% of 
patients in experimental arm who 
had CC-0 resection were still alive

Glehen et al. 
2004 [52]

Multi-institutional Retrospective
N = 506Colorectal
CRS + HIPEC or EPIC (various agents)

1-year OS: 72%
3-year OS: 39%
5-year OS: 19%

Elias et al. 
2009 [51]

Retrospective
N = 96
Colorectal
CRS + HIPEC (Oxaliplatin) vs. Systemic 
(various regimens including Folfox, 
Folfiri, 5-FU etc.)

Improved OS with CRS + HIPEC
2-year OS: 81% vs. 65%
5-year OS: 51% vs. 13%
However, age and tumor 
differentiation were not 
comparable in both groups

Elias et al. 
2010 [33]

Multi-institutional Retrospective
N = 523
Colorectal
CRS + perioperative intraperitoneal 
chemotherapy HIPEC or EPIC (MMC or 
Oxaliplatin)

Median OS: 30.1 mos
5-year OS: 27%
5-year DFS: 10%

EPIC early postoperative intraperitoneal chemotherapy, RCT randomized controlled trial, CRS 
cytoreductive surgery, MMC Mitomycin-C, PMCA peritoneal mucinous carcinomatosis, HIPEC 
hyperthermic intraperitoneal chemotherapy, DSS disease-specific survival, OS overall survival, 
DFS disease-free survival
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 Mesothelioma

There are no randomized controlled trials in peritoneal mesothelioma. The follow-
ing are the most significant studies:

Study Methods Results
Yan et al. 2009 
[77]

Multi-institutional series
N = 405
CRS
±HIPEC Cisplatin + Doxorubicin; Cisplatin, 
Mitomycin C or both

46% of patients had 
CC-0/CC-1
3 year-OS: 60%
5 year-OS: 47%

Deraco et al. 
2003 [78]

Phase II multi-institutional series
N = 61
CRS
+HIPEC (C + D or C + MMC)

74% of patients had 
CC-0/CC-1
5 year-OS: 54%

Deraco et al. 
2006 [75]

Phase II trial
N = 49
CRS
+HIPEC (C + D or C + MMC)

88% of patients had 
CC-0/CC-1
3 year-OS: 65%
5 year-OS: 57%

Feldman et al. 
2003 [49]

Phase II trial
N = 49
CRS
HIPEC-Cisplatin
±a single postoperative intraperitoneal dose of 
fluorouracil and paclitaxel between day 7–10

88% of patients had 
CC-0/CC-1
1 year-OS: 86%
3 year-OS: 59%

CRS cytoreductive surgery, HIPEC hyperthermic intraperitoneal chemotherapy, C cisplatin, D 
doxorubicin, MMC Mitomycin C, OS overall survival

 Referring to Medical Oncology

 1. All patients with high-grade gastrointestinal peritoneal surface malignancy 
should be referred to medical oncology. Systemic chemotherapy can be used to:
• Ensure disease stability pre-operatively
• Downstage disease in patients with unresectable disease or very high PCI
• Treat patients that are not surgical candidates
• Treat micrometastatic disease
• See in vivo tumor response

 2. The most common systemic chemotherapy used for peritoneal mesothelioma 
patients are pemetrexed ±cisplatin, carboplatin or gemcitabine [79, 80]. Another 
regimen used is cisplatin + irinotecan [81].

 3. Multiple regimens have been used for carcinomatosis of appendiceal origin 
including 5-FU alone or in combination with oxaliplatin, irinotecan, ±bevaci-
zumab or cetuximab [82]. A phase II trial with MMC and capecitabine showed a 
38% benefit in the form of stabilization or reduction of peritoneal disease [83]. 
A neoadjuvant prospective trial of 34 patients using FOLFOX showed partial or 
complete responses in 29% of patients [84].
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 4. Many trials have been performed to evaluate the best systemic treatment for 
metastatic colorectal cancer. These trials have included patients with carcino-
matosis. A detailed discussion is beyond the scope of this chapter. Most regi-
mens used included FOLFOX or FOLFIRI  ±  bevacizumab, cetuximab, or 
panitumumab. The Combatac study evaluated perioperative chemotherapy 
with oxaliplatin or irinotecan based regimen  +  cetuximab combined with 
CRS + HIPEC for wild-type KRAS peritoneal carcinomatosis from colorectal 
or appendiceal adenocarcinoma and showed that this is a safe and feasible regi-
men [85].

 5. Neoadjuvant chemotherapy for higher grade appendiceal malignancies and all 
peritoneal carcinomatosis from colorectal cancer prior to CRS + HIPEC should 
be considered.

 Referring to Radiation Oncology

 1. Radiation therapy is not indicated for peritoneal surface malignancies outside of 
clinical trials.

 Referring to Multidisciplinary Cancer Conference (MCC)

 1. All patients should be discussed in multidisciplinary cancer conference.

 Toronto Pearls

• When faced with an unexpected finding of peritoneal implants during elective 
or emergency surgery, we recommend aborting the procedure following tissue 
confirmation of peritoneal carcinomatosis when the primary lesion is asymp-
tomatic. For symptomatic primary lesions, we recommend doing the minimum 
possible (i.e. diversion is preferable to resection when obstructed) to address 
the symptoms with an effort to preserve, as much as possible, the integrity of 
the peritoneal barrier and not hinder cytoreduction in the future. In selected 
cases, minimal, localized, and completely resectable implants may be removed 
if included in the resection. For appendiceal tumors, the appendectomy should 
be performed if it is safe to do so for diagnostic purposes. Carefully document 
the PCI. Do a full investigation post-operatively with imaging, and refer the 
patient to a tertiary care center specialized in the treatment of peritoneal sur-
face malignancies.

• Biopsies are ideally done under either image-guidance or diagnostic laparos-
copy, targeting high-grade or suspicious-looking lesion. Fine needle aspiration 
(FNA) and aspiration of intraperitoneal mucin for cytology are usually inade-
quate for diagnosis.
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• Careful pathologic review by expert pathologist is essential to accurately diag-
nose peritoneal surface malignancies and their subtypes, especially for uncom-
mon tumors such as appendiceal neoplasms and mesothelioma.

• For selected patients with colorectal and high-grade appendiceal carcinomatosis, 
we recommend pre-operative systemic chemotherapy for 6 months, for the rea-
sons listed above. Additionally, some patients may not be fit for adjuvant chemo-
therapy post-operatively due to complications or slow recovery. Delivery of 
chemotherapy in the neoadjuvant setting mitigates this.

• Diagnostic laparoscopy is performed to evaluate the extent of disease in high- 
grade adenocarcinoma of the appendix and peritoneal carcinomatosis from 
colorectal origin.
 – This is often performed after completion of pre-operative chemotherapy
 – After chemotherapy, if patients have an acceptable PCI on laparoscopy and 

have completely resectable disease, we proceed to CRS + HIPEC
• In patients that are not surgical candidates, chemotherapy alone may be the treat-

ment of choice. We have seen some excellent clinical responses to systemic che-
motherapy, including some patients who later became candidates for 
CRS + HIPEC.
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 Introduction

In 2019, an estimated 26,300 Canadians will be diagnosed with colorectal cancer 
and 9500 will die of the disease. Overall, colorectal cancer is the second leading 
cause of cancer death in men and the third most common cause of cancer death in 
women [1]. The death rate is declining in both sexes. Population-based screening 
has been shown to reduce mortality (see Table 23.1) from colorectal cancer [2].

The American Joint Committee on Cancer 8th edition is the current recom-
mended Colorectal Cancer staging system.

In this chapter, the term rectal cancer refers to adenocarcinoma of the rectum, 
that is, adenocarcinoma arising at or above the anorectal junction (the pelvic floor) 
and at or below the rectosigmoid junction (where the taenia coli coalesce to form the 
confluent longitudinal muscle layer of the rectum).
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 Definitions/Terminology

• Localized Rectal Cancer: rectal adenocarcinoma without distant metastases, 
which can be divided into early (T1-2N0) and advanced (T3-4 any N) disease.

• Locally Advanced Rectal Cancer (LARC): a non-specific term that encompasses 
a range of pathology from bulky T3 tumors (+/− lymphadenopathy) to those 
requiring multivisceral resection.

• Total Mesorectal Excision (TME): excision of the rectum and the mesorectum in 
the plane between the visceral mesorectal fascia and parietal fascia.

• Transanal Excision (TAE): localized excision of a rectal lesion; in general, a full- 
thickness, intact, disc of the wall with a 1 cm mucosal margin.

• Transanal Minimally Invasive Surgery (TAMIS)/Transanal Endoscopic 
Microsurgery (TEM): transanal excision of a rectal lesion with the use of a spe-
cialized video operating system; these systems include the establishment of a 
pneumorectum and provide access to the middle and upper rectum.

• Transanal Total Mesorectal Excision (TaTME): a novel technique using a TAMIS 
system to resect low rectal tumors. A low TME resection is achieved under direct 
visualization for a bottom-up approach.

• Low Anterior Resection (LAR): a sphincter-preserving TME with colorectal or 
coloanal anastomosis.

• Anterior Resection (AR): a tumor-specific mesorectal excision, dividing the 
mesorectum and rectum 5 cm below the distal extent of the lesion, at a right 
angle to the long axis of the rectum.

• Abdominoperineal Resection (APR): TME with en bloc excision of the anus.
• Extramural venous invasion (EMVI): Direct invasion of a vascular structure by 

tumor that can be detected on MRI. EMVI is an independent prognostic factor 
for rectal cancer.

• Positive Margin: tumor cells extending to the cut edge of a specimen. In a TME 
specimen, a circumferential resection margin (CRM) of ≤1 mm is considered 
positive. Quirke et al. have identified six modes of margin involvement: [4]
 – Direct extension
 – Discontinuous tumor spread
 – Lymph node involvement
 – Venous invasion
 – Lymphatic invasion
 – Perineural spread

Table 23.1 Prognosis of colorectal cancer

Presentation Prognosis: 5-year relative survival [3]
Localized disease (stages I and II)
Regional disease (stage III)
Distant metastasis (stage IV)

89%
70%
15%

R. Jrearz et al.
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 Management

see Table 23.2

Table 23.2 Management of localized rectal cancer

Clinical scenario Workup Surgical management Follow-upa [5, 9]
Early rectal 
cancer (T1-T2, 
N0)

History and physical:
  Assessment of 

preoperative 
continence, sexual 
function, 
neurologic and 
vascular symptoms

  Family history 
(cancer 
syndromes)

  DRE
Labs:
  CEA

Upper/middle 
rectum:
  LAR
Lower rectum:
  TME or APR
*Select T1 cancers 
with favorable 
features (confirmed 
T1 by TRUS) may 
beconsidered for 
local excision 
(TAMIS/TEM)

CCO
History & physical, CEA q6 
months × 5 years
CT chest/abdo/pelvis q12 
months for 3 years or CXR, 
U/S abdo/pelvis 
q6–12 months × 3 years then 
q12 months for next 2 years

Locally 
advanced 
resectable 
rectal cancer 
(T3-T4, N0, or 
N+ disease)

Colonoscopy
Imaging:
  CT chest/abdo/

pelvis
  Pelvic MRI
  Trans-rectal 

ultrasound (TRUS)
    Repeat MRI 

after nCRT to 
restage and 
assess tumor 
response

Upper rectum
  LAR (nCRT only 

in select patients)
   Middle rectum:
  nCRT followed by 

LAR
Lower rectum:
  nCRT followed by 

TME or APR
*Multivisceral 
resection as required 
to obtain R0 resection

Colonoscopy 1 year unless 
not performed 
preoperatively, then it should 
be done within 3–6 months
Frequency of surveillance 
colonoscopies to be 
determined by findings.
If normal, repeat in 5 years
NCCN
History and physical 
q3–6 months for first 2 year 
then q6 months for next 
3 years
CT chest/abdo/pelvis 
q6–12 months × 5 years 
(stage II/III) or q6 months × 
2 years then q12 months for 
next 3 years (stage IV)
CEA q6 months × 2 years 
then q12 months for next 
3 years
Colonoscopy 1 year unless 
not performed 
preoperatively, then it should 
be done within 3–6 months. 
If normal, repeat in 3 years 
then in 5 years

DRE digital rectal exam, LAR low anterior resection, TAMIS transanal minimally invasive surgery, 
nCRT neoadjuvant chemoradiation, APR abdominoperineal resection, TRUS transrectal ultra-
sound, TME total mesorectal excision
aFollow-up guidelines vary between institutions. Multiple studies have shown no difference in OS, 
cancer-specific mortality, recurrence rates, time to recurrence detection, or rates of resection for 
cancer recurrences in high intensity or low intensity surveillance protocols [73, 74]
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 Localized Rectal Cancer

 Special Notes

• The likelihood of synchronous colon carcinoma is 3–5% and synchronous neo-
plasia is 10–20%.

• TRUS is the most accurate imaging modality for differentiating T1 from T2 
tumors, but MRI is superior for more advanced T stages, N stage, assess-
ment of the circumferential resection margin, and response to neoadjuvant 
therapy [6, 7].

• PET scan is a useful adjunct in detecting local or distant recurrence in the context 
of a rising CEA with no disease detected on a CT scan or endoscopy. It can also 
distinguish local recurrence from postoperative changes [8].

• APR is indicated for cancer invading or very closely encroaching upon the exter-
nal anal sphincter. Compared to low anterior resection, APR is associated with 
higher rates of specimen perforation, circumferential margin positivity and local 
recurrence, and lower overall survival [12–14]. An extra-levator perineal 
approach, which can be facilitated by the prone jack-knife position, may provide 
a superior oncologic resection to conventional APR [15, 16].

• nCRT has been shown to significantly decrease lymph node yield after resection 
for rectal cancer, with some evidence that this mirrors tumor regression in 
response to treatment [17, 18]. The relevance of the 12 lymph node benchmark 
in this context has been called into question [19].

• Pathologic tumor regression grade (TRG) (see Table  23.3) is a measure of 
response to neoadjuvant therapy, based on degree of fibrosis and percentage via-
ble cells. TRG is correlated with outcome, with a greater degree of regression 
predicting better survival [20]. The College of American Pathologists classifies 
treatment effect according to the following schema [21]:

• An analogous classification of radiologic TRG based on pre- and post- 
neoadjuvant MRI has been shown to predict disease-free survival (DFS) and 
overall survival (OS) [22]. The degree of tumor regression on 
post-treatment

MRI was more closely correlated with survival than T stage.

Table 23.3 Tumor regression grade

Description Tumor regression grade
No viable cancer cells 0 (complete response)
Single cells or small groups of cancer cells 1 (moderate response)
Residual cancer outgrown by fibrosis 2 (minimal response)
Minimal or no tumor kill; extensive residual cancer 3 (poor response)

R. Jrearz et al.
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 Special Considerations

 Local Excision for Rectal Cancer

Traditional criteria for transanal excision (TAE) have been expanded with the evolu-
tion of TAMIS/TEM:

 1. Curative resection of low-risk T1 lesions [23]
• T1N0
• Well differentiated
• No lymphatic, vascular, or perineural invasion
• Less than 4 cm in width
• Less than 50% circumferential
• Within 15 cm of anal verge
• Mobile

 – At least 1 cm margin of normal tissue surrounding the tumor is required.
 – Tumor fragmentation is associated with a higher incidence of local recur-

rence [24].
 – Immediate salvage resection is indicated for adverse pathologic findings. 

The evidence indicates that the oncologic outcomes of immediate salvage 
resection are equivalent to primary resection [25, 26]. However, there is con-
cern that local excision renders subsequent salvage more technically chal-
lenging, and in some circumstances may preclude sphincter sparing 
reconstruction [27, 28].

 2. Palliation of T2/T3 lesions
• For local control in patients who cannot tolerate radical resection.

 3. Excision of lesions with suspected complete clinical response (cCR) fol-
lowing nCRT
• Results are mixed and controversy exists regarding whether organ preserva-

tion through local excision alone is appropriate for higher stage tumors that 
responded well to nCRT [29–31, 46, 47].

• Multiple smaller studies show a large proportion (>25%) of patients with cCR 
following nCRT who undergo local excision harbor residual disease [106, 107].

• A large multicenter observational trial is underway to further elucidate the 
oncologic safety of this approach [108].

 Recommended Margins

• Proximal: minimum 5 cm (gross margins).
• Distal:

 – Upper and middle rectum: minimum 5 cm (gross margins in the rectal wall 
and in the mesorectum).

 – Lower rectum: ideally 2 cma (gross margins).
• Circumferential radial margin: minimum 1 mm (microscopic margins) [32] b.
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a For low rectal tumors, a distal resection margin of 1 cm can be accepted to 
allow sphincter preservation. With appropriate technique and neoadjuvant therapy, 
a 1  cm margin is associated with rates of local recurrence and survival that are 
equivalent to wider margins [33].

b A positive CRM significantly increases the risk of local recurrence and is asso-
ciated with decreased survival. In multivariate analyses, it has been identified as the 
single most important prognostic factor for local recurrence [34].

 Chemoradiation in Rectal Cancer

• Neoadjuvant RT or chemoradiation (CRT) is indicated for T3–4 lesions, any N+, 
or threatened circumferential radial margin.

• Extraperitoneal location of the rectum allows for radiotherapy with minimal tox-
icity to intra-abdominal structures (e.g., small bowel).

• Radiotherapy reduces the relative risk of local recurrence by 50% [35, 36].

 MRI and “Good Prognosis” Tumors [76]

• Quicksilver is a multicenter Canadian study that aimed to identify patients with 
“good prognosis” rectal tumors amenable to primary surgery without neoadju-
vant chemoradiation (nCRT). Good and poor prognostic factors as defined by the 
study are presented in Table 23.4:

• +CRM rates were 4.9%. LR results are pending
• This studied aimed to validate the results of prior studies such as MERCURY 

and OCUM which addressed a similar clinical question. +CRM rates in these 
studies after primary surgery with no nCRT ranged from 2.8% to 3.3%. Five- 
year LR ranged from 2.7% to 3.3% [38].

• These initial results are promising and may allow clinicians to be more selective 
in treating patients with nCRT in the near future. However, omitting nCRT for 
these “good prognosis” tumors is not yet standard of care. Patients with a “good 
prognostic” tumor should be offered this non-standard treatment pathway only in 
high-volume centers as part of a trial until further validating studies are 
completed.

Table 23.4 Quicksilver MRI criteria for good and poor prognosis tumors

MRI criteria [76] Good prognosis Poor prognosis
Predicted CRM >1 mm (non-threatened) ≤1 mm (threatened)
T-categorya and EMD Definite T2, T2/early T3, or definite T3 

with EMD ≤ 5 mm
Definite T3 with 
EMD >5 mm or T4

N-category Any N0, N1, or N2 Any N0, N1, or N2
Extramural venous 
invasion (EMVI)

Absent or equivocal Present

EMD extramural depth of invasion
aDefinite T1 and T1/early T2 tumors excluded from study

R. Jrearz et al.
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 Neoadjuvant Versus Adjuvant Chemoradiation [39–41, 70, 71]

• Advantages of neoadjuvant therapy:
 – Significantly lower local recurrence rate, no difference in overall survival.
 – Possibility of tumor downstaging, down-sizing, and possibly increased rate of 

sphincter preservation.
 – Higher treatment compliance and completion rate.
 – Lower rates of acute and chronic toxicity.
 – Lower rate of anastomotic stricture.
 – Improved functional outcomes.

• Disadvantage of neoadjuvant therapy:
 – Overtreatment of some patients.

 Total Neoadjuvant Therapy (TNT)

• TNT is a treatment regimen for LARC that shifts the planned adjuvant chemo-
therapy to the neoadjuvant setting to be given with nCRT.

• With modern TME techniques and nCRT, recent studies have suggested that 
adjuvant chemotherapy in rectal cancer has no significant impact on overall sur-
vival or disease-free survival [77]. Adjuvant chemotherapy also has generally 
poor compliance. It is with these limitations in mind that alternate treatment 
pathways such as TNT were developed.

• Multiple studies have demonstrated a lower toxicity profile and higher compli-
ance rate when chemotherapy is given in a neoadjuvant setting [78, 79].

• Currently, there is no standardized TNT regimen. Neoadjuvant chemotherapy 
has been given before or after nCRT.

• Many studies show an improved pathologic complete response (pCR) rate with 
various regimens of TNT [78, 80, 81].

• A clear and consistent survival benefit of TNT has not yet been established. 
However, no study has shown TNT to have inferior long-term outcomes com-
pared to standard adjuvant chemotherapy regimens [79]. Prospective phase II/III 
RCTs are underway to better understand long-term outcomes [82].

• A notable downside of TNT is that the additional delay in definitive surgery for 
non-responders could result in disease progression.

• A potential benefit is early stoma closure after resection of the primary tumor.
• TNT is a viable treatment pathway and can be considered in well-selected 

patients following a multidisciplinary discussion. Participation in a clinical trial 
for patients undergoing TNT is encouraged.

 Short- Versus Long-Course Radiotherapy [42, 43]

• Short-course RT = 25 Gy in 5 fractions followed by surgery in 1 week.
• Long-course CRT  =  50.4  Gy in 28 fractions +5FU followed by surgery in 

8–12 weeks.
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• No difference in overall survival, disease-free survival, local recurrence, or 
APR rates.

• Higher rate of pathologic downstaging with long-course CRT, including more 
complete pathologic responses.

• More acute toxicity with long-course CRT [44, 45].
• Long-course CRT is standard of care in many North American centers, whereas 

short-course RT is widely practiced in Europe.

 Timing to Surgery After Radiation

• There remains debate regarding optimal timing of surgery after nCRT.  Some 
studies suggest a higher downstaging and pCR rate with a longer wait interval 
(≥8 weeks) [83, 84].

• A recent RCT showed no difference in survival or recurrence outcomes between 
short-course RT without delay to surgery and regimens of short- and long-course 
RT with delay. Short-course RT with delay had more radiation induced toxicity, 
but less postoperative complications [85].

• Another RCT compared surgery at 7 weeks vs. 11 weeks after nCRT. No differ-
ence in pCR rates were found. Surgery after 11  weeks was associated with 
increased morbidity and worse quality of mesorectal excision [86].

• The majority of surgeons at the University of Toronto wait at least 8 weeks and 
up to 12 weeks (if there is evidence of ongoing clinical response) after nCRT 
before resection. Short-course RT with delay is used selectively in some patients 
who would benefit from downstaging, but have comorbidities that prevent use of 
long-course RT.

 “Watch-and-Wait” (W/W)

• Organ preservation and observation after cCR post nCRT (“watch-and-wait”) is 
being studied as a viable treatment pathway for well-selected patients.

• A large meta-analysis [87] reports on oncologic outcomes in W/W patients 
after cCR:
 – 2-year LR: 16%.
 – Salvage surgery after LR: 95%.
 – DFS is improved in patients with a confirmed pCR after resection compared 

to those with a cCR after nCRT.
 – No difference in OS, cancer-specific mortality, or non-regrowth recurrence.

• The majority of LR are endoluminal (86–97%) [88–90].
• Watch-and-wait after cCR is not considered standard of care. Although recent 

observational data shows promising results, prospective data evaluating long- 
term oncologic outcomes are needed to validate its safety.

• Clinicians who opt to employ watch-and-wait in a carefully selected patient 
(e.g., poor operative candidate with cCR) should do so after a multidisciplinary 
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discussion. Informed consent should be obtained from the patient acknowledg-
ing this non-standard approach. An intensive endoscopic, clinical, and radio-
graphic surveillance protocol should be used.

• There is currently no standardized surveillance schedule available.
• Figure 23.1 shows a non-validated, non-standardized surveillance schedule cur-

rently being used at the University of Toronto for “watch-and wait” patients 
enrolled in a clinical trial [91].

• All “watch-and-wait” patients should be followed as part of a clinical trial.
• Radical resection remains the standard of care.

 Laparoscopic Versus Open Resection

• Two RCTs initially suggested laparoscopic resections to be not non-inferior to 
open resections based on a non-validated composite measure of surgical resec-
tion quality with regard to long-term oncologic outcomes [92, 93].

• Updated long-term oncologic results from both RCTs show no differences 
between laparoscopic and open surgery in LR, DFS, and OS [94, 95]. This find-
ing is concordant with multiple prior RCTs that also show equivalent oncologic 
outcomes between both modalities [10, 11, 75].

• There have been no RCTs showing inferior long-term oncologic outcomes of 
laparoscopic to open surgery.

• A recent, large meta-analysis showed that laparoscopic surgery is non-inferior to 
open surgery in all individual pathologic outcomes such as circumferential resec-
tion margin, completeness of mesorectal excision, and distal resection mar-
gin [96].

• Laparoscopic resections from surgeons with minimally invasive expertise are a 
safe modality from pathologic and long-term oncologic outcome perspectives.

 Transanal Total Mesorectal Excision (TaTME)

• TaTME is a novel technique where the rectum and mesorectum are mobilized in 
a retrograde fashion. A major benefit is better visualization of the distal rectal 
tumor from an intraluminal perspective. Theoretical advantages include more 
precise identification and division of the distal margin, more complete dissection 

Active Surveillance Schedule
Month 3 6 9 12 15 18 21 24 30 36 42 48 54 60
DRE X X X X X X X X X
Endoscopy X X X X X X X X X
Pelvic MRI X X X X X X X X X
CEA X X X X X X X X X X X X X X
CT CAP X X X X X X X

Fig. 23.1 Non-validated active surveillance schedule in “watch-and-wait” patients [91]
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of the distal mesorectum, lower rates of +CRM, and increasing the rate of sphinc-
ter saving procedures.

• There are currently no standardized indications for TaTME. Recent consensus 
guidelines strongly suggested TaTME be reserved for low rectal tumors [97].

• Previous consensus statements suggest that TaTME may be useful in patients 
with a narrow pelvis, obesity (BMI > 30), distorted or inflamed tissue planes 
(e.g., secondary to nCRT), unclear distal margin, prostatic hypertrophy, or bulky 
tumor [98].

• T4 tumors and T3 tumors with <1 mm margin to endopelvic fascia are contrain-
dicated for TaTME [99, 100].

• A major complication is damage to the prostatic urethra in males (0.8% 
risk) [101].

• Reported anastomotic leak rate from a large international registry is 9.8%. Risk 
factors are presented in Table 23.5 [101]:

• Pathological outcomes from recent studies show low +CRM (~4–8%), + distal 
resection margin (~0.3–3%), and high complete TME rates (88–96%) [101–103].

• Long-term oncologic data evaluating TaTME is not yet available. A prospective 
RCT comparing TaTME to conventional laparoscopic TME is underway [99].

• TaTME is an emerging technique with a steep learning curve that is still under 
investigation. Currently, it should not be performed outside of specialized, high- 
volume centers. Patients undergoing this procedure should be followed in pro-
spective registries.

 Lateral Lymph Node Dissection (LLND)

• There has been a dichotomy in the management of lateral lymph nodes between 
the East and the West. Western clinicians have primarily used nCRT whereas 

Table 23.5 Risk factors in TaTME

Early anastomotic leak (<30 days from resection) 
risk factors Anastomotic failure risk factorsa

Male sex Male sex
Obesity (BMI >30) Obesity (BMI >30)
Smoking (borderline significance) Smoking
Diabetes Diabetes
Tumor size >2.5 cm Tumor size >2.5 cm
Tumor height <4 cm from anorectal junction Manual anastomosis (hand sewn 

anastomosis)b

Estimated blood loss >500 mL Estimated blood loss >500 mL
Perianal operative time >1.5 h

Risk factors derived from multivariate analysis.
aAnastomotic failure defined as all anastomotic morbidity including early and late leaks, pelvic 
abscess, fistula, chronic sinus, persistent stricture
bHand-sewn anastomoses increased late structuring rates
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many Eastern surgeons include a LLND as part of their surgical management 
without nCRT [104].

• A recent RCT from Japan showed that adding a LLND to a standard TME 
decreased local recurrence rates especially in the lateral pelvis. However, TME 
alone was non-inferior to TME + LLND with regard to survival outcomes [105].

• A large multicenter retrospective review shows a high lateral lymph node recur-
rence rate if the nodes are greater than 7 mm on pretreatment MRI and do not 
completely disappear with nCRT.  Patients with LLN ≥7  mm who underwent 
nCRT and LLND had a significantly lower 5-year lateral lymph node recurrence 
and overall local recurrence rate [104].

• Lateral lymph nodes that grow or remain enlarged after nCRT should be removed 
and cannot be ignored.

• Convergence of East and West management techniques may help improve recur-
rence outcomes.

 Locally Advanced Rectal Cancer (LARC) (See Table 23.6) and Locally 
Recurrent Rectal Cancer (LRRC) (See Table 23.7)

 Distant Metastatic Disease (Stage IV) (See Table 23.8)

In patients with unresectable metastases, the median survival without systemic che-
motherapy is 6–9 months. The addition of 5-fluorouracil (5-FU)-based regimens 
improves survival to 12 months. Adding irinotecan or oxaliplatin to 5-FU extends 
survival to 20 months. More recently, with the identification of molecular targets 
and development of biologic agents, median survival has exceeded 30 months [54].

Table 23.6 Locally advanced rectal cancer management

Workup Perioperative treatment Surgery
History and physical:
  Focus on urinary, gynecologic, 

neurologic symptoms, pain, 
lymphadenopathy

Labs:
  CEA
Imaging:
  CT chest/abdo/pelvis
  MRI pelvis
  PET or PET/CT—has been 

reported to change the 
management plan in 14% of 
cases [48]

nCRT in primary disease
Evaluate for re-irradiation 
in previously irradiated 
pelvis [49]
Consider intraoperative 
radiotherapy if available 
and applicable [50]
Due to the high rate of 
distant failure, adjuvant 
systemic therapy is 
indicated

En bloc resection of all 
involved structures to achieve 
an R0 resection margin [51, 
52]
Early involvement of other 
surgical subspecialties (e.g., 
Urology, Orthopedics, 
Vascular)
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Table 23.7 Locally recurrent rectal cancer

Patterns of recurrence [53]
Site Comment
Anastomotic recurrence
Inferior/perineal recurrence
Central recurrence (involving the rectum or 
urogenital structures)

Amenable to resection

Posterior recurrence Amenable to salvage resection when sacral 
involvement at or below S2

Lateral recurrence May preclude resection with negative margins 
due to involvement of bony pelvis, major blood 
vessels, and other lateral structures

Criteria for unresectability [43]
Anatomic involvement:
  Above S2 or sacral ala
  Acetabular involvement
  Common or external iliac artery (relative)
  Sciatic nerve or sciatic notch (relative)
  Bilateral hydronephrosis (relative)
Biologic factors:
  Unresectable metastatic disease
  Para-aortic lymph node involvement

Patient factors:
  Refusal
  Poor performance status
  Unacceptable surgical risk
Technical factors:
  Inability to obtain a negative margin

Table 23.8 Metastatic rectal cancer management

Workup
Surgery (referral to appropriate surgical 
subspecialty) Follow-up

History and physical
Labs:
  CEA
Imaging:
  CT chest/abdo/

pelvis
  MRI liver as 

indicated
  US if ovarian 

metastases 
suspected

  CT head/bone scan 
for symptoms

  Consider PET/
PET-CT to evaluate 
limited metastatic 
disease prior to 
planned resection 
[55]

Liver:
  Complete surgical resection with 

modern chemotherapy offers a 5-year 
overall survival up to 58% [56–58]

Lung:
  Complete surgical resection with 

modern chemotherapy offers a 5-year 
overall survival up to 55% [59–61]

Peritoneum:
  Cytoreductive surgery and HIPEC for 

colorectal metastases has a 5-year 
overall survival of 22–49% [62]

Ovary:
  Prophylactic oophorectomy is not 

routinely indicated, but bilateral 
oophorectomy is indicated if one ovary 
is involved

Brain:
  Palliative resection may be indicated for 

carefully selected limited metastatic 
disease [63]

Bone:
  Palliative radiotherapy

Patients with 
potentially resectable 
disease undergoing 
chemotherapy should 
have imaging every 
3 cycles to assess 
response
Monitor for toxicity 
depending on 
chemotherapeutic 
regimen used
CEA should be done 
only if patients do not 
have measurable 
disease on imaging
Patients undergoing 
palliation should only 
have blood tests and/or 
imaging as dictated by 
clinical condition
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 Special Notes

• In synchronous stage IV colorectal cancer, resection of the primary tumor has tra-
ditionally been discouraged in the absence of symptoms (e.g., bleeding, obstruc-
tion, perforation). This is based on the low proportion of asymptomatic primary 
tumors that progress to require intervention and the need for urgent systemic ther-
apy in this population [64]. However, recent data question this dogma by demon-
strating a survival advantage with resection of the primary in synchronous stage IV 
disease [65]. A prospective RCT is underway to help clarify the debate [66].

 Landmark Trials

See Table 23.9

 Referring to Medical Oncology

 1. ≥T3
 2. ≥N1
 3. Recurrent rectal cancer
 4. Metastatic disease

 Referring to Radiation Oncology

 1. ≥T3
 2. ≥N1
 3. EMVI
 4. Recurrent rectal cancer
 5. Ambiguous T staging (T2/T3) and suspected close circumferential margin
 6. T1/T2 tumors if:

 (a) There is residual tumor or fragmentation after local excision
 (b) There are adverse features on final pathology of local excision

 Referring to Multidisciplinary Cancer Conference (MCC)

• All rectal cancer patients should be presented at a MCC [72].

 Toronto Pearls

• There is strong evidence, including RCTs, that placing a loop ileostomy at LAR 
decreases clinical leak rates and re-operation rates [69]. This is advised for anas-
tomoses within 3–4 cm of the pelvic floor.
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Table 23.9 Landmark trials for rectal cancer

Study Methods Results
Heald et al. [67] Retrospective review

N = 113
Examination of local recurrence after 
TME

LR = 0% at 2 years with 
TME

Dutch Colorectal Cancer 
Group Trial
Kapiteijn et al. [68]

RCT
N = 1861
Pre-op RT and TME vs. TME only

LR: 2.4% with pre-op RT 
and TME vs. 8.2% TME 
only

Swedish Rectal Cancer 
Trial
Gastrointestinal Tumour 
Study Group [23]
Birgisson et al. [24]

RCT
N = 1168
Comparing pre-op RT and surgery 
vs. surgery alone

LR:
  5 years: 11% with 

pre-op RT vs. 27% with 
surgery alone

  13 years: 9% with 
pre-op RT vs. 26% with 
surgery alone

OS:
  5 years: 58% with 

pre-op RT vs. 48% with 
surgery alone

  13-years: 38% with 
pre-op RT vs. 30% with 
surgery alone

German Rectal Cancer 
Trial Sauer et al. [25]

RCT
N = 823
Pre-op CRT vs. post-op CRT

LR: 6% pre-op CRT vs. 
13% post-op CRT
No difference in 5-, 
10-year OS
Toxicity (Grade 3/4): 27% 
pre-op vs. 40% post-op

NSABP R-03 Roh et al. 
[27]

RCT
N = 267
Pre-op CRT vs. post-op CRT

LR: 11% in both arms

Polish Trial Bujko et al. 
[28]

RCT
N = 316
Pre-op CRT vs. short-course RT

No difference in LR, DFS, 
sphincter preservation
Higher rate of pCR with 
pre-op CRT (16% vs. 1%)
Higher acute toxicity with 
pre-op CRT (18% vs. 3%)

Trans-Tasman Radiation 
Oncology Group (TROG)
Trial Ngan et al. [29]

RCT
N = 326
Pre-op CRT vs. short-course RT

No difference in LR, DFS, 
OS, sphincter preservation
Higher rate of pCR with 
pre-op CRT (15% vs. 1%)

COLOR II [10]
Bonjer et al.

RCT
N = 1044
Laparoscopic vs. open rectal surgery

No difference in 3-year 
LR, DFS, OS
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Table 23.9 (continued)

Study Methods Results
Dossa et al. [87] Meta-analysis

Watch-and-wait (W/W): cCR after 
nCRT
N = 867
W/W vs. pCR after resection
W/W vs. resection for cCR

T3: 67%, N+: 52%
LR after W/W: 15.7%
Salvage therapy after LR: 
95.4%
W/W vs. pCR after 
resection
No difference in OS, 
cancer-specific mortality 
or non-regrowth 
recurrence, DFS better in 
pCR group
W/W vs. resection for 
cCR
No difference in OS, DFS, 
cancer-specific mortality, 
non-growth recurrence

GRECCAR-6 [86]
Lefevre et al. 

RCT
N = 265
Surgery 7 weeks post nCRT vs. 
11 weeks
cT3/4 or Tx/N+, mid to low tumors

No difference in pCR 
rates
Increased morbidity and 
decreased quality of TME 
in 11-week group

QUICKSILVER [76]
Kennedy et al. 

Prospective, non-randomized phase 2
12 Canadian colorectal centers
N = 82 “good prognosis” rectal 
cancers
Primary surgery for “good prognosis” 
tumors
MRI “good prognosis” definition:
  CRM >1 mm from primary tumor, 

discontinuous tumor nodule, +LN
  T2, T2/early T3, or T3b (less than 

5 mm of extramural depth of 
invasion)

  Absent/equivocal EMVI
  Any N

+CRM 4.9%
+Distal margin 1.2%
Complete/near complete 
TME—98%
Awaiting LR results

MERCURY study
Taylor et al. [37, 38]

Prospective observational study
N = 122
  Primary surgery for “good 

prognosis” tumors
MRI “good prognosis” definition:
  Clear CRM >1 mm to MRF
  No EMVI
  T3b or less (less than 5 mm from 

muscularis propria)
  N any
  Not invading sphincters/levators

Overall LR 3.3%
5-year OS 68.2
5-year DFS 84.7%
+CRM 3.3%

RCT randomized controlled trial, TME total mesorectal excision, RT radiotherapy, LR local recur-
rence, CRM circumferential radial margin, OS overall survival, nCRT neoadjuvant chemoradia-
tion, EMVI extramural venous invasion, DFS disease-free survival, DRM distal resection margin, 
W/W watch-and-wait, cCR clinical complete response, pCR pathologic complete response

23 Rectal Cancer



476

• The rate of anastomotic leak after LAR is most consistently associated with the 
level of the anastomosis. Achieving a tension-free anastomosis to the distal rec-
tum or anus is facilitated by ligation of the IMA at its origin and separate ligation 
of the IMV at the inferior border of the pancreas

• A 5–6 cm colonic J pouch for patients undergoing LAR ameliorates the func-
tional disturbance known as low anterior resection syndrome.

• In pelvic exenteration, early ligation of the internal iliac vessels facilitates 
hemostasis.

• When a vertical rectus abdominis myocutaneous (VRAM) flap is needed for 
reconstruction of the perineum, it is advised to take it ipsilateral to the ileocon-
duit, rather than the colostomy to avoid colostomy prolapse.

• If a surgeon encounters an unexpected locally advanced rectal cancer in a curable 
patient and is not prepared to perform appropriate multivisceral resection, the 
procedure should be aborted, after possible creation of a stoma, and the patient 
referred for multidisciplinary consultation.

• In the dissection of anterior rectal tumors, or in the event of a threatened CRM, 
Denonvilliers’ fascia should be taken with the rectum. Otherwise, it should be 
left intact in order to preserve autonomic nerve function.
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 Introduction

Soft tissue sarcomas are rare malignant neoplasms that arise from mesenchymal 
tissues including fat, muscle, fibrous tissue, nerves, and blood vessels [1]. Although 
these are mostly sporadic, there are several hereditary cancer syndromes such as 
Li–Fraumeni syndrome and neurofibromatosis type 1 that are associated with an 
increased risk of developing soft tissue sarcoma. Rarely, radiation-induced sarco-
mas can also arise as a late complication, often 10–15 years after treatment [2]. 
Approximately 1300 cases of soft tissue sarcoma are diagnosed annually in Canada, 
representing less than 1% of all new cancers [3]. This chapter addresses the workup 
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and management of retroperitoneal and extremity soft tissue sarcoma. Gastrointestinal 
stromal tumors, desmoids, and dermatofibrosarcoma protuberans are covered 
elsewhere.

 Special Notes

• Sarcomas grow by direct local extension into adjacent tissues and structures. 
Muscle fasciae, joint capsules, tendons, epineurium, vascular adventitia, carti-
lage, periosteum, and mesothelial tissues are less prone to be directly invaded by 
soft tissue sarcoma and can be considered as relative barriers to tumor spread. 
Lymph node involvement is uncommon, although there are notable exceptions 
(e.g., clear cell sarcoma, epithelioid sarcoma; see section Extremity Sarcoma: 
Localized Disease) [10].

• The most important prognostic factors for distant recurrence are tumor grade, 
size, and histology.

• The most important prognostic factor for local recurrence (LR) is completeness 
of surgical resection. Other relevant prognostic factors for LR are tumor size, 
grade, histology, and site (higher risk of LR for retroperitoneal sarcoma) [11, 
12]. In the extremity, use of radiotherapy is associated with a lower risk of local 
recurrence. In the retroperitoneum, tumor rupture and multifocality are associ-
ated with a higher risk of local recurrence [5].

• Main causes of sarcoma-related death are local recurrence in retroperitoneal sar-
comas and distant recurrence in extremity soft tissue sarcomas, with histology- 
specific patterns (see Table 24.1).

• The American Joint Committee on Cancer (AJCC) 8th edition (2017) is the cur-
rent recommended sarcoma staging system. In this edition, new site-specific 
staging systems for soft tissue sarcoma of the head and neck, trunk and extremi-
ties, abdomen and thoracic visceral organs, and retroperitoneum have been 
implemented. It incorporates histologic tumor grade as well as TNM status. 
Node-positive patients with extremity and trunk soft tissue sarcoma are consid-
ered Stage 4 [13].

• A nomogram to predict postoperative DSS of patients with STS was developed 
and externally validated by MSKCC and is available online at https://www.
mskcc.org/nomograms/sarcoma [14]. More recently, nomograms specific for 
patients with retroperitoneal and extremity STS have been developed and vali-
dated in order to more accurately predict postoperative survival and the meta-
static risk [15–21]. Two free apps are useful for personalized prognosis prediction 
in patients with extremity and retroperitoneal soft tissue sarcoma:
 – Sarculator: prediction models for primary RPS (OS, DFS: externally vali-

dated, incorporated in AJCC VIII edition), recurrent RPS (OS, DFS: not 
externally validated), primary extremity STS (OS, DM: externally validated) 
and extremity STS survivors (OS: externally validated) [22].

 – Persarc: prediction models for high-grade primary extremity STS (OS, LR: 
not externally validated) and high-grade extremity STS survivors  
(OS: not externally validated) [23].
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 Management

Table 24.1 Histotypes and prognosis of primary retroperitoneal and extremity STS

Disease site

Most common soft tissue 
subtypes (relative incidence, 
%) [4–9]

Prognosis
5-year 
overall 
survival 
(%)

5-year local 
recurrence 
(%)

5-year distant 
metastasis 
(%)

Retroperitoneum 
(15% of STS)

66–75 25–37 21

Dedifferentiated 
liposarcoma (37%)
  G1-G2
  G3

67
37

43
36

9
31

Well-differentiated 
liposarcoma (26%)

90 23 0

Leiomyosarcoma (19%) 60 10 50
Solitary fibrous tumor (6%) 81 10 13
MPNST (3%) 67 20 17
UPSa (2%) 38 42 41
Other (7%) 54 18 36

Extremity (45% of 
STS)

68–80 5–15 25

UPS (21%)
Myxoid liposarcoma (14%)
Leiomyosarcoma (13%)
Myxofibrosarcoma (12%)
Synovial sarcoma (8%)
MPNST (5%)
Dedifferentiated and 
pleomorphic liposarcoma 
(5%)b

Angiosarcoma (2%)
Other (20%)

STS soft tissue sarcoma, MPNST malignant peripheral nerve sheath tumor, UPS undifferentiated 
pleomorphic sarcoma
aPreviously known as malignant fibrous histiocytoma (MFH). Undifferentiated/unclassified sarco-
mas show no line of differentiation, they are a diagnosis of exclusion and can be subdivided into 
spindle cell, round cell, pleomorphic, epithelioid, and not otherwise specified variants [1]
bExcluding atypical lipomatous tumors (well-differentiated liposarcoma of the extremities)
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Table 24.2 Workup and management of primary retroperitoneal sarcoma

Workup Neoadjuvant treatment Surgery Follow-up [24]
History and physical 
exam
  Include nodal basins 

and testicular exama

Labsa:
  β-HCG
  AFP
  LDH
Imaging:
  CT chest/abdo/

pelvis + percutaneous 
core needle biopsy

  Differential renal scan 
in selected cases at 
high risk for 
postoperative kidney 
failure

Pathology review
Case discussion at MCC

Consider neoadjuvant 
radiation or clinical trial if 
available
Consider neoadjuvant 
chemotherapy:
  For chemosensitive 

tumors, such as 
embryonal/alveolar RMS 
or Ewing’s (all very rare 
in the retroperitoneum)

  For possible 
cytoreduction of 
borderline resectable 
high-grade tumors which 
may be chemosensitive, 
such as high-grade 
dedifferentiated 
liposarcoma and 
leiomyosarcoma

En bloc 
resection of 
tumor and 
closely 
associated 
viscera and 
retroperitoneal 
musculature/
fat with a goal 
of complete 
resection

Low grade 
tumor—every 
6 months for the 
first 2–3 years, 
then yearly:
  History and 

physical exam
  CT abdo/pelvis
High-grade 
tumor—every 
4 months for the 
first 2–3 years, 
then every 
6 months for the 
next 2 years, then 
yearly:
  History and 

physical exam
  CT chest/abdo/

pelvis

MCC multidisciplinary cancer conference, RMS rhabdomyosarcoma
aTo rule out primary or metastatic germ cell tumor and lymphoma

Radiotherapy

In prospective phase II trials and retrospective studies, perioperative radiation therapy has been 
associated with a lower local recurrence rate and improved survival in patients with primary 
RPS. However, results are conflicting, patient’s selection criteria are not defined, and no level I 
data exist [5, 25–29].
An EORTC randomized phase III trial of preoperative radiotherapy and surgery vs. surgery 
alone in primary retroperitoneal sarcoma patients (EORTC 62092–22,092, STRASS trial) 
showed no difference in abdominal recurrence-free survival (ARFS) between the two groups. 
In a sensitivity analysis, 3-year ARFS was higher in patients with liposarcoma treated with 
preoperative radiotherapy (71.6% vs. 60.4%). Full publication is pending.
When radiotherapy is offered, preoperative radiotherapy is the preferred approach at the 
University of Toronto and other major sarcoma centers.
Advantages of pre-op RT
In situ tumor allows accurate targeting of radiation 
volume and precise delivery
Tumor displaces the radiosensitive viscera (i.e., small 
bowel) outside the treatment field, thereby limiting 
toxicity and allowing delivery of a higher dose
Radiation is theoretically more biologically effective 
preoperatively
May extend the surgical margin to reduce the risk of local 
recurrence

Disadvantages of pre-op RT
Delay of definitive surgery
Possible increased risk of wound 
healing complications (the 
evidence is from extremity STS 
studies)
Possible increased risk of 
complications if vascular resection 
and reconstruction are required

Relative contraindications to RT
Li–Fraumeni syndrome
History of prior radiation
Tumor crossing midline
Solitary kidney
Patient preference
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 Retroperitoneal Sarcoma Localized Disease

Surgery is the only potentially curative option for patient with primary retroperito-
neal sarcoma. Chemotherapy and/or radiotherapy should be considered on a case- 
by- case basis and in a multidisciplinary setting (see Table 24.2).

 Special Notes

• Image-guided percutaneous coaxial core needle biopsy is recommended for pre-
operative diagnosis. Some RPS may be heterogeneous in morphology; thus, it is 
essential to ensure adequate sampling in the area that harbor the most viable and 
highest-grade component(s). A minimum of four large gauge cores (14–16 
gauge) are generally advised; these should be divided into multiple cassettes in 
the pathology laboratory to limit the risk of tissue depletion. In most cases this 
will provide sufficient tissue for histomorphologic assessment, and ancillary 
immunohistochemical and molecular analysis (e.g., FISH, RT-PCR, CGH, and/
or RNA-Seq). All of these studies can be performed using formalin-fixed 
paraffin- embedded tissues; thus, it is not necessary to divert fresh tissue for 
freezing, or cell culture media. The risk for needle tract seeding using a coaxial 
technique is minimal and local recurrence rates are not different between patients 
who underwent preoperative biopsy or not [30, 31]. Cytologic assessment of soft 
tissue tumors by fine needle aspiration is not advised [32]. Open or laparoscopic 
biopsies should be avoided. In case of a non-diagnostic needle core biopsy, the 
biopsy should be repeated with the same technique but targeting a different area.

• Criteria for local unresectability of RPS are not clearly defined. Involvement of 
bony structures (vertebrae, iliac wing) or major vessels (aorta, IVC, iliac vessels) 
are not absolute contraindications for surgery with curative intent. Extensive 
unreconstructible involvement of the celiac, SMA, SMV, porta hepatis, and 
 central mediastinal structures are generally seen as criteria of unresectability. 
Decision- making in  locally advanced retroperitoneal sarcoma patients is com-
plex and should take into consideration patient-, tumor-, and treatment-related 
variables in a multidisciplinary fashion and may involve surgical expertise 
beyond a sarcoma expert (vascular surgery, HPB/transplant) [33].

• The most common organs removed en bloc with a retroperitoneal sarcoma are 
kidney, adrenal, colon, psoas, spleen, diaphragm, abdominal wall muscles, and 
distal pancreas [5].

• The same principles that guide surgical excision of extra-abdominal STS should 
apply to the retroperitoneum, taking into consideration the anatomical con-
straints of this anatomic region. The concept of compartment is not applicable to 
the retroperitoneal space. Indeed, there are no true boundaries with the pelvis, 
the mediastinum, the anterior preperitoneal space, and the contralateral retroperi-
toneum, and there are vital organs lying within the retroperitoneum itself. 
Nonetheless, tissues that work as natural barriers to tumor spread such as the 
muscle fasciae posteriorly, the adventitia of major abdominal vessels medially, 
and the peritoneum anteriorly are also recognizable. Dissection should be carried 
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out beyond these structures. In consideration of the large dimensions of RPS 
(especially retroperitoneal liposarcoma) and of the absence of standardized, 
shared, protocols for tissue sampling, resection of RPS is usually classified as 
“macroscopically complete” and “macroscopically incomplete.” This means that 
the distinction of R0 vs. R1 resections is not as meaningful as with other cancers. 
Surgical margins should also be tailored to the histologic subtype. For example, 
all retroperitoneal fat from the diaphragm to the external iliac vessels should be 
resected en bloc with the tumor in retroperitoneal liposarcoma; a clear margin on 
the vein or the nerve of origin should be taken in retroperitoneal leiomyosarcoma 
and MPNST, respectively [32, 34, 35].

• Radical resection of RPS is associated with a 16% morbidity (Clavien–Dindo≥3) 
and a 2% mortality at 30  days [36]. Long-term sequelae of this surgery are 
mainly related to sensory disorders of the thigh, groin, or genital area. Lower 
limbs motor impairment or severe chronic pain are rare [37].

• Medical therapy:
 – No trials of neoadjuvant/adjuvant chemotherapy in patients with retroperito-

neal sarcoma have been run so far. As a result, there is much between centers 
variability in chemotherapy administration. A randomized phase III trial of 
preoperative anthracycline-based chemotherapy vs. surgery alone in patients 
with primary high-grade dedifferentiated liposarcoma and high-grade leio-
myosarcoma of the retroperitoneum (STRASS2 trial) is being designed by 
EORTC and should start recruiting in 2020. This randomized trial will be run 
in the context of the RESAR study (Retroperitoneal Sarcoma Registry, 
NCT03838718), a prospective observational registry coordinated by the 
Transatlantic Australasian Retroperitoneal Sarcoma Working Group 
(TARPSWG, tarpswg.org). Please see the section “Extremity STS” for con-
siderations about the role of chemotherapy in primary STS.

 – Patients with desmoplastic small round cell tumor should always be referred 
to medical oncologists for perioperative chemotherapy.

Table 24.3 Workup and management of recurrent retroperitoneal sarcoma

Workup
Neoadjuvant 
treatment Surgery Follow-up

History and 
physical exam
Labs:
  No specific tests
Imaging:
  CT chest/abdo/

pelvis ± core 
biopsy

Pathology review
Case discussion at 
MCC

Consider 
multimodality 
treatment in 
recurrent 
patients

Resect if technically 
feasible with acceptable 
morbidity, in the absence of 
widespread metastases or 
multifocal/contralateral 
disease, with favorable 
tumor biology (consider 
histology, grade, disease-
free interval, growth rate) 
and favorable patient-
related characteristics [33]
No role for incomplete 
resection, except for 
palliation of symptoms in 
select circumstances

Low-grade tumor—every 
6 months for the first 
2–3 years, then yearly:
  History and physical 

exam
  CT abdo/pelvis
High-grade tumor—
every 4 months for the 
first 2–3 years, then 
every 6 months for the 
next 2 years, then yearly:
  History and physical 

exam
  CT chest/abdo/pelvis

D. Callegaro et al.
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 Retroperitoneal Sarcoma: Locally Recurrent Disease

Overall, abdominal recurrence is common in retroperitoneal sarcoma, with different pat-
terns across different histologies. Local recurrence is associated with a worse prognosis 
than primary RPS, and its treatment is all the more multidisciplinary (see Table 24.3).

 Special Notes

• A period of observation to assess tumor behavior and guide therapeutic decisions 
can be considered [33, 38].

• Median time from surgery of the primary tumor to LR is 23 months. This interval 
can be much longer in well-differentiated liposarcoma, whose risk of LR is lower 
than G2 and G3 liposarcoma but does not tend to decrease with time.

• Surgery of recurrent RPS after wide excision of the primary tumor aims to com-
pletely excise the recurrent tumor and the directly invaded organs without seek-
ing wide margins [39].

• The role of completion surgery in patients with residual RPS after grossly 
incomplete resection of the primary tumor is not clear, with some series 
showing  outcome similar to patients who underwent primary adequate sur-
gery and other showing a particularly poor outcome with high complication 
rate [38, 40].

• After LR, median OS is 33 months, and 5-year OS is 29%, but post-resection 
outcome is variable, and prolonged survival after resection of recurrent RPS can 
be achieved in selected patients. Longer disease-free interval from surgery of the 
primary to LR and surgical resection of recurrent disease are associated with bet-
ter post-relapse OS. Multifocality (both in primary and recurrent tumors) and 
organ invasion at primary surgery are associated with worst post-relapse sur-
vival. High grade and fast growth rate (≥1 cm/month) of the recurrent tumor are 
associated with worst post-recurrence disease-specific survival. A nomogram is 
available to predict OS and DFS after resection of the local recurrence [19, 
39, 41–43].

• Re-irradiation is often contraindicated, but this must be discussed in a tumor 
board with expert radiation oncologists specialized in sarcoma. The decision to 
whether re-irradiate a patient with local-regional relapse should take into consid-
eration the previous treatment plan (concern for safety), the goals of re- irradiation 
(symptom relief vs. part of combined salvage therapy), and the specific clinical 
scenario (patient status and comorbidities, surgical plan, anatomic concern, 
availability of alternative treatments).

• Second and third recurrences become more challenging to resect, and with each 
recurrence survival diminishes while morbidity increases.
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 Retroperitoneal Sarcoma: Metastatic Disease

The metastatic propensity of retroperitoneal sarcoma is highly histology-dependent 
(see Table  24.1). Metastatic RPS includes both systemic disease and multifocal 
intra-abdominal disease (“sarcomatosis”) [44]. Principles of recommended practice 
are summarized in Table 24.4.

 Special Notes

• Surgery in patients with diffuse distant metastases or multiple peritoneal implants 
is not offered since it does not add any survival benefit [45].

• In metastatic RPS, median OS is 16 months. Overall, in patients with metastatic 
or locally advanced unresectable STS, 5-year survival is 8% [45, 46].

• Lung or liver lesions with typical CT/MRI appearance in the context of a primary 
histology-proven RPS, or intra-abdominal/retroperitoneal masses in keeping 
with multifocal recurrence might not need a confirmatory biopsy [44].

• Locoregional treatment of distant metastasis has been associated with longer 
survival in multiple retrospective series, but there is no level I evidence showing 

Table 24.4 Workup and management of metastatic retroperitoneal sarcoma

Workup Management
History and physical exam
Labs:
  Nutritional status workup
  Liver workup if consideration 

for liver metastasectomy
Imaging:
  CT chest/abdo/pelvis ± core 

biopsy
  PET scan and/or bone scan in 

selected cases
Pulmonary function tests if 
consideration for lung local 
therapies
Case discussion at MCC

Criteria for resectability:
  Patient can medically tolerate the intervention and its 

physiologic consequences
  The primary tumor is fully resected or resectable
  Complete resection of the metastatic disease seems 

feasible
  Tumor has favorable biology (slow growing, isolated/

low-volume disease, long disease-free interval, response, 
or prolonged stable disease to medical therapies)

  For lung: no extra-thoracic disease (not an absolute 
contraindication), pleural effusion or mediastinal/hilar 
adenopathy

Predictors of good outcome:
  Complete R0 resection
  Less than 50-year-old
  Interval between primary disease and metastasis greater 

than 12–18 months
  Isolated/few metastases
  Lung: tumor less than 2 cm
  Liver: histology of LMS
Procedure:
  Non-anatomic lung/liver resection with negative margins

MCC multidisciplinary case conference, R0 negative microscopic margins, LMS leiomyosarcoma
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a causative relationship [44, 47]. Select patients with suitable performance status 
suffering from metachronous oligometastatic disease to the lung, liver, or soft 
tissues with favorable disease biology, in whom complete resection can be 
 carried out with acceptable morbidity, should be considered for metastasectomy. 
Other local therapies (RFA, microwave ablation, stereotactic body radiotherapy) 
can be considered as alternative or complementary treatments to surgery. 
Transarterial embolization or chemoembolization may be considered although 
the available evidence is limited [47–50].

• In patients with intra-abdominal metastasis (peritoneal sarcomatosis, multifocal 
recurrent disease), surgery should be limited to symptoms palliation. Incomplete 
resection is not associated with a survival benefit and can lead to significant mor-
bidity. Hypertermic intraperitoneal chemotherapy is not effective in histological 
subtypes typically seen in the retroperitoneum [44, 51, 52].

• Prognostic factors associated with longer post-metastasectomy survival include 
longer disease-free interval between surgery of the primary tumor and DM and 
complete resection of the metastatic disease [44].

• Palliative chemotherapy can slow disease progression, and possibly reduce 
tumor size to relieve symptoms, but data showing significant improved survival 
are lacking. An anthracycline-based regimen is considered first line, with further 
lines to be determined in a histology-driven fashion. Combination therapy (usu-
ally doxorubicin+ifosfamide) can be considered if the aim of the medical treat-
ment is tumor shrinkage in a medically fit patient.

 Extremity Soft Tissue Sarcoma: Localized Disease

The only potentially curative option of primary extremity STS is surgery. 
Perioperative chemotherapy and radiotherapy may also play a role and should be 
discussed in a multidisciplinary setting (see Table 24.5).

 Special Notes

• If surgical biopsy is performed, care must be taken not to compromise definitive 
excision—longitudinal incision in the long axis of the limb, meticulous hemosta-
sis, and avoid mobilizing skin flaps and violating fascial planes.

• Resect outside the tumor pseudocapsule, excising a margin of normal tissue 
around the tumor. A 1–2 cm margin of uninvolved tissue is ideal, but often not 
feasible. A closer margin is acceptable if it includes tissues that are more resis-
tant to tumor spread (muscular fascia, vessel adventitia, periosteum, epineurium, 
paratenon).

• Preoperative and postoperative radiation have similar local control rates. 
Preoperative radiation is associated with higher rates of acute wound healing 

24 Retroperitoneal and Extremity Soft Tissue Sarcomas



492

complications, whereas postoperative radiation entails higher rates of late, irre-
versible toxicities [53].

• Radiotherapy can be omitted in small (<5  cm), superficial, low-grade tumors 
resected with margins >1 cm [54].

• Indication for primary amputation should take into consideration involvement of 
structures which are essential for the limb (bone, vessels, and nerves), likelihood 
of obtaining significant tumor shrinkage with neoadjuvant therapies (radiother-
apy, chemotherapy, ILP), expected functional outcome with limb salvage, and 
patient preference. Primary amputation occurs in approximately 1% of cases [55].

• Resection of the primary tumor in the setting of widespread metastatic disease 
requires multidisciplinary discussion; it may be considered for control of symp-
toms in patients with anticipated prolonged survival.

Table 24.5 Workup and management of primary extremity STS

Workup Adjunctive treatment Surgery Follow-up
History and physical 
exam
Labs:
  No specific tests
Imaging:
  MRI + core biopsy 

or surgical biopsy
  CT chest for staging
  CT abdomen/pelvis 

or PET scan or 
whole-body MRI in 
myxoid liposarcoma

  US or CT of 
regional nodes in 
epithelioid sarcoma, 
rhabdomyosarcoma, 
clear cell sarcoma, 
angiosarcoma

Pathology review
Case discussion at 
MCC

Neoadjuvant or 
adjuvant radiation if 
high risk of local 
recurrence or 
particularly sensitive 
histotypes (myxoid 
liposarcoma)
Chemotherapy in 
patients with specific 
histologic subtypes 
(alveolar/embryonal 
RMS, Ewing’s 
sarcoma) is 
considered 
mandatory for 
cytoreduction of 
primary and also to 
reduce risk of distant 
metastases. In other 
subtypes (synovial 
sarcoma, 
angiosarcoma, 
high-grade myxoid 
liposarcoma, 
leiomyosarcoma), 
chemotherapy may 
facilitate limb 
salvage in borderline 
resectable lesions
Isolated limb 
perfusion with 
melphalan and TNF 
may be of help in 
unresectable tumors

Goal: complete (R0) 
resection with 
preservation of 
maximal function
Limb salvage is 
possible most of the 
time
In superficial or 
locally advanced STS 
may require plastic 
surgery for 
reconstruction

For low recurrence 
risk (i.e., stage 1 
STS): every 
6 months for 2 years, 
then, then annually 
for 3 years:
  History and 

physical exam
  Chest X-ray
For high recurrence 
risk: (i.e., stage 2 
and 3) every 
3 months for 2 years 
then every 6 months 
for 3 years than 
annually for 5 years
  History and 

physical exam
  Chest X-ray
  MRI primary site 

every 4–6 months 
for 2 years, then 
yearly up to 5 
yearsa

aPositive margins or difficult area to examine (e.g., pelvis)
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• Isolated limb perfusion is used preoperatively in STS that would not be upfront 
resectable (e.g., multicompartmental, multifocal) to obtain tumor shrinkage and 
allow a limb-preserving surgery. Response rate is in the 60–90% range in various 
series. It can be used in different sarcoma subtypes [56].

• Medical therapy in localized STS:
 – Doxorubicin-based chemotherapy is the most commonly used first line.
 – Certain subtypes, including angiosarcoma, synovial sarcoma, and myxoid/

round cell liposarcoma, are considered more sensitive than other histologies.
 – Soft tissue Ewing’s sarcoma and alveolar/embryonal rhabdomyosarcoma are 

highly chemosensitive tumors. All patients with these tumors should receive 
multi-agent chemotherapy by following a published protocol as well as care-
ful local control with surgery and/or radiation [24, 57].

 – An individual-patient data meta-analysis of 1568 patients in 14 trials of 
doxorubicin- based adjuvant chemotherapy showed better local relapse-free 
survival (HR 0.71), distant relapse-free interval (HR 0.70), and overall 
relapse-free survival (0.75) with adjuvant chemotherapy, with an absolute 
10-year benefit of 6%, 10%, and 10%, respectively. For OS, the HR of 0.89 
was not significant but represent an absolute benefit of 4% at 10 years [58].

 – Another meta-analysis of RCTs of adjuvant chemotherapy in localized resect-
able STS was published in 2008. This meta-analysis incorporated four new 
RCTs for a total of 18 trials and 1953 patients. In this study, adjuvant chemo-
therapy was associated with a lower local (OR 0.73) and distant (HR 0.67) 
relapse rate. There was a significant OS benefit (HR 0.56) only for the combi-
nation doxorubicin-ifosfamide [59].

 – The larger RCT of adjuvant chemotherapy vs. surgery alone in resectable STS 
did not show a survival benefit for CTx. However, a recent unplanned 
 subgroup analysis on patients with extremity and trunk wall STS who had a 
predicted 5-year survival calculated with the Sarculator nomogram lower than 
60% showed that chemotherapy administration was associated with a signifi-
cant higher OS (HR 0.50) and DFS (HR 0.49) [60, 61].

 – In 2017 a phase III trial comparing the administration of a short full-dose 
conventional anthracycline and ifosfamide chemotherapy to histology tai-
lored chemotherapy in patients with resectable high risk (G3, ≥5 cm) STS of 
the extremity and trunk was closed early due to a significant benefit in favor 
of the use of conventional chemotherapy. However, the difference in disease-
free survival in favor of anthracycline+ifosfamide chemotherapy was not con-
firmed in the final analysis [62, 63].

 – Currently, neoadjuvant/adjuvant chemotherapy is not standard of care in 
resectable STS and at the University of Toronto neoadjuvant chemotherapy is 
offered only for borderline resectable extremity or retroperitoneal STS.

 – The optimal duration of neoadjuvant chemotherapy is not well established. A 
randomized phase III trial compared three courses of preoperative epirubicin- 
ifosfamide vs. a total of five courses (three preoperative and two postoperative) 
of the same regimen in high-risk STS. This study showed no survival difference 
between the two arms [64]. At University of Toronto, the standard is to assess 
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tumor response after 2 cycles and, in case of SD or PR (by RECIST) and/or 
clinical improvement, complete total of 5 cycles in the neoadjuvant setting.

Historically, the treatment of extremity sarcoma was amputation. Limb salvage 
techniques ± radiation have proven equally effective. In a landmark trial comparing 
amputation vs. resection with adjuvant radiation, there was no difference in disease- 
free or overall survival [65]. Function is paramount when considering limb salvage. 
Major arteries and veins are preserved whenever possible, and preoperative radia-
tion may improve the quality of surgical margins to allow preservation of structures. 
However, if needed, arteries can be resected and reconstructed, tendon or nerve 
transfers can restore function if major nerves must be sacrificed, veins can be recon-
structed or simply ligated in order to achieve complete resection, and bone can be 
partially resected or replaced with bone graft or endoprostheses.

 Extremity Soft Tissue Sarcoma: Locally Recurrent Disease

Local recurrence in extremity STS is rarely a threat for patient life, unless it occurs 
in close proximity to the abdomen or the chest. Nevertheless, it can be associated 
with severe functional sequelae. Workup and management of recurrent extremity 
STS are summarized in Table 24.6.

 Special Notes

• Five to 10% of patients will recur even after complete resection and radiation 
therapy, usually within the first 2 years [66, 67].

• In Europe, isolated limb perfusion/infusion with TNF and melphalan has been 
studied with promising preliminary results [68].

Table 24.6 Workup and management of recurrent extremity STS

Workup Adjunctive treatment Surgery Follow-up
History and physical 
exam
Labs:
  No specific tests
Imaging:
  MRI ± core 

biopsy/open 
biopsy

  CT chest
Path review
Case discussion at 
MCC

Neoadjuvant 
radiation (or 
chemoradiation) if 
not previously 
irradiated
Consider high 
precision techniques 
(e.g., IMRT) if 
previously irradiated
Consider isolated 
limb perfusion if 
expertise in sarcoma 
center

Limb-sparing 
re-resection
Amputation if limb 
salvage not feasible 
(10–25%)

Every 3 months for 
2 years, then every 
6 months for 3 years, 
then annually for 
5 years:
  History and 

physical exam
  Chest X-ray or CT 

chest
  For high recurrence 

riska, MRI primary 
site every 
4–6 months for 
2 years, then yearly 
up to 5 years

aPositive margins or difficult area to examine (e.g., pelvis)
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• Recurrence rate is higher in myxofibrosarcoma, which shows an infiltrative 
growth pattern.

 Extremity Sarcoma: Lung Metastases

Distant metastases to the lungs are the main cause of sarcoma-related death in 
patients with extremity STS. The management of patients with lung metastasis is 
summarized in Table 24.7.

 Special Notes

• Five-year overall survival up to 40% has been reported after pulmonary metasta-
sectomy [69–72].

• Patients presenting with synchronous lung metastasis have a poor outcome (5-year 
OS 8%) despite aggressive surgical management of their primary tumor [73].

• Approximately 1–2% of extremity STS patients have lymph node metastasis at 
presentation. Histological subtypes that are more prone to giving lymph node 
metastasis are clear cell sarcoma (11–16%), epithelioid sarcoma (13–20%), 
angiosarcoma (6–11%), and rhabdomyosarcoma (19%). Routine regional 
lymphadenectomy is not recommended. Sentinel node biopsy is performed in 

Table 24.7 Workup and management of metastatic extremity STS

Workup Management
History and physical exam
Labs:
  No specific tests
Imaging:
  CT chest +/− abdo/

pelvis to r/o other sites 
of disease

Case discussion at MCC

Criteria for resectability:
  Patient can medically tolerate the intervention and its 

physiologic consequences
  The primary tumor is fully resected or resectablea

  Complete resection seems feasible
  Tumor has favorable biology (slow growing, isolated/

low-volume disease, long disease- free interval)
  No extra-thoracic disease (relative contraindication), pleural 

effusion, or mediastinal/hilar adenopathy
Predictors of good outcome:
  Complete R0 resection
  Less than 50-year-old
  Interval between primary disease and metastasis greater than 

12–18 months
  Isolated/few metastases
  Tumor less than 2 cm
  Low-intermediate grade
  Three or fewer metastases/unilateral disease
Procedure:
  Pulmonary wedge resection (open/VATS)
Consider chemotherapy for unresectable lesions, in the 
neoadjuvant setting to facilitate surgical resection in sensitive 
histologies, or in patients who present with metastatic disease

aPatients presenting with synchronous lung metastasis have a poor outcome and are less likely to 
be treated with lung metastasectomy
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very high-risk histologies such as clear cell sarcoma and alveolar RMS if imag-
ing of lymph nodes is unremarkable. In case of enlarged regional lymph nodes at 
clinical examination or on imaging, confirmatory biopsy is recommended. In the 
absence of concomitant distant metastasis, resection of the primary and con-
comitant regional lymphadenectomy should be considered [74–78].

• Medical therapy in advanced STS:
 – In the palliative setting, single-agent doxorubicin is the most commonly used 

agent in first line. In a phase III trial, the combination of doxorubicin+ifosfamide 
showed a higher overall response rate compared to doxorubicin alone (26 vs. 
14%) with no difference in OS and greater toxicity with the combination. As such, 
combination of doxorubicin + ifosfamide in the metastatic setting is reserved for 
situations where the specific goal of treatment is tumor shrinkage [79].

 – In 2016, a phase II trial of doxorubicin alone vs. doxorubicin in combina-
tion with olaratumab (a PDGFR-α blocking anti-body) in patients with 
unresectable/metastatic STS, showed a survival advantage for the combi-
nation therapy [80]. Unfortunately, the results were not confirmed in a 
recently completed phase III trial (NCT02451943, ANNOUNCE trial) 
testing the same question, and olaratumab is no longer approved for use in 
metastatic STS [81, 82].

 – After failure of first-line therapy, further lines are administered in a histology- 
driven fashion considering the particular sensitivity of some histologies to 
available drugs. Examples of agents that showed to be particularly active in 
selective histologies include high-dose ifosfamide in synovial sarcoma, tra-
bectedin in liposarcoma and leiomyosarcoma, eribulin in liposarcoma, pazo-
panib in non-liposarcoma STS, gemcitabine alone or in combination with 
DTIC for all STS but specially LMS and UPS, tyrosine kinase inhibitors 
(sunitinib, pazopanib, sorafenib) in SFT, mTOR inhibitors in PEComa, and 
paclitaxel in angiosarcoma.

 – The opportunity to participate in available clinical trials should be offered to 
all patients with metastatic disease.

 – The use of checkpoint inhibitors still remains limited in STS [83]. A phase II 
trial of nivolumab alone vs. nivolumab + ipilimumab (Alliance A091401) in 
patients with advanced STS showed an overall response rate (ORR) of 5% in 
the monotherapy arm and 16% in the combination arm. Responses in the 
combination arm occurred in UPS, LMS, myxofibrosarcoma, and angiosar-
coma [84]. A phase II trial (SARC028) of pembrolizumab in advanced sar-
coma showed an ORR of 18% and a 12-week PFS of 55%. Responses were 
observed in patients with UPS (40%), LPS (20%), and synovial sarcomas 
(10%) [85]. The more promising exploration of adoptive T-cell therapy for 
patients with NY-ESO-1-positive sarcoma continues [86, 87].

 Landmark Publications

In this section are listed significant studies and RCTs regarding retroperitoneal 
(Table 24.8) and extremity (Table 24.9) soft tissue sarcomas.
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Table 24.8 Landmark publications: retroperitoneal sarcoma

Study Methods Results
Smith et al. 
[25]

Prospective
N = 40
Neoadjuvant EBRT (45–50 Gy), + 
adjuvant BRT (20–25 Gy) in some 
patients
Median follow-up 106 months

With pre-op EBRT: favorable 
long-term RFS and OS compared 
to historical controls. Post-op BRT 
was not associated with better 
disease control, resulted in 
unacceptable toxicity

Gronchi A 
et al. [5]

Retrospective
N = 1007
Primary resected RPS

Description of pattern of 
recurrence by histological subtype

EORTC-
62092-
22,092 
STRASS 
trial [88]

Phase III randomized trial
Neoadjuvant radiotherapy+surgery (RT/S) 
vs. surgery alone (S) in primary localized 
retroperitoneal sarcoma
Primary endpoint: Abdominal recurrence-
free survival (ARFS)
N = 266

No difference in ARFS
In a sensitivity analysis 3-year 
ARFS in patients with liposarcoma 
was 71.6% in RT/S group vs. 
60.4% in S group (HR = 0.64, 
p = 0.049)
Full publication pending

RCT randomized controlled trial, OS overall survival, EBRT external beam radiation therapy, BRT 
brachytherapy, RFS relapse-free survival

Table 24.9 Landmark publications: extremity soft tissue sarcoma

Study Design Results
Rosenberg et al. [65] RCT

N = 43
Amputation vs. limb-sparing 
surgery + adjuvant EBRT (50 Gy 
whole limb + 60–70 Gy boost to 
tumor bed)
Both groups received adjuvant chemo 
(doxorubicin, cyclophosphamide, 
high dose methotrexate)

Higher local recurrence rate 
with limb salvage, but no 
difference in DFS or OS

Pisters et al. [89] RCT
N = 164
Surgery ± adjuvant intraoperative 
BRT (42–45 Gy) delivered over 
4–6 days

With BRT: improved local 
control for high-grade sarcoma 
only
No difference in survival

Yang et al. [90] RCT
N = 141
Limb-sparing surgery ± adjuvant 
EBRT (45 Gy wide field and 18 Gy 
boost tumor bed)

With EBRT: decreased local 
recurrence
No difference in OS

O’Sullivan et al. 
[53]

RCT
N = 190
Neoadjuvant EBRT (50 Gy) vs. 
adjuvant EBRT (66 Gy)

No difference in local control, 
DFS, or OS
More grade 2–4 late toxicity 
with adjuvant EBRT

RCT randomized control trial, EBRT external beam radiation therapy, OS overall survival, DFS 
disease-free survival, BRT brachytherapy
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 Retroperitoneal  Sarcoma

 Extremity Soft Tissue Sarcoma

 Referring to Medical Oncology

 1. For RPS with borderline resectability to use neoadjuvant chemotherapy for the 
purpose of cytoreduction and facilitating surgical resection.

 2. All patients with Ewing’s sarcoma, embryonal/alveolar rhabdomyosarcoma.
 3. Unresectable and metastatic disease for palliation or for cytoreduction before 

locoregional therapies.
 4. Referral for phase I/II clinical trials for novel agents or drug combinations for (a) 

metastatic disease or (b) front-line therapy in certain situations of otherwise 
incurable disease.

 Referring to Radiation Oncology

 1. All large (>5 cm), deep, G2-G3 extremity sarcomas in a neoadjuvant setting.
 2. Extremity STS where surgical margins are expected to be close, in order to pre-

serve critical structures such as major nerves, vessels, or bone.
 3. Extremity STS with unexpectedly close margins, for consideration of adjuvant 

radiation.
 4. All primary retroperitoneal STS should be discussed at MCC together with radi-

ation oncologists.
 5. Locally recurrent retroperitoneal and extremity STS.
 6. Palliation of symptomatic metastatic or locally recurrent unresectable retroperi-

toneal or extremity sarcoma.

 Referring to Multidisciplinary Cancer Conference (MCC)

All sarcoma cases should be discussed with a panel that routinely manages this 
disease.

 Toronto Pearls

• In the event of an unexpected finding of a retroperitoneal mass during emergency 
surgery or during surgery performed for other reasons, do not attempt to resect 
or biopsy the retroperitoneal lesion but treat the emergency and close. Investigate 
the lesion postoperatively with a contrast-enhanced CT scan and refer the patient 
to a tertiary care center specialized in sarcoma.

• Sample review by a pathologist with subspecialty expertise in sarcoma—and 
access to the requisite immunohistochemical and molecular diagnostic capabili-
ties—is essential to accurately diagnose and characterize sarcoma.
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• For high-risk extremity STS, consider neoadjuvant radiotherapy, as this may 
result in tumor necrosis and possibly cytoreduction, as well as increase the likeli-
hood of complete R0 resection. Radiation therapy is more accurately delivered to 
an in situ tumor, with less toxicity.

• For extremity/trunk wall STS consider adjuvant radiotherapy if a complex recon-
struction with mesh or alloprosthesis is foreseen, to minimize the risk of postop-
erative surgical-site infection that might lead to serious complications.

• Myxoid liposarcoma of the retroperitoneum is rare and the presence of a primary 
myxoid liposarcoma in the extremities (with the retroperitoneal sarcoma being a 
metastasis) should always be ruled out.

• Pattern of metastasis of myxoid liposarcoma is unpredictable, and whole-body 
MRI or total-body PET scan should be considered for staging in this histology.

• Patients with Li–Fraumeni syndrome require expert care including involvement 
of medical genetics team to guide the risk/benefits of cancer treatment including 
radiation and/or chemotherapy and the need for ongoing comprehensive cancer 
surveillance that may include whole-body MRI and/or CTs as indicated.

References

 1. Fletcher CDM, Bridge JA, Hogendoorn PCW, Mertens F. WHO classification of tumours of 
soft tissue and bone. Lyon: International Agency for Research on Cancer; 2013.

 2. Gladdy RA, Qin LX, Moraco N, Edgar MA, Antonescu CR, Alektiar KM, et al. Do radiation- 
associated soft tissue sarcomas have the same prognosis as sporadic soft tissue sarcomas? J 
Clin Oncol. 2010;28(12):2064–9.

 3. Canadian Cancer Society. Available at: http://www.cancer.ca/en/cancer-information/
cancer-type/soft-tissue-sarcoma/statistics/?region=on.

 4. Linehan DC, Lewis JJ, Leung D, Brennan MF. Influence of biologic factors and anatomic site 
in completely resected liposarcoma. J Clin Oncol. 2000;18(8):1637–43.

 5. Gronchi A, Strauss DC, Miceli R, Bonvalot S, Swallow CJ, Hohenberger P, et al. Variability 
in patterns of recurrence after resection of primary retroperitoneal sarcoma (RPS): a report on 
1007 patients from the multi-institutional collaborative RPS working group. Ann Surg. 2015;31

 6. Callegaro D, Miceli R, Bonvalot S, Ferguson P, Strauss DC, Levy A, et al. Impact of periop-
erative chemotherapy and radiotherapy in patients with primary extremity soft tissue sarcoma: 
retrospective analysis across major histological subtypes and major reference centres. Eur J 
Cancer. 2018;105:19–27.

 7. Heslin MJ, Lewis JJ, Nadler E, Newman E, Woodruff JM, Casper ES, et al. Prognostic factors 
associated with long-term survival for retroperitoneal sarcoma: implications for management. 
J Clin Oncol. 1997;15(8):2832–9.

 8. Lewis JJ, Leung D, Woodruff JM, Brennan MF. Retroperitoneal soft-tissue sarcoma: analysis 
of 500 patients treated and followed at a single institution. Ann Surg. 1998;228(3):355–65.

 9. Catton CN, O'Sullivan B, Kotwall C, Cummings B, Hao Y, Fornasier V. Outcome and progno-
sis in retroperitoneal soft tissue sarcoma. Int J Radiat Oncol Biol Phys. 1994;29(5):1005–10.

 10. Fong Y, Coit DG, Woodruff JM, Brennan MF. Lymph node metastasis from soft tissue sarcoma 
in adults. Analysis of data from a prospective database of 1772 sarcoma patients. Ann Surg. 
1993;217(1):72–7.

 11. Pisters PW, Leung DH, Woodruff J, Shi W, Brennan MF.  Analysis of prognostic fac-
tors in 1,041 patients with localized soft tissue sarcomas of the extremities. J Clin Oncol. 
1996;14(5):1679–89.

 12. Singer S, Antonescu CR, Riedel E, Brennan MF.  Histologic subtype and margin of resec-
tion predict pattern of recurrence and survival for retroperitoneal liposarcoma. Ann Surg. 
2003;238(3):358–70.. discussion 370-1

24 Retroperitoneal and Extremity Soft Tissue Sarcomas

http://www.cancer.ca/en/cancer-information/cancer-type/soft-tissue-sarcoma/statistics/?region=on
http://www.cancer.ca/en/cancer-information/cancer-type/soft-tissue-sarcoma/statistics/?region=on


500

 13. American Joint Committee on Cancer 2017. AJCC cancer staging manual. 8th ed. Chicago: 
Springer; 2017.

 14. Kattan MW, Leung DH, Brennan MF. Postoperative nomogram for 12-year sarcoma-specific 
death. J Clin Oncol. 2002;20(3):791–6.

 15. Gronchi A, Miceli R, Shurell E, Eilber FC, Eilber FR, Anaya DA, et  al. Outcome predic-
tion in primary resected retroperitoneal soft tissue sarcoma: histology-specific overall survival 
and disease-free survival nomograms built on major sarcoma center data sets. J Clin Oncol. 
2013;31(13):1649–55.

 16. Callegaro D, Miceli R, Bonvalot S, Ferguson P, Strauss DC, Levy A, et al. Development and 
external validation of two nomograms to predict overall survival and occurrence of distant 
metastases in adults after surgical resection of localised soft-tissue sarcomas of the extremities: 
a retrospective analysis. Lancet Oncol. 2016;17(5):671–80.

 17. Callegaro D, Miceli R, Mariani L, Raut CP, Gronchi A. Soft tissue sarcoma nomograms and 
their incorporation into practice. Cancer. 2017;123(15):2802–20.

 18. van Praag VM, Rueten-Budde AJ, Jeys LM, Laitinen MK, Pollock R, Aston W, et al. A predic-
tion model for treatment decisions in high-grade extremity soft-tissue sarcomas: personalised 
sarcoma care (PERSARC). Eur J Cancer. 2017;83:313–23.

 19. Raut CP, Callegaro D, Miceli R, Barretta F, Rutkowski P, Blay JY, et al. Predicting survival in 
patients undergoing resection for locally recurrent retroperitoneal sarcoma: a study and novel 
nomogram from TARPSWG. Clin Cancer Res. 2019;25(8):2664–71.

 20. EClinicalMedicine. 2019;17:100215. https://doi.org/10.1016/j.eclinm.2019.11.008. 
eCollection 2019 Dec. PMID: 31891146

 21. Surg Oncol. 2018;27(4):695–701. https://doi.org/10.1016/j.suronc.2018.09.003. Epub 2018 
Sep 7. PMID: 30449495

 22. DIGITAL FOREST srl. Applestore: https://geo.itunes.apple.com/us/app/sarculator/
id1052119173?mt=8 Google Play: https://play.google.com/store/apps/details?id=it.digitalfor-
est.sarculator. Nov, 13th 2015. Accessed 16 Dec 2015.

 23. PERSARC.  Available at: https://www.lumc.nl/org/oncologie-centrum/patienten/
ziektes-en-aandoeningen/wekedelentumor/persarc/.

 24. National Comprehensive Cancer Network. Clinical practice guidelines: Soft Tissue Sarcoma 
(2.2019). Available at: https://www.nccn.org/professionals/physician_gls/pdf/sarcoma.pdf. 
Accessed 29 Apr 2019.

 25. Smith MJ, Ridgway PF, Catton CN, Cannell AJ, O'Sullivan B, Mikula LA, et al. Combined 
management of retroperitoneal sarcoma with dose intensification radiotherapy and resection: 
long-term results of a prospective trial. Radiother Oncol. 2014;110(1):165–71.

 26. Pawlik TM, Pisters PW, Mikula L, Feig BW, Hunt KK, Cormier JN, et al. Long-term results of 
two prospective trials of preoperative external beam radiotherapy for localized intermediate- or 
high-grade retroperitoneal soft tissue sarcoma. Ann Surg Oncol. 2006;13(4):508–17.

 27. Leiting JL, Bergquist JR, Hernandez MC, Merrell KW, Folpe AL, Robinson SI, et al. Radiation 
therapy for retroperitoneal sarcomas: influences of histology, grade, and size. Sarcoma. 
2018;2018:7972389.

 28. Nussbaum DP, Rushing CN, Lane WO, Cardona DM, Kirsch DG, Peterson BL, et  al. 
Preoperative or postoperative radiotherapy versus surgery alone for retroperitoneal sarcoma: 
a case-control, propensity score-matched analysis of a nationwide clinical oncology database. 
Lancet Oncol. 2016;17(7):966–75.

 29. Baldini EH, Wang D, Haas RL, Catton CN, Indelicato DJ, Kirsch DG, et al. Treatment guide-
lines for preoperative radiation therapy for retroperitoneal sarcoma: preliminary consensus of 
an international expert panel. Int J Radiat Oncol Biol Phys. 2015;92(3):602–12.

 30. Berger-Richardson D, Swallow CJ. Needle tract seeding after percutaneous biopsy of sarcoma: 
risk/benefit considerations. Cancer. 2017;123(4):560–7.

 31. Van Houdt WJ, Schrijver AM, Cohen-Hallaleh RB, Memos N, Fotiadis N, Smith MJ, et al. 
Needle tract seeding following core biopsies in retroperitoneal sarcoma. Eur J Surg Oncol. 
2017;43(9):1740–5.

D. Callegaro et al.

https://doi.org/10.1016/j.eclinm.2019.11.008
https://doi.org/10.1016/j.suronc.2018.09.003
https://geo.itunes.apple.com/us/app/sarculator/id1052119173?mt=8
https://geo.itunes.apple.com/us/app/sarculator/id1052119173?mt=8
https://play.google.com/store/apps/details?id=it.digitalforest.sarculator
https://play.google.com/store/apps/details?id=it.digitalforest.sarculator
https://www.lumc.nl/org/oncologie-centrum/patienten/ziektes-en-aandoeningen/wekedelentumor/persarc/
https://www.lumc.nl/org/oncologie-centrum/patienten/ziektes-en-aandoeningen/wekedelentumor/persarc/
https://www.nccn.org/professionals/physician_gls/pdf/sarcoma.pdf


501

 32. Trans-Atlantic RPS Working Group. Management of primary retroperitoneal sarcoma (RPS) 
in the adult: a consensus approach from the Trans-Atlantic RPS Working Group. Ann Surg 
Oncol. 2015;22(1):256–63.

 33. Ng D, Swallow CJ. Decision-making for palliative versus curative intent treatment of retro-
peritoneal sarcoma (RPS). Chin Clin Oncol. 2018;7(4):40.

 34. Bonvalot S, Raut CP, Pollock RE, Rutkowski P, Strauss DC, Hayes AJ, et al. Technical consid-
erations in surgery for retroperitoneal sarcomas: position paper from E-Surge, a master class 
in sarcoma surgery, and EORTC-STBSG. Ann Surg Oncol. 2012;19(9):2981–91.

 35. Callegaro D, Fiore M, Gronchi A. Personalizing surgical margins in retroperitoneal sarcomas. 
Expert Rev Anticancer Ther. 2015;15(5):553–67.

 36. MacNeill AJ, Gronchi A, Miceli R, Bonvalot S, Swallow CJ, Hohenberger P, et al. Postoperative 
morbidity after radical resection of primary retroperitoneal sarcoma: a report from the transat-
lantic RPS working group. Ann Surg. 2018;267(5):959–64.

 37. Callegaro D, Miceli R, Brunelli C, Colombo C, Sanfilippo R, Radaelli S, et al. Long-term mor-
bidity after multivisceral resection for retroperitoneal sarcoma. Br J Surg. 2015;102(9):1079–87.

 38. Hamilton TD, Cannell AJ, Kim M, Catton CN, Blackstein ME, Dickson BC, et al. Results of 
resection for recurrent or residual retroperitoneal sarcoma after failed primary treatment. Ann 
Surg Oncol. 2017;24(1):211–8.

 39. MacNeill AJ, Miceli R, Strauss DC, Bonvalot S, Hohenberger P, Van Coevorden F, et al. Post- 
relapse outcomes after primary extended resection of retroperitoneal sarcoma: a report from 
the Trans-Atlantic RPS Working Group. Cancer. 2017;123(11):1971–8.

 40. Nizri E, Fiore M, Colombo C, Radaelli S, Callegaro D, Sanfilippo R, et al. Completion surgery 
of residual disease after primary inadequate surgery of retroperitoneal sarcomas can salvage a 
selected subgroup of patients-A propensity score analysis. J Surg Oncol. 2019;119(3):318–23.

 41. Park JO, Qin LX, Prete FP, Antonescu C, Brennan MF, Singer S.  Predicting outcome by 
growth rate of locally recurrent retroperitoneal liposarcoma: the one centimeter per month 
rule. Ann Surg. 2009;250(6):977–82.

 42. Anaya DA, Lahat G, Liu J, Xing Y, Cormier JN, Pisters PW, et  al. Multifocality in retro-
peritoneal sarcoma: a prognostic factor critical to surgical decision-making. Ann Surg. 
2009;249(1):137–42.

 43. Ikoma N, Roland CL, Torres KE, Chiang YJ, Wang WL, Somaiah N, et al. Salvage surgery for 
recurrent retroperitoneal well-differentiated liposarcoma: early reoperation may not provide 
benefit. Ann Surg Oncol. 2018;25(8):2193–200.

 44. Trans-Atlantic Retroperitoneal Sarcoma Working Group (TARPSWG). Management of meta-
static retroperitoneal sarcoma: a consensus approach from the Trans-Atlantic Retroperitoneal 
Sarcoma Working Group (TARPSWG). Ann Oncol. 2018;29(4):857–71.

 45. Toulmonde M, Bonvalot S, Meeus P, Stoeckle E, Riou O, Isambert N, et al. Retroperitoneal 
sarcomas: patterns of care at diagnosis, prognostic factors and focus on main histological sub-
types: a multicenter analysis of the French Sarcoma Group. Ann Oncol. 2014;25(3):735–42.

 46. Blay JY, van Glabbeke M, Verweij J, van Oosterom AT, Le Cesne A, Oosterhuis JW, et al. 
Advanced soft-tissue sarcoma: a disease that is potentially curable for a subset of patients 
treated with chemotherapy. Eur J Cancer. 2003;39(1):64–9.

 47. Savina M, Le Cesne A, Blay JY, Ray-Coquard I, Mir O, Toulmonde M, et al. Patterns of care 
and outcomes of patients with METAstatic soft tissue SARComa in a real-life setting: the 
METASARC observational study. BMC Med. 2017;15(1):78-017-0831-7.

 48. Baumann BC, Nagda SN, Kolker JD, Levin WP, Weber KL, Berman AT, et al. Efficacy and 
safety of stereotactic body radiation therapy for the treatment of pulmonary metastases from 
sarcoma: a potential alternative to resection. J Surg Oncol. 2016;114(1):65–9.

 49. Falk AT, Moureau-Zabotto L, Ouali M, Penel N, Italiano A, Bay JO, et al. Effect on survival 
of local ablative treatment of metastases from sarcomas: a study of the French sarcoma group. 
Clin Oncol (R Coll Radiol). 2015;27(1):48–55.

 50. Chapiro J, Duran R, Lin M, Mungo B, Schlachter T, Schernthaner R, et al. Transarterial che-
moembolization in soft-tissue sarcoma metastases to the liver - the use of imaging biomarkers 
as predictors of patient survival. Eur J Radiol. 2015;84(3):424–30.

24 Retroperitoneal and Extremity Soft Tissue Sarcomas



502

 51. Baratti D, Pennacchioli E, Kusamura S, Fiore M, Balestra MR, Colombo C, et al. Peritoneal 
sarcomatosis: is there a subset of patients who may benefit from cytoreductive surgery and 
hyperthermic intraperitoneal chemotherapy? Ann Surg Oncol. 2010;17(12):3220–8.

 52. Lim SJ, Cormier JN, Feig BW, Mansfield PF, Benjamin RS, Griffin JR, et al. Toxicity and out-
comes associated with surgical cytoreduction and hyperthermic intraperitoneal chemotherapy 
(HIPEC) for patients with sarcomatosis. Ann Surg Oncol. 2007;14(8):2309–18.

 53. O'Sullivan B, Davis AM, Turcotte R, Bell R, Catton C, Chabot P, et al. Preoperative versus 
postoperative radiotherapy in soft-tissue sarcoma of the limbs: a randomised trial. Lancet. 
2002;359(9325):2235–41.

 54. Al-Refaie WB, Habermann EB, Jensen EH, Tuttle TM, Pisters PW, Virnig BA. Surgery alone 
is adequate treatment for early stage soft tissue sarcoma of the extremity. Br J Surg. 2010 
May;97(5):707–13.

 55. Williard WC, Hajdu SI, Casper ES, Brennan MF. Comparison of amputation with limb- sparing 
operations for adult soft tissue sarcoma of the extremity. Ann Surg. 1992;215(3):269–75.

 56. Colombo C, Baratti D, Kusamura S, Deraco M, Gronchi A. The role of hyperthermic intraperi-
toneal chemotherapy (HIPEC) and isolated perfusion (ILP) interventions in sarcoma. J Surg 
Oncol. 2015;111(5):570–9.

 57. National Comprehensive Cancer Network Clinical Practice Guidelines in Oncology (NCCN 
guidelines) – Bone Cancer – version 2.2019. Available at: https://www.nccn.org/professionals/
physician_gls/pdf/bone.pdf. Accessed 29 Apr 2019.

 58. Sarcoma Meta-analysis Collaboration (SMAC). Adjuvant chemotherapy for localised resect-
able soft tissue sarcoma in adults. Cochrane Database Syst Rev 2000;(4):CD001419.

 59. Pervaiz N, Colterjohn N, Farrokhyar F, Tozer R, Figueredo A, Ghert M. A systematic meta- 
analysis of randomized controlled trials of adjuvant chemotherapy for localized resectable 
soft-tissue sarcoma. Cancer. 2008;113(3):573–81.

 60. Woll PJ, Reichardt P, Le Cesne A, Bonvalot S, Azzarelli A, Hoekstra HJ, et al. Adjuvant chemo-
therapy with doxorubicin, ifosfamide, and lenograstim for resected soft-tissue sarcoma (EORTC 
62931): a multicentre randomised controlled trial. Lancet Oncol. 2012;13(10):1045–54.

 61. Pasquali S, Pizzamiglio S, Touati N, Litiere S, Marreaud S, Kasper B, et al. The impact of che-
motherapy on survival of patients with extremity and trunk wall soft tissue sarcoma: revisiting 
the results of the EORTC-STBSG 62931 randomised trial. Eur J Cancer. 2019;109:51–60.

 62. Gronchi A, Ferrari S, Quagliuolo V, Broto JM, Pousa AL, Grignani G, et al. Histotype-tailored 
neoadjuvant chemotherapy versus standard chemotherapy in patients with high-risk soft-tissue 
sarcomas (ISG-STS 1001): an international, open-label, randomised, controlled, phase 3, mul-
ticentre trial. Lancet Oncol. 2017;18(6):812–22.

 63. J Clin Oncol. 2020;JCO1903289. https://doi.org/10.1200/JCO.19.03289. Online ahead of 
print. PMID: 32421444.

 64. Gronchi A, Frustaci S, Mercuri M, Martin J, Lopez-Pousa A, Verderio P, et al. Short, full-dose 
adjuvant chemotherapy in high-risk adult soft tissue sarcomas: a randomized clinical trial from 
the Italian Sarcoma Group and the Spanish Sarcoma Group. J Clin Oncol. 2012;30(8):850–6.

 65. Rosenberg SA, Tepper J, Glatstein E, Costa J, Baker A, Brennan M, et  al. The treatment 
of soft-tissue sarcomas of the extremities: prospective randomized evaluations of (1) limb- 
sparing surgery plus radiation therapy compared with amputation and (2) the role of adjuvant 
chemotherapy. Ann Surg. 1982;196(3):305–15.

 66. Wilson AN, Davis A, Bell RS, O’Sullivan B, Catton C, Madadi F, et al. Local control of soft 
tissue sarcoma of the extremity: the experience of a multidisciplinary sarcoma group with 
definitive surgery and radiotherapy. Eur J Cancer. 1994;30A(6):746–51.

 67. McGee L, Indelicato DJ, Dagan R, Morris CG, Knapik JA, Reith JD, et al. Long-term results 
following postoperative radiotherapy for soft tissue sarcomas of the extremity. Int J Radiat 
Oncol Biol Phys. 2012;84(4):1003–9.

 68. Lans TE, Grunhagen DJ, de Wilt JH, van Geel AN, Eggermont AM. Isolated limb perfusions 
with tumor necrosis factor and melphalan for locally recurrent soft tissue sarcoma in previ-
ously irradiated limbs. Ann Surg Oncol. 2005;12(5):406–11.

D. Callegaro et al.

https://www.nccn.org/professionals/physician_gls/pdf/bone.pdf
https://www.nccn.org/professionals/physician_gls/pdf/bone.pdf
https://doi.org/10.1200/JCO.19.03289


503

 69. Billingsley KG, Burt ME, Jara E, Ginsberg RJ, Woodruff JM, Leung DH, et al. Pulmonary 
metastases from soft tissue sarcoma: analysis of patterns of diseases and postmetastasis sur-
vival. Ann Surg. 1999;229(5):602–10; discussion 610–2

 70. van Geel AN, Pastorino U, Jauch KW, Judson IR, van Coevorden F, Buesa JM, et al. Surgical 
treatment of lung metastases: the European Organization for Research and Treatment of Cancer- 
Soft Tissue and Bone Sarcoma Group study of 255 patients. Cancer. 1996;77(4):675–82.

 71. Choong PF, Pritchard DJ, Rock MG, Sim FH, Frassica FJ. Survival after pulmonary metas-
tasectomy in soft tissue sarcoma. Prognostic factors in 214 patients. Acta Orthop Scand. 
1995;66(6):561–8.

 72. Chudgar NP, Brennan MF, Munhoz RR, Bucciarelli PR, Tan KS, D’Angelo SP, et al. Pulmonary 
metastasectomy with therapeutic intent for soft-tissue sarcoma. J Thorac Cardiovasc Surg. 
2017;154(1):319–330.e1.

 73. Ferguson PC, Deheshi BM, Chung P, Catton CN, O'Sullivan B, Gupta A, et al. Soft tissue 
sarcoma presenting with metastatic disease: outcome with primary surgical resection. Cancer. 
2011;117(2):372–9.

 74. Sherman KL, Kinnier CV, Farina DA, Wayne JD, Laskin WB, Agulnik M, et al. Examination 
of national lymph node evaluation practices for adult extremity soft tissue sarcoma. J Surg 
Oncol. 2014;110(6):682–8.

 75. Riad S, Griffin AM, Liberman B, Blackstein ME, Catton CN, Kandel RA, et al. Lymph node 
metastasis in soft tissue sarcoma in an extremity. Clin Orthop Relat Res. 2004;(426):129–134.

 76. Johannesmeyer D, Smith V, Cole DJ, Esnaola NF, Camp ER.  The impact of lymph 
node disease in extremity soft-tissue sarcomas: a population-based analysis. Am J Surg. 
2013;206(3):289–95.

 77. Keung EZ, Chiang YJ, Voss RK, Cormier JN, Torres KE, Hunt KK, et al. Defining the inci-
dence and clinical significance of lymph node metastasis in soft tissue sarcoma. Eur J Surg 
Oncol. 2018;44(1):170–7.

 78. Jacobs AJ, Morris CD, Levin AS. Synovial sarcoma is not associated with a higher risk of 
lymph node metastasis compared with other soft tissue sarcomas. Clin Orthop Relat Res. 
2018;476(3):589–98.

 79. Judson I, Verweij J, Gelderblom H, Hartmann JT, Schoffski P, Blay JY, et al. Doxorubicin alone 
versus intensified doxorubicin plus ifosfamide for first-line treatment of advanced or metastatic 
soft-tissue sarcoma: a randomised controlled phase 3 trial. Lancet Oncol. 2014;15(4):415–23.

 80. Tap WD, Jones RL, Van Tine BA, Chmielowski B, Elias AD, Adkins D, et al. Olaratumab 
and doxorubicin versus doxorubicin alone for treatment of soft-tissue sarcoma: an open-label 
phase 1b and randomised phase 2 trial. Lancet. 2016;388(10043):488–97.

 81. Lilly report. Available at: https://investor.lilly.com/news-releases/news-release-details/lilly-
reports-results-phase-3-soft-tissue-sarcoma-study. Accessed 29 Apr 2019.

 82. JAMA. 2020;323(13):1266–1276. https://doi.org/10.1001/jama.2020.1707. PMID: 32259228.
 83. Sebio A, Wilky BA, Keedy VL, Jones RL. The current landscape of early drug development for 

patients with sarcoma in the immunotherapy era. Future Oncol. 2018;14(12):1197–211.
 84. D’Angelo SP, Mahoney MR, Van Tine BA, Atkins J, Milhem MM, Jahagirdar BN, et  al. 

Nivolumab with or without ipilimumab treatment for metastatic sarcoma (Alliance 
A091401): two open-label, non-comparative, randomised, phase 2 trials. Lancet Oncol. 
2018;19(3):416–26.

 85. Tawbi HA, Burgess M, Bolejack V, Van Tine BA, Schuetze SM, Hu J, et al. Pembrolizumab 
in advanced soft-tissue sarcoma and bone sarcoma (SARC028): a multicentre, two-cohort, 
single-arm, open-label, phase 2 trial. Lancet Oncol. 2017;18(11):1493–501.

 86. Robbins PF, Kassim SH, Tran TL, Crystal JS, Morgan RA, Feldman SA, et al. A pilot trial 
using lymphocytes genetically engineered with an NY-ESO-1-reactive T-cell receptor: long- 
term follow-up and correlates with response. Clin Cancer Res. 2015;21(5):1019–27.

 87. Pollack SM, Lu H, Gnjatic S, Somaiah N, O'Malley RB, Jones RL, et al. First-in-human treat-
ment with a dendritic cell-targeting lentiviral vector-expressing NY-ESO-1, LV305, induces 
deep, durable response in refractory metastatic synovial sarcoma patient. J Immunother. 
2017;40(8):302–6.

24 Retroperitoneal and Extremity Soft Tissue Sarcomas

https://investor.lilly.com/news-releases/news-release-details/lilly-reports-results-phase-3-soft-tissue-sarcoma-study
https://investor.lilly.com/news-releases/news-release-details/lilly-reports-results-phase-3-soft-tissue-sarcoma-study
https://doi.org/10.1001/jama.2020.1707


504

 88. Bonvalot S, Gronchi A, Le Pechoux C, Swallow CJ, Strauss DC, Meeus P, et al. STRASS 
(EORTC 62092): A phase III randomized study of preoperative radiotherapy plus surgery 
versus surgery alone for patients with retroperitoneal sarcoma. J Clin Oncol. 2019;37:15_
suppl, 11001.

 89. Pisters PW, Harrison LB, Leung DH, Woodruff JM, Casper ES, Brennan MF.  Long-term 
results of a prospective randomized trial of adjuvant brachytherapy in soft tissue sarcoma. J 
Clin Oncol. 1996;14(3):859–68.

 90. Yang JC, Chang AE, Baker AR, Sindelar WF, Danforth DN, Topalian SL, et al. Randomized 
prospective study of the benefit of adjuvant radiation therapy in the treatment of soft tissue 
sarcomas of the extremity. J Clin Oncol. 1998;16(1):197–203.

D. Callegaro et al.



505© Springer Nature Switzerland AG 2020
F. C. Wright et al. (eds.), Surgical Oncology Manual, 
https://doi.org/10.1007/978-3-030-48363-0_25

M. Hamidi 
General Surgical Oncology, University of Toronto, Toronto, ON, Canada 

Department of Surgery, University of Toronto, Toronto, ON, Canada 

K. Devon · L. Rotstein · J. D. Pasternak (*) 
Department of Surgery, University of Toronto, Toronto, ON, Canada
e-mail: karen.devon@wchospital.ca; lorne.rotstein@uhn.ca; Jesse.Pasternak@uhn.ca

25Tumors of the Thyroid Gland
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and Jesse D. Pasternak

 Management of Thyroid Nodules

 Background

Recent increased detection of thyroid nodules, and subsequently, thyroid cancer, has 
been accompanied by scrutiny in the media – suggesting that the rise is due to overdi-
agnosis and overtreatment of these nodules. Although up to one in seven adults will 
have thyroid nodules, most are asymptomatic, and fewer than 5% will be malignant 
[1, 2]. While the incidence of thyroid cancer has risen more than any other type of 
cancer (6.2% per year in males and 4.3% per year in females) [3], mortality has 
remained stable. Currently, it is the fifth most common cancer in Canadian women [4].

The morbidity from overtreatment of relatively indolent, or even benign lesions, 
may result in significant consequences for little, if any, benefit. As a result, these 
nodules must be appropriately assessed to optimally risk stratify patients who 
require further investigation and treatment (see Table 25.1).

 Staging and Prognostic Scoring Schemes
 1. There are several systems which have been proposed to stage and predict onco-

logic outcomes for differentiated thyroid cancer, including AGES [6], AMES [7], 
MSKCC [8], MACIS [9], Ohio State [10], EORTC (European Organization for 
Research on Treatment of Cancer) [11], and NTCTCS (National Thyroid Cancer 
Treatment Cooperative Study) [12]. We suggest the updated AJCC (American 
Joint Committee on Cancer) 8th edition [13].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-48363-0_25&domain=pdf
https://doi.org/10.1007/978-3-030-48363-0_25#DOI
mailto:karen.devon@wchospital.ca
mailto:lorne.rotstein@uhn.ca
mailto:Jesse.Pasternak@uhn.ca
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Table 25.1 High risk features for thyroid nodules [5]

Thyroid nodule risk stratification

History Exposure to ionizing 
radiation in childhood/
adolescence

Multiple first-degree 
relatives with thyroid 
cancer

Familial cancer 
syndromes (e.g., 
MEN2, Cowden)

Physical Vocal cord paralysis Cervical lymphadenopathy Fixed nodule
US 
features

Large nodule (>4 cm); 
taller than wide

Hypoechoic, irregular 
borders

Contain 
microcalcifications

Molecular 
testing

Important for the clinician 
to understand the pretest 
probability of malignancy 
before testing

May help stratify 
malignancy rate, however, 
no test has shown cost- 
effectiveness in Canada

No publically available 
Canadian test currently

Thyroid
nodule

History and physical
exam

TSH suppressed?

Yes

Perform thyroid
scintigraphy to

establish diagnosis

Suspicious US
characteristics

FNA biopsy
• Solitary
  hyperfunctioning nodule
• Multiple nodules
  (Plummer’s disease)
• Grave’s disease

Neck US

Yes No

Fig. 25.1 Algorithm for 
work-up and management 
of thyroid incidentaloma

Work-Up [5]
• Any thyroid nodule should begin with a clinical evaluation (history, physical) 

(see Fig. 25.1).
• Routine serum thyroglobulin (Tg) or calcitonin levels for initial evaluation are 

not standard in Canada and have been shown to be cost-ineffective.
• FNA is the procedure of choice for diagnosis of thyroid nodules.

 – US-guided FNA has lower rates of non-diagnostic and false-negative cytology.

M. Hamidi et al.
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FNA Biopsy [5]
FNA is recommended for the following (ATA):

• Any nodule ≥2 cm
• Nodules ≥1.5 cm with a low suspicion pattern on US
• Nodules ≥1 cm with intermediate or high suspicion pattern on US

 FNA Results: Bethesda Classification

• The Bethesda System for Reporting Thyroid Cytopathology was established in 
2007 to eliminate the significant variability in reporting of FNA samples [5, 14] 
(See Fig. 25.2).

• Reports six categories with an estimation of cancer risk.
• It is very important to know the categorical risk of thyroid cancer within your 

institution. For Bethesda III and V, rates of thyroid cancer can be extremely 
variable.

• Molecular analysis can help risk stratify indeterminate nodules further*
 – Commercially available tests include Thyroseq V3 and Veracyte’s Afirma 

mRNA gene expression classifier [15].
 – In validation tests, these have a high NPV for AUS/FLUS and FN/SFN 

categories.
This reduces the risk of malignancy in these categories allowing the patient 
to possibly avoid surgery.

 – When pretest risk of malignancy is higher (i.e., if your center’s rate of cancer 
is higher within these categories), this molecular test is less helpful [15].

*These tests are not commercially available in Canada

 Management of Thyroid Nodule

 Management of Differentiated Thyroid Cancer (DTC)

• DTC arising from epithelial cells accounts for vast majority of thyroid can-
cer cases.

• Rising incidence of thyroid cancer is largely due to increase in low-risk papillary 
thyroid cancer (PTC) (>90%) [5].
 – Especially due to increased detection of papillary thyroid microcarcinoma 

[PTMC] (≤1 cm) using more sensitive diagnostic studies.
 – The disease-specific mortality rates for PMTC following thyroid surgery 

are <1%.

25 Tumors of the Thyroid Gland
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 – Two prospective studies from Japan followed patients in an active surveil-
lance program for up to 15 years and demonstrated similar clinical outcomes 
to surgery.

 – Currently, active surveillance is offered in a clinical trial setting for patients at 
UHN with thyroid cancer <2 cm.

• Other rare histologic subtypes include follicular thyroid carcinoma [FTC], med-
ullary thyroid carcinoma [MTC], and anaplastic thyroid carcinoma [ATC]

 Surgical Approach [5]

• Considerable de-escalation of intervention over the past years (see Table 25.2).
 – Rarely total ablative surgery (more partial thyroidectomy).
 – Radioactive iodine ablation (RAI) and TSH suppression are adjuncts used 

only in higher risk patients.
• All patients should have a preoperative neck US and “lymph node mapping” to 

assess for cervical lymphadenopathy.
 – Cervical lymph node metastases may be present in 2/3 in the central neck and 

up to 50% in the lateral neck [18]; however, this is often detected in patho-
logic specimens and not clinically relevant.

 Perioperative Considerations

• Preoperative consent should discuss risk of temporary or permanent nerve and 
parathyroid gland injury.
 – Complication rates for high-volume surgeons are between 7% and 14% [17].
 – Mention clinical sequelae from this, including possible voice/swallowing dis-

ability, aspiration risk, need for tracheostomy.

Table 25.2 Management after FNA cytology [5]

Lesion type Management
Non-diagnostic Repeat FNA (with US) after 3 months

If non-diagnostic again, can observe or proceed to surgery
Decision depends on US characteristics and pretest probability 
of malignancy (based on history and physical exam)

Benign Consider decrease follow-up depending on ultrasound 
characteristics and history

AUS/FLUS Correlate ultrasound findings
Repeat FNA as needed
Molecular testing can be considered
If inconclusive, see above for non-diagnostic pathway

Follicular neoplasm or 
suspicious for FN

Consider molecular testing if available
Surgery for diagnosis and therapeutics

Suspicious for malignancy 
or malignancy

Surgical resection or active surveillance

25 Tumors of the Thyroid Gland
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 – Hypoparathyroidism and need for calcium/vitamin D supplementation.
• All patients should have a preoperative voice assessment [5].

 – The incidence of preoperative vocal cord abnormalities is 0–3.5% for benign 
thyroid disease, up to 8% for thyroid cancer.

 – This should be both subjective description by the patient, especially of any 
vocal changes and objective assessment by laryngoscopy.

• Surgical approach and adjuvant therapy should be individualized to each patient 
and pathology (see Table 25.3).

 Toronto Pearls

• Bilateral superficial cervical plexus blockade for all thyroidectomies using 
bupivacaine.

• The recurrent laryngeal nerve should be identified and preserved in virtually all 
instances.

• When the recurrent laryngeal nerve is identified, this is just the onset of the 
operation, which encompasses a thorough nerve dissection.

• Attempts should be made to preserve the external branch of the superior laryn-
geal nerve, by ligation of the superior thyroid vessels at the capsule of the thyroid 
gland, as well as attempted visualization.

• Parathyroid glands should, whenever possible, be identified and preserved. If the 
vascular supply is deemed to be compromised, the gland should be excised, 
biopsied, and re-implanted into muscle (i.e., sternocleidomastoid).

• We discourage any intraoperative frozen section analysis on thyroid specimens 
other than suspicious lymph node diagnosis.

 When to Refer to Multidisciplinary Cancer Conference (MCC)

 1. All medullary thyroid carcinomas
 2. Complex DTC cases
 3. Locally advanced DTC
 4. All anaplastic thyroid carcinomas

 Medullary Thyroid Cancer (MTC)

 Overview

• All patients diagnosed with MTC should be screened for pheochromocytoma 
and referred for genetic counselling (see Table 25.4).

M. Hamidi et al.
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Special Notes
• The high risk of anesthesia and surgery in the presence of a pheochromocytoma 

dictates that its management takes the highest surgical priority.
• If there is co-existing hyperparathyroidism, surgical management should occur 

at the time of thyroidectomy.
• FMTC:

 – At least four affected relatives with MTC alone (mild and clinical variant of 
MEN 2A).

Table 25.4 Work-up and management of MTC [16]

Work-up

Surgical 
management 
of primary 
tumor

Lymph node 
management

Adjuvant 
therapy Follow-up

History and 
physical
Laboratory 
Investigations
Serum calcitonin
CEA
Pheochromocytoma 
screening
Genetic/mutational 
evaluation
Screen for RET 
proto-oncogene 
mutations (exons 
10–11, 13–16)
Referral for genetic 
counseling
Imaging
  Thyroid and neck 

US
  Consider 

contrast- 
enhanced CT 
neck

Calcitonin levels 
>200 suggest 
metastatic disease 
and CT chest/abdo 
is indicated

Total 
thyroidectomy 
with bilateral 
prophylactic 
central neck 
dissection 
(level VI)

Consider 
prophylactic 
ipsilateral 
neck 
dissection if 
high-volume/
gross disease 
in level VI or 
higher 
calcitonin 
levels 
without 
detectable 
tumor burden 
elsewhere

EBRT/IMRT 
if grossly 
incomplete 
tumor 
resection (and 
further 
surgical 
resection 
attempted or 
not possible)
Use 
levothyroxine 
to normalize 
TSH

2–3 months 
postoperative
  Calcitonin
  CEA
If detectable:
  Neck US
  [calcitonin] 
≥150 pg/mL, 
cross-sectional 
contrast-enhanced 
imaging

  Consider bone 
scan when 
calcitonin very 
high

Active surveillance
Serum calcitonin, 
CEA q1 year
If MEN2A/2B, 
annual screening for 
pheochromocytoma 
or 
hyperparathyroidism
Metastatic options
TKI (e.g., 
Vandetenib) can be 
used with progressive 
metastatic disease 
and no surgical 
options. Good 
disease-free survival 
advantage in 
responders

M. Hamidi et al.
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 Anaplastic Thyroid Cancer (ATC)

 Overview

• Management of anaplastic thyroid carcinoma continues to evolve as novel 
molecular targeting therapies develop, while surgery remains an important option 
when possible (see Table 25.5).
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