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   Foreword    

 Dear Colleagues, 

 I am delighted to present the second edition of the Surgical Oncology Manual, 
 previously published as The University of Toronto Surgical Oncology Manual. This 
is a collaborative work between the breast, hepatopancreatobiliary and general sur-
gical oncology fellowship programs at the University of Toronto and our colleagues 
in medical oncology, radiation oncology and pathology. The manual represents a 
concise, usable and practical guide for the busy resident, fellow and staff person 
looking for the latest information on cancers treated by general surgeons. 

 The focus of this manual is up-to-date surgical treatment of cancers treated by 
general surgeons; however due to the intrinsic multi-disciplinary nature of oncology 
treatment, we have also included a discussion of systemic and radiation treatment 
and how these treatments interact with surgery. The easy-to-read format with tables 
enables the reader to gather information at a glance. In addition to presenting the 
latest evidence in surgical oncology, we also discuss practical “how we do it” tips 
and tricks. 

 I am truly grateful for the many hours of work the authors and editors have put 
into this second edition as well as the feedback we received about the fi rst edition 
that we have incorporated into this book. 

 Yours sincerely,

     

           Frances C.     Wright
Toronto, ON, Canada     
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      Chapter 1
Tumours of the Adrenal Gland                     

       Vanessa     Palter     ,     Karen     Devon     ,     Julie     Hallet    ,     Girish S.     Kulkarni     , 
    Calvin H.L.     Law     , and     David R.     Urbach    

            Introduction 

 Tumours of the adrenal  gland   are relatively common. They can be classifi ed as 
functional or non-functional, benign or malignant or arising from the adrenal cortex 
versus the medulla. 

    Primary Adrenocortical Tumours 

 The majority of  adrenocortical   tumours are benign, non-functioning adenomas that 
are  incidentally   discovered on abdominal imaging for an unrelated cause (adrenal 
incidentaloma). Depending on the size of the lesion and the imaging modality uti-
lized, the incidentaloma detection rate ranges from 1 to 10 % [ 1 ]. 

 A lesser number present as benign functional tumours. 5–47 % of these present 
with symptoms of excess cortisol, and 1–3 % present with hyperaldosteronism. 
Rarely do patients present with virilizing hormone excess [ 2 ]. 

 Adrenocortical carcinomas (ACCs) are rare tumours occurring with an incidence 
of 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 [ 3 ]. ACCs may be 
either non-functional or associated with symptoms of hormonal excess. 

        V.   Palter, M.D., Ph.D., F.R.C.S.C.    (*)
  General Surgical Oncology ,  University of Toronto ,   Toronto ,  ON,   Canada   
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2

 The remainder of primary adrenocortical tumours are benign lesions that do not 
require resection such as myolipomas or congenital cysts.  

    Pheochromocytomas 

    Pheochromocytomas   are catecholamine-producing tumours that arise from  the   entero-
chromaffi n cells of the adrenal medulla. They may be benign or malignant. The rate of 
malignancy in pheochromocytomas has been reported to range from 3 to 36 % [ 3 ,  4 ]. 

 Pheochromocytomas are responsible for less than 0.2 % of patients with hyper-
tension, but if identifi ed can be managed surgically and are potentially completely 
curable [ 4 ]. They are classically known as the “10 % tumour” with 10 % bilateral, 
10 % malignant, 10 % extra-adrenal and 10 % familial.    

    Metastatic Tumours 

 In patients with no history  of   malignancy, less than 1 % of adrenal tumours repre-
sent metastatic disease. In patients with a history of malignancy, however, 70 % of 
adrenal tumours represent metastases from other sites.   

    Adrenocortical Tumours 

    Benign Functioning  Adrenocortical   Tumours 

    Adrenal Vein Sampling 

•   The identifi cation of a mass on CT in a patient with primary aldosteronism does 
not necessarily establish a cause-and-effect relationship, due to the frequency of 
non-functioning incidental adrenal adenomas.  

•   Can be omitted in patients where aldosterone-producing adenoma is very likely 
(must fulfi ll all criteria) [ 7 ]

 –    Patients ≤40y  
 –   Plasma aldosterone concentration ≥30 ng/dL  
 –   CT scan showing a hypodense (Hounsfi eld units ≤10) mass ≥1 cm     

•   All other patients should undergo adrenal vein sampling prior to defi nitive surgi-
cal management  

•   Procedure [ 8 ]

 –    Confi rm adrenal cannulation: adrenal vein-to-IVC cortisol ratio >5:1 with 
cosyntropin infusion  

 –   Assess unilateral hypersecretion: cortisol-corrected aldosterone ratio affected 
side:non-affected side ≥4:1          

V. Palter et al.
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    Adrenocortical Carcinoma 

•       ACC appears to be  mostly   sporadic;    however it is associated with several heredi-
tary cancer syndromes including [ 9 ]:

 –    Li-Fraumeni syndrome or SBLA syndrome (sarcoma, breast cancer, lung 
cancer and ACC) [ 10 ]  

 –   Multiple endocrine neoplasia (MEN) type 1 (parathyroid, pituitary and 
pancreatic neuroendocrine tumours and adrenal tumours (ACC<<adrenal 
adenomas)) [ 11 ]     

•   60 % of ACCs present with symptoms of hormone excess [ 3 ]

 –    40 % Cushing’s syndrome alone  
 –   25 % mixed virilization and Cushing’s  
 –   <10 % virilization alone  
 –   <10 % feminizing (all feminizing tumours in men are malignant)  
 –   <10 % hyper-aldosteronism     

•   The recommended staging system  is European Network for The Study of Adrenal 
Tumors (ENSAT)   [ 12 ].   

  Prognostic Factors 

   1.    Stage 

 Presentation 

 Prognosis 
 5-Year overall 
survival (OS) 

 • Tumour < 5 cm confi ned to the adrenal gland without local invasion 
 • Tumour > 5 cm confi ned to the adrenal gland without local invasion 
 • Any size, with any of the followings: infi ltration to surrounding tissues, 

invasion to vena cava/renal vein or positive nodes 
 • Distant metastasis 

 82 % 
 61 % 
 50 % 
 13 % 

       2.     Margin status

•    5-Year overall survival rates for patients with ACC and uninvolved, micro-
scopically involved and macroscopically involved margins are reported to be 
46 %, 21 %, and 10 %, respectively [ 13 ].      

   3.      Histology  

•    Weiss’ histological scoring system is based upon nine features (nuclear grade, 
mitotic rate, atypical mitoses, clear cell component, diffuse architecture, tumour 
necrosis, invasion of venous or sinus structures or tumour capsule) [ 14 ].

   Tumours with less than three features are usually considered benign [ 14 ].     

•   Markers of proliferation (KI-67 and mitotic rate) also indicate poorer progno-
sis [ 15 ,  16 ].      

1 Tumours of the Adrenal Gland
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   4.     Older age at diagnosis [ 17 ]   
   5.     Hypersecretion of cortisol [ 17 ]    

    Work-up and management of ACC   

  Work-Up  

 Management 

 Follow-up (F/U)  Localized disease  Metastatic disease 

  • History and physical 
exam  

  • Labs  [ 18 ]: 
 Glucocorticoid excess 
(3 of 4) 
 – 1 mg dexamethasone 

suppression test 
 – 24-h urine cortisol 
 – Serum cortisol 
 Sexual steroids and 
precursors 
 – DHEAS 
 – 17-OH progesterone 
 – Androstenedione 
 – Testosterone 
 – 17 beta estradiol 

(men and pre-
menopausal 
women) 

 Mineralocorticoid 
excess 
 –  Plasma 

aldosterone:renin 
 – Serum potassium 
 Pheochromocytoma 
 – 24-h urine for c/m 
 –  Plasma 

metanephrines 
 •  Imaging : 

 – CT abdomen +/- MRI 
 – CT chest 
 –  Bone scan—if 

clinically suspicious 
 – PET—unilateral 

lesions diffi cult to 
distinguish from 
benign 

 • Biopsy: ONLY if 
non-resectable and 
needed to initiate 
systemic therapy. Risk 
of seeding and limited 
usefulness in 
differentiating benign 
vs. malignant 

 • Surgical 
excision with 
en bloc 
resection of 
adjacent 
involved 
organs if 
needed 

 • Consider 
adjuvant 
mitotane in 
selected cases 
based on a  [ 19 ] 

 • Tumour stage 
 • Completeness 

of resection 
 • Proliferation 

index 
 • Consider 

adjuvant 
radiation 
therapy [ 20 ] 
 –  Incomplete 

resection 
 –  High tumour 

grade 
 – Tumour 
spillage 
 – Large size 

 • Complete 
resection of 
limited 
oligometastatic 
resectable 
disease in good 
surgical 
candidate has 
been shown to 
prolong survival 
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’s 

syndrome 
 • Virilization 

syndrome 
 • Labs and imaging 

(q 6 months): 
 • Urinary cortisol 
 • CT scan chest/

abdo/pelvis for 5 
years 

  c /m  catecholamines and metanephrines,  ACTH  adrenocorticotropic hormone,  RFA  radiofrequency 
ablation 
  a Benefi t in recurrence-free survival in a retrospective series of <200 patients 

V. Palter et al.
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           Pheochromocytoma 

     Genetics 

•   25 % of patients  with   pheochromocytoma have an  associated   genetic syndrome [ 21 ]

 –    These patients tend to present at a younger age and with bilateral disease     

•   Autosomal dominant familial disorders associated with adrenal pheochromocytoma

 –    Von-Hippel-Lindau (VHL) [ 22 ]

   Pheochromocytoma (20 %); paraganglioma; hemangioblastoma; retinal angi-
oma; renal cell carcinoma; pancreatic neuroendocrine tumours; cystadeno-
mas of pancreas, broad ligament and epididymis     

 –   Multiple endocrine neoplasia type 2 (MEN-2) [ 22 ]

   Pheochromocytoma (50 %); medullary thyroid cancer (100 %); primary 
hyperparathyroidism (20 %); primary lichen amyloidosis (5 %)  

  Only 3–5 % of pheochromocytoma in MEN-2 are malignant     

 –   Neurofi bromatosis type 1 [ 22 ]

   Pheochromocytoma (2 %); café au lait patches; CNS gliomas; cognitive defi -
cits; bony abnormalities     

 –   Familial pheochromocytoma [ 22 ]

   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 [ 23 ]        

•   Genetic screening (any of the below)

 –    Paraganglioma  
 –   Bilateral pheochromocytoma  
 –   Family history of pheochromocytoma or paraganglioma  
 –   Unilateral adrenal pheochromocytoma ≤45y  
 –   Clinical fi ndings of genetic disorder      

  Benign Versus Malignant  Disease   

•   Histology and  biochemistry   cannot defi nitively distinguish benign and malignant 
pheochromocytoma. If malignant disease is suspected by imaging (usually based 
on size >10 cm), then the patient should be staged with CT chest/abdo/pelvis, 
bone scan and MIBG study. The diagnosis of malignancy can only be made by 
the presence of local invasion or distant spread [ 4 ].  

•   Survival rates depend on the location of the metastatic lesions with short-term 
survivors (<5 years) possessing metastases to the lungs and liver, and longer term 
survivors (>5 year) manifesting metastatic lesions to bone. Overall 5-year sur-
vival rates vary between 30 and 60 % [ 4 ].   

1 Tumours of the Adrenal Gland
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         Incidentally Discovered Adrenal Mass 
(Adrenal Incidentaloma) 

•        The    overlying   principle of management of adrenal incidentalomas is that all 
functioning lesions and non-functioning lesions at risk of representing malignant 
disease should be surgically removed. Small non-functioning lesions should be 
followed for interval growth, and managed accordingly [ 1 ].  

•   Lesions <4 cm have a risk of ACC of <2 % [ 26 ].  
•   Lesions >6 cm have a risk of ACC of >20 %.     

    Work-up and management of adrenal incidentaloma   

 Work-up  Management  Follow-up (F/U) 

 • History and physical exam 
 • Labs: 

  – 1 mg dexamethasone suppression test 
  – 24-h urine cortisol 
  – Plasma-free metanephrines 
  – 24-h urine c/m 
  – PRA if HTN 
  –  Serum DHEA-S (only if symptoms 

suggestive of virilizing tumour) 
 • Fine-needle biopsy ONLY if history 

of malignancy and ONLY after 
pheochromocytoma ruled out 

 • Surgical resection 
if functioning 

 • If non-functioning, 
then resection 
based on size: 

  – <4 cm—
observation 

  –  4–6 cm—
individualize 
treatment a  

  – >6 cm—
resection 

 • If resection due to 
functioning tumour: 

  –  Physiologic tests q 6 
months for 2 years 

  –  CT scans only if 
abnormal 
biochemical tests or 
malignant disease 

 • If no resection and 
tumour < 4 cm: 

  –  Abdominal US q 6 
months for 2 years 

  –  If no interval 
increase stop 
imaging 

   HTN  hypertension,  US  ultrasound,  c/m  catecholamines and metanephrines,  PRA  plasma aldoste-
rone/renin 
  a Resection recommended in younger patients or in patients with any imaging features concerning 
for ACC (see Imaging Characteristics of Adrenal Masses) 

    Special Notes: Imaging Characteristics of Adrenal Masses 

•   Benign adenoma

 –    Small homogeneous well-defi ned lesions  
 –   <10HU on non-enhanced CT 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     

•   Adrenocortical Carcinoma

 –    Large, heterogeneous, irregular lesions or those that invade surrounding 
structures  

 –   >18HU on non-enhanced CT scan  
 –   Enhanced CT scan with 15-min washout ≤ 40 %  
 –   Bright on T2-weighted MRI images  
 –   No loss of signal intensity on opposed-phase MRI images     

1 Tumours of the Adrenal Gland
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•   Pheochromocytoma

 –    Increased vascularity  
 –   >20HU on non-enhanced CT scan  
 –   <50 % washout at 15 min on contrast-enhanced CT scan  
 –   High T2 signal on MRI     

•   Adrenal Metastases

 –    Irregular non-homogeneous  
 –   >20HU on non-enhanced CT scan  
 –   <50 % washout after 15 min on contrast-enhanced CT scan  
 –   Intermediate to high intensity on T2-weighted MRI  
 –   Elevated uptake on FDG-PET        

    Metastases to the Adrenal Gland 

•      Most  common   cause of adrenal incidentaloma in patients with history of malig-
nant disease  

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

•   Most common primaries

 –    Lung, breast, melanoma, kidney, thyroid and colon cancer     

•   Fine-Needle Aspiration Biopsy

 –    Cannot differentiate between adrenal adenoma and adrenocortical carcinoma  
 –   Can differentiate between adrenal tumour and metastatic disease  
 –   Therefore clinically indicated if known malignancy or suspected malignancy 

outside of adrenal [ 12 ]  
 –   MUST rule out pheochromocytoma prior to biopsy and is ONLY indicated if 

high suspicion of metastatic disease that cannot be documented by biopsy of 
other tissue     

•   Potential benefi t in survival for selected patients

 –    Non-small-cell lung cancer: 5y-OS 25 %  
 –   Colorectal cancer: mean survival 13–30 months         

    Toronto Pearls 

    Surgical Approach 

•   Preferred approach  for   resection of adrenal tumours <7 cm is minimally invasive 
surgery either laparoscopic transabdominal or retroperitoneal approach

V. Palter et al.
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 –    For laparoscopic transabdominal approach, the patient is in lateral decubitus 
position.  

 –   For retroperitoneal approach, the patient is in prone jack-knife position. This 
approach, however, has a much steeper learning curve than the laparoscopic 
transabdominal approach. It is especially well suited for patients with hostile 
abdomen due to multiple prior abdominal surgeries.     

•   Open approach should be recommended for patients with

 –    Large tumours (>10 cm) (even with benign features on imaging)  
 –   Evidence of local invasion  
 –   Features consistent with ACC on either CT or MRI            
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      Chapter 2
Ampullary Cancer                     

       Gareth     Eeson     ,     Sean     Cleary     ,     Carol-anne     E. Moulton     , and     Paul F.     Ridgway    

            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 tumours proper are those arising directly from 
the structures of the ampullary complex distal to the confl uence of the bile duct and 
pancreatic 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 favourable prognosis than other 
pancreaticobiliary malignancies. This is likely attributed to an earlier stage of dis-
ease at clinical presentation and a potentially more favourable disease biology. 
Curative-intent resection is possible in 50 % of patients presenting with ampullary 
cancer compared with 10 % for patients with pancreatic cancer [ 2 ]. Specifi c risk 
factors for ampullary cancer have not been identifi ed but duodenal adenomas and 
peri- ampullary malignancies are a well-described feature of the familial adenoma-
tous polyposis syndrome. 
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 The large majority of ampullary cancers are adenocarcinoma and are broadly 
categorised as (1) pancreaticobiliary and (2) intestinal histologic subtypes based on 
their epithelial origin. Intestinal-type tumours have a more favourable prognosis 
compared with pancreaticobiliary type (~60 % vs. ~20 % at 5 years; median OS 116 
vs. 22 months) [ 3 ,  4 ]. Lymph node positivity is among the strongest prognostic fac-
tors and is closely correlated with the size of the primary tumour: >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) 7th edition [ 5 ].

 Presentation  Prognosis 5-year overall survival (OS) [ 1 ] 

 • Local  45 % 
 • Regional  31 % 
 • Distant   4 % 

   Several factors conspire against the formulation of large prospective randomised 
studies for ampullary carcinoma including the rarity of the disease, histologic het-
erogeneity and the amalgamation with other pancreaticobiliary cancers. As such, no 
prospective studies exclusively evaluating ampullary carcinoma have been pub-
lished and management recommendations are based largely on extrapolation from 
the management of pancreatic adenocarcinoma and consensus guidelines.   

G. Eeson et al.
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      Special Notes 

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

•    Role of Frozen Section : Frozen section is used to confi rm 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 determine 
margin status and to determine the need to proceed to pancreaticoduodenectomy.  

•    Laparoscopic Staging  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 pre- 
operative imaging (e.g. elevated CA 19-9, larger tumours [ 7 ]).  

•    Medical Oncology : No consensus exists regarding optimal systemic therapy for 
ampullary carcinoma. The largest RCT evaluating adjuvant chemotherapy for 
resected peri-ampullary cancers ( n  = 297 ampullary) showed a statistically non- 
signifi cant improvement in overall survival with gemcitabine or 5-FU over 
observation alone. The role of molecular targeted agents remains to be evaluated 
in ampullary cancer. Patients should be referred for discussion of adjuvant 
therapy.  

•    Radiotherapy : The role of adjuvant radiation is controversial. Several observa-
tional studies suggest improved survival with chemoradiation (CRT) for tumours 
with adverse features (node positive, poorly differentiated, T3/T4) [ 8 – 11 ]. The 
only prospective RCT evaluating CRT for resected pancreatic and peri- ampullary 
cancers failed to demonstrate a survival benefi t for the subgroup of mixed peri- 
ampullary tumours ( n  = 104) [ 12 ].   

  Special Case: Familial Adenomatous Polyposis 

•   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 and is described below [ 13 ].   

 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 

G. Eeson et al.
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            Unresectable/Metastatic   Ampullary Adenocarcinoma 

  Criteria of unresectability  Management 

 • Metastatic disease: 
  – Liver, lung, peritoneum and distant lymph 

nodes (celiac, SMA nodes, tail of pancreas) 
 • Patient factors: 

  – Prohibitive co-morbidities or functional status 
 • Anatomical factors: 

  – Criteria similar to those applied to pancreatic 
head cancers, e.g. arterial encasement, portal 
vein involvement which precludes 
reconstruction 

 • Radical resection not indicated 
 • Consider non-operative palliation 

interventions (e.g. stent/PTC 
placement) 

 • Consider surgery for palliation only 
 • Improved PFS and median survival 

have been demonstrated with 
platinum + anti-metabolite regimens 
[ 14 ,  15 ] 

 • Consider radiotherapy 

   SMA  superior mesenteric artery,  PTC  percutaneous transhepatic cholangiography/catheter,  PFS  
progression-free survival 

          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 trials. 
As such, treatment protocols have largely been extrapolated from trials evaluating 
peri-ampullary malignancies that included subsets of ampullary carcinoma [ 12 ,  16 ]. 
Surgical management is largely dictated by consensus statements [ 6 ].  

    Referring to Medical Oncology 

     1.    Consider for all patients.   
   2.    High- risk   features (R1 resection, poorly differentiated, lymphovascular or peri-

neural invasion, T3/T4, node positive, pancreaticobiliary histology).   
   3.     Unresectable   disease.      

    Referring to Radiation Oncology 

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

   2.    Palliative patients  for   consideration of symptomatic control.      

2 Ampullary Cancer
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    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.      

    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 fi nal 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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      Chapter 3
Anal Cancer                     

       Juan     Camilo     Correa      ,     Bernard     Cummings     , and     Alexandra M.     Easson    

          Introduction 

  Anal cancer   is an uncommon gastrointestinal tract cancer, representing 1.5 % of all 
GI malignancies [ 1 ]. There are approximately 500 cases of anal cancer per year in 
Canada, with an annual incidence rate of about 1 per 100,000 men and 1.5 per 
100,000 women [ 2 ]. The incidence of anal canal carcinoma (ACC) has risen in 
recent decades for causes which are unclear. There is an increased incidence in 
immunosuppressed individuals, up to about 6.3–12.3 per 100,000 in solid organ 
transplant patients [ 3 ,  4 ], and to about 70 per 100,000 in HIV-infected men who 
have sex with men (MSM) [ 5 ,  6 ].  

    Defi nitions/Terminology 

•      Anal Canal:  The anal canal extends  from   the upper border of the anal sphincter 
and puborectalis  muscles   to the lowermost edge of the sphincter complex corre-
sponding to the anal verge or introitus of the anal orifi ce. Historically, differences 
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in histological characteristics of the mucosal lining of the anal canal were used 
in determining management. The treatment of anal canal tumours has been stan-
dardized for all squamous cell carcinomas irrespective of histological subtype 
(squamous, keratinizing or non-keratinizing, transitional, basaloid, urothelial, or 
cloacogenic epithelium) [ 7 ,  8 ].  

•    Anal Margin/Perianal Skin:  The perianal skin (anal margin) begins at the  anal   
verge and extends as pigmented  epidermis   over a 5 cm  radius   from the anal 
verge. It is further defi ned by the presence of epidermal appendages. Where 
 cancer involves both perianal skin and the anal canal, and the site of origin is 
uncertain, it is usual to stage and treat such cancers as anal canal cancers.    

 Approximately 85–90 % of the anal canal cancers are squamous cell type and 
10–15 % are adenocarcinomas, with small numbers of undifferentiated and small 
cell cancers. Historically, anal canal carcinomas were treated with radical surgery 
using an abdominoperineal resection. Following the introduction of a preoperative 
chemoradiation protocol by Nigro et al. in 1974 [ 9 ], treatment paradigms shifted 
towards a combined modality approach, with surgery largely reserved for treatment 
salvage. 

    Natural History and Precursor Lesions 

   Anal cancer   has been related to a latent human papillomavirus infection (HPV), 
found in up to 90 % of anal canal squamous cell cancers, and about 60 % of perianal 
cancers [ 2 ,  10 ]. HPV infection in immunocompetent patients is cleared in more than 
90 % of patients within 2 years [ 11 ,  12 ]; this clearance is lower in immunocompro-
mised patients. There are many HPV serotypes that have been related to the devel-
opment of ACC, HVP 16 and 18 being the most common, present in up to 78–90 % 
of cases [ 13 ,  14 ]. 

  Cigarette smoking   is a recognized risk factor for anal cancer [ 15 ]. Benign anal 
conditions such as hemorrhoids and fi ssures, and infl ammatory bowel diseases, are 
not associated with an increased risk of anal cancer [ 16 ]. 

 Anal cancer may arise directly, or from a precursor dysplastic lesion, known as 
anal intraepithelial neoplasia (AIN) (generally considered low grade or AIN I, or 
high grade (AIN II or III)). High-grade AIN is present in 20–30 % of all men who 
have sex with men (MSM), approximately 40 % of HIV-positive MSM, 3 % of HIV- 
negative men, 63 % of women with cervical cancer, 9 % of HIV-positive women, 
and 5 % of HIV-negative women [ 17 ,  18 ]. 

 The progression of high-grade AIN (HGAIN) to anal canal carcinoma is low, 
around 5–10 % in long-term follow- up [ 17 ,  19 ,  20 ], but treatment may prevent the 
development of ACC [ 7 ]. 

 The treatment options for AIN are characterized by a high degree of recurrence, 
being up to 50 % or more at 1 year of follow-up. Only 13 % of HIV-positive and 
26 % of HIV-negative patients were free of disease recurrence at 6 years of follow-
up [ 19 ,  21 ].

J.C. Correa et al.
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      Anal canal carcinoma   

 Presentation 
 Prognosis 
 5-Year overall survival (OS) 

 • Localized (50 %)  80 % 
 • Regional (35 %)  60 % 
 • Metastatic (15 %)  5–15 % 

   Tumour size >5 cm, nodal and extra-pelvic metastases constitute the most impor-
tant prognostic features  infl uencing   overall survival [ 25 ]. Tumour >5 cm and tumour 
invasion to other organs are frequently identifi ed as risk factors for colostomy 
[ 25 – 27 ]. 

 The rate of regional lymph node (LN) metastases is linked to the stage of the 
primary tumour. Synchronous inguinal node metastasis has been observed in 6 % of 
patients with T1 or T2 tumours and in 16 % of patients staged with T3 or T4 disease. 
Pelvic node metastases are found in approximately 20–25 % of patients at 
presentation. 

 The American Joint Committee on Cancer (AJCC) 7th edition is the current 
recommended anal cancer staging system. The AJCC classifi cation applies to squa-
mous cell carcinomas only; melanomas, carcinoid tumours, and sarcomas are not 
included.    

3 Anal Cancer
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    Special Notes 

•    If there is persistent disease  on the  fi rst clinical follow-up , clinical reevalua-
tion is warranted in 4 weeks to ensure full treatment effect. If there is further 
tumour regression or if tumour size is stable, continue close clinical surveillance 
monthly. If the tumour progresses or persists after 6 months, confi rm the diagno-
sis with a biopsy, restage, and treat as treatment failure. If there is complete clini-
cal remission at the time of assessment, biopsy is not indicated. Follow the 
proposed surveillance schedule provided above.  

•   Patients undergoing salvage surgery following previous pelvic RT experience a 
high rate of post-operative complications (37–72 %) particularly perineal infec-
tions and delayed wound healing [ 36 ,  37 ,  43 ,  44 ]. Consideration should be given 
to the use of a myocutaneous fl ap for perineal reconstruction [ 36 ,  37 ,  39 ,  40 ,  44 ].  

•   Induction chemotherapy with cisplatin and 5-FU is not supported in the litera-
ture; there was no benefi t in overall, disease-free, or colostomy-free survival [ 17 , 
 21 ,  22 ]. Similarly, the routine use of adjuvant chemotherapy with 5-FU and cis-
platin is not supported [ 35 ].      

     Anal Canal Carcinoma:   Metastatic (Any T Any N M+) 

  Work-up  Management 

 • Comprehensive history 
 • Digital rectal examination 
 • Clinical assessment of inguinal 

lymph nodes (with FNAB if 
suspicious) 

 • Anoscopy 
 • Gynecological examination in 

women, with cervical screening 
as appropriate 

 • Imaging: 
  – CT thorax 
  – CT abdomen and pelvis 
  – Pelvic MRI 

 • Chemotherapy regime assessed on case-by-case basis [ 8 ] 
 •  If the primary cancer and/or symptomatic regional node 

metastases are present, consider the addition of chemo- 
radiation or surgical excision for local control (as 
described for M0 disease) 

   FNAB  fi ne-needle aspiration biopsy  

J.C. Correa et al.
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         Anal Margin/Perianal:    Carcinoma: Metastatic 
(Any T Any N M+) 

  Work-up  Management 

 • Comprehensive history 
 • Digital rectal examination 
 • Clinical assessment of inguinal 

lymph nodes (with FNAB if 
suspicious) 

 • Anoscopy 
 • Gynecological examination in 

women with cervical screening as 
appropriate 

 • Imaging: 
  – CT thorax 
  – CT abdomen and pelvis 
  – Pelvic MRI 

 • Chemotherapy regime should be determined on 
case-by-case basis [ 8 ] 

 • If the primary cancer and/or symptomatic regional node 
metastases are present, consider the addition of local 
treatment (as described for M0 disease) 

   FNAB  fi ne-needle aspiration biopsy 

3 Anal Cancer
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         HIV Patients and MSM 

   Approximately 80–90 % of all HIV-infected    patients have evidence of  HPV   infection 
of the anal region. The risk of them developing ACC is 30-fold higher than the gen-
eral population [ 2 ]; MSM also have a 20-fold increase risk of developing ACC, and 
the risk is even higher for MSM who are HIV positive [ 17 ]. 

 Patients with HIV infection who develop anal canal carcinoma tend to be younger 
than those in the general population who have anal cancer, and there are a higher 
proportion of male patients [ 51 – 55 ]. ACC is diagnosed typically approximately 
10–12 years after the HIV diagnosis [ 51 ,  56 ]. 

 There is some data that suggest that HIV/AIDS patients have a higher risk of not 
tolerating full-dose chemoradiotherapy [ 7 ,  56 ], but this is not a general fi nding. The 
usual recommendation is to treat those with HIV infection by usual protocols, and 
adjust chemotherapy and/or RT doses on a case-by-case basis. There are also some 
data suggesting decreased local control and/or survival from cancer in HIV-positive 
patients [ 52 ], a fi nding not shared by other reports [ 53 – 56 ].    

    Prevention 

 Vaccination is now being recommended for certain high-risk groups, as up to 80 % 
of anal cancers can be prevented with the quadrivalent HPV vaccine (HPV types 6, 
11, 16, and 18) [ 8 ,  57 ]. 

 The American Advisory Committee on Immunization Practices now recom-
mends vaccination in boys and girls 11–12 years, females 13–26 years, and 
males 13–21 who have not been previously vaccinated. The American Academy 
of Pediatrics also recommends that MSM up to the age of 26 should be vacci-
nated [ 7 ,  58 ]. 

 There is a lack of strong evidence to determine the best screening methodology 
(DRE or cytology), its frequency, and the population of patients who would benefi t 
the most [ 19 ,  59 – 61 ].  

    Referring to Medical Oncology 

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

   2.    All patients with a biopsy-proven diagnosis of perianal (anal margin) carcinoma 
not suitable for local excision should be referred to medical oncology for consid-
eration of primary combined-modality treatment.      

J.C. Correa et al.
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    Referring to Radiation Oncology 

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

   2.    All patients with a biopsy-proven diagnosis of perianal (anal margin) carcinoma 
not suitable for local excision should be referred to radiation oncology for 
consideration of primary combined-modality treatment.      

    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 therapy as the primary treatment of 
an anal carcinoma (due to patient co-morbidities or tumour-related factors) 
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 margin should be discussed at MCC. Standard of care remains surgery +/− 
adjuvant chemo-radiation. Several small series (including the Toronto experi-
ence) have found that local control can be achieved in about 50 % of cases with 
adenocarcinomas, less than about 3 cm in size using combination chemo- 
radiation alone. Treatment plans should be individualized on a case-by-case 
basis.        

    Toronto Pearls 

•      For patients undergoing    chemo-radiation the use of intensity modulated radia-
tion therapy may be associated with less treatment toxicity and better quality of 
life [ 62 ].  

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

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

3 Anal Cancer
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•   HIV-positive patients should be managed by the same regimens of investigation 
and treatment as non-HIV-infected patients. The risk of excessive reaction to 
radiation and/or chemotherapy is low. Treatment should be adjusted on an indi-
vidual basis based on toxicity and side effect profi le.  

•   Previous pelvic radiation is a relative, but not an absolute, contraindication to 
radiation and chemotherapy for anal cancer. While prior radiation for prostate 
cancer generally prevents the use of further radiation, prior treatment for cervix 
or uterine cancer may not. All such patients should be referred to a radiation 
oncologist for assessment and discussed at an MCC.         
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      Chapter 4
Breast Cancer                     

       Dan     Charleton      ,     Jessica     Maxwell      ,     Amanda     Roberts      ,     Jean-François     Boileau      , 
    Tulin     Cil      ,     Mark     Corrigan      ,     Claire     Holloway      ,     Ralph     George      , 
and     David R.     McCready     

           Introduction 

   Breast cancer   is the most common cancer among Canadian women with the exception 
of non-melanoma skin cancer. An estimated 24,400 new cases occurred in Canada in 
2014. Breast cancer is responsible for 26 % of all cancers in females and 14 % of all 
cancer-related deaths in females. 1 in every 9 women is expected to develop breast 
cancer during her lifetime and 1 in 30 women will die of breast cancer [ 1 ].
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 Presentation 
 Prognosis 
 5-Year overall survival (OS) 

 • Early breast cancer a  (75–80 %) 
 • Locally advanced breast cancer a  (10–20 %) 
 • Distant metastasis (5 %) 

 90–100 % 
 36–67 % 
 26 % 

   a See defi nitions in the chapter 

    The recommended staging system is the 7th edition of American Joint Committee 
on Cancer (AJCC) [ 2 ]. 

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

    Benign, but Worrisome 

  Within the  pathological   examination of breast tissue, there exist spectrums of 
conditions, which often bridge the divide between benign and malignant. They 
can present diffi culty to the clinician, in terms of their appropriate management 
and—like many aspects of breast treatment—they are under constant review. 
Below we have summarised several of the more commonly encountered 
entities:
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          Ductal Carcinoma In Situ 

    Ductal carcinoma in situ (DCIS)   is a pre-invasive breast cancer that does not 
penetrate the  basement   membrane. 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 [ 16 ]. Approximately 90 % are asymptomatic and not 
palpable, with the remainder presenting as a lump, discharge, or Paget’s disease 
of the nipple. 

 Although evidence suggests that a signifi cant amount of DCIS does not progress 
to invasive cancer, our inability to distinguish which will progress and which will 
not has led to an aggressive approach to all DCIS [ 17 ,  18 ]. 

 The indications for lumpectomy vs. mastectomy 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 randomised data regarding breast conservative surgery (BCS) 
and mastectomy for DCIS should be noted. The fi rst indication that BCS—in con-
junction with adjuvant radiotherapy—was acceptable treatment for DCIS came 
from a subset analysis of 78 patients in the NSABP B-06 [ 19 ]. 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 vs. 43 % in those that did not. Retrospective studies have 
since confi rmed that BCS provides survival rates similar to mastectomy; however 
local recurrence is higher, even with radiotherapy [ 20 ]. 

 As mentioned, similar to invasive disease, there is good evidence for radiother-
apy following a breast-conserving approach:

 Study  Methods  Results 

 NSABP-B17 
 Fisher et al. 
[ 21 ] 

 •  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 comedo necrosis was a 
risk factor for recurrence 

 EORTC 
10853 
 Julien et al. 
[ 22 ] 

 •  N  = 1010 
 • RCT 
 • Patients with DCIS and 

BCS randomised to receive 
no further treatment or RT 

 • RT reduced overall non-invasive 
recurrence at 10.5 years by 48 % and 
invasive recurrence by 42 % 

 UK/ANZ 
DCIS 
 Cuzick et al. 
[ 23 ] 

 •  N  = 1701 
 • RCT 
 • Patients with excised DCIS 

randomised to receive RT, 
tamoxifen, both or none 

 • RT reduced ipsilateral invasive recurrence 
at 12.7 years by 68 % and DCIS by 62 %, 
but with no effect on contralateral breast 
cancer 

   RCT  randomised controlled trial,  HR  hazard ratio,  RT  radiotherapy 
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    It is worth noting that both NSABP B-17 [ 21 ] and EORTC 10853 [ 22 ] came 
under some criticism for not providing mammographic correlation with the speci-
men or pre-operative evaluation and in NSABP B-17 [ 21 ] sampling of the surgical 
specimen was unable to exclude invasive disease or involved margins. This ques-
tioned the completeness of excision in both studies. As a result, many believe that 
this strengthens the argument 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:

    1.    Tumour less than 1.5 cm   
   2.    Margins greater than 10 mm   
   3.    Non-high grade, without necrosis (nuclear grade 1 or 2)   
   4.    Patient age over 60 [ 24 ]     

 The EORTC 10853 [ 22 ] study demonstrated a recurrence rate of less than 4 % 
at 5 years of low-grade DCIS, making an argument for the omission of radiother-
apy in this circumstance. More recently, a prospective study of 670 patients [ 25 ] 
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 in applying these results to clinical practice. Another 
prospective trial of wide excision alone for low-to-intermediate-grade DCIS found 
an unacceptably high local recurrence rate of 12 % at 5 years and 15.6 % at 10 
years [ 26 ]. 

 Given the diffi culty in determining which patients DCIS may be safely treated 
with wide excision alone, it remains the standard of practice at the University of 
Toronto to offer radiation to all patients having undergone breast-conserving sur-
gery (BCS) for DCIS.   

    DCIS Recurrence 

   Approximately 25–50 % of     recurrences   are invasive disease. Factors involved in 
recurrence include:

    1.    Margin status   
   2.    High-grade/comedo necrosis   
   3.    Histological type and architecture   
   4.    Age at diagnosis    

  Margin status has three times the power of tumour grade at predicting local 
recurrence [ 20 ]. The NSABP-B17 [ 21 ], NSABP-B24 [ 27 ] and EORTC clinical 
 trials [ 22 ] have all revealed that clear margins signifi cantly decrease recurrence. 
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No trials, however, have rigorously examined the optimum excision width. An 
analysis of pooled data from both randomised and non-randomised studies in 2009 
 concluded that a margin of 2 mm when excising DCIS was as safe as a larger 
margin when followed by radiotherapy [ 28 ]. Contributing to the debate is another 
meta- analysis, published in 2012, which showed a statistically signifi cant decrease 
in recurrence for 10 mm margins compared to 2 mm margins (OR = 0.46; 95 % 
CI = 0.29–0.69) [ 29 ]. 

 Although a high-grade lesion was originally thought to be a risk factor for 
recurrence, a 2006 review of the EORTC data [ 22 ] with a 10-year follow-up sug-
gested that this may not be the case. It has, however, confi rmed that comedo necro-
sis is an independent risk factor for recurrence, with 3 of 10 patients recurring by 
10 years [ 22 ]. 

 Age is also a signifi cant factor in DCIS recurrence. The EORTC trial [ 22 ] dem-
onstrated a higher recurrence rate in young women under 40, quoting a hazard ratio 
(HR) of 2.54 [ 22 ]. Similarly, the NSABP B-24 [ 27 ] trial found that the rate of ipsi-
lateral cancer in women under 49 was 33/1000 women years as opposed to 13/1000 
for those over 49 [ 30 ]. 

 The management of recurrence is largely dependent on whether radiotherapy 
has been administered. If not, then a local resection may be possible; otherwise a 
mastectomy should be offered. There has been some suggestion that repeat resec-
tion and irradiation may be safe in the setting of recurrence. The data, however, 
is limited by short follow-up and is largely confi ned to the setting of invasive 
disease rather than DCIS [ 31 ] and this approach is, therefore, not universally 
accepted.    

    DCIS and the Axilla 

 The incidence  of   axillary metastases i   n DCIS is <1 % and these are likely to repre-
sent  missed   invasive disease, rather than true DCIS metastases. 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 tumour 
cells or micrometastases, and the clinical signifi cance of these is uncertain even in 
true invasive disease [ 32 ]. 

 A joint committee of the American College of Surgeons, American College of 
Radiology and the College of American Pathologist recommended that axillary 
staging in patients with DCIS treated by BCS be reserved for those with invasive 
disease. For those undergoing mastectomy for DCIS, sentinel lymph node biopsy 
(SLNB) was recommended. This recommendation is made with a view to avoid 
axillary lymph dissection in the event of an upgrade from DCIS to invasive carci-
noma on fi nal pathology of the mastectomy specimen, as SLNB is not possible 
after mastectomy.   
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    Invasive Breast Cancer 

   In this section,  the    management   of invasive breast cancer is discussed, focusing on 
tumours less than 5 cm with no evidence of matted or fi xed 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 confi rm the 
diagnosis 

 • Apply clip if neoadjuvant therapy is 
considered 

 • CCO staging recommendations [ 33 ]: 
 – Routine bone scanning, liver 

ultrasonography and chest 
radiography are not indicated 
before surgery

• Post-operatively: 
 – In women with stage I tumours, 

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

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

 – In women who have pathological 
stage III tumours, bone scan, chest 
radiography and liver ultrasound 
are recommended post-operatively 

 • Breast (local): 
 –  Breast-conservative 

surgery plus breast 
irradiation or 
mastectomy 
+/− post-mastectomy 
radiation therapy [ 34 ] 

 • 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 

tumour 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 

    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 pre- 
operatively [ 35 ].  

•   In breast cancer of a more advanced stage, Cancer Care Ontario has recommended 
that in women with pathological stage III tumours, bone scanning, liver ultraso-
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nography 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 ultrasonog-
raphy and chest radiography are not indicated as part of baseline staging [ 33 ].  

•   Mammography remains the mainstay of breast imaging. MRI of the breast is 
considered an adjunct to mammography. Pre-operative 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 specifi city from 80 to 
100 % [ 35 ]. However, several studies have failed to show a decreased rate of 
positive margins in BCS for patients undergoing MRI [ 37 ,  38 ] while also show-
ing an increased likelihood of mastectomy in such patients [ 38 ].  

•   According to the American College of Radiology, current indications for diag-
nostic MRI are:  

 –   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 [ 38 ].      

    Breast-Conserving Surgery 

   The aim of breast conservation is  to   achieve a balance between complete resec-
tion  of   the tumour 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 maximises the psychosocial benefi ts of breast 
preservation [ 39 ].
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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 IDC 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 19 % microcalcifi cations 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 tumour 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 tumour is the management of the axilla after positive SLNB. The 
ACOSOG Z0011 trial—detailed in section 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.    
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    Trials for BCS vs. Mastectomy 

 Study  Methods  Results 

 NSABP-B06 
 Fisher et al. 
[ 31 ] 

 •  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 signifi cant 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 

 Milan Group 
 Veronesi et al. 
[ 32 ] 

 •  N  = 701 
 • RCT 
 • Patients with tumour <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  randomised controlled trial 

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

   Study  Methods  Results 

 Houssami 
et al. [ 39 ] 

 • 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 
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    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 tumour” should be adopted as the stan-
dard for an adequate margin for invasive breast cancer [ 39 ]; this guideline has since 
been endorsed by the American Society of Clinical Oncology (ASCO) and the 
American Society of Breast Surgeons (ASBS) [ 41 ].     

    The Axilla 

 Management of the  axilla   is arguably the most controversial aspect of the breast 
cancer treatment paradigm. From considering  axillary   lymph node dissection 
(ALND) as the standard of care for all breast cancer patients, to now omitting 
patients with proven axillary metastases from further surgery, it is a complex facet 
of the management of invasive breast cancer. 

 Authors such as Steele et al. [ 42 ] 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 
negative axilla.

    Several key trials have demonstrated  the   effi cacy of  SLNB     

   Study  Methods  Results 

 Multicenter 
Validation Study 
 Krag et al. [ 43 ] 

 •  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 identifi ed 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. [ 44 ] 

 •  N  = 8059 
 • Systematic review of 69 

SLNB trials 

 • SLN identifi cation 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. [ 45 ] 

 •  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 

(continued)
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   Study  Methods  Results 

 NSABP B-32 
 Krag et al. [ 46 ] 

 •  N  = 5611 
 • RCT 
 • Comparing SLNB, 

followed by ALND vs. 
SLNB, followed by 
ALND for positive SLN 

 • Lymphatic mapping was successful in 
97 %, and the false-negative rate was 
9.8 % 

 • No signifi cant differences were observed 
in regional control or survival between 
the groups at follow-up of 8 years 

   ASCO  American Society of Clinical Oncology,  SLN  sentinel lymph node,  SLNB  sentinel lymph 
node biopsy,  RCT  randomised controlled trial,  ALND  axillary lymph node dissection 

         Sentinel Lymph Node Biopsy and Axillary Dissection 

  The contribution of ALND to survival  in   women with breast cancer has been ques-
tioned since the publication of the NSABP B-04 [ 47 ] trial. It has often been the basis 
of argument against mandatory ALND. In this study, clinically node-negative 
patients were randomised to radical mastectomy (RM), total mastectomy (TM) plus 
axillary irradiation or TM alone. Forty percent of the RM group had lymph node 
involvement. However, axillary recurrence, as a fi rst failure, was only in the 
TM-alone group. Moreover, the three groups had a similar overall survival [ 49 ]. In 
the era of SLNB, the contribution of axillary dissection to survival was revisited in 
the ACOSOG Z0011 trial [ 50 ]. In this prospective randomised non-inferiority trial, 
breast cancer patients receiving breast-conserving therapy with only one or two 
positive SLNs and with no gross extracapsular extension were randomised to 
SNLB-alone vs. ALND groups. The main criticism of this study is that it is under-
powered, with a relatively short follow-up (median: 6.3 years) period. The overall 
survival and the disease-free survival of the SLNB-alone group appeared to be non- 
inferior to the ALND group. 

 The conclusions of the Z0011 trial are supported by another randomised non- 
inferiority trial (IBCSG 23-01). Patients with tumour size less than 5 cm and one or 
more micrometastatic sentinel lymph node were randomised to completion axillary 
dissection ( n  = 465) or no further axillary surgery ( n  = 469). In both groups, 9 % of 
patients received mastectomy for the primary tumour, unlike the Z011 trial. In those 
randomised to completion axillary dissection, there was a signifi cantly higher rate 
of sensory neuropathy, motor neuropathy and lymphedema; 13 % had at least one 
additional lymph node involved. There was no signifi cant difference in 5-year 
disease- free survival (84.4 % in the group with axillary dissection vs. 87.8 % in the 
group without) or cumulative incidence of breast cancer events (10.6 % in the group 
with axillary dissection vs. 10.8 % in the group without). 

(continued)
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    Studies in support  of   ALND  after positive SLNB    

  Study  Methods  Results 

 Meta-Analysis 
 Orr, 1999 [ 51 ] 

 • 6 RTCs 
 •  N  = 3000 
 • Patients assigned to 

ALND or no ALND 

 • Limited by very few T1a tumours, no 
women over 70 years, no adjuvant 
treatment and a timeline of 1951–1987 

 • Demonstrated an improvement in 
absolute survival with ALND (range 
4–16 %) using Bayesian statistics 

 SEER Database 
Analysis 
 Joslyn, 2002 [ 52 ] 

 • 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 

 • Also, with an increasing ratio of 
positive nodes to total number 
removed, there was a consistent trend 
towards reduced survival 

 Truong et al. [ 53 ]  • Retrospective 
population-based 
cohort 

 •  N  = 8038 
 • Patients treated for 

T1–2 breast cancer in 
British Columbia 
between 1989 and 
1998 

 • Overall and cancer-specifi c 5-year 
survival rates were signifi cantly 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. [ 52 ] 

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

       Studies in  support   of ALND omission  after positive SLNB    

  Study  Methods  Results 

 NSABP B-04 
 Fisher et al. [ 55 ] 

 •  N  = 1843 
 • RCT 
 • Women were assigned to 

radical mastectomy vs. 
simple mastectomy plus 
local nodal irradiation, or 
simple mastectomy with 
ALND delayed if needed 

 • This study is criticised for being 
underpowered and also for 
including many women with 
simple mastectomy who had some 
nodes removed with the breast 
specimen 

 • There was no effect on survival of 
prophylactic ALND vs. nodal 
radiotherapy vs. no initial axillary 
treatment 

(continued)
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  Study  Methods  Results 

 The Breast 
Carcinoma 
Collaborative Group 
of the Institut Curie 
 Cabanes et al. [ 56 ] 

 •  N  = 658 
 • RCT 
 • Patients assigned to 

lumpectomy alone or 
lumpectomy plus ALND 

 • All received RT, and 
women with positive LNs 
received chemotherapy 

 • Initially, ALND was associated 
with signifi cantly better 5-year 
survival (97 % vs. 93 %) 

 • However, after the data was 
reviewed with longer follow-up of 
10–15 years, survival rates were 
similar (approximately 75 %) 

 • The instance of regional 
recurrence was lower in women 
who had ALND. The results 
however were skewed, as the only 
women to receive chemotherapy 
were in the ALND group 

 Systematic Review 
and Meta-Analysis 
 Sanghani et al. [ 57 ] 

 • 3 RCTs 
 • Comparing ALND vs. no 

ALND (2000 and 2007) 
and a 4th trial comparing 
axillary radiotherapy vs. 
no axillary therapy 

 • No difference in overall survival or 
recurrence with axillary treatment 

 • It is felt that the widespread use of 
adjuvant radiotherapy and 
chemotherapy contributed to these 
results 

 Z0011 
 Guiliano et al. [ 50 ] 

 •  N  = 891 
 • RCT 
 • ALND vs. no ALND for 

women with positive 
SLNB 

 • At median follow-up of 6.3 years, 
the 5-year overall survival was 
91.8 % in ALND and 92.5 % in 
those with SLNB. Importantly, 
disease-free survival was also 
similar with 82.2 % in ALND and 
83.9 % with SLNB 

 • It is criticised for its low numbers 
and an approximately 20 % lost to 
follow-up rate (unlike 
NSABP-B32 <1 %) 

 • Powered for 1900 patients but 
closed earlier due to lower than 
expected mortality rate 

   RCT  randomised controlled trials,  ALND  axillary lymph node dissection,  LN  lymph node,  SLNB  
sentinel lymph node biopsy,  RT  radiotherapy 

    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 benefi t of extensive axillary surgery is questionable in 
this era of effective adjuvant therapy. Given the limitations of the Z0011 study, 
however, it is diffi cult at the present time to completely advocate a defi nitive 
move away from the procedure.  

(continued)

4 Breast Cancer



56

•   At the University of Toronto, we forego axillary dissection in patients meeting 
the Z011 inclusion criteria.     

    Management of Macrometastatic Axillary Disease 

    The Z0011 study results  were   practice changing and incorporated quickly into  man-
agement   guidelines (i.e. national comprehensive cancer network). Two recent stud-
ies, AMAROS and MA20, have contributed to the discussion regarding the axillary 
management of pathologically macrometastatic positive SLNs. These two trials are 
summarised below:

 Study  Methods  Results 

 AMAROS 
 Donker et al. [ 58 ] 

 •  N  = 4806 → 1425 (29.7 %) 
found to have +ve SLNB 

 • RCT, non-inferiority trial 
 • From 2001 to 2010, patients 

with cT1–2N0 invasive breast 
cancer were enrolled in the 
EORTC phase III non-
inferiority AMAROS trial. 
Patients with previous 
neoadjuvant systemic 
treatment were excluded from 
the study 

 • Patients were randomised 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 

 • 5-year axillary recurrence was 
0.43 % after axillary lymph 
node dissection and 1.19 % 
after axillary radiotherapy. Due 
to the unexpectedly low number 
of events, the non- inferiority 
test was underpowered and did 
not meet non-inferiority 
criteria. The axillary recurrence 
rate for patients with a negative 
sentinel node biopsy was 
0.72 % (25 out of 3131 
patients) during the entire 
follow-up period (median 
6.1 year) 

 • Clinical signs of lymphedema 
were noted more often following 
ALND than ART, 23 % versus 
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 
signifi cantly different between 
the two groups 

(continued)
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 Study  Methods  Results 

 MA 20 
 Whelan et al. 
(abstract) [ 59 ] 

 •  N  = 1832 
 • RCT 
 • Women with high-risk 

node-negative or node-positive 
breast cancer treated with BCS 
and adjuvant chemotherapy 
and/or endocrine therapy were 
randomised to WBI (50 Gy in 
25 fractions +/− boost 
irradiation) or WBI plus RNI 
(45 Gy in 25 fractions) to the 
internal mammary, 
supraclavicular and high 
axillary lymph nodes. The 
primary outcome was OS 

 • Overall 5-year survival: 90.7 % 
(WBI) vs. 92.3 % (RNI) 
non-signifi cant difference, trend 
only,  p  = 0.07 

 • Locoregional recurrence: 94.%% 
(WBI) vs. 96.8 % (RNI),  p  = 0.02 

 • 5-year DFS: 84 % (WBI) vs. 
89.7 % (RNI),  p  = 0.003 

 • Toxicities: Pneumonitis 0.2 % 
(WBI) vs. 1.3 % (RNI) and 
lymphedema 4.1 % (WBI) vs. 
7.3 % (RNI) 

   EORTC  European Organisation for Research and Treatment of Cancer,  AMAROS  the after- 
mapping of the axilla: radiotherapy or surgery?,  ART  axillary radiation therapy,  RCT  randomised 
control trial,  BCS  breast-conserving surgery,  WBI  whole-breast irradiation,  RNI  regional nodal 
irradiation,  OS  overall survival 

            Isolated Tumour Cells and  Micrometastases   

   Isolated tumour cells (ITCs)  Micrometastases 

 • Defi ned by the 7th edition of AJCC as 
“small clusters of cells not greater than 
0.2 mm, or nonconfl uent or nearly confl uent 
clusters of cells not exceeding 200 cells in a 
single histologic lymph node cross section 
are classifi ed as isolated tumour cells” [ 2 ] 
(pN0(i+)) 

 • No further surgery, radiotherapy or 
chemotherapy is indicated by their presence 

 • Defi ned by a separate designation of 
pN1mi (>0.2 mm and no greater than 
2.0 mm) to indicate micrometastases 
alone [ 2 ] 

 • Although larger than ITCs, their clinical 
signifi cance is also questionable: NSABP 
B-32 showed a 1.2 % lower 5-year 
survival in patients with 
micrometastases, compared to those that 
were pathologically node negative [ 46 ] 

   Special Notes 

•   The literature is populated by  much   discussion regarding the signifi cance of iso-
lated tumour cells (ITCs) and micrometastases. This debate has been largely 
superseded by the publication of Z0011 and  its   fi ndings relating to the signifi -
cance of macrometastases [ 50 ], along with Weaver et al. who demonstrated sta-
tistical, but no clinical signifi cance to their presence [ 32 ].   

  Summary: Management of the Clinically Node-Negative Axilla 

•   SLNs are pathologically negative or contain only ITCs:

 –    SLNB is the standard for staging and axillary surgery [ 60 ].     
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•   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 
identifi cation of macrometastases will alter adjuvant therapy recommenda-
tions. If so, completion ALND may be considered [ 60 ].     

•   SLNs contain macrometastatic disease on pathologic examination:

 –    If meets all inclusion criteria for Z0011 (T1 or T2 tumour, 1 or 2 positive 
SLNs, no gross extranodal extension, breast-conserving therapy, whole-breast 
radiotherapy planned, no neoadjuvant chemotherapy), no further ALND is 
required [ 60 ].

   If three or more positive SLNs and/or gross extranodal disease, consider com-
pletion ALND [ 60 ].      

 –    If patient has undergone mastectomy, consider completion ALND [ 60 ]. 
However, may discuss at MCC to review benefi ts/risks of completion ALND 
vs. axillary radiotherapy.           

    Locally Advanced Breast Cancer 

    Locally advanced breast cancer (LABC)   is a heterogeneous entity. The term includes 
T3: tumours  greater   than 5 cm in maximum diameter, T4: tumours that directly 
invade skin or chest wall, as well as infl ammatory breast cancer, and tumours that 
have extensive regional lymph node involvement (matted ipsilateral lymph nodes 
N2–N3) without evidence of distant metastatic disease at initial presentation. These 
tumours fall into the category of stage IIB and III disease as per AJCC 7th edition 
staging. It is clinically useful to separate LABC into operable and inoperable, or 
situations in which upfront surgery is of questionable overall benefi t. Approximately 
25–30 % of LABC are inoperable on presentation. Up to 20 % of patients with clini-
cally LABC are metastatic after staging [ 61 ]. Signs of questionable operable benefi t 
or inoperability include [ 62 ]:

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

  Optimal management of LABC requires multimodality treatment. The usual 
order of treatment varies according to the patient and the tumour clinical stage and 
characteristics:

D. Charleton et al.



59

 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 
 • Apply a 

radiologic 
marker pre-
initiation of 
chemotherapy 

 • Precise tumour 
measurement and 
documentation of 
skin changes. 

 • Record tumour 
site with 
transparent fi lm 
or skin tattoo. 

 • Consider 
discussion in 
MCC 

 • Neoadjuvant 
chemotherapy 
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: 
Surgical 
management 

 –  If non-
operable: 
radiotherapy 
+/− planned 
surgical 
treatment 

 • Consider neoadjuvant 
chemotherapy in: 
 –  Any patient who will 

need adjuvant 
chemotherapy [ 63 ] 
and in whom surgical 
pathology 
information is not 
required to determine 
regimen 

 –  High-grade tumours 
[ 64 ] 

 – HER2+ [ 64 ] 
 –  Triple negative (ER/

PR/HER2 − ) [ 65 ] 
 –  Young patients 

<35 years [ 66 ] 
 –  Patient has large 

tumour and seeks 
breast conservation 

 –  Patients with 
node-positive disease 

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

 • Regular 
clinical breast 
exam 

 • Mammogram 
every 12 
months 

   ER  estrogen receptor,  PR  progesterone receptor,  HER2  human epidermal growth factor receptor 2, 
 MCC  Multidisciplinary Cancer Conferences,  SLNB  sentinel lymph node biopsy 

    Special Notes

• Radiation therapy will be recommended post-mastectomy or post-BCS to 
patients with LABC 

•   Advantages of neoadjuvant chemotherapy:

 –    Evaluation of in vivo response to chemotherapy  
 –   Downstaging to facilitate breast conservation

   Conversion from mastectomy to BCT occurs in approximately 23 % of 
patients [ 65 ]  

  Local recurrence rates in this conversion group are slightly higher than in the 
mastectomy group (10.7 % vs. 7.6 %) [ 68 ]      

 –    Early introduction of chemotherapy to treat occult potential systemic 
metastases     
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•   Potential candidates for BCT after neoadjuvant chemotherapy:

 –    Unifocal disease  
 –   No infl ammatory skin involvement  
 –   Radiographic abnormalities resectable with lumpectomy  
 –   No contraindication to adjuvant radiotherapy  
 –   Willing to accept slightly higher risk of local recurrence in conversion from 

mastectomy to BCT     

•   SLNB has been investigated both before and after the completion of neoadju-
vant chemotherapy [ 69 ]. When performed before neoadjuvant chemotherapy, it 
is both accurate (identifi cation 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 infl uence the 
choice of chemotherapy. Conversely, SLN biopsy after neoadjuvant chemother-
apy has the advantage of reducing the number of operative procedures needed, 
as well as being both accurate and safe [ 69 ]. A 2011 meta-analysis examining 
the accuracy rate of SLNB after neoadjuvant chemotherapy reported that the 
detection rate was 82 to 100 %, with a false-negative rate of 0 to 20 % [ 70 ]. 
However, the data with regard to the axillary recurrence in this setting are lim-
ited [ 69 ]. Furthermore, the ACOSG Z01071 (Alliance) Trial demonstrated a 
false-negative rate of greater than 10 % in women with cN1 breast cancer and 2 
or more sentinel lymph nodes examined following neoadjuvant chemotherapy 
[ 71 ]. The Canadian SN FNAC study showed a suboptimal identifi cation rate of 
SLN after chemotherapy, but has shown an acceptable false-negative rate of 
8.4 % when immunohistochemistry (IHC) is used and sentinel node metastases 
of any size are considered positive. After neoadjuvant therapy, accuracy is fur-
ther increased by the use of both blue dye and radiolabelled tracer, as well as by 
harvesting more than one sentinel node if possible [ 72 ]. The clinical relevance 
of residual nodal disease in the axilla following neoadjuvant treatment remains 
undetermined. As a result, in patients who are node positive on presentation, 
axillary lymph node dissection is the standard of care following neoadjuvant 
chemotherapy, although there is a role for tailoring this to our individual patients 
with input from an MCC [ 69 ,  70 ].   

    Neoadjuvant chemotherapy studies   

 Study  Methods  Results 

 NSAPB B18 
 Wolmark 
et al. [ 68 ] 

 •  N  = 1493 
 • RCT 
 • Operable T1–3 N0–1 M0 

patients assigned to 
pre-operative chemo 
(4 cycles of AC) vs. 
post-operative chemo 
(4 cycles of AC) 

 • Follow-up—9 years 
 • No differences in OS (70 % and 69 %) 

or DFS (53 % and 55 %) 
 • Marginally statistically signifi cant 

treatment by age interactions appears to 
be emerging for survival and DFS, 
suggesting that younger patients may 
benefi t from preoperative therapy, 
whereas the reverse may be true for 
older patients 

(continued)
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 Study  Methods  Results 

 EORTC 
Trial 10902 
 van der 
Hage et al. 
[ 67 ] 

 •  N  = 698 
 • RCT 
 • Patients with T1c, T2, T3, 

T4b, N0 to 1 and M0 breast 
cancer were assigned to 
pre-operative vs. post-
operative chemotherapy 
(4 cycles—FEC) 

 • Median follow-up—56 months 
 • No differences in terms of PFS, OS and 

LRR 
 • Pre-operative chemotherapy enabled 

more patients to be treated with 
breast-conserving surgery (rate of 
downstaging was 23 %) 

 Fisher et al. 
2011 [ 73 ] 

 •  N  = 385 
 • Retrospective chart review 
 • Patients stage I, II or III and 

triple-negative treated with 
neoadjuvant or adjuvant 
chemotherapy 

 • There is a trend towards survival benefi t 
in patients with pCR following 
neoadjuvant chemotherapy 

 • However, patients undergoing 
neoadjuvant chemotherapy with residual 
disease had signifi cantly 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 + cyclophosphomide,  RCT  randomised controlled trial,  DFS  disease- 
free survival,  FEC  fl uorouracil, epirubicin and cyclophosphamide,  OS  overall survival,  PFS  
progression- free survival,  LRR  locoregional recurrence,  pCR  complete pathologic response 

          Infl ammatory Breast Cancer 

  Infl ammatory breast cancer (IBC)      is a rare clinicopathological entity characterised 
by rapid progression and aggressive behaviour which, as originally described, pres-
ents with erythema and edema with exaggerated hair-follicle pits, causing a peau 
d’orange appearance of the skin [ 75 ]. The rapid progression, along with diffuse 
erythema of more than one-third of the skin overlying the breast, distinguishes IBC 
from neglected LABC with skin involvement [ 75 ]. 

 After ruling out metastasis, patients are usually treated with pre-operative che-
motherapy followed by surgery and radiation [ 75 ,  76 ]. The combined approach 
improves the outcome of those patients with IBC. In a recent study, Li et al. reported 
a 5-year survival rate of 35–40 % [ 75 ].  

    Pregnancy and Breast Cancer 

    Pregnancy-associated breast cancer (PABC)    is   defi ned as breast cancer diagnosed 
during pregnancy, within 1 year of delivery, or while lactating [ 77 ]. It is considered 
one of the most common cancers diagnosed during pregnancy, with an incidence of 
1 in 3000 pregnancies [ 78 ] and is usually of high grade. The management of PABC 
requires a multimodality approach and thorough discussion with the patient. Treatment 
depends on the stage of the cancer and the gestational age of the pregnancy.

(continued)
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 Work-up  Before week 20  After week 20 

 • Mammogram 
(with fetal 
protection) 

 • Breast 
ultrasound 

 • Discuss at 
MCC 

 • Breast surgery is safe throughout the 
pregnancy: 
 –  Mastectomy and SLNB/axillary 

dissection 
 – BCT: not common 
 –  Radiation can be delayed until after 

delivery. A typical patient undergoing 
BCT will have a lumpectomy performed 
followed by chemotherapy (see below) 
and RT after delivery 

 –  SLNB with technetium and excluding 
blue dye 

 • Chemotherapy can be administered after the 
fi rst trimester: 
 –  If the patient is planned for neoadjuvant 

chemotherapy, then breast conservation is 
possible 

 • If there is no 
contraindication to 
BCT, it can be 
preformed, with 
plans for post-partum 
radiation 

 • SLNB with 
radiolabelled sulfur 
colloid and excluding 
blue dye 

   BCT  breast-conserving therapy,  SLNB  sentinel lymph node biopsy,  RT  radiotherapy 

    Special Notes 

•   Fluorouracil, doxorubicin and cyclophosphamide can be used during the second 
and third trimesters of pregnancy; no complications were observed for the foetus 
or infant [ 79 ].  

•   NCCN guidelines suggest that insuffi cient evidence exists regarding the general 
use of taxanes in any trimester; however, the use of weekly paclitaxel after the 
fi rst trimester may be acceptable if clinically indicated [ 80 ].  

•   The use of trastuzumab is contraindicated in all trimesters [ 80 ].  
•   Data would suggest that SLNB is safe in the pregnant population using Tc-99 m 

for lymphoscintigraphy [ 81 ,  80 ] but avoiding blue dye [ 83 ].  
•   MRI cannot be performed due to inability to administer gadolinium.       

    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 [ 84 ]. 

 Until recently, surgery had a limited role in the management of patients with 
metastasis [ 85 ,  86 ]. However, there is an emerging body of evidence to support the 
concept that removing the primary may provide a survival advantage for such 
patients [ 84 – 86 ]. A retrospective review of 16,023 patients from the national cancer 
data base examined this issue. Overall survival was improved in women who under-
went surgical resection, with 3-year survival rates of 17 % for the no-surgery group, 
28 % for the partial mastectomy group and 32 % for the mastectomy group [ 85 ]. 
Several other retrospective studies showed survival benefi ts for surgery [ 87 – 95 ]. 

D. Charleton et al.



63

However, Cady et al. [ 96 ] challenged this view through a case-matched  retrospective 
analysis of 808 patients with metastatic breast cancer. They found that case match-
ing either diminishes or eliminates the survival advantage obtained with surgery. 
More recently, Badwe et al. demonstrated that locoregional treatment of the primary 
tumour and axillary nodes has no impact on overall survival in patients with meta-
static disease at presentation who have responded to frontline chemotherapy [ 97 ]. 
Soran et al. drew a similar conclusion with respect to local therapy in metastatic 
disease, regardless of response to systemic treatment [ 98 ]. Additional trials are 
ongoing and should help to further clarify the issue [ 99 ,  100 ]. We believe that these 
cases constitute special situations that need a multidisciplinary approach. Each 
decision needs to be tailored according to patients’ symptoms (pain, bleeding, non-
healing wound), comorbidities and life expectancy. There are other ongoing phase 
III trials examining the value of early local therapy for the intact primary tumour in 
patients with metastatic breast cancer.    

    Locoregional Recurrence of Breast Cancer 

  Breast cancer recurrence can  be   divided into breast recurrence after breast- 
conserving therapy, recurrence after mastectomy and axillary recurrences [ 99 ].

 Breast recurrence after BCT 
 Recurrence after 
mastectomy  Axillary recurrence 

 • Rate of LR after BCT—
0.5–1 % per year [ 102 ] 

 • Risk factors: 
 – Age <45 years 
 – High grade 
 – Extensive DCIS 
 – Node positive 
 –  HER2/neu overexpression 
 – Positive margins 

 • Most recurrences occur in 
the same quadrant as the 
primary tumour 

 • 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 [ 31 ] 

 • Rate of chest wall 
recurrence: 5–7 % 

 • The main predicting 
factor of chest wall 
recurrence is the 
stage of the initial 
tumour 

 • 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 

 • Rule out distant metastases 
and then patients treated with 
surgical excision of gross 
disease have better regional 
control than those treated by 
radiation therapy [ 103 ] 

 • Isolated axillary recurrence has 
a 5-year survival of 50 % [ 104 ] 

 • There is limited data on repeat 
irradiation of an already 
irradiated axilla and it should 
be discussed in the setting of a 
multidisciplinary meeting 

   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 tumour more than 5 cm irrespective of the surgical treatment offered.   
   4.    Locally advanced and infl ammatory breast cancer.   
   5.    Node-positive breast cancer.        

    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 operability.   
   5.    Patient with metastasis to contralateral axilla.   
   6.    Patient with axillary metastasis and unknown primary cancer.   
   7.    Chest wall recurrence after breast reconstruction.   
   8.    Metastatic breast cancer in which surgery is being considered.      

    Breast Reconstruction 

 Over the last decade,  there   has  been   an increase in post-mastectomy breast recon-
struction rates [ 105 ]. Research has shown that immediate and delayed breast recon-
struction following mastectomy can improve patients’ quality of life [ 104 ,  105 ] and 
is both technically and oncologically successful in the appropriate patients [ 108 , 
 109 ]. Due to these advantages, we discuss and offer breast reconstruction as part of 
our initial management consultation. If a patient expresses interest in this option, a 
referral to plastic surgery is made. 

 Important considerations for reconstruction can be divided into pre-op, intra-op 
and post-operative concerns. 
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    Pre-operative Considerations 

   Post-mastectomy  reconstruction   can be  divided   into implant-based and autologous 
methods. Implant-based reconstruction includes both direct to implant and tissue 
expander to implant procedures. Autologous methods include deep inferior epigas-
tric perforator (DIEP) fl aps, free and pedicled transverse rectus abdominis myocu-
taneous (TRAM) fl aps, latissimus dorsi fl aps and less commonly superfi cial inferior 
epigastric artery fl aps (SIEA). 

 Post-mastectomy reconstruction can be done immediately (i.e. at the time of 
mastectomy) or in a delayed fashion. Delayed reconstruction is typically done at 
least 6 months following completion of any adjuvant treatment, but can technically 
be performed at any interval if the patient remains healthy and a good reconstruction 
candidate. 

 Mastectomy in the setting of immediate reconstruction can be done with a skin- 
or nipple-sparing technique. There are important oncologic factors to consider in 
such cases:

•    A meta-analysis of >3700 patients demonstrated that skin-sparing mastectomy 
(SSM) with immediate reconstruction is equivalent to conventional mastectomy 
without reconstruction with respect to local and distant recurrence [ 110 ].  

•   Nipple-sparing mastectomy (NSM) can achieve good cosmetic results without 
an increased risk of recurrence in patients with disease >2 cm from the nipple 
[ 111 ]; however there are currently no randomised control trials on the oncologic 
safety of NSM vs. SSM. Similarly, there is minimal data on the oncologic safety 
of NSM in BRCA mutation carriers [ 112 ]. Overall, NSM should be carefully 
considered on a case-by-case basis in a multidisciplinary setting.    

 There are many clinical factors to consider when deciding on timing and type of 
reconstruction [ 113 ]. Immediate reconstruction is generally not recommended in:

•    T3–T4 tumours  
•   Infl ammatory breast cancer  
•   Axillary nodal metastases  
•   Before adjuvant radiotherapy  
•   When waiting for immediate reconstruction will considerably delay therapeutic 

surgery    

 Delayed breast reconstruction is acceptable in most circumstances. 
 Important patient factors that may adversely affect reconstruction outcomes 

include:

•    Obesity  
•   Diabetes  
•   Smoking  
•   Older age       
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    Intra-operative Considerations 

 Technically, SSM and NSM are  more   challenging than conventional mastectomy.

•    Pectoralis coverage of the  expander   or implant is important. Therefore, when 
dissecting the breast and pectoralis fascia off the chest wall, it is imperative to 
avoid damaging the pectoralis major and compromising the muscle.  

•   Serratus fascia is used to form the inferior portion of the pocket for the expander 
or implant. This fascia must be kept intact. Occasionally this is augmented with 
an acellular dermal matrix.  

•   Excessive trauma to the mastectomy fl aps must be avoided. Flaps must be thin 
enough to remove all breast tissue and constitute a sound oncologic procedure 
without compromising their viability.  

•   SLN biopsy at the time of SSM may be done through a separate incision in the 
conventional location, or via the SSM incision if nodes are easily accessible. 
Consider the need for excessive traction on the skin fl ap when making this deci-
sion. NSM requires a separate incision for SLN access as the NSM incision is 
often in the inframammary fold.  

•   ALND requires a separate incision in both SSM and NSM.     

    Post-operative Considerations 

 Complications [ 111 ]:

   Autologous reconstruction 
 Implant-based 
reconstruction 

 Flap necrosis  Flap necrosis 
 Infection  Infection 
 Seroma  Seroma 
 Hematoma  Hematoma 
 Chronic back pain  Chronic breast pain 
 Abdominal weakness, bugle or hernia  Implant malposition 

 Capsular contracture 
 TRAM fl aps have a higher rate of donor site morbidity than DIEP fl aps; 
conversely, DIEP fl aps have a higher risk of necrosis [ 114 – 116 ] 

 Implant rupture 

   Surveillance [ 113 ,  117 ]. 

 Surveillance is completed clinically.  There   is no evidence to support  radiographic   
screening of the reconstructed breast unless the patient has palpable fi ndings sug-
gestive of recurrence. Suspicious masses or symptoms should be imaged and com-
pletely worked up. Fat necrosis is relatively common and benign following breast 
reconstruction.     
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    Toronto Pearls 

•      When localising 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 fi xed points. The cranial-caudal 
(CC) view of a pre-operative mammogram defi nes medial vs. lateral and lesion 
along the nipples line will be either 12 or 6 o’clock. The medial-lateral (ML) 
view defi nes upper vs. 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: patients who have under-
gone 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 the neo-
adjuvant chemotherapy if nodes were clinically and radiologically negative prior 
to treatment. FNA of any suspicious axillary nodes is attempted pre-treatment. If 
nodes were positive, we recommend axillary lymph node dissection.  

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

•   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 benefi t 
in comparison to clinical and radiographic surveillance. It does decrease the risk 
of developing a contralateral breast cancer. CPM has no effect on local recur-
rence of the ipsilateral cancer. CPM may be considered in non-gene mutation 
carriers who are unable/unwilling to undergo continued surveillance and in those 
who wish to have immediate autologous fl ap-based reconstruction for optimal 
symmetry.         
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      Chapter 5
Cholangiocarcinoma                     

       Koji     Tomiyama     ,     Sean     Cleary     ,     Carol    -anne     E. Moulton  , and        Paul F.     Ridgway     

            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. Risk factors for cholangiocarcinoma are: pri-
mary 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 infl ammatory disease (Hepatitis B/C, liver cirrhosis [ 6 ], recurrent 
pyogenic cholangitis). The most common presentation 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.
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 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 postive—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 

    The recommended staging system is the Union for International Cancer Control and 
American Joint Committee on Cancer (UICC/AJCC) 7th edition. ICC and ECC are 
staged differently. 

    Defi nitions/Terminology 

•      Extrahepatic    Cholangiocarcinoma       (Bismuth/Corlett Classifi cation 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      

     

K. Tomiyama et al.



77

       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 fi rst 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 life-time incidence of 
28 %, if left untreated [ 11 ] 

 • Upon identifi cation, 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 

         Management 

    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 mo × 2 years 
 • However, there is no data to 

support that aggressive post 
operative 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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    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 ] 

 • Specifi city 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 mo for 
2 years 

 • There is no 
data to support 
that aggressive 
surveillance 
alters outcome 
in this disease 

    Special Notes 

•    Ca 19-9   can   be elevated in up to 85 % of  patients   with cholangiocarcinoma, but 
is not specifi c; 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 post-operative 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 [ 11 ].  

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

(continued)
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   Site  Work-up  Management  Follow-up 

 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 

    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: level of involvement of the biliary tree, 
extent of vascular involvement, identifi cation of hepatic lobar atrophy, and iden-
tifi cation of metastatic disease [ 17 ].  

•    Role of Frozen Section : Although frozen section is frequently employed 
 intraoperatively, it has differing uses depending on the type of cholangiocarci-
noma. In extrahepatic cholangiocarcinoma, it has a defi nite mandatory role in 
determining margin status, unresectability or the presence of metastases. Frozen 
section margin status in intrahepatic cholangiocarcinoma is largely academic, as 
technical 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.  

(continued)
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 –    Preoperative Assessment —staging laparotomy (patients must be node nega-
tive, negative for metastases and no evidence of locally-advanced disease). 
Liberal endoscopic ultrasound and fi ne needle aspiration of regional nodes 
have identifi ed 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 : There is no convincing data for the use of adjuvant 
therapy with “older” agents, based on subgroup analysis of larger heterogeneous 
trials. Many medical oncologists extrapolate the activity noted using the Gem- 
Cis regimen in the metastatic population [ 25 ] for use in adjuvant regimens, par-
ticularly for those with node positive disease.  

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

    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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           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.

 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 ] 

 • 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) 

 • Two groups, 
Gemcitabine–Cisplatin 
or Gemcitabine alone 
for 24 weeks 

 • Median survival was 11.7 
vs. 8.1 months for the 
Gemcitabine–Cisplatin and 
Gemcitabine-alone groups 
respectively (HR 0.64) 

 • Signifi cant 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 

   RCT  randomized controlled trial 

         Referring to Medical Oncology 

     1.    R1 resection.   
   2.    Presence of  lymphovascular   invasion/ node   positive disease.   
   3.    Unresectable disease.      
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    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 confi rmed 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 pre-op 
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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      Chapter 6
Colon Cancer                     

       Usmaan     Hameed      ,     Nancy     Baxter     ,     Zane     Cohen     ,     Robert     Gryfe     ,     Robin     McLeod     , 
and     Fayez A.     Quereshy    

            Introduction 

  Colorectal cancer is the third  most   common cancer in Canada, with an estimated 
24,400 people diagnosed in 2014. Incidence is estimated at 59 per 100,000 in men, 
and 40 per 100,000 in women. It is the second leading cause of death from cancer 
in Canada [ 1 ]. The Canadian incidence of colon cancer in 2010 was approximately 
14,000, which was double that of rectal cancer. Colon cancer accounts for the 
majority of deaths from colorectal cancer, with 6523 deaths in Canada compared to 
1729 deaths due to rectal cancer in 2006. The 5-year relative survival for patients 
from 2004 to 2006 was 63 % [ 1 ]. Approximately 95 % of new cases and deaths 
occur in patients over the age of 50. The mortality from colorectal cancer has been 
in decline since 2004 for men and since 2000 for women, likely due to advances in 
systemic treatment and earlier detection due to screening efforts.

 Presentation  Incidence [ 2 ] (%)  5-year survival [ 1 ] (%) 

 Localized Colorectal Cancer (Stage I, II)  49.5  90 
 Regional Colorectal Cancer (Stage III)  27.5  69 
 Metastatic Colorectal Cancer (Stage IV)  23.0  12 
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   The current recommended staging system is the American Joint Committee on 
Cancer (AJCC) 7th edition.   

    Screening, Surveillance and High Risk Patients 

    Screening 

  Patient population  Recommendation 

 • Average risk: 
  – Age > 50, asymptomatic, no 

family history 

 • FOBT or FIT 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 < age 60 

 • Colonoscopy at age 50 or 10 years earlier than 
youngest affected relative 

 • If negative, repeat q5 years or sooner depending on 
family history 

   FOBT   fecal   occult blood test,  FIT  fecal immunochemical test 

    Special Notes 

•   There is good quality evidence that population screening using either FOBT or fl ex-
ible sigmoidoscopy has been shown to reduce colorectal cancer mortality [ 3 ,  4 ].  

•   FOBT has been shown to reduce relative risk of colorectal cancer mortality by 
16 % [ 3 ,  4 ].  

•   A recent randomized trial from Norway showed that population screening with 
fl exible sigmoidoscopy decreased colorectal cancer mortality (11.7/100,000 
deaths per person-years absolute risk reduction) [ 5 ].  

•   A recent systematic review and meta-analysis showed decreased mortality for 
proximal cancers with colonoscopy compared to fl exible sigmoidoscopy based 
on observational data [ 6 ].  

•   At least four randomized controlled trials and ten observational studies which 
have shown that screening with fl exible sigmoidoscopy reduces incidence and 
mortality in distal, but not proximal colorectal cancer [ 6 ].  

•   Colonoscopy is recommended by the American College of Gastroenterology for 
screening, although there are no randomized trials demonstrating a reduction in 
mortality [ 7 ].  

•   A population-based study in Ontario of 2,412,077 people demonstrated that the 
colonoscopy rate was inversely proportional to death from colorectal cancer [ 8 ]. 
A case–control study in Ontario has demonstrated a signifi cant association 
between colonoscopy and fewer deaths from colorectal cancer; specifi cally left 
sided cancers [ 9 ].  
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•   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 fi rst 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 % [ 10 ,  11 ].  

 –   Polypectomy and adenoma detection rates are also important quality indica-
tors; however there is no consensus on what the appropriate targets should be 
[ 10 ,  11 ].  

 –   There is insuffi cient evidence to suggest a minimum withdrawal time from the 
cecum of 6 min improves quality of endoscopy or improves the adenoma 
detection rate [ 10 ,  11 ].         

    Surveillance of Patients with Polyps Identifi ed at Colonoscopy 

  Clinical scenario 
 Recommended surveillance interval 
(years) 

 • No polyps 
 • <1 cm, hyperplastic polyps in sigmoid/rectum 
 • <1 cm, 1–2 TA 

 10 
 10 
 5–10 

 • 3–10 TA 
 • One or more TA ≥1 cm 
 • Villous features or HGD 

 3 

 • More than ten adenomas  <3 
 Serrated lesions 
 • SSA ≥1 cm 
 • SSA with HGD 
 • Traditional serrated adenoma 

 3 

 • Serrated polyposis syndrome  1 

   LGD  low grade dysplasia,  TA  tubular adenoma,  HGD  high grade dysplasia,  SSA  sessile serrated 
adenoma 
 Adapted from: Guidelines for Colonoscopy Surveillance After Polypectomy: A Consensus Update 
by the US Multi-Society Task Force on Colorectal Cancer and the American Cancer Society [ 11 ] 

    Special Notes 

•   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 fi rst 
degree relative with an age of onset <60, (2) colonoscopy was complete and 
adequate, and all visible polyps were completely removed.      
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    Hereditary Colorectal Cancer Syndromes 

   Colorectal cancer 
syndrome 

 Pattern of 
inheritance  Mutated germline gene 

 Colorectal cancer 
risk 

 Adenomatous 
 Lynch syndrome 
(HNPCC) 

 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 

         Microsatellite Instability and Lynch 

      Microsatellite instability (MSI)    is   identifi ed in approximately 15 % of all colorectal 
cancers and is a  feature   of Lynch syndrome. The majority of cases  of   MSI are spo-
radic, due to methylation of an MMR gene, rather than a germline mutation found 
in Lynch. Lynch syndrome is transmitted in an autosomal dominant inheritance 
pattern and is the most common hereditary colorectal cancer syndrome, accounting 
for 2–3 % of all colorectal cancers. Revised Bethesda Guidelines provide criteria 
for testing to identify individuals at risk for Lynch [ 12 ]. Immunohistochemistry 
(IHC) testing for MMR.

  Revised Bethesda Guidelines 

•   CRC diagnosed in a patient < age of 50  
•   Synchronous or metachronous CRC or other Lynch-related tumor  
•   CRC diagnosed in a fi rst-degree relative with an Lynch-related tumor, one diag-

nosed < age 50  
•   CRC diagnosed in two or more fi rst or second degree relatives with Lynch related 

tumors  
•   CRC with MSI-high histology in patient < 60 years of age:

 –    Tumor infi ltrating lymphocytes  
 –   Crohn’s-like lymphocytic reaction  
 –   Medullary growth pattern  
 –   Mucinous/Signet ring differentiation      
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  Special Notes 

•   In Stage II patients, IHC testing should be considered as high-frequency MSI has 
been shown to predict lack of benefi t from fl uorouracil-based adjuvant chemo-
therapy [ 13 ,  14 ]  

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

•   Testing guidelines based on age and family history miss a signifi cant proportion 
of patients with MSI-high tumors. Universal testing of patients with colorectal 
cancer is a more sensitive method of identifying MSI-high patients and may be 
more cost-effective than traditional guidelines [ 15 – 17 ].  

•   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 fulfi ll 
any of the revised Bethesda guidelines [ 15 ]: 

•  Tumor testing for MMR defi ciency with IHC ± MSI:

 –    If loss of MLH1/PMS2 protein expression is observed in the tumor, analysis 
of BRAF V600E mutation or analysis of methylation of the MLH1 promoter 
should be carried out fi rst to rule out a sporadic case.  

 –   If tumor is MMR defi cient and somatic BRAF mutation is not detected or 
MLH1 promoter methylation is not identifi ed, testing for germline mutations 
is indicated.  

 –   If loss of any of the other proteins (MSH2/MSH6/PMS2) identifi ed,    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 
rearrangement 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, supernumerary teeth, osteomas, and epidermoid cysts.  

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

  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 rearrangement 

analysis  
•   MUTYH germline testing

 –    In white individuals: should begin with the most common mutations (G396D, 
Y179C) followed by analysis of the entire gene in heterozygotes.  

 –   In non-white individuals: full sequencing of MUTYH should be considered.             

    Management 

    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 

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

 • If resection 
required, 
laparoscopic 
approach 
recommended 

 • None  • Clinical assessment 
 – Q3–6 months × 5 

years 
 • Colonoscopy at 1 year, 

then q5 years if normal 

(continued)
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   Clinical 
scenario  Workup 

 Surgical 
management 

 Adjuvant 
therapy 

 Follow-up 
(FU)/surveillance 

 Stage I, 
low risk 
Stage II 

 • History 
and 
physical exam 

 • Labs: 
  –  CBC, 

CEA 
 • Imaging: 

  –  CT chest/
abdo
/pelvis 

 • Colonoscopy 

 • Resection 
with 
appropriate 
nodal basin 

 • Laparoscopic 
resection 
recommended 

 • None  • Clinical assessment, 
CEA 

  –  Q3–6 months × 5 
years 

 • Colonoscopy at 1 year, 
then q5 years if normal 

 • Stage II: annual CT 
chest/abdomen/pelvis 
[ 18 – 20 ] 

 High risk 
Stage II 

 • As above  • As above  • Consider 
5-FU, 
capecitabine 

 • Less benefi t 
for MSI-high 
tumors [ 12 , 
 13 ] 

 • As above 

 Stage III  • As above  • As above  • Recommend 
FOLFOX [ 21 , 
 22 ] 

 • Capecitabine 
may be given 
as alternative 
to 5-FU/LV 
[ 23 ] 

 • 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 
2012 [ 19 ] 

    Special Notes 

•    Polyps 

 –    High-risk features of malignant polyps include: poorly differentiated histol-
ogy, lymphovascular invasion, tumor budding, and positive margin.  

 –   Management of sessile malignant polyps is controversial given estimates of a 
10 % rate of lymph node involvement [ 24 ]. Patient age and comorbidities 
should be considered, as some patients may be better suited to observation.     

•    Adjuvant Treatment 

 –    High risk Stage II: perforation, obstruction, nodal harvest <12 nodes, T4, 
poorly differentiated histology. However, considering nodal harvest <12 
nodes, young age, and obstruction as high risk is somewhat controversial.  

 –    Oxaliplatin   is often omitted in Stage-II patients undergoing adjuvant chemo-
therapy due to adverse side-effects and unclear benefi t     

(continued)
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•    Technical Considerations 

 –    Laparoscopic surgery is recommended in suitable patients in the absence of 
the following: locally advanced disease, obstruction, perforation, or fi stula 
[ 25 ]. Evidence suggests that the principal benefi t is reduction of hospital stay 
with equivalent oncological outcomes [ 24 – 29 ].  

 –   Quality Indicators:
   The resected specimen should contain a minimum of 12 lymph nodes [ 30 ,  31 ]  
  A minimum 5 cm proximal and distal margin is preferred [ 30 ,  31 ]        

•    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 fi ndings [ 11 ,  32 ,  33 ].  

 –   Eighty percent of patents recur within 2–2.5 years, and 95 % by 5 years.  
 –   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 at 6 months following completion of adjuvant therapy 
and then at 12 months and then annually.  

 –   There is evidence of a survival benefi t with more intensive follow-up follow-
ing surgery for colorectal cancer [ 32 ]. 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 [ 33 ].  

 –   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 

 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 surgery 
also for HGD 

 • Consider 
prophylactic 
TAH-BSO >35 
years after 
childbearing is 
complete 

 • Endoscopic 
assessment of 
rectal stump 
q1–2 years 

 • Gynecologic 
exam with 
transvaginal U/S 
and aspiration 
biopsy annually 

(continued)
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 Clinical 
scenario  Screening 

 Surgical 
management  Surveillance 

 FAP  • Flexible 
sigmoidoscopy (or 
colonoscopy) q1–2 
years from age 10–12 

 • 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 

 • Colonoscopy q1–2 
years beginning 8 
years after diagnosis 

 • Four quadrant 
biopsies every 10 cm 

 • Malignancy or 
dysplasia: 
TPC ± IPAA 

 • Expert pathology 
review advisable 

 • Endoscopic 
assessment of 
rectal stump/
reservoir q
1–2 years 

   HNPCC  hereditary non-polyposis coli syndrome,  FAP  familial adenomatous polyposis,  AFAP  
attenuated FAP,  APC  adenomatous polyposis coli,  TAH-BSO  total abdominal hysterectomy + bilat-
eral 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 [ 15 ] 

(continued)
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    Special Notes 

•   Lynch: Segmental resection may be considered in cases of signifi cant comorbid-
ity, advanced age, or locally advanced disease.  

•   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: Preservation of the rectum may be considered when rectal clearance is 
possible. The risk of recurrence in rectal stump must be balanced against the 
alteration in function with proctocolectomy and pelvic pouch.     

    Locally Advanced Colon Cancer or 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 

   Special Notes 

•   Histologically  negative   margins should be  the   goal of en-bloc resection [ 34 ,  35 ]. 
Relevant margins should be marked on the specimen by the surgeon.       

U. Hameed et al.



95

    Colon Cancer with Distant Metastases 

  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 
[ 36 – 38 ] 

 • Cetuximab 
can be 
considered 
for K-Ras 
wild type [ 39 ] 

 • Consider a 
clinical trial 

 • Patients receiving 
chemotherapy with 
potentially resectable
 metastatic disease 
should have imaging 
every three cycles to
 assess response to 
therapy 

 • CEA should be 
done only if 
patients do not have 
measurable disease 
on imaging 

 • Patients in palliative 
care should only 
have blood tests and 
or imaging as 
dictated by clinical 
condition 

   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 metastatic disease.  

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

•   There may be a survival advantage in resection of the primary tumor in patients 
with unresectable metastatic disease [ 40 ].       
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    Landmark Publications 

  Topic  Study  Methods  Results 

 Laparoscopic 
 vs. 
 Open Resection 

 COST Trial [ 26 ] 
 Fleshman et al., 
2007 Update [ 41 ] 

 • RCT 
 •  N  = 872 
 • Colon cancer only 

 • No signifi cant 
difference in time to 
recurrence or OS, 
median F/U 7 years 

 • Shorter median 
hospital stay 

 CLASSIC Trial 
 Jayne et al. [ 27 ] 

 • RCT 
 •  N  = 794 (526 

laparoscopic, 48 % 
rectal cancer) 

 • No difference in 3 year 
OS or LR 

 COLOR Trial 
 Buunen et al. [ 42 ] 

 • 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 

 Barcelona Trial 
 Lacy et al. [ 30 ] 
 Lacy et al. [ 43 ] 
Update 

 • RCT 
 •  N  = 219 
 • Colon cancer only 

 • Trend toward higher 
cancer-related survival 
in laparoscopic 

 • Shorter hospital stay 
 Chemotherapy  NSABP C-07 

 Kuebler et al. [ 21 ] 
 • 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 

 MOSAIC 
 Andre et al. [ 22 ] 
 Andre et al., 2009 
Update [ 44 ] 
 Tournigand et al. 
[ 45 ] (sub-group 
analysis) 

 • 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 

 • Stage II: 
  – No improvement in 

DFS/OS 
  – No difference in 

DFS/OS in low vs. 
high-risk 

 X-ACT 
 Twelves et al. [ 18 ] 
 Twelves et al., 
Update 2012 [ 46 ] 

 • 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 

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

     1.    High- risk   Stage II.   
   2.    Stage III, IV.   
   3.     Locally   advanced, Recurrent.      

    Referring to Radiation Oncology 

     1.     Consider   for  T4b   disease.      

    Referring to Multidisciplinary Cancer Conference (MCC) 

     1.    Locally advanced  or   recurrent disease.   
   2.    Metastatic disease in  fi t   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 [ 47 ].        
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      Chapter 7
Colorectal Liver Metastases                     

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

            Introduction 

  The liver is the most  common   site of metastases from colorectal cancer (CRC). 
Approximately 15 % of patients with CRC present with synchronous liver metasta-
ses, and 15 % of patients will develop metachronous metastases to the liver [ 1 – 3 ]. 
Of the patients who develop liver metastases, 80 % have unresectable disease at 
presentation [ 4 ]. Whether to resect the liver metastases depends on technical factors 
and prognostic variables.

 Presentation 

 Prognosis [ 5 – 10 ] 

 5-year OS  10-year OS 

 • Resected CRLM  39–58 %  17–28 % 
 • Unresectable CRLM  5.3 %  NA 

   OS  overall survival,  CRLM  colorectal liver metastases,  NA  not available 

        Commonly Used Prognostic Variables 

  Various clinical risk  scores   have been developed to help clinicians estimate survival 
outcomes for individual patients. They are valuable tools to assist clinicians in treat-
ment decision-making.
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 Nordlinger et al. 
[ 11 ] 

 Variables  Score  2-year OS (%) 
 • Age > 60 years 
 • Size > 5 cm 
 • Extension of primary 

into serosa 
 • Lymphatic spread 
 • Disease-free interval ≤ 2 

years 
 • ≥4 lesions 
 • Resection margin < 1 cm 

 0–2 (low risk) 
 3–4 (intermediate risk) 
 5–7 (high risk) 

 79 
 60 
 43 

 Fong criteria 
 Fong et al. [ 12 ] 

 Variables  Score  5-year OS (%) 
 • Size > 5 cm 
 • >1 lesion 
 • CEA level > 200 ng/mL 
 • Node positive primary 
 • Disease-free 

interval < 12 months 

 0 
 1 
 2 
 3 
 4 
 5 

 60 
 44 
 40 
 20 
 25 
 14 

   OS  overall survival,  CEA  carcinoembryonic antigen 

         Assessment of Resectability [ 13 ] 

   Oncologic criteria  Technical criteria 

 1. Prior to considering resection of CRC hepatic 
metastases, pretreatment radiological staging 
is required to assess for the presence and 
extent of intrahepatic and extrahepatic disease 

 2. Patients harboring limited EHD or with 
reasonable expectations for long-term control 
with adjuvant therapies may be considered 
for a hepatic resection 

 3. For patients with signifi cant progression of 
metastatic disease during treatment with 
optimal preoperative chemotherapy, care 
should be individualized. Consider deferring 
surgical resection until disease control 
achieved with second-line systemic or 
regional therapies 

 1. Resectability includes the expectation 
that an R0 margin can be achieved 

 2. The technical feasibility of a hepatic 
resection should be based on four 
criteria related to the liver remnant 
after resection: 
 (a) The anticipated ability to preserve 

two contiguous segments 
 (b) The anticipated ability to preserve 

adequate vascular infl ow, outfl ow 
and biliary drainage 

 (c) The anticipated ability to preserve 
adequate FLR volume (20 % in 
normal liver and 30 % in pretreated 
liver with chemotherapy) 

 (d) The demonstrated ability of the 
FLR to adequately function based 
on the appropriate regenerative 
response after PVE in patients with 
a marginal FLR volume and/or 
underlying liver disease 

   FLR  future liver remnant,  EHD  extrahepatic disease 

    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 bleeding.  
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•   Laparoscopic resection in carefully selected patients in centers with expertise in 
minimally invasive surgery has been shown to be oncologically similar to open 
hepatectomy, with potential improvement in perioperative factors [ 14 – 16 ].        

    Management of CRLM 

    General Considerations 

  Work- up    Follow-up 

  Labs : 
 • CEA level 
 • LFTs 
  Imaging : 
 • CT chest, abdomen, pelvis 
 • Consider MRI with liver-specifi c contrast agent 

(e.g., gadoexetic acid) if lesions are not well seen 
  Colonoscopy  within the preceding 18 months 

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

       Surgical Considerations in Resectable Disease 

      Synchronous    metastases   (within 12 months of the  diagnosis   of the primary)   

 Strategy  Management 

 Simultaneous 
resection 

 1. Uncomplicated colon + liver resection (especially right-sided colonic 
resection) 

 2. Complicated colon resection + limited liver resection 
 Staged 
resection 

 1. Complicated rectal resection, extensive colon resection (especially 
left side) 

 2. Complicated liver resection (>4 segments) 
 Primary 
fi rst 

 Traditional approach 
  Advantage : Avoids potential complications from primary disease 
(bleeding, perforation) 
  Disadvantage : Postoperative complications can delay resection of 
hepatic disease which may progress to unresectability 

 Liver 
resection 
fi rst 

 Consider in 
 • Extensive hepatic disease with asymptomatic primary 
 • Patients with metastatic rectal cancer who must wait 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 has had 
unnecessary liver resection, delaying palliative systemic treatment 

 Parenchyma 
preservation 

 Parenchymal sparing approach to resection may decrease morbidity and 
mortality 
 Provides equivalent oncologic outcomes [ 17 ,  18 ] 
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   Special Notes 

•   All cases of synchronous disease should be reviewed at MCC and considered for 
perioperative systemic treatment (see below)  

•   Sequence for staged resection is controversial and should be individualized [ 19 ]   

    Bilobar disease   

  Strategy    Management 

 One  stage   hepatectomy  If resectable with adequate liver volume, resect with one stage 
hepatectomy 

 Two stage hepatectomy   First stage hepatectomy : 
 Wedge resections of the left lobe (clear the future liver remnant) 
  or  
 Segment 2, 3 resection 
  Right portal vein embolization : 
 Await 6 weeks to allow hypertrophy 
 Continue chemotherapy after PVE until second stage hepatectomy 
  Second stage hepatectomy : 
 Resection of right lobe 

           Systemic Treatment 

     Role  of    perioperative   chemotherapy   

   Strategy  Management  Advantage  Disadvantage 

 Upfront resection  Resect if resectable 
followed by 
post-liver resection 
chemotherapy 

 Avoids hepatotoxic 
therapy 

 May delay systemic 
treatment for 
micrometastatic disease 

 Perioperative 
chemotherapy 

 4–6 cycles of 
preoperative 
chemotherapy, 
followed by 
resection with 
post-liver resection 
chemotherapy 

 Could decrease extent 
of resection 
 Increase rate of R0 
resection 
 Early treatment of 
micrometastatic disease 
 Can assess tumor 
response to 
chemotherapy (e.g., 
improvement vs. 
progression of hepatic 
disease or development 
of extrahepatic disease) 
which may alter 
treatment trajectories 

   Could render hepatic 
disease invisible to 
imaging 
 Hepatic toxicity of 
systemic treatments 
may affect surgical 
outcomes [ 20 ] 
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     Conversion  of    unresectable   liver metastases with chemotherapy   

   Strategy  Management  Follow-up 

 Conversion of 
unresectable hepatic 
disease 

  After discussing in MCC : 
 Downstage with FOLFOX or 
FOLFIRI ± bevacizumab 
 Consider cetuximab in patients with KRAS 
wild type tumors 
 If becomes resectable, undertake resection 
 Resection based on pre-downstaged lesions 
(i.e., resect the “ghosts” if possible). If not 
possible to safely resect the ghost lesions, 
follow closely and treat accordingly 

 Resume chemotherapy 
after surgery 
 Close follow-up for 
return of “ghost” lesions 

   MCC  multidisciplinary cancer conference 

          Extrahepatic Metastases (EHM) [ 6 ,  21 – 23 ] 

   Site of EHM  Management 

 Lung  Staged procedure only if both HPB and thoracic surgeons deem 
tumors resectable 
 May be role to follow subcentimeter pulmonary nodules (SPN) 
 Presence of SPN should not preclude hepatic resection 
 Liver resection fi rst, followed by lung resection 
 Preoperative chemotherapy 

 Portal lymph nodes  Simultaneous procedure 
 Survival at 5 years 12–33 % in recent series 
 Individualized therapy based on assessment of tumor biology 

 Peritoneum  Should be assessed in conjunction with a peritoneal malignancy 
program 

 Ovary  Survival benefi t in retrospective studies 
 Resection should be considered if complete resection can be 
achieved 

 Retroperitoneal lymph nodes  Poor prognosis (5 year OS 0–7 %) 
 Should be considered for clinical trial 

   MCC   multidisciplinary   cancer conference,  SPN   subcentimeter   pulmonary nodule 

    Special Notes 

•   All cases of EHM should be reviewed at MCC and considered for perioperative 
systemic treatment       
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    Liver-Directed Therapies 

        Mechanism  Advantage  Disadvantage 

 Radiofrequency 
 ablation   (RFA) 

 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 
[ 24 ] 

 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) 

 Microwave 
energy agitates 
water molecules 
to create heat 

 As above 
 More uniform/predictable 
ablation zone than RFA 
[ 25 ] 

   Limit on size of treatable 
lesions 

       Evolving Techniques 

 Technique  Advantage  Disadvantage 

   ALPPS    (associating 
liver partition with 
portal vein ligation 
for staged 
hepatectomy) [ 26 ] 

 Staged hepatectomy 
 In situ ligation of the 
right portal vein and 
division of 
parenchyma between 
segment 4A/B and 
left lateral segment 
induces accelerated 
hypertrophy of the 
remnant liver 

 CT volumetry used 
to assess 
hypertrophy of left 
lateral segment 
 Deportalized liver 
then removed 

 Allows for rapid (and 
possibly greater) 
hypertrophy in patients 
with inadequate 
hypertrophy following 
PVE or very small FLR 

 Morbidity, mortality, 
and oncologic 
outcomes relatively 
poor compared with 
more traditional 
strategies [ 27 – 29 ] 

 Considered 
experimental and not 
performed in Toronto 

 Hepatic artery 
infusion (HAI) 
pump therapy 
[ 30 – 33 ] 

 Surgically placed 
catheter into hepatic 
artery with 
subcutaneous 
reservoir 

 HAI combined with 
systemic treatment can 
convert unresectable 
disease to resectable/
ablatable disease in 
25–50 % of patients 
compared with 10–30 % 
with systemic therapy 
alone 

 Requires 
multidisciplinary 
team with expertise 
in hepatobiliary 
surgery, medical 
oncology, 
interventional 
radiology, nuclear 
medicine, and 
nursing 

(continued)
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 Technique  Advantage  Disadvantage 

 DEBIRI (drug- 
eluting bead, 
irinotecan) [ 34 ,  35 ] 

 Transarterial 
embolization with 
drug-eluting beads 
with irinotecan 

 Patients with 
unresectable hepatic 
disease who had 
DEBIRI had increased 
median OS of 7 months 
compared with 
FOLFIRI group 
( p  = 0.031, log-rank), 
with a sustained 
improvement in quality 
of life 

 Precise indications 
yet to be determined 
 Not available at all 
centers 

 Irreversible 
electroporation 
(IRE) 

 Electric pulses cause 
permeabilization of 
membranes of tumor 
and parenchymal 
cells 

 Does not affect portal, 
biliary, or venous 
structures 

 Not used in patients 
with pacemakers or 
arrhythmias 
 Requires general 
anesthesia 

 Stereotactic ablative 
radiotherapy 
(SABR/SBRT) [ 36 ] 

 Delivery of high 
doses of radiation to 
a focused target 

 Considered for patients 
deemed unresectable for 
patient or disease factors 
or those with larger 
hepatic metastases not 
otherwise ablatable 
 Local control can be 
achieved in 85 % of 
patients at 3 years 

 Long term results not 
yet available 
 Not offered at all 
centers 

 Transplantation 
[ 37 – 39 ] 

 Norwegian SECA 
study—cadaveric 
liver transplants for 
unresectable hepatic 
metastases, primary 
removed and no 
EHD 

 Calculated 5 year OS of 
56 % for transplanted 
patients ( n  = 21) and 
44 % in the six patients 
who had progressive 
disease on last line of 
chemotherapy at the 
time of transplantation 

 Experimental 

 Yttrium-90 [ 40 ]  High-dose radiation 
delivered via the 
hepatic artery with 
microspheres 

 Could be used as 
salvage therapy for 
unresectable CRLM 
 Median OS from 
administration of Y90 is 
12 months 

 Short term restriction 
in patient exposure to 
friends/family due to 
radiation 
 Not widely available 

(continued)
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          Landmark Publications 

    Synchronous CRLM 

      Clinical   scenario  Study  Methods  Results 

 Simultaneous 
liver–colon 
 vs. 
 Staged Resection 

 Mayo Study 
 Chua et al. [ 41 ] 

 Retrospective review 
  n  = 96 
 Consecutive patients 
with synchronous 
CRLM 

 Simultaneous liver, colon 
resection had similar 
complication rates, but shorter 
overall hospital stay 

 US Multicenter 
Study 
 Reddy et al. 
[ 42 ] 

 Retrospective review 
  n  = 1085 
 Patients with 
synchronous CRLM at 
three high volume US 
HPB centers 

 Simultaneous colon and major 
hepatectomy was associated 
with increased mortality and 
morbidity 
 Simultaneous colon and minor 
hepatectomy is safe 

 Memorial 
Sloan-Kettering 
Study 
 Martin et al. 
[ 43 ] 

 Retrospective review 
  n  = 240 
 Patients with 
synchronous CRLM 

     Less extensive resections 
undertaken in simultaneous 
liver–colon resection group, 
with lower rates of overall 
complications and length of stay 

       Bilobar Colorectal Metastases 

  Clinical scenario  Study  Methods  Results 

 Two- stage 
  hepatectomy 

 French 
Study 
 Jaeck et al. 
[ 44 ] 

 Retrospective review 
  n  = 33 
 Patients with bilobar CRLM 
managed with two stage 
hepatectomies and PVE 

 Two-stage hepatectomy 
feasible in 75 % of patients 
with good long term 
survival 

 Paul 
Brousse, 
Paris Study 
 Adam et al. 
[ 7 ] 

 Retrospective review 
  n  = 59 
 Patients with multiple CRLM 
treated with two stage 
hepatectomies, 
PVE ± ablation 

 Two-stage hepatectomy 
feasible in 69 % 
 5-year OS for those who 
completed both stages 42 % 

   PVE  portal vein embolization,  CRLM  colorectal liver metastases,  OS  overall survival 

         Perioperative Chemotherapy in Resectable Liver Metastases 

 Clinical scenario  Study  Methods  Results 

 Perioperative 
chemotherapy 
 for   resectable 
liver metastases 

 EORTC 
Intergroup Trial 
 Nordlinger 
et al. [ 45 ,  46 ] 

 RCT—Perioperative 
chemo + surgery vs. 
surgery alone 

 Perioperative chemotherapy 
(FOLFOX) increased progression 
free survival by 7.3 % at 3 years 
 No difference in OS 

   RCT  randomized controlled trial,  OS  overall survival 
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        Preoperative Chemotherapy in Unresectable Liver Metastases 

 Clinical scenario  Study  Methods  Results 

 Conversion 
chemotherapy 
 for   unresectable 
liver metastases 

 CELIM Trial 
 Folprecht et al. 
[ 47 ] 

 RCT 
 Cetuximab + FOLFOX 
or FOLFIRI in 
unresectable CRLM 

 Chemotherapy with 
cetuximab increased response 
rates and resectability. 
Patients without KRAS 
mutations had a higher 
response rate 

 UK Multicenter 
Study (BOXER) 
 Wong et al. [ 48 ] 

 Prospective multicenter 
phase II single arm 
study 
 Bevacizumab + CAPOX 
in unresectable CRLM 

 Bevacizumab + CAPOX 
increased response rates and 
resectability in patients with 
initially unresectable CRLM 

   CAPOX  capecitabine + oxaliplatin,  CRLM  colorectal liver metastases,  RCT  randomized controlled 
trial 

        Liver and Extrahepatic Metastases 

  Clinical scenario  Study  Methods  Results 

 Surgical 
management of 
 liver   and 
pulmonary 
metastases 

 Toronto Liver and 
Pulmonary 
Resection Study 
for CRLM 
 Shah et al. [ 49 ] 

 Retrospective review 
  n  = 39 
 Liver and pulmonary 
metastasectomies 

 DFS 19.8 months and 
overall survival 87 
months after initial 
metastasectomy 

 Portal lymph 
node 
involvement 

 French Study 
 Adam et al. [ 50 ] 

 Retrospective review 
  n  = 47 
 Liver resection and 
perihepatic 
lymphadenectomy (portal, 
celiac, retroperitoneal) 

 5-year survival higher 
for patients without LN 
involvement (18 % vs. 
53 %) 
 5-year survival observed 
only in patients with 
hepatoduodenal LN 
(25 %), not in patients 
with celiac or 
retroperitoneal LN 

 Surgical 
management of 
EHM 

 International 
study, Pulitano 
et al. [ 6 ] 

 Retrospective review 
  n  = 171 
 Liver resection and EHM 
resection (lung, 
peritoneum, portal LN, 
aortocaval LN, other) 

 5-year survival for liver 
resection and EHM 
resection 26 % 
 Overall survival worse 
with R1 resection, 
multiple sites of EHM 
and location (aortocaval 
nodes worst) 

   LN  lymph node,  EHM  extrahepatic metastases,  DFS  disease-free survival 
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          Referring to Medical Oncology 

     1.    All patients should  be   seen by  medical   oncology.   
   2.    Patients are often referred to surgery from medical oncology.      

    Referring to Radiation Oncology 

     1.    Refer patients who are  not   candidates for  surgery   or other local therapies to be 
assessed for consideration of stereotactic radiation.      

    Referring to Multidisciplinary Cancer Conference (MCC) 

     1.      Ideally,  all  CRLM should be reviewed.   
   2.    Borderline resectable  cases   should be reviewed.   
   3.    Patients who require a  major   hepatectomy and a major colorectal resection.   
   4.    Patients with liver metastases and extrahepatic metastases.   
   5.    Discuss timing of perioperative chemotherapy  .      

    Toronto Pearls 

•     If there is any  doubt   about the volume of future liver remnant, obtain formal volu-
metrics and review at MCC. Consider preoperative portal vein embolization.  

•   Continue chemotherapy after Portal Vein Embolization (PVE) until resection to 
avoid growth of tumors.  

•   When performing liver resections, use the principle of parenchyma-sparing sur-
gery as a guide.  

•   When performing liver resection after PVE, beware of distorted portal anatomy, 
especially shifted bile ducts.        
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      Chapter 8
Gallbladder Cancer                     

       Melanie     E.     Tsang      ,     Natalie   G.     Coburn     , and     Paul     F.   Ridgway    

            Introduction 

   Gallbladder cancer (GBC)   is relatively uncommon, with an incidence in North 
America of one to two people per 100,000. It is often found incidentally after an 
elective laparoscopic cholecystectomy. The main risk factors associated with the 
development of cancer include:

•    Female–male (1.3–3.5:1) [ 1 ]  
•   History of gallstones/cholecystitis [ 2 – 7 ]  
•   Ethnic groups: Native American, Mexican, East Asian, Hispanic [ 8 ]  
•   Obesity and a high carbohydrate diet [ 9 ,  10 ]  
•   Anomalous pancreaticobiliary duct junction (APBDJ) [ 11 ,  12 ]  
•   Chronic GB infection ( S. typhi ) [ 13 ]  
•   Age (increased incidence) [ 14 ]  
•   Previous gastric surgery [ 15 ]    

 Unfortunately, less than 25 % of patients will present with resectable disease [ 16 – 19 ].
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 Presentation (AJCC staging system) 
 Prognosis 
 5-year overall survival (OS) (%) 

 • Early (Stage 0–2)  60–100 
 • Advanced/regional (Stage 3A–4A)  4–13 
 • Metastatic (Stage 4B)  2 

   The recommended staging system is the International Union Against Cancer and 
American Joint Committee on Cancer (UICC/AJCC) 7th edition.  

    Defi nitions/Terminology 

•        Anomalous pancreatic biliary duct junction (APBDJ)   : e.g., pancreatic join-
ing common bile duct prior to the ampulla of Vater, causing a    long common 
channel.  

•     Extra hepatic bile duct (EHBD)   : portion of the bile duct that is extraneous to 
the liver and pancreas.  

•     Simple cholecystectomy (SC)   : removal of the gallbladder 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.  

•     Pancreaticoduodenectomy (PD)   : also known as a Whipple procedure, removal 
of the head of the pancreas, proximal jejunum, duodenum, antrum of stomach, 
gallbladder, cystic duct, common bile duct, and associated regional lymph nodes.  

•     Radical resection   : involves removal of liver segments 4B/5, extending to include 
a formal lobectomy ± pancreaticoduodenectomy (depending upon extent of local 
invasion of tumor), with CBD removal [ 20 ].  

•     Port/Trocar site metastases   : port site implantation at any of the port sites (not 
limited to the extraction site) was originally estimated to occur in 10–18 % cases 
after laparoscopic cholecystectomy [ 21 ]. More recent data suggest, however, the 
incidence of abdominal wall recurrence after laparoscopic procedure is low 
(7 %), comparable to open technique (5.1 %) [ 22 ]. Excision of port sites is con-
troversial, as no survival advantage has been demonstrated to support routine 
removal [ 23 ]. Our recommendation is to consider removal in cases where bile 
spillage has occurred at the initial surgery or if the gallbladder was removed 
without a bag.  

•    Role of    frozen resection   : a negative frozen section of the cystic duct margin is 
mandatory during all radical cholecystectomies if the extrahepatic bile duct is 
not being resected.       
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    Special Notes 

•   In Ontario, all patients    with known or suspected GB cancer 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 
cholecystectomy [ 26 – 28 ]. Bile spillage that has occurred during laparoscopic 
cholecystectomy in the setting of a high grade tumor should not delay or act as a 
deterrent for defi nitive surgery. Patients should be evaluated and treated accord-
ing to the pathology of the tumor, and fi tness 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 sur-
vival, but may decrease rate of recurrence [ 26 ,  29 ]. In reasonable operative can-
didates, recommendation is to proceed with segment 4B/5 resection and 
lymphadenectomy.  

•   Jaundice is a poor prognostic marker (median disease-specifi c survival was 6 
months vs. 16 months in non-jaundiced patients; no jaundiced patients were 
alive at 3 years). Surgical exploration may not be warranted in this patient popu-
lation [ 30 ]  

•    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 gallbladder  

 –    Operative Note  should include if gallbladder was removed intact; evidence 
of perforation or spillage of bile; excision of cystic node; removal of gallblad-
der using a bag with identifi cation of the port site used; and use of wound 
protector         

    Management of Early Gallbladder Cancer 

  Scenario  Surgical management  Follow-up (F/U) 

 Tis or T1a (in situ or invades 
lamina propria only) 

 • Simple cholecystectomy 
 • Radical cholecystectomy has not 

shown improved long term 
survival [ 24 ,  27 ] 

 • LN metastases rare (2.5 %) [ 31 ] 

 • ESMO: should be 
restricted to history 
and physical 
examination 
tailored to 
symptoms 

(continued)
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  Scenario  Surgical management  Follow-up (F/U) 

 T1b (invades muscularis 
propria) (controversial; see 
Special Note)  
 or 
 T2 (penetrates perimuscular 
connective tissue, no 
extension beyond serosa or 
into liver) 

 • Radical 
cholecystectomy ± excision of 
port sites, with removal of cystic 
duct margin +/- CBD resection if 
involved (see Special Notes) 

 • T1b: LN metastases 15–25 % for 
T1b [ 31 ,  32 ] 

 • T2: LN metastases 20–62 % 
(portal node involvement), 20 % 
celiac and peripancreatic nodes 
for [ 20 ] 

 • LN harvest recommended to 
include porta hepatis, 
gastrohepatic ligament, 
retroduodenal 

 • There is no 
evidence that 
regular follow-up 
after initial therapy 
infl uences outcome 

   LN  lymph nodes,  ESMO  European Society of Medical Oncology 

    Special Notes 

•   Consider CBD resection if    needed to obtain negative margins at all T stages  
•   Macroscopic recommended margins: 2 cm of adjacent liver tissue [ 28 ]  
•   Early re-exploration for patients with incidentally found T2 lesions [ 33 ]  
•   Initial studies show laparoscopic RC results in similar 5-year survival compared 

with open surgery [ 34 ]      

    Management of Advanced Gallbladder Tumors 

  Clinical scenario  Surgical management  Follow-up (F/U) 

 T3 (perforates serosa and/or 
directly invades the liver or 
other adjacent structure) 

 • Radical hepatectomy (extended 
right, or right 
trisectionectomy) ± PVR if 
needed [ 28 ] (see note) 

 • LN harvest recommended to 
include porta hepatic, 
gastrohepatic ligament, 
retroduodenal 

 • There is no evidence 
that regular 
follow-up after initial 
therapy may 
infl uence outcome 

 T4 (invades main portal 
vein/hepatic artery or 
invades two or more 
extrahepatic structures) 

   LN  lymph nodes,  PVR  portal vein resection 

    Special Notes 

•   Adequacy of tumor    resection (R0 status) rather than the extent of resection, pre-
dicts survival. Therefore, surgical resection should be tailored to obtaining com-
plete oncologic clearance of the tumor and adequate lymphadenectomy [ 35 ].  

•   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.  

(continued)
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•   Pancreaticoduodenectomy may be considered for distal lesions, although 5 year 
survival is reported at 9–10 % in two small series and median survival 21 months 
(one alive at 42 months) in another [ 36 – 38 ].  

•   The main limitation 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 early lesions located in the 
fundus where an adequate (2 cm) margin can be obtained by ligation of the seg-
ment 5 portal pedicle with preservation of the segment 8 portal branches.  

•   Routine bile duct resection does not improve overall survival [ 39 ,  40 ]. 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 [ 41 ].  

•   EHBD resection is also indicated in cases with preoperative jaundice, 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 and 
EHBD.      

     Unresectable  / Metastatic      Disease 

    Criteria of unresectability  Surgical management 

 • Metastatic disease: 
 – To liver, lung, peritoneum, distant lymph nodes 

(N2: 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 nonoperative approach 
to palliation if able (e.g., 
endoscopic stent/PTC 
placement) [ 42 ] 

 • Palliative surgery only if 
nonoperative options are not 
possible 

   SMA  superior mesenteric artery,  PTC  percutaneous transhepatic cholangiography/catheter 

            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. Any 
reference to staging refers to the 7th edition of UICC staging.
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 Topic  Study  Methods  Results 

 Stage I: 
controversy 

 Wagholikar 
et al. [ 43 ] 

 • Retrospective review 
 •  n  = 14 patients 
 • Early Stage 
 • 12 patients treated with 

SC 
 • 2 patients treated with 

RC 

 • Median survival: 
42 months 

 • 5-year OS 68 % 
 • LR in 5/12 pts: all had 

T1b cancer treated with 
SC 

 • T1a lesions can be treated 
with SC 

 • Recommend T1b be 
treated with RC 

 Wakai et al. 
[ 44 ] 

 • Retrospective review 
 •  n  = 25 patients 
 • Patients with T1b cancer 
 • 13 patients treated with 

SC 
 • 12 patients treated with 

RC 

 • 10-year OS ( n  = 25): 87 % 
 • No difference in survival 

in patients with SC 
(100 %) vs. RC (87 %) 

 • No LR in either group 
 • T1b lesions can be treated 

with SC without impact 
on survival 

 Stage II  Taner et al. 
[ 45 ] 

 • Retrospective review 
 •  n  = 131 patients 
 • 45 patients treated with 

SC 
 • 60 patients treated with 

RC 
 • 25 % patients had T2 

 • Median OS 11 months 
 • RC associated with longer 

survival than SC (HR 
0.42) for Grade T2 or 
higher 

 • RC for patients with T2 
tumors or greater 
(achieves longer term 
survival, whether 
administered as the initial 
surgery or after incidental 
discovery) 

 Stage III/IVA  Sasaki et al. 
[ 46 ] 

 • Retrospective review 
 •  n  = 65 patients 
 • Advanced GBC 
 • 27 patients with N1 

disease 
 • 6 underwent PD with 

hepatectomy 

 • Overall 5-year survival, 
N1 disease ( n  = 21): 
46.8 % 

 • 16 pts 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 pts with 
para-aortic nodal disease 

(continued)
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 Topic  Study  Methods  Results 

 Medical 
oncology 

 UK-ABC-02 
 Valle et al. 
[ 47 ] 

 • RCT phase III, conducted 
in 37 centers in the UK 

 •  n  = 410 patients 
 • Unresectable, recurrent, 

or metastatic biliary 
cancer (included intra/
extrahepatic 
cholangiocarcinoma, 
ampullary, gallbladder 
cancer) 

 • Two groups: 
Gemcitabine + Cisplatin 
or Gemcitabine alone 
for 24 weeks 

 • Median survival was 11.7 
vs. 8.1 month for the 
Gem-Cis/Gem alone 
groups, respectively (HR 
0.64,  p  < 0.001) 

 • Signifi cant improvement 
in progression free 
survival, 8 months vs. 5 
months Gem-Cis vs. Gem 
respectively (HR 0.63, 
 p  < 0.001) 

 • 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 

 Radiation 
oncology 

 Kresl et al. 
[ 48 ] 

 • Retrospective review 
 •  n  = 21 patients (Stage 

III–IV) 
 • Adjuvant CRT 

(5FU + EBRT 54 Gy) 

 • 5 years OS = 33 % (21 
pts), 64 % if R0 resection 
with the addition of 
radiation 

 • When compared to 
historical surgical control 
group, improved 5 years 
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 

        Referring to Medical Oncology 

     1.    All patients who are Stage II or higher (for consideration of adjuvant therapy, as 
part of a clinical trial or with Gemcitabine + Cisplatin). Adjuvant chemotherapy 
may also be considered for cancers with positive margins or lymphovascular 
invasion [ 49 ,  50 ].   

   2.    All metastatic patients for consideration of palliative therapy.   
   3.    Where possible, patients with gallbladder cancer should be considered for adju-

vant trials.       

(continued)
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    Referring to Radiation Oncology 

     1.    All patients who are T2 or higher,    for  consideration   of 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  patient   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 are not robust enough for it to be routinely recom-
mended [ 34 ,  51 ]  

•   Formal resection should be tailored to achieve complete oncologic (R0) clear-
ance of the tumor.  

•   Limited resection (segment 4b/5) should be used selectively in T1b/T2 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 T1b and higher.  
•   Adjuvant therapy should be considered for stage II disease and higher, ideally as 

part of a clinical trial.        
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      Chapter 9
Desmoid Fibromatosis 
and Dermatofi brosarcoma Protuberans                     

       Trevor D.     Hamilton     ,     Brendan     Dickson     ,   and     Rebecca A.      Gladdy    

            Introduction 

 Mesenchymal neoplasms with (myo)-fi broblastic differentiation include both 
benign and malignant entities; in addition, there are several distinct tumors with so- 
called “intermediate behavior” that can be locally aggressive and/or rarely metasta-
sizing [ 1 ]. Within this category desmoid-type fi bromatosis and dermatofi brosarcoma 
protuberans are most commonly encountered. 

    Desmoid-Type Fibromatosis 

 In contrast to its  superfi cial   counterpart—palmer/planter fi bromatosis, desmoid- 
type fi bromatosis (DF) typically occurs in the deep soft tissues. Tumors are charac-
terized histologically by infi ltrative fascicles of monomorphic spindle cells. The 
majority of tumors contain mutations in the β-catenin gene ( CTNNB1 ) [ 2 ]. The 
annual incidence of DF is 2–4 per 1,000,000 individuals [ 3 ]. Most desmoids arise 
sporadically, although some may be associated with trauma or pregnancy. 
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Approximately 5–10 % of patients with desmoids occur in patients that have 
Familial Adenomatous Polyposis (FAP) [ 4 ].  

    Dermatofi brosarcoma Protuberans 

   Dermatofi brosarcoma protuberans (DFSP)   is a superfi cial neoplasm originating in 
the dermis or subcutis. Histologically it is characterized by storiform whorls of 
monomorphic spindle cells; however, progression to higher-grade “fi brosarcoma” 
(so-called fi brosarcomatous [FS-DFSP]) is associated with cytologic atypia and 
architectural transformation into a herringbone pattern. Greater than 90 % of tumors 
exhibit a translocation resulting in COL1A1-PDGFB gene fusion [ 5 ]. 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. DFSP has a propensity for local recurrence and 
rarely metastasis; however, following fi brosarcomatous transformation, which 
occurs in 5–15 % of DFSP patients, metastasis is seen in 10–15 % of cases [ 8 ]. The 
presence of a positive surgical margin signifi cantly increases the risk of local recur-
rence in DFSP [ 9 ].

 Presentation 

 Prognosis [ 9 – 17 ] 

 5-year overall survival (OS) (%)  5-year local recurrence (LR) (%) 

 DF  76 a –100  20–47 
 DFSP  98–100  3–25 

   a Intra-abdominal DF in FAP patients—deaths due to complications of DF treatment or other causes 

    The American Joint Committee on Cancer AJCC 7th edition is the current rec-
ommended staging system for DFSP. DF is not included in the AJCC staging system 
as it is a benign neoplasm.    

    Management 

    Primary DF 

  There has been a shift in  the   management of DF in recent years from a frontline 
approach of surgical resection to a wait-and-see approach with a period of observa-
tion [ 18 ,  19 ]. Previous studies have demonstrated through multivariate analysis and 
predictive nomograms that age, tumor site and tumor size are independent risk fac-
tors for local recurrence after resection [ 20 ,  21 ]. Specifi c mutations in the β-catenin 
gene have also been found to be prognostic for local recurrence and may serve as 
biologic markers to guide management in the future [ 22 ,  23 ].
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 Clinical 
scenario  Workup  Management  Follow-up 

 Extra- 
abdominal 
and 
abdominal 
wall DF 

 History and physical 
exam 
 Imaging: 
 • MRI preferred 
 Percutaneous core 
biopsy 
 Pathologic assessment 
of ER/PR status in 
female patients 
 Case discussion at 
MCC 

 Asymptomatic: 
 • Trial of observation to assess 

growth rate 
 • Consider trial of NSAIDs a  or 

antiestrogens b  if enlarging or 
large at presentation 

 Symptomatic 
 • Trial of NSAIDs or 

antiestrogens 
 • Consider targeted agents c  or 

cytotoxic chemotherapy d  for 
larger lesions where surgical 
resection would confer 
considerable morbidity 

 Indications for surgical resection: 
 • Progressive disease despite 

medical therapy 
 • Aim is for negative margins 

with preservation of function 

 History and physical 
exam every 3–6 
months to establish 
pattern of growth 
 MRI every 3–6 
months for fi rst 2 
years, then annually 
if stable disease 

 Intra- 
abdominal 
DF 

 History and physical 
exam 
 Imaging: 
 • CT abdo/pelvis or 
 • MRI 
 Percutaneous core 
biopsy 
 Pathologic assessment 
of ER/PR status in 
female patients 
 Case discussion at 
MCC 

 Trial of observation if slow 
growth and asymptomatic. 
Otherwise consider medical 
therapy with NSAIDs, 
antiestrogens, targeted agents, or 
cytotoxic chemotherapy 
 Indications for surgical resection: 
 • Rapidly enlarging and 

encroaching on critical 
structures 

 • Progressive disease despite 
medical therapy and 
symptomatic 

 History and physical 
exam every 3–6 
months 
 CT abdo/pelvis or 
MRI every 3–6 
months for fi rst 2 
years, then annually 
if stable disease. 
Consider US if 
stable growth pattern 

   ER/PR  estrogen receptor/progesterone receptor,  MCC  multidisciplinary cancer conference, 
 NSAIDs  nonsteroidal anti-infl ammatory drugs,  US  ultrasound 
  a e.g., Sulindac, indomethacin 
  b e.g., Tamoxifen, raloxifene, toremifene 
  c e.g., Imatinib, sorafenib 
  d e.g., Doxorubicin, ifosfamide, dacarbazine, methotrexate plus vinca alkaloid 

     Special Notes 

•    Recurrence :

 –    Recurrent  DF   should be managed in a similar fashion to primary DF with 
consideration 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 preservation of function. Despite this, 25 % of cases with negative margins 
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will recur locally. Unlike sarcomas, a positive surgical margin may not increase 
the risk of local recurrence [ 19 ,  20 ,  24 ,  25 ]  

•    Medical therapy :

 –    NSAIDs—Response rates 57 % [ 26 ]  
 –   Antiestrogen therapy—Response rates 50 % [ 26 ]  
 –   Cytotoxic  chemotherapy  —Variable rates of partial response 19–100 % [ 27 – 29 ]

   Doxorubicin/dacarbazine  
  Ifosfamide  
  Methotrexate/vinblastine  
  Vinorelbine  
  Etoposide/cyclophosphamide     

 –   Targeted therapy—Imatinib  response   rates 16 % [ 30 ], Sorafenib response 
rates 25 % [ 31 ]     

•    Regression :  Spontaneous   regression has been reported in 19–28 % of cases [ 20 , 
 32 ]; this is seen predominately in abdominal wall DF. This may refl ect how dif-
ferent disease sites exhibit varying biology.  

•    FAP :

 –    Younger  patients   with a new diagnosis of DF (especially abdominal) should 
be screened for FAP with sigmoidoscopy after obtaining a careful family his-
tory of colon cancer  

 –   FAP patients with DF 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 DF [ 33 ]  
 –   DF should not be a contraindication to future pregnancies [ 33 ]  
 –   Tumors arise in previous caesarian-section sites     

•    Radiation Therapy :

 –    May be considered  in   patients with multiple local recurrences or unresectable 
disease but MCC  discussion   should be conducted prior to treatment [ 34 ]        

     Primary Localized DFSP 

 Workup  Management  Follow-up 

 History and physical exam 
 MRI in selected cases—to 
assess depth/multifocality 
 Preoperative biopsy 

 Surgical resection 
 • Wide local excision (WLE) 2–3 cm 
 Plastic surgery consultation if 
primary closure is anticipated to be 
challenging 

 History and physical 
exam every 6–12 months 
 Re-biopsy of suspicious 
lesions 
 MRI if any concerns 
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   Special Notes 

•    Recurrence : Treat with    surgical resection if possible  
•    Imatinib:  Consider neoadjuvant imatinib for large, borderline resectable, or 

complex recurrent lesions in order to downsize prior to surgery  
•    Margins : Negative histologic margins should be the goal of surgical resection. 

There is debate in the literature on the appropriate margin width for wide local 
excision [ 35 ]  

•    Resection : Wide local excision is preferred. Mohs Micrographic Surgery is not 
recommended in the treatment of DFSP  

•    Lymph nodes : assessment of regional lymph nodes is not required in the absence 
of clinically apparent disease  

•    FS-DFSP : Approximately 10–15 % of DFSP contain fi brosarcomatous progres-
sion that behaves more aggressively (i.e., widespread metastasis) than classic 
DFSP [ 36 ]  

•    Radiation Therapy : May be useful adjuvant to surgery for large or recurrent 
tumors [ 37 ]      

    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 

   Special Notes 

•    Imatinib : Can be used for    unresectable,  borderline   resectable, recurrent or meta-
static disease as >90 % of DFSP are characterized by the t(17;22) chromosomal 
translocation and may be susceptible  to   targeted platelet-derived growth factor 
inhibition [ 38 ].       

    Landmark Publications 

 There are no prospective randomized control trials (RCT) on the management of DF 
or DFSP. Management is largely dictated by consensus statements formed by large, 
high-volume centers. 
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     DF   

  Study  Methods  Results 

 Ballo et al. [ 15 ]  Retrospective review 
  N  = 189 
 Patients treated with surgery, 
surgery and RT, or RT alone 

 Higher recurrence rate with positive margin 
(54 % vs. 27 % at 10 years) 
 RT alone or in combination with surgery 
provided good local control (24 % and 
25 % at 10 years) 

 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 DF 
over a 10 year period 

 7.5 % of DF associated with FAP 
 Factors identifi ed with FAP-associated DF: 
male, age < 60, intra-abdominal location 

 Salas et al. [ 20 ]  Multi-institution retrospective 
review 
  N  = 426 
 All patients had sporadic DF 

 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 

          DFSP   

  Study  Methods  Results 

 Bowne et al. 
[ 9 ] 

 Retrospective review 
  N  = 159 
 All patients treated with 
WLE 
 16 % had DFSP-FS 

 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 local recurrence at 5 years (3 %) 
 Rate of distant metastases at 5 years (2 %) 

 Fields et al. 
[ 40 ] 

 Retrospective review 
  N  = 244 
 All patients treated with 
WLE 

 Depth and margin status predictive of DFS 
 Low recurrence with WLE (92 % DFS at 5 
years) 

   FS-DFSP  DFSP with fi brosarcomatous transformation,  DFS  disease-free survival,  WLE  wide local 
excision 
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          Referring to Medical Oncology 

    DF 

     1.    Patients with abdominal    (mesenteric) disease.   
   2.    Patients with large tumors    for whom surgical resection would be signifi cantly 

morbid.   
   3.    Patients with multiple local recurrences after surgical resection.   
   4.    Patients with disease progression during observation.      

    DFSP 

     1.    All patients with    metastatic or unresectable disease.   
   2.    Patients considered for    neoadjuvant therapy to downstage.       

    Referring to Radiation Oncology 

    DF 

     1.    Patients with multiple  local   recurrences for consideration of  combined   pre- or 
post-op treatment.   

   2.    Patients with unresectable disease that has progressed on medical therapy.   
   3.    Patients that would require extensively morbid resections.      

    DFSP 

     1.    Patients with larger lesions  or   positive margins after maximal surgical 
resection.   

   2.    Patients with  DFSP-FS   progression.       

    Referring to Multidisciplinary Cancer Conference (MCC) 

    DF 

•     All  cases    should   be discussed.     
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    DFSP 

•     All  cases   should  be   discussed.      

    Toronto Pearls 

    DF 

•      The biology and behavior of  DF   can be greatly varied between patients in terms 
of growth, stabilization, or regression. Treatment effects (i.e., antiestrogens, che-
motherapy) may also take months to years to become apparent.  

•   Percutaneous core biopsies should ideally be done with image-guidance at sar-
coma centers with specialized radiologists.  

•   Pathology review should ideally be done by expert pathologists experienced in 
sarcoma.  

•   DF is commonly seen in young patients and has no metastatic potential. 
Therefore, the strategy of surgical resection should focus on preservation of 
function to avoid signifi cant morbidity.  

•   DF is rarely a cause for mortality except in large, recurrent abdominal tumors 
(particularly in FAP) or tumors located in the head and neck. Consequently, a 
multidisciplinary approach should be considered before embarking on extensive 
surgical resection.  

•   Debulking or incomplete resection of large tumors is not recommended.      

    DFSP 

•     Pathology review should ideally be done  by   expert pathologists experienced in 
sarcoma to accurately diagnose.  

•   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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      Chapter 10
Gastric Adenocarcinoma                     

       Gareth     Eeson      ,     Savtaj     S.     Brar      , and     Natalie     G.     Coburn     

            Introduction 

  In 2014, the Canadian  Cancer   Society estimated gastric adenocarcinoma to be the 
14th most commonly diagnosed malignancy, with 3300 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 9.1/100,000 and 
4/100,000 deaths, respectively, in 2014 [ 1 ]. Established risk factors for gastric can-
cer include  H. pylori  infection, smoking, alcohol, and dietary factors. Hereditary 
gastric cancers are seen in the Lynch syndrome and hereditary diffuse gastric cancer 
(HDGC) but represent <5 % of all gastric cancers. 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, com-
pared to 21 % in Canada [ 1 ,  2 ].
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 Stage  5-Year overall survival (OS) [ 3 ,  4 ] a  

 • Stage I  57–71 % 
 • Stage II  33–46 % 
 • Stage III  9–20 % 
 • Stage IV  4 % 

    a North American survival data 

    Gastric adenocarcinomas are classifi ed histologically according to the Lauren 
classifi cation as (1) intestinal or (2) diffuse histologic subtypes [ 5 ]. Staging of gas-
tric adenocarcinoma is according to the American Joint Committee on Cancer 7th 
edition. Tumors arising within 5 cm of the gastroesophageal junction with extension 
into the esophagus are classifi ed, staged, and treated as esophageal cancers [ 6 ]. 

    Defi nitions/Terminology 

•        Early Gastric Cancer (EGC)   :  tumors   confi ned to the mucosa (Tis or T1a), inde-
pendent of the presence of lymph node involvement. EGC is predominately identi-
fi ed by subtle changes in color, vascularity, or texture and is rarely diagnosed outside 
areas where population-based screening is offered such as Japan and Korea.  

•     Advanced Gastric Cancer (AGC)    :  T1b to T4 (invading submucosa, muscularis 
propria, subserosa, perforating serosa, or invading adjacent structures), without 
distant metastasis.  

•     Endoscopic Mucosal Resection (EMR)    :  employs endoscopic techniques to elevate 
(e.g., injection, suction) and resect (e.g., cautery, banding) mucosal lesions en bloc  

•     Endoscopic Submucosal Dissection (ESD)    :  is a variation of EMR that employs 
submucosal injection and a specialized needle-knife to permit en bloc resection 
of mucosal and submucosal lesions.  

•     Subtotal Gastrectomy (SG)    :  removal of 1/2 to 3/4 of the gastric tissue, includ-
ing omentum and all associated lymph nodes appropriate for a D1 or D2 lymph-
adenectomy. For distal gastric cancers, SG has been shown to have an equivalent 
oncological outcome and lesser morbidity when compared to total gastrectomy. 
SG is also associated with a better nutritional status and quality of life [ 7 ].  

•     Total Gastrectomy (TG)    :  removal of all of the gastric tissue and distal esopha-
gus, including omentum and all associated lymph nodes appropriate for a D1 or 
D2 lymphadenectomy. TG is preferred for tumors confi ned to the proximal 1/3 
of the stomach.  

•     Palliative Gastrectomy (PG)    :  gastrectomy performed with the intent to allevi-
ate symptoms from the primary gastric cancer in the context of metastatic dis-
ease. A gastrectomy performed otherwise in a patient with metastatic disease is 
considered a non-curative gastrectomy [ 8 ].  
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•     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). Station 2 is not removed for SG [ 9 ].  

•     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) [ 9 ]. Clearance of station 10 and 
11 nodes may require splenectomy (See Special Notes - Extent of 
Lymphadenectomy) (Fig.  10.1 ) [ 10 ].        

  Fig. 10.1    Gastric lymph node stations       
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    Management 

    Early Gastric Cancer (EGC) 

  Work-up  Surgery 
 Adjuvant 
therapy  Follow-up (F/U) 

  Recommended Tests:  
 • History and 

physical exam 
 • Upper endoscopy 
 •  Imaging:  

 − CT abdo/pelvis 
 − EUS 

 • Staging 
laparoscopy a  

  Optional Tests:  
 • CT chest 
 • PET is not 

indicated for EGC 

 •  Gastrectomy  with D1 
lymph node dissection a  

 OR 
 •  Endoscopic resection  

can be considered for 
lesions fulfi lling all of 
the following [ 11 ] a : 
 − Intestinal type 
 −  Confi ned to mucosa 

(Tis or T1a) and cN0 
 −  Elevated lesions 

<20 mm or fl at 
lesions <10 mm in 
diameter 

 −  Absence of high-risk 
features (ulceration, 
poorly differentiated, 
lymphovascular 
invasion) 

 • Indicated 
for all 
node- 
positive 
disease 

 • 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 abdo/pelvis a  
 • EGD a  

   EGC  early gastric cancer,  EUS  endoscopic ultrasound,  EMR  endoscopic mucosal resection,  ESD  
endoscopic submucosal dissection,  SG  subtotal gastrectomy,  TG  total gastrectomy,  RCT  random-
ized controlled trials,  EGD  esophago-gastro duodenoscopy 
  a See Special Notes 

    Special Notes: Early Gastric Cancer 

•    Endoscopic resection:   Robust   evidence comparing EMR/ESD to gastrectomy is 
lacking and gastrectomy remains the current standard of care [ 12 ]. 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.  

•    Staging laparoscopy : Limited use in EGC. In cases where the tumor is reliably 
felt to be clinically T1 or T2 and NO, then SL can be omitted.  

•    Extent of lymphadenectomy : Considerable controversy surrounds the role of 
extended lymphadenectomy (D1 vs. D2 resection) in gastric cancer. Adequate 
staging requires 16 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 [ 13 ].  

•    Resection margin:  Positive microscopic margins are associated with an inferior 
survival to those in whom R0 status was achieved for EGC. A gross margin of 4 cm 
or greater is recommended for T1b–T3 tumors to ensure an R0 resection [ 14 ,  15 ].  
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•    Laparoscopic gastrectomy (LG ): LG is appropriate for EGC in experienced, 
high-volume centers [ 16 ]. Improved short-term outcomes have been demon-
strated with LG, but oncologic outcomes are currently being evaluated with 
ongoing RCTs [ 17 ].  

•    Follow-up surveillance :

 –    Evidence to support the benefi t 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., fol-
lowing endoscopic resection) when completion gastrectomy would be considered.         

    Advanced Gastric Cancer (Non-metastatic) 

  Work-up  Surgery  Adjuvant therapy  Follow-up (F/U) 

  Recommended 
Tests:  
 • History and 

physical exam 
 • Upper endoscopy 
 •  Imaging:  
   − CT abdo/

pelvis 
 • Staging 

laparoscopy a  
  Optional Tests : 
 • CT chest 
 • EUS a  
 • PET is not 

indicated 

 •  Gastrectomy  with 
D1 or D2 
lymphadenectomy 

   − SG or TG 
depending on 
location of 
tumor a  

   − Consider 
intraoperative 
margin 
assessment a  

 • Multivisceral 
resection should be 
performed if the 
patient is 
considered a 
candidate for 
curative resection 

 • The two standard 
regimens are: 

   − Perioperative 
ECF [ 18 ] 

     OR  
   − Postoperative 

5-FU-based 
CRT[ 19 ] 

 • There is no 
evidence that either 
regimen is superior 
to the other, but 
each has been 
shown to be 
superior to resection 
alone in RCT [ 20 ] 

  See adjuvant section  

 • 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 abdo/pelvis a  
 • EGD a  

   EUS  endoscopic ultrasound,  SG  subtotal gastrectomy,  TG  total gastrectomy,  RCT  randomized con-
trolled trial,  ECF  epirubicin, cisplatin and fl uorouracil 5-FU,  CRT  chemoradiotherapy,  EGD  
esophago-gastro duodenoscopy 
  a See Special notes 

    Special Notes: Advanced Gastric Cancer 

•     Staging laparoscopy   :  Radiologically   occult peritoneal metastases are found in 
20–30 % of patients with T2 or higher disease [ 21 ]. SL is indicated in patients 
with a high risk of peritoneal metastasis not seen with standard imaging (typi-
cally T3 or higher). Patients with positive peritoneal washings experience out-
comes comparable to those with overt metastatic disease and should be considered 
palliative [ 22 ].  

•     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 diagnosis 
of AGC, EUS is unlikely to  change   management and is not routinely required.  
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•     Intraoperative margin assessment     (i.e., frozen section) : Can assist with achieving 
R0 resection if further resection can be safely performed, particularly for tumors 
with greater depth of invasion or diffuse histology. Consensus recommendations 
support selective use of intraoperative frozen section if gross margin <5 cm or for 
T3/T4 tumors [ 16 ].  

•    Extent of    lymphadenectomy   : Evidence suggests improved cancer-specifi c out-
comes with D2 resection, particularly in higher staged tumors (T2-4) [ 13 ,  23 ]. 
Splenopancreatectomy is clearly associated with higher operative morbidity and 
is avoided unless required to achieve R0 resection margins [ 9 ]. Involvement of 
nodes beyond a D2 resection (i.e., mesenteric, para-aortic, retroperitoneal) is 
classifi ed as distant metastases [ 6 ]. The role of “D3” resections is not supported 
in the management of gastric cancer [ 24 ].  

•     Bursectomy   : (removal of the anterior leafl et of the transverse mesocolon and the 
pancreatic capsule along with total omentectomy) is routinely performed for 
serosa-positive gastric cancers according to Japanese guidelines, but the clinical 
benefi t remains uncertain and is being examined in the JCOG 1001 trial [ 25 ]. 
Bursectomy can be considered for posterior T3/T4a tumors [ 10 ,  25 ,  26 ].  

•     Laparoscopic gastrectomy (LG )  : LG is not recommended for AGC due to lim-
ited available evidence on oncologic outcomes [ 10 ,  16 ]. An ongoing Korean 
RCT is investigating oncologic outcomes of LG in AGC [ 27 ].      

    Unresectable or Metastatic Gastric Cancer 

  Work-up  Management  Follow-up (F/U) 

  Recommended Tests:  
 • History and 

physical exam 
 • Upper endoscopy 
 • HER-2 status 
 •  Imaging:  
   − CT abdo/pelvis 

  Optional Tests:  
   − Staging 

laparoscopy a  
   − CT chest 

 • Consider chemotherapy, radiotherapy, and 
nonoperative management for symptomatic 
patients. 

 • Palliative gastrectomy should be avoided, 
and only performed for severely symptomatic 
patients, for whom all nonsurgical options 
have been exhausted a . 

 • 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 

   a See Special Notes 

    Special Notes: Unresectable or Metastatic Gastric Cancer 

•     Staging laparoscopy    :  may have  utility   in confi rming metastatic disease, espe-
cially carcinomatosis, if suspected on imaging. No role in the setting of con-
fi rmed metastatic disease.  
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•    Criteria for nonoperative management 

 –    Unresectable

•    Level 3 or 4 suspicious nodes on imaging or confi rmed by biopsy. Level 3 
nodes include the posterior surface of the pancreas (nodal station 13), 
superior 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 cytol-
ogy) identifi ed 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 benefi t in the 
setting of metastatic disease and exposes patients to unnecessary surgical pro-
cedures and risks of complications [ 28 ].       

     Landmark Surgical Publications   (D1 vs. D2 
Lymphadenectomy) 

  Study  Methods  Results 

 Dutch Trial 
 Bonenkamp et al. 
[ 29 ] 

 • RCT 
 •  N  = 711 
 • D1 vs. D2 resection (D2 resection 

included distal pancreatectomy and 
splenectomy) 

 • 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  [ 9 ] :  
 • No difference in 5-year 

OS rates: 35 % D1 vs. 
33 % D2 

  15-year update  [ 23 ] :  
 • Overall 15-year survival: 

22 % D1 vs. 28 % D2; 
 p  = 0.34 

 • Deaths from gastric 
cancer: 48 % D1 vs. 
37 % D2;  p  = 0.01 

 Medical Research 
Council (MRC) 
ST01 
 Cuschieri et al. 
[ 30 ] 

 • RCT 
 •  N  = 400 
 • D1 vs. D2 resection (D2 resection 

includes distal pancreatectomy and 
splenectomy) 

 • Morbidity: 46 % D2 vs. 
28 % D1;  p  < 0.001 

 • Mortality: 13 % D2 vs. 
6.5 % D1;  p  = 0.04 

  5-year update  [ 31 ] :  
 • No difference in 5-year 

OS rates: 35 % D1 vs. 
33 % D2 

(continued)
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  Study  Methods  Results 

 Italian Gastric 
Cancer Surgical 
Group (IGCSG) 
 Degiuli et al. [ 32 ] 

 • 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 
1/3 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 
signifi cant 

  5-year update  [ 13 ] :  
 • Trend towards improved 

5-year OS for advanced 
disease (T2-4; N+): 
59 % D2 vs. 38 % D1; 
 p  = 0.055 

   CRT  chemoradiotherapy,  OS  overall survival,  RCT  randomized control trial 

          Landmark Chemotherapy and Chemoradiation Publications   

  Study  Methods  Results 

 INT-0116 Trial 
 MacDonald et al. 
[ 19 ] 

 • 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. [ 18 ] 

 • 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. 
[ 33 ] 

 • 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) 

(continued)

(continued)
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  Study  Methods  Results 

 CLASSIC Trial 
 Noh et al. [ 34 ] 

 • Multicenter RCT 
 •  n  = 1035 pts., stage II–IIIB 
 • Surgery plus adjuvant 

capecitabine and oxaliplatin vs. 
surgery alone 

 All pts 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) 

 ARTIST-I Trial 
 Park et al. [ 35 , 
 36 ] 

 • 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 @ 
7-years 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 benefi t 
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-fl uorouracil 

          Landmark Palliative Publications   

    Study  Methods  Results 

 Chemotherapy vs. 
best supportive care in 
non-curable gastric 
cancer 
 Glimelius et al. [ 37 ] 

 • RCT 
 •  N  = 61, unresectable 
 • Chemotherapy + best 

supportive care vs. best 
supportive care alone 

 • Chemotherapy was ELF-
regimen consisting of 
5-fl uorouracil, 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. [ 38 ] 

 • 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+ 

(continued)
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    Study  Methods  Results 

 REGATTA Trial 
 Fujitani K et al., 
2016 [ 28 ] 

 • RCT 
 •  N  = 175 (planned N = 330) 
 • Eligibility: gastric cancer 

(cT1-3), single non-curable 
site of disease confi ned 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 yr 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  fl uorouracil; PS performance status; 
DSMC data safety monitoring committee 

           Referring to Medical Oncology and Radiation Oncology 

•     Strong evidence exists  supporting   the role of adjuvant  therapy   in addition to 
surgical resection [ 19 ,  33 ]. The two standard regimens most frequently offered 
are perioperative ECF (epirubicin, cisplatin, and fl uorouracil 5-FU) [ 18 ], or post-
operative 5-FU and radiation [ 19 ]. There is no evidence that either regimen is 
superior.  

•   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 [ 20 ]

 –    Impaired  cardiac   function such as congestive heart failure, baseline left ven-
tricular ejection fraction less than 50 %, transmural myocardial infarction, 
valvular 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        

(continued)
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    Referring 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 fi nal pathology is >T1N0.        
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      Chapter 11
Gastrointestinal Stromal Tumours                     

       Jennifer     Racz      ,     Martin     Blackstein      , and     Fayez     A.     Quereshy     

            Introduction 

   Gastrointestinal stromal tumours (GISTs)   are the most common mesenchymal 
 neoplasms of the gastrointestinal tract and represent ~0.2 % of all gastrointestinal 
 neoplasms [ 1 – 3 ]. These tumours are comprised predominantly of spindle cells and 
result from activating mutations in the KIT (CD117) proto-oncogene or platelet- 
derived growth factor receptor alpha gene (PDGFRAα) [ 4 ,  5 ]. Immunohistochemical 
analysis has been instrumental in identifying markers characteristic of GIST, facilitat-
ing its differentiation from other mesenchymal neoplasms. Specifi cally, these markers 
include CD117 (95 %), DOG1 (96 %), protein kinase C theta (80 %), CD34 (60–70 %), 
and smooth muscle actin (30–40 %) [ 6 ]. Although they can arise in any location 
throughout the gastrointestinal tract, they are found primarily in the stomach (60 %) 
and small intestine (30 %) [ 7 – 9 ]. The cell of origin is the interstitial cell of Cajal [ 10 ]. 

 Although the incidence and outcome of GISTs continue to evolve with improve-
ments in detection, surgical technique, and the introduction of targeted molecular 
therapy, GISTs remain relatively rare tumours, with an estimated annual incidence 
in Western countries of 0.68–1.5 per 100,000 patients [ 12 ].
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 Presentation a  [ 11 ,  13 ] 
 Prognosis [ 11 ,  13 ] 
 5-year overall survival (OS) 

 • Localized (69 %)  64 % 
 • Metastatic (28 %)  30 % 

   a Due to incomplete epidemiological data on clinical staging, the 
 combined incidence of localized and metastatic disease does not 
equal 100 % 

    The American Joint Committee on Cancer AJCC 7th edition is the current rec-
ommended staging system for GISTs. Prognostically, a positive regional lymph 
node (which occurs with an estimated incidence of 5 %) carries the same overall 
survival as M1 disease [ 13 ]. As such, the current AJCC guidelines place lymph 
node-positive disease as Stage IV.   

    Management 

    Primary Resectable GIST 

  Clinical 
scenario  Work-up  Management  Follow-up 

 Gastric 
tumours < 3 cm 

 • History and physical 
exam 

 • Imaging: 
 −  CT abdomen and 

pelvis (gastric 
protocol) 

 −  Upper GI 
endoscopy (EGD) 

 −  Consider EUS and 
ultrasound-guided 
biopsy in selected 
cases (see 
indications below) 

 • Multidisciplinary 
consultation 

 • Management 
remains controversial 
for incidental, 
asymptomatic 
submucosal gastric 
masses 

 • In the absence of 
high-risk EUS 
features (irregular 
extra-luminal border, 
heterogeneous echo 
pattern, presence of 
cystic spaces and 
echogenic foci), 
close endoscopic and 
radiographic 
surveillance is 
reasonable [ 14 ] 

 • Neoplasms that 
increase in size or 
become symptomatic 
should be resected 
(surgical resection 
with negative 
histological margins) 

 • History and 
physical exam 
every 3–6 months 

 • CT abdomen/
pelvis (gastric 
protocol) every 
3–6 months for 
1–5 years, then 
annually 
thereafter. If the 
mass remains 
stable over this 
re-evaluation 
period, the interval 
between serial 
cross-sectional 
imaging should be 
increased 

(continued)
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  Clinical 
scenario  Work-up  Management  Follow-up 

 Localized, 
resectable 
tumours > 3 cm 

 • History and physical 
exam 

 • Imaging: 
 −  CT chest/abdomen/

pelvis 
 −  MRI scan (rectal 

neoplasms) 
 −  Endoscopy for 

gastric, duodenal, 
and rectal locations 

 −  Consider EUS and 
ultrasound-guided 
biopsy as 
appropriate 

 • Consider endoscopic 
or percutaneous 
biopsy (see 
indications below) 

 • Multidisciplinary 
consultation 

 • Surgical resection 
with negative 
histological margins 
[ 2 ,  15 ,  16 ] 

 • Routine regional 
lymphadenectomy is 
 NOT  required 

 • Adjuvant imatinib 
should be given to 
intermediate and 
high-risk patients 
following R0/R1 
resection for 3 years 
[ 17 – 21 ] 

 • History and 
physical exam 
every 3–6 months 

 • CT chest yearly 
for 5 years 

 • CT abdomen/
pelvis: 
 −  Every 3–6 

months for 5 
years [ 2 ,  14 ] 

 −  For low-risk 
tumours, every 
6 months for 5 
years [ 22 ] 

 −  Annually after 
5 years 

   EGD  esophagogastroduodenoscopy,  EUS  endoscopic ultrasound 

    Special Notes 

•   Biopsy of suspected, resectable    GISTs is recommended if:

 –    The diagnosis is not clear;  
 –   Preoperative treatment with imatinib is being considered; and/or  
 –   Enrollment into a clinical trial is planned.     

•   Biopsy of GISTs may cause tumour hemorrhage. There is a theoretical but unproven 
risk of tumour dissemination. Endoscopic ultrasound-guided biopsy is preferred 
over percutaneous sampling [ 14 ], if it can be done expeditiously and effectively.  

•   Response to imatinib is usually assessed using CT imaging, and is based on a 
combination of change in size, density, and vascularity [ 23 ,  24 ].  

•   Laparoscopic resection may be considered provided that oncologic principles 
and preservation of the tumour pseudocapsule are ensured. Expertise in advanced 
laparoscopic technique is required.  

•   Several validated tools utilizing tumour size, mitotic rate, and tumour location 
have been developed to predict the recurrence risk following surgical resection 
of primary GISTs [ 7 ,  25 – 28 ]. Currently, expert opinion holds that mutation sta-
tus should be determined for all GISTs [ 29 ].  

•   Surgical considerations:

 –    No role for regional lymphadenectomy  
 –   Goal is to achieve negative histological margins  
 –    En bloc  resection should be used as needed  
 –   A laparoscopic approach may be considered in certain circumstances  
 –   Careful attention must be paid to the integrity of the tumour capsule (tumour 

rupture may result in disseminated disease)         

(continued)
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    Locally Advanced/Borderline Resectable/Functionally 
Unresectable GIST 

  Work-up  Management  Follow-up 

 • History and physical 
exam 

 • Imaging: 
   − CT chest/abdomen/

pelvis 
   − MRI scan (rectal 

neoplasms) 
   − Consider endoscopy 
   − Consider EUS as 

appropriate 
 • Consider endoscopic or 

percutaneous biopsy 
(see indications below) 

 • Consider FDG-PET CT 
scan and/or DCE-US for 
borderline resectable 
cases with early 
re-evaluation (2–4 
weeks after initiation of 
targeted treatment) [ 14 ] 

 • Multidisciplinary 
consultation 

 • Neoadjuvant imatinib at a starting dose 
of 400 mg/day 

 • Early re-evaluation with cross-sectional 
imaging to assess tumour response to 
targeted therapy (within 3 months of 
initiating therapy) 

 •  Responders:  
   − Imatinib should be continued until 

maximal tumour response is achieved 
[ 30 ]. However, if the goal of tumour 
downsizing is achieved (as in the case 
of borderline resectable disease), it 
may not be necessary to await 
maximal tumour response a  

   − Surgical resection with negative 
histological margins following 
neoadjuvant imatinib is associated 
with a 12-month overall and 
progression- free survival of 95 % and 
80 %, respectively [ 33 ] 

   −  En bloc  resection of adjacent viscera 
may be considered in order to achieve 
negative histological margins [ 2 , 
 15 – 34 ] 

   − Routine regional lymphadenectomy is 
 NOT  required 

 •  Non-responders:  
   − Consider escalating the dose of 

imatinib to 800 mg/day (as tolerated) 
or a change to sunitinib [ 14 ,  35 ]; this 
should also be considered for patients 
with Exon 9 mutations 

   − Consider surgical resection with 
negative histological margins ±  en bloc  
resection of adjacent viscera if the 
tumour remains resectable 

   − In patients with tumour progression 
(following upfront targeted therapy) 
resulting in unresectable GIST, 
management is based on the algorithm 
described for unresectable/recurrent/
metastatic disease (see below) 

 • Close 
radiographic 
surveillance 
every 3 
months is 
necessary, as 
some patients 
may become 
unresectable 
[ 9 ,  10 ] 

 • Imatinib 
should be 
resumed 
following 
surgery as 
soon as oral 
medications 
are tolerated, 
regardless of 
fi nal surgical 
margins to 
minimize the 
risk of 
recurrence 

   FDG-PET  18F-fl uorodeoxyglucose-positron emission tomography,  DCE-US  dynamic contrast- 
enhanced ultrasound 
  a Note: Several more recent studies, however, have    demonstrated a negative impact of prolonged 
neoadjuvant therapy and thus some authors would suggest that neoadjuvant treatment should not 
exceed 10–12 months; it is thought that this may be related to the development of chemoresistance 
or the development of new mutations secondary to prolonged therapy [ 31 ,  32 ] 
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    Special Notes 

•   Functionally unresectable disease is defi ned as:

 –    Localized, non-metastatic GIST at initial presentation;  
 –   Upfront resection is associated with signifi cant morbidity;  
 –   Upfront resection is associated with signifi cant long-term functional impair-

ment and/or loss of organ function (i.e. an abdominoperineal resection for a 
rectal GIST) [ 2 ]; and/or  

 –   Upfront surgery would not yield an R0 resection [ 22 ].     

•   Imatinib mesylate should be initiated at a dose of 400 mg/day [ 14 ,  36 – 38 ]. 
Neoadjuvant imatinib has been associated with higher rates of complete resec-
tion [ 31 ], improved organ preservation [ 39 ], and favourable OS and PFS [ 40 ] in 
several case series.  

•   In patients with advanced GISTs, approximately 90 % of patients respond to 
imatinib when their tumours have a  KIT   exon 11  mutation; approximately 50 % 
of patients respond when their tumours harbor a  KIT   exon 9  mutation, and the 
likelihood of response improves with the use of 800 mg/day rather than the stan-
dard 400 mg/day dose (based upon tolerance and side effect profi le) [ 14 ].  

•   Most mutations in the PDGFRAα gene are associated with a response to ima-
tinib, with the notable exception of D842V [ 14 ].  

•   In the absence of  KIT  and  PDGFRAα  mutations, advanced GISTs have a 0–45 % 
likelihood of responding to imatinib [ 14 ].  

•   Given the multidisciplinary management of patients with locally advanced/bor-
derline resectable/functionally unresectable GIST, referral to a high-volume sur-
gical oncology center is recommended.      
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    Unresectable, Recurrent, or Metastatic 

  Work-up  Management  Follow-up (F/U) 

 • History and physical 
exam 

 • Imaging: 
   − CT chest/

abdomen/pelvis 
   − MRI scan (rectal 

neoplasms) 
   − Consider 

FDG-PET CT 
scan (may play a 
role in assessing 
tumour response 
to systemic 
therapy, 
pre-treatment 
scan required) 

   − Consider 
endoscopy 

   − Consider EUS (as 
appropriate) 

 • Consider endoscopic 
or percutaneous 
biopsy (see 
indications below) 

 • Multidisciplinary 
consultation 

 • Imatinib mesylate at a starting 
dose of 400 mg/day (a starting 
dose of 800 mg/day should be 
considered in patients with exon 
9 mutations) [ 14 ,  22 ] 

   − The imatinib dose should be 
escalated when there is 
evidence of tumour 
progression to 800 mg/day (as 
tolerated) [ 2 ,  14 ] 

   − In patients with imatinib 
resistance (or drug 
intolerance), consider sunitinib 
as second-line treatment 

   − In patients with resistance to 
both imatinib and sunitinib, 
consideration may be given to 
third-line tyrosine-kinase 
inhibitors such as sorafenib, 
dasatinib, nilotinib, and/or 
regorafenib [ 41 ]. Consider 
enrollment to available clinical 
trials as appropriate. 

 • Close radiographic surveillance 
with CT scans every 3 months 
should be performed to assess 
tumour response [ 2 ,  14 ] 

 • Surgery is largely reserved for 
symptom palliation and may be 
considered in the context of 
focally progressive disease 
refractory to systemic treatment 
or following a favourable 
response to systemic treatment a  

 • Radiation therapy may be 
considered for symptomatic bone 
metastases [ 14 ] 

 • Ablative therapies may be 
considered in localized, solid 
organ metastases [ 14 ] 

 • Embolization may be effective in 
controlling hemorrhage 

 • History and physical 
exam every 3–6 months 

 • CT chest—yearly for 5 
years 

 • CT abdomen/pelvis—
the fi rst CT scan 
following the initiation 
of imatinib should be at 
3 months (or sooner 
based on clinical 
indication) [ 14 ], then 
every 3 months for 5 
years [ 2 ,  14 ] 

 • The interval between 
consecutive CT scans 
may be increased based 
on disease stability [ 22 ] 

   FDG-PET  18F-fl uorodeoxyglucose-positron emission tomography 
  a Note: Attempted resection in    patients with generalized, progressive disease on imatinib a associ-
ated with a 12-month overall and progression-free survival of 0 % [ 33 ] 
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           Landmark Trials   

  Topic  Study  Methods  Results 

 c-KIT mutation  Hiroti 
et al. [ 4 ] 

 • Pathological DNA 
sequencing in GIST 
specimens 

 • Gain-of-function mutation in 
KIT identifi ed in GISTs 

 Imatinib 
treatment 

 Van 
Oosterom 
et al. [ 42 ] 

 • Phase I clinical trial 
 •  N  = 40 
 • Metastatic GIST 

 • Activity demonstrated with 
imatinib in GISTs with: 

   − 32/36 (89 %) patients 
demonstrating inhibition of 
tumour growth 

   − 19/36 (53 %) patients with 
partial response (>20 % 
tumour regression) 

   − 24/27 (89 %) patients with 
symptomatic improvement 

 Demetri 
et al. [ 43 ] 

 • Phase II Multicentre 
RCT 

 •  N  = 147 
 • 400 mg/day imatinib 

vs. 600 mg/day 

 • Partial response (PR) to 
treatment was observed in 
53.7 % of patients 

 • Stable disease (SD) in 27.9 % 
 • Early resistance with 

progressive disease (PD) in 
13.6 % 

 • No difference was observed 
between the two doses 

 Heinrich 
et al. [ 44 ] 

 • Phase II RCT 
 •  N  = 127 
 • Response to imatinib 

in metastatic GIST 
was correlated to exon 
mutation status within 
the KIT gene 

 • Patients with exon 11 and 9 
mutations had 83.5 % and 
47.8 % response rate, 
respectively 

 • Patients without a detectable 
KIT or PDGFRAα mutation 
did not demonstrate a response 
to treatment 

 Verweij 
et al. [ 45 ] 

 • Phase III RCT 
 •  N  = 946 
 • 400 mg/day imatinib 

vs. 800 mg/day 

 • No difference in response or 
overall survival (OS) in the two 
groups 

 • In short-term follow-up, there 
was an increase in PFS in the 
800 mg/day group (54 % vs. 
50 %) 

 • Subgroup analysis showed 
improved PR in the exon 9 
mutation patients with 800 mg/
day 

 Joensuu 
et al. [ 21 ] 

 • Phase III RCT 
 •  N  = 400 
 • 12 vs. 36 months of 

adjuvant Imatinib 
(400 mg/day) in 
patients with high risk 
of recurrence 

 • With a median follow-up of 54 
months, RFS was improved in 
the 36-month group relative to 
the 12-month group (5-year 
RFS 65.6 % vs. 47.9 %, 
respectively), as was OS 
(5-year OS of 92.0 % vs. 
81.7 %, respectively) 

(continued)
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  Topic  Study  Methods  Results 

 Sunitinib 
treatment 

 Demetri 
et al. [ 35 ] 

 • Phase III RCT 
 •  N  = 312 (imatinib 

resistant) 
 • Sunitinib vs. placebo 

 • Progression-free survival (PFS) 
was 24.1 weeks for sunitinib 
versus 6 weeks in the placebo 
arm 

 Regorafenib 
treatment 

 George 
et al. [ 46 ] 

 • Phase II Multicentre 
Trial 

 •  N  = 34 
 • Results of regorafenib 

treatment in patients 
with advanced GISTs 
after failure of at least 
imatinib and sunitinib 

 • Partial response to treatment 
was observed in 11.8 % of 
patients 

 • Stable disease was observed in 
64.7 % of patients for 
≥16 weeks 

 • Median PFS was 10 months 

 Demetri 
et al. [ 41 ] 

 • Phase III Multicentre 
RCT 

 •  N  = 199 
 • Best supportive 

care + regorafenib 
(160 mg/day) vs. best 
supportive 
care + placebo in 
patients with 
metastatic or 
unresectable GIST 
with failure of at least 
imatinib and sunitinib 

 • Improved progression-free 
survival (PFS) in regorafenib 
group (4.8 vs. 0.9 months) 

 • No apparent overall survival 
benefi t (may be explained by 
crossover design) 

 Surgery  DeMatteo 
et al. [ 15 ] 

 • Retrospective review 
 •  N  = 200 
 • Results of surgical 

resection in localized 
and metastatic disease 
(pre-imatinib era) 

 • Initial presentation: 
   − Localized disease (46 %) 
   − Metastatic disease (47 %) 
   − Isolated recurrence (7 %) 

 • 5-year survival following 
complete resection (R0/R1): 
54 % 

 • Survival was largely predicted 
by tumour size 

 Dematteo 
et al. [ 17 ] 

 • Phase III Multicentre 
RCT 

 •  N  = 713 
 • Adjuvant imatinib for 

1 year after R0/R1 
resection (tumours 
moderate to high risk, 
>3 cm) 

 • Improved recurrence-free 
survival (RFS) for adjuvant 
imatinib compared to resection 
alone (98 % vs. 83 % at 1 year) 

 • No statistically signifi cant 
difference in OS 

 Mussi 
et al. [ 30 ] 

 • Retrospective review 
 •  N  = 80 
 • Surgery for metastatic 

GIST after best 
clinical response vs. 
after focal progression 

 • 2-year PFS in the best clinical 
response group (64.4 % vs. 
9.7 %) 

 • 5-year DSS was 82.9 % vs. 
67.6 % in favour of the best 
clinical response group 

   OS  overall survival,  RFS  recurrence-free survival,  PFS  progression-free survival,  DSS  disease-
specifi c survival,  PR  partial response 

(continued)
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         Referring to Medical Oncology 

•     All patients with histologically confi rmed GISTs,    other than those with very low 
to low-risk features, should be referred    to medical oncology to (1) evaluate    the 
risk of tumour recurrence; and (2) to establish the role of targeted therapy with a 
tyrosine-kinase inhibitor. If any doubt exists regarding patient risk stratifi cation, 
referral to medical oncology is warranted.     

    Referring to Radiation Oncology 

•     Patients with symptomatic bone    metastases not responsive to targeted    therapy 
should be referred to radiation oncology for consideration of palliative therapy.     

    Referring to Multidisciplinary Cancer Conference 

•     All patients with a diagnosis of GIST should be    discussed to confi rm pathologic 
diagnosis,    determine the indications for mutational analysis, and evaluate the 
indications for adjuvant or neoadjuvant targeted therapy.  

•   Patients started on neoadjuvant-targeted therapy or who experience limited pro-
gression after responding to targeted therapy should be discussed again at 
Multidisciplinary Cancer Conference (MCC) to re-evaluate the sequencing of 
multimodality treatment.     

    Toronto Pearls 

•     The multidisciplinary management    of GISTs is the cornerstone of evidence-
based treatment.  

•   Neoadjuvant imatinib is  NOT  associated with prohibitive risk of bleeding. In 
fact, surgical experience is that GISTs become less vascular and less friable, and 
therefore less prone to intraoperative rupture.  

•   Mutational analysis is part of a complete assessment of GIST.        
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      Chapter 12
Hepatocellular Carcinoma                     

       Gonzalo     Sapisochin      ,     Paul D.     Greig      ,     Shiva     Jayaraman      ,     Peter     T.W.     Kim      ,  
   Calvin H.L.     Law      , and     Alice C.     Wei     

            Introduction 

  Hepatocellular carcinoma (HCC)   is the 5th most common cancer in the world and 
18th most common cancer in Canada. The incidence of HCC is increasing partially 
due to the increase in patients with hepatitis C and nonalcoholic steatohepatitis 
(NASH). In 2013, there were 2040 new cases and 1020 deaths from HCC Canada-
wide [ 1 ]. The management of HCC depends on the stage of the tumor and the 
underlying liver function.
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 Presentation 
 Prognosis [ 2 ] 
 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 % 

   Disease-free survival is signifi cantly less than 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 soli-
tary tumors with no vascular invasion, the 5-year recurrence rate is around 70 %.  

    Staging Systems [ 3 ] 

  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 Criteria  (for priority on the wait list) 
 • UNOS (United Network of Organ Sharing) 

TNM 
 • Extended Toronto Criteria 

   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.  

•   The most commonly used pathological staging system is the AJCC.  
•   For transplantation, the Milan Criteria are the most common staging system used 

to allocate exception points for tumor priority on the waiting list. Other staging 
systems are center-specifi c, but not widely used. The criteria used in Ontario 
appear in section “Liver Transplantation.”      
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    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 resection:

 –    Cirrhotic patient must be Child’s A  
 –   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. If FLR is predicted to be less, portal vein embolization can be 
performed to induce regenerative hypertrophy and increase the volume of 
FLR. The radiological response to portal vein embolization may give a good 
assessment of the liver’s ability to withstand a resection.  

 –   Wide margins, 2 cm better than 1 cm [ 4 ]. Anatomic resections (segment- 
based) are preferred to non-anatomic resections, even though in cirrhotic 
patients parenchyma sparing is preferred.     

•   Contraindications for resection:

 –    Child B, C cirrhosis  
 –   Portal hypertension: varices, splenomegaly, thrombocytopenia (platelet count 

<100/mm [ 3 ])  
 –   Major vascular invasion: main portal venous branches or hepatic veins  
 –   Extrahepatic disease     

•   For large (>5 cm) or multiple tumors:

 –    Size and multiplicity are not contraindications to surgery.  
 –   If not a resection candidate, consider transplant evaluation. If the tumor(s) 

exceed the guidelines for transplantation, consider attempt at downstaging 
with other treatment options such as ablation, TACE, sorafenib, or 
radiotherapy.         

    Management of  Multifocal   HCC/Advanced Stage 

  Multifocal  • Liver transplant evaluation (see section “Liver Transplantation”) 
 • If not a liver transplant candidate, TACE or consider radiation 
 • The role for resection in multifocal HCC is in highly selected patients 

 Advanced stage  • In Child B, C cirrhotic patients radiotherapy can be an option 
 • If not candidates for radiotherapy consider best supportive care 

   TACE  transarterial chemoembolization 
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         Liver Transplantation 

     Criteria  Management 

 Ontario 
criteria 

 • The following tumors are eligible for MELD Exception points: 
 • Milan Criteria or 
 • UCSF Criteria or 
 • Total tumor volume <115 cm3 [ 3 ] and AFP <400 
 • If otherwise a suitable transplant candidate, list for liver transplant and start 

locoregional therapy (TACE or RFA 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 otherwise a suitable transplant 

candidate, the patient may be eligible for live donor liver transplant: list for liver 
transplant and consider locoregional therapy if the wait is predicted to exceed 3 months 

 Liver 
donation 

 • For all tumor patients, consider live donor liver transplant if a suitable live donor 
available 

   TACE  transarterial chemoembolization,  RFA  radiofrequency ablation 

    Special Notes 

•   Milan criteria: 1 up to 5 cm or    3 up to 3 cm, with no major vascular    invasion, no 
metastases  

•   UCFS Criteria: 1 up to 6.5 cm or 3 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         

    Landmark Publications 

    Radiofrequency    Ablation    

 HCC  Study  Methods  Results 

  <  2 cm    Multicenter 
Italian Study  
  Livraghi et al. [  3 ] 

 • Prospective, RFA <2 cm  • Local recurrence: 0.9 % 
 • 5 year survival 68.5 % 

(resection candidates) 

  <  3 cm    Meta-Analysis  
  Mulier et al. [  5 ] 

 • Meta-analysis  • Local recurrence 14 % 

  3–5 cm    Meta-Analysis  
  Mulier et al. [  5 ] 

 • Meta-analysis  • Local recurrence 25 % 

  <  5 cm    Chinese RCT  
  Chen et al. [  6 ] 

 • RFA vs. resection for <5 cm  • No difference in overall survival 
or recurrence between RFA and 
resection 

  Early 
HCC  

  Meta-Analysis, 
Zhou Y. [  7 ] 

 • Meta-analysis of RFA vs. liver 
resection 

 • Liver resection was superior to 
RFA, specially in HCC >3 cm 

  Early 
HCC  

  Meta-Analysis, 
Wang Y. [  8 ] 

 • 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 

12 Hepatocellular Carcinoma



166

        Transarterial Chemoembolization (TACE) 

•       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 effi cacy and be suitable for Child B patients   

 Clinical scenario  Study  Methods  Results 

 Unresectable 
HCC 

 Barcelona 
Clinic Study 
 Llovet et al. [ 9 ] 

 • RCT 
 • TACE vs. 

symptomatic 
treatment 

 • TACE improved OS compared 
with symptomatic treatment 

 • TACE: 1-year OS = 82 % and 
2-year OS = 63 % 

 • Control: 1-year OS = 63 % and 
2-year OS = 27 % 

 Hong Kong 
Study 
 Lo et al. [ 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 

           Resection      

   HCC  Study  Methods  Results 

 >10 cm  Sloan Kettering 
Study 
 Liau et al. [ 11 ] 

 • Prospective 
cohort 

 • Long-term survival similar after 
resection for select patients with 
HCC >10 cm vs. <10 cm 

 Multifocal 
HCC 

 University of 
Toronto 
 Kim et al. [ 12 ] 

 • Retrospective 
study 

 • High recurrence rate but 
long-term survival if aggressive 
treatment of recurrence. 

 Small HCC  Mount Sinai, NY 
and Milan, Italy., 
2013 [ 13 ] 

 • Retrospective 
study 

 • 5-year overall survival 70 %, 
5-year recurrence rate 68 % 

 Margins 2 cm 
vs. 1 cm 

 Chinese Wide 
Margin Study 
 Shi et al. [ 14 ] 

 • 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 
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           Transplantation      

   Study  Methods  Results 

 Milan Criteria 
 Mazzaferro et al. [ 4 ] 

 • Retrospective 
 •  N  = 48 patients 

 • 4-year survival of 75 % 

 University of California San 
Francisco (UCSF) Criteria 
 Yao et al. [ 15 ] 

 • Retrospective 
 •  N  = 70 patients 

 • 1-year survival (OS) of 90 % 
 • 5-year survival of 75 % 

 Toronto Criteria 
 Dubay et al. [ 16 ] 

 • Retrospective 
 •  N  = 189 within 

Milan 
 •  N  = 105 outside 

Milan 

 • No difference in survival between 
within Milan and outside Milan 

 • OS: 72 % (Milan), 70 % (outside 
Milan) 

 • DFS: 70 % (Milan), 66 % 
(outside Milan) 

   OS  overall survival,  DFS  disease-free survival 

    Special Notes 

•   Milan criteria: 1 up to 5 cm, 3 up to 3 cm, no major vascular invasion, no 
metastases  

•   UCSF criteria: 1 up to 6.5 cm or 3 up to 4.5 cm or total up to 8 cm  
•   Toronto criteria: no size or number restrictions, well or moderately differentiated 

tumors on biopsy, no constitutional symptoms, no major vascular invasion       

     Systemic Therapy      

 Study  Methods  Results 

 SHARP 
Trial [ 17 ] 

 • RCT for advanced HCC in Child 
A cirrhotics 

 •  N  = 299 sorafenib, 303 placebo 

 • Sorafenib resulted in 3-month longer 
median survival than the placebo group 

   RCT  randomized controlled trial 

        Guidelines and Consensus Documents 

     1.    American Association for the  Study   of Liver Diseases (AASLD) Guidelines [ 18 ].   
   2.    European Association for the Study of Liver Guidelines [ 19 ].   
   3.    Consensus conference on liver transplantation for HCC [ 20 ].       
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    Referring to Medical Oncology 

     1.    Patients who are candidates  for   TACE (Child A, B, no  contraindications   for 
angiography)   

   2.    Patients who are candidates for sorafenib (Child A, advanced HCC)      

    Referring to Radiation Oncology 

     1.     HCC not   amenable  to   TACE      

    Referring to Multidisciplinary Cancer Conference 

     1.    All  HCC   patients  are   discussed at the Multidisciplinary Cancer Conference 
(MCC) due to the multidisciplinary nature of their management.      

    Toronto Pearls 

•      When considering resection, if there  is   any doubt about FLR, perform portal vein 
embolization (PVE).  

•   Treat solitary lesions less than 2.5 cm with RFA as a defi nitive therapy and con-
sider liver resection depending on liver function and tumor location. 

•    For single lesions, RFA is preferable to TACE if it meets the size criteria.  
•   Extended Toronto Criteria for liver transplant allows patients outside Ontario 

Criteria to be considered for liver transplant.  
•   Reconsider resection in patients with single HCC who are not transplant 

candidates.  
•   Patients with very large (>10 cm) tumors may be amenable for liver resection .        
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      Chapter 13
Melanoma                     

       Mai-Kim     Gervais      ,     Nicole J.         Look Hong      ,     David R.     McCready      ,     Teresa     Petrella      , 
and     Frances C.     Wright     

            Introduction 

  In 2014,  the   Canadian Cancer Society (CCS) reported that melanoma was the sev-
enth most common diagnosed malignancy across Canada. Melanoma represents 
less than 5 % of all skin cancers, but accounts for the most attributable deaths from 
skin cancer. In 2014, 6500 new cases and 1050 deaths from melanoma were esti-
mated to have occurred. Between 2001 and 2010, the incidence rates of melanoma 
increased by 2.2% per year for men and by 2.1 % per year for women [ 1 ].

 Presentation 
 Prognosis 
 5-Year overall survival (OS) 

 • Localized disease (82–85 %) 
 • Regional metastasis (10–13 %) 
 • Distant metastasis (2–5 %) 

 90 % 
 30–75 % 
 15 % 
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   The American Joint Committee on Cancer (AJCC) 7th edition is the current 
 recommended melanoma staging system.   

    Management 

    Primary Localized Melanoma 

     Management of melanoma  in situ     

  Work-up 
 Wide local excision 
(margins) [ 2 ] 

 Lymph node 
assessment  Follow-up (F/U) [ 3 – 5 ] 

 • History and 
physical exam 

 • No labs 
 • No radiologic 

studies 

 • 5 mm clinical 
margin 

 • SLNB is not 
indicated 

 • Clinically: 
   − Instruct patients on skin 

examinations (patient 
education) 

   − Refer to dermatologist 
   − One clinical visit per year 

   SLNB  sentinel lymph node biopsy 

       Management  of   melanoma ≤ 1 mm (Breslow depth)   

 Work-up 
 Wide local excision 
(margins) [ 2 ] 

 Lymph node 
assessment  Follow-up (F/U) [ 3 – 5 ] 

 • 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 
(see below) 

 • Clinically: 
 − Instruct patients 

on skin 
examinations 
(patient education) 

 − Refer to 
dermatologist 

 − Every 6–12 
months for fi rst 3 
years, and then 
annually 

 • No labs 
 • No imaging 

   SLNB  sentinel lymph node biopsy 

    Special Notes 

•    When melanoma 0.75–1 mm in depth, discuss the option of SLNB to patients 
with any of the following features [ 6 – 8 ]:

 –    Ulceration (T1b)  
 –   Mitotic rate ≥ 1/mm 2  (T1b)  
 –   Microsatellitosis     
 –   Clark IV/V  
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•   There is a lack of consensus regarding what should be considered a “high-risk 
feature” in melanomas < 1 mm in depth. Lymphovascular invasion, presence of 
regression >50 %, vertical growth rate, and absence of tumor infi ltrating lympho-
cytes remain unclear predictors of lymph node positivity. The presence of one of 
these high- risk criteria in isolation cannot be interpreted as a clear indication for 
SLNB.  Breslow thickness of >0.75 mm alone without any risk factor correlates 
with increased risk of positive SLN (8.8 %) and SLNB may be justifi ed on the 
basis of tumor depth only [ 9 ].  

•   Mitotic rate is the most important prognostic factor after tumor thickness for 
stage I and II cutaneous melanoma and has a greater independent prognostic 
signifi cance than tumor ulceration [ 10 ,  11 ].  

•   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).    

     Management of   melanoma 1–4 mm (Breslow depth)   

 Work-up 
 Wide local excision 
(margins) [ 2 ] 

 Lymph node 
assessment [ 2 ]  Follow-up (F/U) [ 4 ,  5 ] 

 • History and 
physical exam 

 • Clinical 
assessment of 
regional lymph 
nodes and 
in-transit 
lesions 

 • No labs 
 • No standard 

radiologic 
studies 

 • Further 
imaging only 
if clinically 
indicated 

 • 1–2 mm melanoma: 
  − 1–2 cm clinical 

margin 
 • 2–4 mm melanoma: 

  − 2 cm clinical 
margin 

 • Margins may be 
modifi ed to 
accommodate 
functional or anatomic 
considerations 

 • Consultation to plastic 
surgery if primary 
closure is 
compromised (i.e., 
lower arm/lower leg/
high on the back) 

 • Discuss 
and offer 
SLNB 

 • Clinically: 
 − Stage I: Every 6–12 

months for 3 years 
and then annually 

 − Stage II: Every 6 
months for fi rst 2 
years, then annually 

 − Stages III–IV: Every 
3–6 months for fi rst 
3 years, then every 
6–12 months for 2 
years, and then 
annually 

 − Patient education 
 − Refer to 

dermatologist 
 • No labs 
 • No imaging 

   SLNB  sentinel lymph node biopsy 

    Special Notes 

•    The updated available Level I evidence is insuffi cient to determine optimal exci-
sion margins for melanoma, including all Breslow thickness [ 12 ,  13 ]. 
Recommendations are based on consensus/guidelines.   

•   Excision of the fascia is not necessary except in the case of documented clinical 
or radiologic invasion. Margins are determined from the edge of the lesion or the 
incision excision/biopsy scar. Adequate margins are assessed clinically. 
Reexcision is recommended with involved margins.   
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     Management of   melanoma ≥ 4 mm (Breslow depth)   

  Work-up 
 Wide local excision 
(margins) [ 2 ] 

 Lymph node 
assessment  Follow-up (F/U) [ 4 ,  5 ] 

 • History and 
physical exam 

 • Clinical 
assessment of 
regional lymph 
nodes and 
in-transit lesions 

 • No labs 
 • Imaging: 

   − CT or MRI of 
brain a  + 

   − CT chest, 
abdomen and 
pelvis 

   − OR PET/
CT ± MRI 
brain a  

 • 2 cm clinical margin 
 • Margins may be 

modifi ed to 
accommodate 
functional or 
anatomic 
considerations 

 • Consultation to 
plastic surgery if 
necessary if primary 
closure is 
compromised 

 • Discuss 
and offer 
SLNB 

 • Clinically: 
   − Stage II: Every 

3–6 months for 
fi rst 2 years, then 
every 6–12 
months for 2 
years, and then 
annually 

   − Stages III–IV: 
Every 3–6 months 
for fi rst 3 years, 
then every 6–12 
months for 2 
years, and then 
annually 

 • No labs 
 • No imaging 

   SLNB  sentinel lymph node biopsy 
  a Depending on institutional preference or availability 

    Special Notes 

•   There is very limited data with no evidence about improved outcomes with stan-
dard metastatic work-up. This is left to the discretion of individual physicians.  

•   Controversy exists regarding clinical value of sentinel lymph node assessment 
for thick melanoma. T4 melanomas have higher risk of systemic metastases at 
initial diagnosis, and patients might not benefi t from lymphadenectomy in 
terms of survival. However, for thick melanoma without distant metastases, 
SLNB remains useful for staging, prognostication, and locoregional control 
[ 14 ]. Thick melanomas have a 42 % risk of node positivity at 10 years and 
SLN status still represents the most important survival prognostic factor [ 15 , 
 16 ]. Lymphadenectomy confers a 10-year disease-free survival benefi t mostly 
for intermediate thickness melanoma. Among patients with intermediate 
thickness with nodal metastases, there is a benefi t in 10-year melanoma-spe-
cifi c survival in the biopsy group (62.1 %) compared to the observation group 
(41.5 %) [ 15 ,  16 ].  

•   There is a lack of valid prospective studies of the effi cacy of routine 
follow-up.  

•   No study has demonstrated an improvement in survival due to routine imaging 
surveillance.      
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     Regionally Metastatic   Melanoma 

  Clinical 
scenario  Work-up  Surgical approach [ 15 ,  17 – 19 ] 

 SLNB 
positive [ 15 , 
 17 – 19 ] 

 • Metastatic work-up 
with: 

   − CT head or MRI of 
brain + 

   − CT chest, abdomen, 
and pelvis 

   − OR PET/CT ± MRI 
brain 

 • Completion lymphadenectomy (CLND) is 
discussed and offered a  

 • MSLT-2 trial—accrual completed 
 • Observation + ultrasound monitoring (if 

patient refuses further surgery or not 
surgical candidate) 

 • Refer to medical oncology for assessment 
of adjuvant therapy/clinical trial 

 • Consider consultation to radiation 
oncology for adjuvant radiation therapy 

 Clinically 
positive 
lymph node 

 • FNA or lymph node 
biopsy 

 • Imaging: 
   − CT or MRI of brain + 
   − CT chest, abdomen, 

and pelvis 
   − OR PET/CT ± MRI 

brain 

 • Completion lymphadenectomy 
 • Refer to medical oncology for assessment 

of adjuvant therapy/clinical trial 
 • Consider consultation to radiation 

oncology for adjuvant therapy and/or for 
unresectable disease 

 • Consideration of neoadjuvant therapy to 
enable resection 

 In-transit or 
satellite 
lesions 
[ 20 – 22 ] 

 • FNA or excisional/
incisional biopsy 

 • Imaging: 
   − CT or MRI of brain + 
   − CT chest, abdomen, 

and pelvis 
   − OR PET/CT ± MRI 

brain 

 • Single lesion: 
   − Surgical excision with clear 

margins + consider SLNB (if it has not 
been performed previously) 

   − Refer to medical oncology for 
assessment of adjuvant therapy 
(interferon-α)/clinical trial 

 • Multiple lesions (no consensus): 
   − Resection if feasible 
   − Isolated limb perfusion/infusion with 

melphalan ± dactinomycin. Possible 
improvement in DFS and OS with 
complete response. Similar overall 
response (50–85 %) rate between ILI 
and ILP. Increased toxicity with ILP. 

   − Intralesional therapy with IL-2, 
interferon-α, or BCG. Phase III trial of 
intralesional VP10/Rose Bengal 
ongoing 

   − Topical therapy with imiquimod or 
diphencyprone cream (DPCP) 

   − T-VEC: viral vaccine talimogene 
laherparepvec. Objective response in 
26 % and complete response in 11 % of 
cases. Clinical trials [ 23 ] 

   − Radiation therapy for unresectable 
disease 

   − Combination of systemic therapy with 
intralesional treatment/clinical trials 

   MSLT-2  multicenter selective lymphadenectomy trial 2 (NCT 00297895),  SLNB  sentinel lymph 
node biopsy,  FNA  fi ne-needle aspiration,  CLND  completion lymphadenectomy,  ILI  isolated limb 
infusion,  ILP  isolated limb perfusion,  BCG  Bacille Calmette-Guérin,  OS  overall survival 
  a No randomized trials have demonstrated the therapeutic value of completion lymph node dissection 
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    Special Notes 

•   The rate of successful SLNB is 98.1 % with an overall false-negative rate of 
12.5 %. In high-volume centers with >50 cases/year, a false-negative rate of 
5 % (local recurrence rate 5 %) is achieved [ 24 ]. We recommend performing 
SLNB with preoperative lymphoscintigraphy and using both blue dye and 
radioactive dye. Approximately 15–20 % of patients with a positive sentinel 
lymph node will have melanoma metastases identifi ed in completion lymphad-
enectomy [ 14 ,  25 ]. CLND has not been proven to increase overall survival 
after positive sentinel node and about 80–85 % of the time, SLN is the only 
positive node. These patients might be exposed to unnecessary morbidity [ 26 ]. 
MSLT-2 trial aims to defi ne the therapeutic value of CLND versus observation 
after positive SLN.  

•   Completion lymphadenectomy in the axilla usually requires levels 1, 2, and 3 
dissection with selective transection of pectoralis minor [ 27 ]. Some argue that 
level 3 axillary dissection should be performed only when palpable nodes are 
present [ 28 ,  29 ].  

•   In the groin, superfi cial inguinal lymphadenectomy remains the current standard 
of treatment with non-palpable positive SLN and absence of abnormal pelvic 
lymphadenopathy on imaging. Extent of dissection including deep iliac/obtura-
tor dissection is controversial. Deep iliac/obturator lymphadenectomy should be 
completed in the presence of pelvic node involvement on pre-operative imaging 
(CT scan or PET/CT). Deep iliac/ obturator lymphadenectomy should be consid-
ered in the presence of clinically detected superfi cial inguinal node disease, posi-
tive Cloquet’s node and multiple positive (>= 3) positive sentinel nodes [ 30 ].  

•   Neoadjuvant therapies in the context of unresectable/borderline resectable 
regional disease have been studied. Chemotherapy such as temozolomide has 
been shown to be ineffective in the neoadjuvant setting in a small phase II 
study with a 15 % response rate, similar to what is seen in the metastatic set-
ting [ 31 ]. Neoadjuvant high-dose interferon has shown a response rate of 
55 %, but with high toxicity and 50 % recurrence at 18 months [ 32 ]. 
Biochemotherapy combining IL-2, interferon-alpha, and multiagent chemo-
therapy demonstrated high response rates (40 %) but with substantial toxicity 
[ 33 ]. Vemurafenib improved both DFS and OS in BRAF mutant metastatic 
melanoma patients. High response rate and low toxicity make vemurafenib an 
ideal neoadjuvant therapy; however currently no studies have been completed 
in this patient population [ 34 ].  
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•   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 % [ 35 ]. When complete 
clinical response is achieved, an increase in 5-year overall survival can be 
obtained, compared to partial responders (80 % vs. 33 %, respectively) [ 36 ,  37 ]. 
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 [ 38 ]. Unlike systemic IL-2, intralesional IL-2 is well tolerated with 
much less toxicity.   

 Rationale for sentinel lymph node biopsy 

  Accurate staging  
 • Allows a more rational follow-up strategy 
  Prognostic factor  
 • The 5-year overall survival for patients with nodal micrometastases is 67 % and with nodal 

macrometastases, 43 % [ 39 ] 
  Better locoregional control  
 • Complication rates of SLNB vs. lymphadenectomy: 4.6 % vs. 23.2 % [ 17 ,  40 ] 
 • By identifying micrometastases (through SLNB), patients are less likely to require radiation 

to the nodal basin, and thus a lower chance of lymphedema 
 • Lymphedema rate for axillary SLNB vs. complete lymphadenectomy: 1.7 % and 9 %, 

respectively [ 17 ,  41 ] 
 • Lymphedema rate for groin SLNB vs. complete lymphadenectomy: 1.7 % and 26 %, 

respectively [ 17 ,  41 ] 
  Potential/unclear survival benefi t  
 • In SLN-positive patients [ 16 ], to date, there is no defi nite evidence that SLNB followed by 

lymphadenectomy for positive nodes confers a survival benefi t 
  Impact in adjuvant therapy  
 • Accurate nodal staging information is important in order to offer patients enrolment in 

ongoing clinical trials 
 • Small benefi t of interferon 
  Tumor thickness likelihood of positive SN  
 <0.8 mm  <1 % 
 0.8–1.5 mm  8 % 
 1.5–4.0 mm  23 % 
 >4.0 mm  42 % 
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       Distant Metastatic Melanoma 

 Work-up  Surgical approach [ 42 – 45 ]  Systemic therapy [ 46 ] 

 • Labs: 
   − Serum LDH 
   − CBC, lytes, 

BUN, Cr, 
LFTs 

 • Imaging: 
   − CT or MRI 

of brain 
   − CT chest, 

abdomen, 
and pelvis 

   − PET/CT 
scan if 
considering 
surgical 
intervention 

 • Metastasectomy—careful 
consideration of complete 
resection in: 

   − Pulmonary metastases 
(survival benefi t)—5-year 
OS of 20 % if complete 
metastasectomy compared 
to 4 % if incomplete 
resection 

   − Symptomatic GI metastases 
   − Symptomatic brain 

metastases (surgery, 
stereotactic radiosurgery, or 
whole-brain radiation) 

   − Symptomatic adrenal 
metastases 

   − Liver metastases—survival 
benefi t only shown in 
retrospective studies from 
ocular melanoma when 
complete metastasectomy 

   − Subcutaneous metastases 
   − Palliation of symptoms 

 • Clinical trial whenever available 
and appropriate 

 • Targeted therapies dependent on 
mutational status (BRAF, cKIT, 
MEK, NRAS, GNAQ genes) 

   − V600 BRAF mutation 
positive (43–50 % of cases): 
offer clinical trial or BRAF 
inhibitor 

   − BRAF inhibitor (vemurafenib, 
dabrafenib): rapid tumor 
response, but common 
progression of disease within 
6–12 months of treatment. 
Preferred option for 
symptomatic or rapidly 
progressive disease 

   − MEK inhibitor—alone or in 
combination with BRAF 
inhibitor/clinical trials. 
Combined treatment offers a 
longer PFS 

   − cKIT: featured in acral and 
mucosal melanoma 

 • Immunotherapy 
   − Ipilimumab: Slow but durable 

response in 20 % of patients 
   − Systemic IL-2: objective 

response in 20 % of cases, 
complete response in 7 % 
[ 42 ]. Signifi cant toxicity. 

   − Anti-PD1: monoclonal 
antibody against PD-1. 
Preferred option for stage IV 
disease 

   − Anti-PDL1—antibody against 
PD-1 ligand. Clinical trials 

 • Systemic chemotherapy 
(dacarbazine, temozolomide, 
carbo/taxol and abraxane): 
Dacarbazine and temozolomide 
have a clinical response rate of 
15–20 % and a complete 
response rate of 3–5 % [ 42 ] 

   LFT  liver function test,  PET  positron emission tomography,  OS  overall survival,  PFS  progression- 
free survival 
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    Special Notes 

•   Most common causes of death with metastatic melanoma are respiratory failure 
and intracranial metastases. A phase II trial of complete resection for stage IV 
melanoma (SWOG, S9430 trial) reported a 4-year OS of 31 % with median sur-
vival of 21 months [ 47 ]. 5-Year survival of 40 % has also been reported for com-
plete metastasectomy when tumor-free margins are obtained [ 42 ]. When 
resection of melanoma metastases ± systemic therapy was compared to systemic 
medical therapy alone, median survival was 15.8 vs. 6.9 months and surgical 
treatment conferred a 4-year survival of 20.8 % vs. 7.0 %. Distant disease-free 
interval of more than 12 months, M1a, and lower number of organ sites of metas-
tases were associated with improved survival [ 48 ]. Optimal sequencing of recent 
systemic therapies with metastasectomy remains unclear.       

    Landmark Trials 

    Wide Local Excision:    Margins 

  Melanoma 
(Breslow 
thickness)  Study  Methods  Results 

 • In situ  • No RCTs  –  – 
 • <1 mm 

   − No specifi c 
RCTs 

  French Cooperative 
Surgical Trial [  49 ] 

 •  N  = 337 
(melanoma < 2.1 mm) 

 • Excision margins: 
5 cm vs. 2 cm 

 • Median F/U: 16 years 

 • No difference in 
OS 

 • LR not reported 

  Swedish Cooperative 
Surgical Trial [  50 ] 

 •  N  = 989 (melanoma 
0.8–2.0 mm) 

 • Excision margins: 
5 cm vs. 2 cm 

 • Median F/U: 11 years 

 • No difference in 
OS 

 • LR: <1 % overall 

  WHO Melanoma 
Program Trial [  51 ] 

 •  N  = 612 
(melanoma ≤ 2 mm) 

 • Excision margins: 
3–5 cm vs. 1 cm 

 • Median F/U: 15 years 

 • No difference in 
OS 

 • No difference in 
LR 

 • 1–4 mm 
   − French, 

Swedish 
and WHO 
trials plus: 

  Intergroup 
Melanoma Surgical 
Trial [  52 ,  53 ] 

 •  N  = 740 (melanoma 
1.0–4.0 mm) 

 • Excision margins: 
4 cm vs. 2 cm 

 • Median F/U: 10 years 

 • No difference in 
OS 

 • No difference is 
LR 

  British Cooperative 
Group Trial [  54 ] 

 •  N  = 675 (melanoma 
2.0–4.0 mm) 

 • Excision margins: 
3 cm vs. 1 cm 

 • Median F/U: 5 years 

 • No difference in 
OS same 

 • Lower LR with 
3 cm margins 
( p  = 0.05) 

(continued)
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  Melanoma 
(Breslow 
thickness)  Study  Methods  Results 

 • >4 mm   British Cooperative 
Group Trial [  54 ] 

 •  N  = 225 
(melanoma > 4 mm) 

 • Excision margins: 
3 cm vs. 1 cm 

 • Median F/U: 5 years 

 • No difference in 
OS 

   F/U  follow-up,  RCT  randomized controlled trials,  WLE  wide local excision,  OS  overall survival, 
 NS  not signifi cant,  LR  locoregional recurrence,  CLND  completion lymphadenectomy—immediate, 
 DFS  disease-free survival,  TLND  therapeutic lymphadenectomy—delayed,  SLN  sentinel lymph 
node 

          Sentinel Lymph Node Biopsy      

   Study  Methods  Results 

 Multicenter 
Selective 
Lymphadenectomy 
Trial (MSLT-1) 
[ 15 ,  16 ] 

 • RCT 
 •  N  = 1347 (melanoma 

1.2–3.5 mm), 314 
with thick melanoma 

 • Groups: WLE + SLNB 
(with CLND if 
positive) vs. WLE and 
observation (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 signifi cant difference in 10-year 
melanoma-specifi c 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 OS 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 

(continued)

(continued)
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   Study  Methods  Results 

 Multicenter 
Selective 
Lymphadenectomy 
Trial (MSLT-2) 
NCT00297895 

 • Phase III multicenter 
RCT 

 • Groups: Sentinel 
Lymphadenectomy 
and Complete Lymph 
Node Dissection 
Versus Sentinel 
Lymphadenectomy 
Alone in Cutaneous 
Melanoma Patients 
With Molecular or 
Histopathological 
Evidence of 
Metastases in the 
Sentinel Node 

 • Accrual completed in 
2014 

 • Estimated study 
completion date : 2022 

   RCT  randomized controlled trial,  WLE  wide local excision,  OS  overall survival,  LR  locoregional 
recurrence,  NS  not signifi cant,  CLND  completion lymphadenectomy—immediate,  TLND  thera-
peutic lymphadenectomy—delayed,  SLN  sentinel lymph node,  DFS  disease-free survival 

(continued)

           Systemic    Therapy   

   Drug  Study  Methods  Results 

 Vemurafenib  Chapman PB 
et al. [ 55 ] 

 • RCT 
 • Vemurafenib (BRAF 

inhibitor) vs. dacarbazine 
in previously untreated 
metastatic melanoma 
with the BRAF V600E 
mutation 

 • At 6 months, OS was 
84 % for vemurafenib 
group vs. 64 % for 
dacarbazine 

 • Relative reduction 63 % in 
risk of either death and 
74 % in risk of disease 
progression as compared 
with dacarbazine 

 • PFS of 5.3 vs. 1.6 months 
with dacarbazine 

 Dabrafenib  Hauschild A 
et al. [ 56 ] 

 • RCT 
 • Dabrafenib (BRAF 

inhibitor) vs. dacarbazine 
in previously untreated 
unresectable stage III or 
IV BRAF- mutated 
melanoma 

 • Median PFS 5.1 months 
for dabrafenib vs. 
2.7 months for 
dacarbazine (HR 0.30, 
 p  < 0.0001) 

 • Adverse events 53 % 
dabrafenib group vs. 44 % 
dacarbazine group 

 Trametinib  Flaherty KT 
et al. [ 57 ] 

 • RCT 
 • Trametinib (MEK 

inhibitor) vs. dacarbazine 
vs. paclitaxel in 
previously untreated 
BRAF-mutated 
metastatic melanoma 

 • 6-month OS 81 % 
trametinib vs. 67 % 
chemotherapy 

 • Median PFS 4.8 months in 
trametinib vs. 1.5 months 
in chemotherapy groups 
(HR 0.45,  p  < 0.001) 

(continued)
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   Drug  Study  Methods  Results 

 Ipilimumab  Robert C et al. 
[ 58 ] 

 • RCT 
 • Ipilimumab (Anti- 

CTLA- 4) + dacarbazine 
vs. dacarbazine + placebo 
in previously untreated 
metastatic melanoma 

 • OS signifi cantly longer in 
Ipi + D vs. D + placebo—11.2 
vs. 9.1 months with higher 
survival rates at: 
 –  1 year (47.3 % vs. 36.3 %) 
 –  2 years (28.5 % vs. 17.9 %) 
 –  3 years (20.8 % vs. 12.2 %) 

 Interferon-
alpha 

 Kirkwood JM 
et al., 
1996—Eastern 
Cooperative 
Oncology 
Group (EGOG 
1684) [ 59 ] 

 Kirkwood JM 
et al., 
2000—Eastern 
Cooperative 
Oncology 
Group (EGOG 
1690) [ 60 ] 

 Wheatley K 
et al. [ 61 ] 

 • RCT 
 • High-dose IFN alpha-2b 

vs. observation in stage 
IIB and III primary or 
recurrent regional nodal 
metastases 

 • RCT 
 • High-dose IFN-alpha for 

1 year vs. low-dose 
IFN-alpha for 2 years vs. 
observation in stages IIB 
and III or recurrent 
regional nodal metastases 

 • Meta-analysis 
 • 12 trials, comparisons of 

IFN-alpha with controls 

 • 5-year RFS 37 % vs. 26 % 
 • 5-year OS 46 % vs. 37 % 
 • Dose modifi cation in 

majority of patients due to 
toxicity 

 • RFS benefi t of IFN alpha 
is dose dependent (44 % 
vs. 40 % vs. 35 %) 

 • No signifi cant survival 
benefi t (5-year OS 52 % 
vs. 53 % vs. 55 %) 

 • Absolute difference in 
DFS of 7 % with 
IFN-alpha 

 • OS benefi t is not 
signifi cant, but absolute 
survival difference of 3 % 
with IFN-alpha 

 • The difference in treatment 
effect is dependent on doses 
of IFN-alpha. Benefi t of 
IFN-alpha tends to increase 
with increasing total 
scheduled dose ( p  = 0.05) 

 Combined 
BRAF and 
MEK 
inhibitors 

 Long GV et al. 
[ 62 ] 

 Larkin J et al. 
[ 63 ] 

 • RCT 
 • Dabrafenib (BRAF 

inhibitor) + trametinib 
(MEK inhibitor) vs. 
dabrafenib + placebo in 
previously untreated 
unresectable stage IIIC 
or stage IV melanoma 
with BRAF mutation 

 • RCT 
 • Vemurafenib (BRAF 

inhibitor) + cobimetinib 
(MEK inhibitor) vs. 
vemurafenib + placebo in 
untreated unresectable 
locally advanced or 
metastatic BRAF 
mutation-positive 
melanoma 

 • Median PFS 9.3 months in 
combination group vs 
8.8 months in dabrafenib- 
alone group 

 • Overall response rate: 
67 % vs. 51 % 

 • At 6 months, OS 93 % vs. 
85 % ( p  = 0.02) 

 • Similar adverse events 

 • Median PFS 9.9 months in 
combination group vs. 
6.2 months in 
vemurafenib-alone group 

 • Overall response rate: 
68 % vs. 45 % 

 • At 9 months, OS 81 % vs. 
73 % ( p  = 0.046) 

 • Higher rate of adverse 
events Grades 3–4 with 
combination group 

(continued)

(continued)
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   Drug  Study  Methods  Results 

 Anti-PD1  Wolchok JD 
et al. [ 64 ] 

 Topalian SL 
et al. [ 65 ] 

 Hamid O et al. 
[ 66 ] 

 • Phase 1 trial 
 • Nivolumab 

(Anti-PD1) + ipilimumab 
intravenously, combined 
or sequenced regimens 

 • Retrospective 
 •  N  = 107 
 • IV Nivolumab q 2 weeks 

for up to 96 weeks in 
advanced melanoma 

 • Retrospective 
 •  N  = 135 
 • IV Lambrolizumab q 2–3 

weeks in advanced 
melanoma 

 • Objective response in 40 % 
and 20 % of cases in 
combined and sequenced 
regimens, respectively 

 • Median OS 16.8 months, 
1- and 2-year OS 62 % and 
43 %, respectively 

 • Median PFS 3.7 months 
 • Objective response rate 31 % 

 • Median PFS > 7 months 
 • Objective response rate 

38 % 

   RCT  randomized controlled trial,  PFS  progression-free survival,  OS  overall survival,  D  dacarba-
zine,  RFS  relapse-free survival,  DFS  disease-free survival,  IFN  interferon 

           Referring to Medical Oncology (Patients with High-Risk 
Melanoma) 

     1.      Primary  melanoma with   Breslow thickness > 4 mm   
   2.    Node-positive melanoma   
   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 when-
ever possible. Metastatic melanoma of the unknown primary site is diagnosed in 
approximately 2–9 % of all melanoma cases. It is usually diagnosed if metastatic 
melanoma is confi rmed 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 [ 70 ]. 

 Cancer Care Ontario (CCO) and the Melanoma Disease Site Group recommend 
that high-dose interferon alpha-2b therapy for 1 year should be discussed with and 
offered to patients with high-risk melanoma for adjuvant therapy. Pegylated IFN can 
be used as an alternative to high-dose IFN-alpha [ 71 ]. Meta-analyses and randomized 
controlled trials demonstrated increased recurrence-free survival rate with IFN-alpha 
(7 % absolute risk reduction at 5 years), but little effect on overall survival (3 % abso-
lute benefi t in 5-year OS) [ 61 ,  72 ]. Tumor burden in lymph nodes and ulceration of the 
primary tumor have been reported as predictors for benefi t from adjuvant IFN-alpha 
[ 73 ]. Because the actual overall survival benefi t with systemic therapy is relatively 
small (3 %), patients should be encouraged to participate in available clinical trials.    

(continued)
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    Referring to Radiation Oncology [ 74 – 76 ] 

     1.      Gross residual disease   
   2.    Extracapsular nodal extension   
   3.    ≥2 cervical, ≥2 axillary, ≥3 inguinal lymph nodes involved   
   4.    Cervical lymph node ≥ 2 cm,  axillary   and inguinal lymph node ≥ 3 cm   
   5.    Therapeutic lymph node  dissection   not possible after positive sentinel node   
   6.    Unresectable in-transit/satellite metastases and isolated limb perfusion/infusion 

is not effective or not possible [ 22 ]   
   7.    Metastatic disease—if symptomatic from focal disease; treatment of brain 

metastases with stereotactic radiosurgery or whole-brain radiation therapy   
   8.    Pure desmoplastic melanoma with narrow margins, locally recurrent or exten-

sive neurotropism [ 77 ]        

    Referring to Multidisciplinary Cancer Conference (MCC) 

     1.    Melanoma with Breslow thickness < 1 mm   
   2.    Bulky  nodal   disease   
   3.    New metastatic disease   
   4.    In-transit or  locoregional   recurrence   
   5.    Any consideration of non-standard multimodal therapy   
   6.    Consideration of available clinical trials      

    Desmoplastic Melanoma 

  Desmoplastic melanoma (DM)   constitutes less than 4 % of all primary cutaneous 
melanomas and is  most   commonly located on head and neck. Neurotropism and 
absence of BRAF mutation are common features of DM. DM is pathologically 
characterized by spindle-shaped cells with atypical melanocytic proliferation and 
abundant collagen stroma [ 78 ]. Desmoplastic melanoma is classifi ed into pure and 
mixed subtypes. Pure subtype DM is defi ned by a predominance of stromal fi brosis 
with >90 % desmoplasia while mixed DM is characterized by the presence of des-
moplasia within 10–90 % of the tumor [ 79 ]. 

 DM has favorable survival prognosis compared to conventional melanoma sub-
types with a lower risk of distant metastases. However, DM has an increased risk of 
local recurrence (5-year local recurrence rate of 17 %). Radiation therapy may 
improve the rate of local recurrence [ 77 ]. Recommendation on SLNB is controver-
sial, with overall rate of positive SLN ranging between 0 and 15 %, but should be 
considered and discussed with patients [ 77 ,  79 ].  DM   featuring    mixed subtype has a 
24.6 % rate of SLN positivity vs. 9 % with pure subtype [ 79 ].  
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    Toronto Pearls 

•     Groin dissection fl aps should preserve Scarpa’s fascia with the fl ap.  
•   Saphenous vein  preservation   during groin dissection could be considered if 

micrometastatic nodal disease only.  
•   Consider IL-2 intra-tumoral injection in the management of multiple in-transit 

metastases as fi rst-line treatment.  
•   For patients at high risk for local failure and those who only underwent superfi -

cial groin dissection, consider postoperative surveillance with CT of the abdo-
men/pelvis to identify patients who could develop iliac/obturator node recurrence 
and be candidates for further salvage surgery.  

•   Consider radiation therapy for pathologic positive margins from satellitosis or 
lymphovascular invasion around the primary site.  

•   If patient declines completion lymphadenectomy after a positive SLNB, perform 
ultrasound monitoring of the axilla and/or groin every 6 months for 3 years and 
then yearly to 5 years.  

•   Level 3 axillary dissection should be completed in the presence of palpable axillary 
disease. In the presence of positive axillary SLNB, level 1–2 dissection can suffi ce.        
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      Chapter 14
Merkel Cell Carcinoma                     

       Jennifer     Racz      ,     Anthony M.     Joshua      ,     Joan E.     Lipa      ,     Alexander     Sun      , 
and     Frances C.     Wright     

            Introduction 

   Merkel cell carcinomas (MCCs)   are rare cutaneous neuroendocrine neoplasms that 
are clinically aggressive due to a relatively high local, regional, and distant metastatic 
recurrence potential [ 1 ]. These tumours behave in a more lethal fashion than mela-
noma and are associated with an overall 5-year survival rate between 30 and 64 % 
[ 2 – 5 ]. They are found most commonly in Caucasian (94 %), elderly patients, with the 
average age at presentation being 72 years [ 6 – 8 ]. The most common sites of involve-
ment include the head and neck (46–48 %), followed by the extremities (35–38 %), 
and trunk (11–17 %) [ 6 ,  7 ]. Risk factors include extensive sun exposure, immuno-
suppression, and/or infection with the polyomavirus virus [ 7 ,  9 – 11 ]. 
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 MCCs usually present as non-tender, rapidly growing, painless, red to violaceous 
intradermal papules or nodules that can reach considerable size. Given their relatively 
non-specifi c clinical presentation, diagnosis is often delayed leading to advanced dis-
ease at the time of diagnosis. The “AEIOU” acronym can be used to assist with diag-
nosis: A—asymptomatic, E—expanding, I—immunosuppressed, O—age >50 years, 
and U—ultraviolet-exposed fair skin [ 1 ]. Ultimately, diagnosis is established by exci-
sional or punch biopsy demonstrating the characteristic small, round, blue cells with 
large prominent nuclei. Immunohistochemical analysis has been instrumental in iden-
tifying markers characteristic of MCC, facilitating its differentiation from other small 
round, blue cell tumours. Whereas cytokeratin-20 (CK-20) staining is positive in 
89–100 % of MCCs, thyroid transcription factor-1 (TTF-1) is generally absent [ 1 ].

 Presentation [ 5 ] 
 Prognosis [ 12 ] 
 5-Year overall survival (OS) 

 • Localized disease (66 %)  64 % 
 • Regional metastasis (27 %)  39 % 
 • Distant metastasis (7 %)  18 % 

   The American Joint Committee on Cancer AJCC 7th edition is the current rec-
ommended staging system for MCCs. Prognostically, patients who have pathologi-
cally proven node-negative disease have improved survival compared to those who 
are only evaluated clinically. As such, the current AJCC guidelines divide stages I 
and II into A and B substages based upon the method of nodal evaluation [ 12 ].   

    Management 

    Localized Merkel Cell Carcinoma    [ 3 ,  13 – 15 ] 

  Work-up 
 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 
(1–2 cm 
margins) to 
investing fascia 

 • Mohs 
micrographic 
surgical 
excision with 
negative 
margins and 
then re-excision 
(0.5–1.0 cm 
margins) 

 • Discuss 
and 
offer 
SLNB 

 • Refer to radiation 
oncology for 
consideration of 
adjuvant RTX to 
the primary site 

 • No role for 
systemic 
chemotherapy in 
the adjuvant or 
neoadjuvant 
setting 

 • History and 
physical 
exam every 
3–6 months 
for 3 years 
and then 
every 6–12 
months 
thereafter 

   H + E  hematoxylin and eosin staining,  IHC  immunohistochemistry,  SLNB  sentinel lymph node 
biopsy,  RTX  radiation therapy 
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         Regional Metastatic Merkel Cell Carcinoma    [ 15 – 17 ] 

  Clinical 
scenario  Work-up a   Surgical approach 

 SLNB positive  • Imaging: 
   − CT chest, 

abdomen, 
and pelvis 

   − PET-CT 
   − MRI b  

 • Completion lymphadenectomy (CLND) should be 
offered and discussed 
 • Level I–III axillary lymph node dissection 
 • Superfi cial and deep groin dissection 

 • Observation (if patient refuses further surgery or not 
surgical candidate) 

 • Refer to radiation oncology for treatment to primary 
site and nodal basin and medical oncology for 
assessment of adjuvant therapy/clinical trial; there 
may be a role for radiation to the nodal basin instead 
of CLND in some patients   

 Clinically 
positive lymph 
nodes 

 • FNA or core 
biopsy 

 • Imaging: 
   − CT chest, 

abdomen, 
and pelvis 

   − PET-CT 
   − MRI b  

 • Therapeutic lymphadenectomy should be offered and 
discussed 

 • Refer to radiation and medical oncology for 
assessment of adjuvant therapy/clinical trial 

   SLNB  sentinel lymph node biopsy,  FNA  fi ne-needle aspiration,  CLND  completion lymphadenectomy 
  a PET-CT is gaining importance and may be preferred in some instances 
  b MRI can be used if PET-CT is unavailable 

          Sentinel Lymph Node Biopsy 

   The single most important prognostic    characteristic of  clinically   localized MCC is 
the presence or absence of occult nodal metastases [ 18 ,  19 ]. The incidence of senti-
nel node metastases in MCC ranges anywhere between 11 and 47 % and approxi-
mately 30 % of clinically node-negative patients will harbor micrometastatic disease 
[ 20 – 23 ]. Unfortunately, SLNB is associated with a high false-negative rate (~15 %) 
likely secondary to lymphatic dysfunction and/or the relatively high number of 
MCCs on the head and neck leading to multiplicity of nodes compared to other 
sites. Several factors have been associated with SLN positivity including (a) pri-
mary 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) [ 24 ]. 
SLNB also has therapeutic implications as 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 benefi t from additional treatment [ 3 ,  4 ,  20 ,  22 ,  25 – 31 ]. Although 
SLNB is associated with a signifi cant improvement in MCC-specifi c survival when 
compared to wide-local excision alone, well-designed, prospective studies are 
required to clarify its role particularly given the availability of alternative treatment 
in the form of chemotherapy and/or radiation therapy [ 32 ].    
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    Metastatic Merkel Cell Carcinoma 

    Distant Metastatic Merkel Cell Carcinoma    [ 15 ] 

  Work-up  Surgical approach  Systemic therapy 

 • Imaging: 
   − CT chest, 

abdomen, 
and pelvis 

   − PET-CT 
   − MRI 

 • No specifi c 
labs 

 May be considered for 
patients with 
oligometastasis after 
multidisciplinary tumour 
board consultation [ 33 ] 

 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 

 • Multi-agent chemotherapy: 
   − Cyclophosphamide/doxorubicin/

vincristine 
   − Carboplatin/etoposide 
   − Cisplatin/etoposide 

  Notes: Combining chemotherapy and radiation therapy may provide better palliation of advanced 
locoregional disease compared to chemotherapy alone 

          Adjuvant Therapy for Merkel Cell Carcinoma 

     Radiation Therapy   for    Merkel Cell Carcinoma 

   Study  Treatment  Conclusions  Comment 

 Mojica P 
et al. [ 34 ] 

 • Surgery ± adjuvant 
RTX to the primary 
site 

 •  N  = 1187 

 • OS was signifi cantly 
increased with 
adjuvant RTX vs. 
surgery alone 

 • SEER registry data; no 
information on RFS or 
DSS 

 • RTX-treated patients 
signifi cantly younger 
than surgery-alone 
patients 

 Clark 
et al. [ 35 ] 

 • Surgery + adjuvant 
RTX to the primary 
site and regional 
nodal basin vs. 
surgery alone or 
RTX alone 

 •  N  = 110 

 • Combined therapy 
improved both local 
regional control and 
DFS but not DSS 

 • Retrospective review of 
head and neck cases 
only; a high percentage 
of cases with positive 
surgical margins (38 %) 

 • No differentiation 
between surgical and 
RTX monotherapies 

 Lewis 
et al. [ 36 ] 

 • Surgery ± adjuvant 
RTX to the primary 
site and regional 
nodal basin 

 •  N  = 1254 

 • Reduction in local and 
regional recurrence 
associated with 
combination therapy 
vs. surgery alone 

 • Rates of distant 
metastasis and OS 
were not 
signifi cantly different 

 • Meta-analysis 
 • Rates of local (40 %) 

and nodal (56 %) 
recurrence in the 
surgery-alone cohort 
notably high, calling into 
question the relevance of 
the conclusions 

(continued)
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   Study  Treatment  Conclusions  Comment 

 Jouary T 
et al. [ 37 ] 

 • Surgery + RTX to 
the primary site and 
regional nodal basin 
vs. surgery + 
observation 

 •  N  = 83 

 • Adjuvant RTX 
associated with 
improvement in 
regional recurrence 
compared to 
observation (10 % 
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 

   RTX  radiation therapy,  OS  overall survival,  DFS  disease-free survival,  DSS  disease-specifi c sur-
vival,  RFS  recurrence-free survival,  RCT  randomized controlled trial 

    Indications for Post-operative Radiation Therapy [ 15 ] 

•   Radiation to the Primary Site

 –    Primary tumour >1 cm in diameter  
 –   Salvage operation for recurrent disease  
 –   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  
 –   Bulky nodal disease with multiple (4+ axillary and 10+ inguinal) lymph node 

metastases  
 –   Extracapsular spread          

    Systemic Chemotherapy for Merkel Cell Carcinoma 

 Although there is sparse literature on    chemotherapeutic options for MCC, at most 
institutions chemotherapy is used with or without surgery and/or radiation for stage 
III (regional nodal disease) or stage IV (distant metastatic disease) [ 15 ,  38 ]. 
Available date from retrospective studies, however, does not suggest a prolonged 
survival benefi t for adjuvant chemotherapy [ 39 ,  40 ]. Enrollment in clinical trials is 
encouraged whenever available and appropriate.   

    Referring to Medical Oncology 

•     All patients with histologically confi rmed MCCs,    other than those with localized 
disease, should    be referred to medical oncology to (1) evaluate the risk of tumour 
recurrence; and (2) to establish the role of systemic chemotherapy. If any doubt exists 
regarding patient risk stratifi cation, referral to medical oncology is warranted.     

(continued)
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    Referring to Radiation Oncology 

•     All patients with histologically confi rmed    MCCs should be referred to  radiation 
oncology for   consideration of adjuvant, neoadjuvant, or primary therapy.     

    Referring to Multidisciplinary Cancer Conference (MCC) 

•     All patients with a diagnosis of    MCC should be discussed to confi rm 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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      Chapter 15
Multidisciplinary Cancer Conferences                     

       Trevor D.     Hamilton      ,     Savtaj S.     Brar      ,     Nicole J.         Look Hong      ,     Robin     McLeod      , 
and     Frances C.     Wright     

            Introduction 

 Collaborative  multidisciplinary   care can take several formats depending on the 
practice environment and resources of an institution. The most common reported 
examples of integrated multidisciplinary care are multidisciplinary cancer confer-
ences (MCCs) and multidisciplinary clinics (MDCs). 

 MCCs are regularly scheduled meetings where health care providers assemble to 
collaboratively discuss the management of individual cancer patients. The primary 
purpose of MCCs is to ensure that all appropriate diagnosis and treatment options 
are prospectively considered for each patient discussed. MCCs have been widely 
used in the USA, Australia, Europe, Canada, and the UK [ 1 – 5 ]. MDCs promote 
inter-specialty communication, by allowing a patient to consult with several health 
care providers in a single visit. The goal of both MCCs and MDCs is to facilitate 
prompt and comprehensive patient management and to provide a convenient, sup-
portive, and educational environment for all involved [ 6 ].  

        T.D.   Hamilton ,  M.D., F.R.C.S.C.     (*)
  Fellow, General Surgical Oncology ,  University of Toronto ,   Toronto ,  ON ,  Canada   
 e-mail: trevordhamilton@gmail.com  

    S.S.   Brar ,  M.D., M.Sc., F.R.C.S.C.    •    N.  J.   Look Hong ,  M.D., M.Sc., F.R.C.S.C.   
   R.   McLeod ,  M.D., F.R.C.S.C., F.A.C.S.    •    F.C.   Wright ,  M.D., M.Ed., F.R.C.S.C.   
  Department of Surgery ,  University of Toronto ,   Toronto ,  ON ,  Canada   
 e-mail: sbrar@mtsinai.on.ca; Nicole.LookHong@sunnybrook.ca; 
robin.mcleod@cancercare.on.ca; frances.wright@sunnybrook.ca   

mailto:trevordhamilton@gmail.com
mailto:sbrar@mtsinai.on.ca
mailto:Nicole.LookHong@sunnybrook.ca
mailto:robin.mcleod@cancercare.on.ca
mailto:frances.wright@sunnybrook.ca


198

    MCC Structure 

  The available evidence is unable  to   provide quality indicators to determine the 
success or failure of an MCC. However, the following structural and functional 
elements, or their equivalents, are common to several described international 
MCCs.

 Role  Responsibilities 

 Participants  • Present patient cases and actively provide expert opinion in patient 
diagnosis and management 

 • Feedback to patients the results of MCC discussion and carry out 
discussed plan 

 • Recording of MCC discussion in medical record 
 MCC Coordinator  • Establish the MCC participants, location, patients to be discussed at 

each meeting 
 • Communicate with MCC participants to ensure ongoing attendance 

and participation 
 • Organize attendance of key personnel and resources (e.g., 

videoconferencing) for each patient case 
 • Lead the collection and recording of  conference-specifi c  and 

 case-specifi c  data a  
 MCC Chair  • Facilitate the MCC meeting to ensure effi cient use of time and resources 

 • Allocate appropriate time to discuss each patient 
 • Maintain patient confi dentiality 

  a MCCs and their patient discussions should be meticulously documented to ensure consistent 
patient care and to facilitate ongoing audit 

 Quality indicators to ensure well-structured MCC
•   Conference-specifi c indicators: 

 – Date and time of MCC 
 – Attendees 
 – Patients discussed 

•  Case-specifi c indicators: 
 – Patient name, medical record number, and presenting physician 
 – Diagnosis and clinical question(s) 
 – Clinical data presented 
 – Recommendations made by MCC participants 

 The  frequency  of MCCs may vary from  weekly  to  biweekly , depending on the institutional 
volume of cancer patients and need for consultative services at an institution [ 1 ]. 

 Additional research is being conducted to improve the organization and facilita-
tion of MCCs. Some evidence suggests that developing MCC checklists that help 
prepare cases, guide discussions, and document recommendations improves the 
quality of decision-making [ 7 ]. As well, the importance of organizing support, 
recording of disagreements, and the use of nurse specialists as patient advocates 
may help to ensure high-quality patient care in MCCs [ 8 ].   
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    Landmark Publications 

 Multidisciplinary care, including MDCs and MCCs,    has been suggested to have many 
benefi ts, as shown below in selected references. Strategies for improving access to 
MCCs and evidence for the utility and feasibility of videoconferencing are included, as 
this is a medium used to link smaller, less-equipped hospitals with appropriate clinical 
expertise and resources. There are no randomized controlled trials defi nitively linking 
multidisciplinary forums with changes in outcomes. 

    Benefi ts of Multidisciplinary    Clinics (MDCs)    

   Study  Methods  Results 

 Gabel et al. [ 6 ]  • Retrospective before–after series 
of  breast cancer  patients in the 
USA 

 • N1 = 162 patients before MDC 
 • N2 = 177 patients after MDC 
 • Measured outcomes: 

  –  Timeliness of treatment before 
and after institution of a breast 
MDC 

  – Patient satisfaction 

 • With MDC: 
  –  Increased patient satisfaction 

( p  < 0.001) 
  –  Decreased time between 

initial diagnosis and treatment 
initiation ( p  < 0.0008) 

 Conron et al. [ 9 ]  • Retrospective case series of  lung 
cancer  patients in Australia 

 • N = 431 patients 
 • Adherence to best guidelines 

after establishment of MDC 
 • Measured outcomes: 
 • Timeliness of care 

 • 84–100 % compliance to current 
international guidelines, 
dependent on stage and 
histologic subtype 

 • Facilitated diagnosis and access 
to care with MDC 

 Pawlik et al. [ 10 ]  • Prospective cohort study of 
 pancreatic cancer  patients at a 
single institution in the USA 

 • N = 203 patients 
 • Institution of single-day MDC 
 • Measured outcomes: 

  – Recommended management 
  – Clinical stage 

 • 23.6 % change in recommended 
management 

 • 18.7 % change in clinical stage 

 Yopp et al. [ 11 ]  • Retrospective before–after series 
of  HCC  patients at a single 
institution in the USA 

 • N = 355 patients 
 • Implementation of MDC 
 • Measured outcomes: 

  – Overall Survival 
  – Timeliness of care 
  – Symptoms 

 • Shorter time from diagnosis to 
treatment ( p  = 0.002) 

 • Fewer symptoms at presentation 
( p  = 0.01) 

 • Earlier stage at tumor 
presentation ( p  = 0.0003) 

 • Median survival more than 
doubled ( p  = 0.005) 

   MDC  multidisciplinary clinic,  HCC  hepatocellular carcinoma 
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          Changes in  Patient Management   (MCCs) 

  Study  Methods  Results 

 Chang et al. [ 12 ]  • Retrospective case series of 
 breast cancer  patients in the 
USA 

 • N = 77 breast lesions 
 • Measured outcomes: 

  –  Concordance of treatment 
recommendations before and 
after presentation at MCC 

 • 55 % concordance in treatment 
plan before and after MCC 
presentation 

 Abraham et al. [ 13 ]  • Cross-sectional study of  stage 
II/III colorectal cancer  
patients in the USA 

 • N = 197 patients 
 • Measured outcomes: 

  –  Adherence to national 
treatment guidelines 

 • Presentation at MCC predicted 
receipt of recommended 
treatment (OR 3.6) 

 Newman et al. [ 14 ]  • Retrospective case series of 
 breast cancer  patients in the 
USA 

 • N = 149 patients 
 • Measured outcomes: 

  –  Changes in medical and 
surgical management after 
presentation at MCC 

 • Overall 52 % of patients had a 
change in surgical management 

 Santillan et al. [ 15 ]  • Retrospective case series of 
 thin melanoma and 
melanoma in situ  patients in 
the USA 

 • N = 420 patients 
 • Measured outcomes: 

  –  Changes in diagnosis and 
staging from referring 
pathologic diagnosis before 
and after presentation to an 
MCC 

 • 4 % Pathologic discordance 
 • 24 % Change in tumor staging 
 • 12 % Change in excision 

margins 
 • 16 % Change in sentinel lymph 

node management 

 Boxer et al. [ 16 ]  • Retrospective case series of 
 lung cancer  patients in 
Australia 

 • N = 988 patients 
 • Measured outcomes: 

  –  Treatment differences in 
patients discussed at MCCs 
or not 

 • No difference in surgical 
treatment 

 • More patients received RT 
(66 % vs. 33 %), chemo (46 % 
vs. 29 %), palliative care (66 % 
vs. 53 %) if discussed at MCCs 
( p  ≤ 0.001) 

   MCC  multidisciplinary cancer conference,  RT  radiation therapy 
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         Improved Outcomes: Local Control or Survival    (MDC, MCC) 

  Study  Methods  Results 

 Birchall et al. [ 17 ]  • Retrospective before–after series 
of 2 cohorts of head and neck 
cancer patients in England 

 • N1 = 566 patients (1997) 
 • N2 = 727 patients (2000) 
 • Measured outcomes: 

  –  2 year survival before and after 
institution of multidisciplinary 
clinic 

 • Correlation between improved 
survival and assessment at 
multidisciplinary clinic (HR 
0.7,  p  = 0.02) 

 • Overall no change in 2 year 
survival 

 Forrest et al. [ 18 ]  • Retrospective before–after series 
of 2 cohorts of stage IIIb lung 
cancer patients in Scotland 

 • N1 = 117 patients 
 • N2 = 126 patients 
 • Measured outcomes: 

  –  Median survival before and 
after institution of 
multidisciplinary team 

 • Increased median survival 
before (3.2 months) and after 
(6.6 months) institution of 
multidisciplinary team 
( p  < 0.0001) 

 Burton et al. [ 19 ]  • Retrospective before–after 
series of rectal cancer patients 
in the UK 

 • N1 = 298 patients 
 • N2 = 98 patients 
 • Measured outcomes: 

  –  Rate of positive CRM before 
and after mandatory MRI-based 
MCC discussion 

 • Reduced + CRM after 
mandatory MRI-based MCC 
(12.5 % vs. 7 %) 

 Lordan et al. [ 20 ]  • Prospective cohort study of 
patients with hepatic 
metastases from colorectal 
cancer in the UK 

 • N = 331 patients 
 • Measured outcomes: 

  –  1, 3, and 5 year overall survival 
and DFS for patients referred 
by a multidisciplinary team 
with and without a liver 
surgeon 

 • No difference in DFS 
 • Increased overall survival in 

patients referred by a 
multidisciplinary team 
including a liver surgeon 
( p  = 0.0001) 

   MCC  multidisciplinary cancer conference,  CRM  circumferential resection margin,  DFS  disease 
free survival 
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          Improving Access to MCCs   

 Study  Methods  Results 

 Brar et al. [ 21 ]  • Prospective analysis of MCCs in 
Ontario over 3 year period 

 • N1 = 4695 patients (2009) 
 • N2 = 4991 patients (2010) 
 • N3 = 5702 patients (2011) 
 • Measured outcomes: 

  – Criteria satisfaction score 
  – MCC frequency 
  – Number of patients discussed 

 • Trend towards increased number 
of MCCs and patients discussed 

 • Improved criteria satisfaction 
score over time ( p  ≤ 0.001) 

        Videoconferencing   MCCs 

 Study  Methods  Results 

 Stalfors et al. [ 22 ]  • Head and neck cancer patients 
in Sweden 

 • N = 80 patients 
 • Measured outcomes: 

  – Concordance before and 
after presentation with: 
    TNM classifi cation 
    Treatment plan 

 • 91 % Concordance of 
classifi cation and treatment 
plan using telemedicine and 
face to face meeting 

 Gagliardi et al. [ 23 ]  • General surgery cancer patients 
in Canada 

 • N = 6 observed 
videoconferenced MCCs 

 • 11 interviews 
 • Measured outcomes: 

  – Thematic analysis of 
observation and interview 
transcripts 

 • Facilitated collective decision 
making 

 • Improved awareness of 
evidence, appropriate care 
delivery, and continuity of care 

          Referring to Multidisciplinary Cancer Conference (MCC) 

  The literature does not provide evidence to guide who should attend a MCC or 
which patients should or should not be presented. Referral of patients and the atten-
dance of key participants vary by the anatomic site/tumor subtype under discussion, 
and by the available expertise at each institution. The following guidelines have 
been proposed by Cancer Care Ontario (CCO) [ 24 ]:
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 MCC attendees  Suggested cases 

 • Medical/Radiation/Surgical Oncologist 
 • Pathologist 
 • Radiologist 
 • Orthopedic Surgeon (sarcoma) 
 • Gastroenterologist/Endoscopist 

(gastrointestinal) 
 • Otolaryngologist (head and neck) 
 • Dermatologist (melanoma) 
 • Interventional Gastroenterologist 

(hepatobiliary) 
 • Interventional Radiologist (hepatobiliary) 
 • Endocrinologist (neuroendocrine) 
 • Nuclear Medicine (neuroendocrine) 
 • +/− nursing, genetics, social work, 

palliative care, plastic/reconstructive 
surgeon 

 • +/− clinical trials representative 

 • Locally advanced tumors (e.g., satellite or 
in-transit melanoma, stage III breast cancer) 

 • Newly diagnosed, rare case presentations 
(e.g., infl ammatory breast cancer, atypical 
nevi, unknown primary) 

 • Genetic syndromes 
 • Potential combined modality management 

requiring treatment sequencing (e.g., 
gastric, esophageal, rectal, extremity/
retroperitoneal sarcoma) 

 • Metastatic, synchronous, progressive, 
recurrent or treatment-refractory cases 

 • Uncertainty in endoscopic, pathologic or 
radiologic identifi cation or staging 

 • Controversial or new evidence for diagnosis 
or treatment 

 • Any patient being considered for 
transplantation 

 • Any patient being considered for clinical 
trials 

        Toronto Pearls 

    Starting an MCC:   

•   Encourage  early  involvement    of regional and institutional administrators to pro-
mote funding and access to needed resources (e.g., videoconferencing equip-
ment, technical support, MCC coordinator).  

•   Engage involved health care providers (medical/radiation oncologist, patholo-
gists, radiologists) to establish an institutional and/or disease-specifi c  champion , 
who may be willing to be MCC chair.  

•   Establish and publicize institutional  terms of reference  to guide frequency, 
attendance requirements, and expectations for the MCC coordinator, chair, and 
participants.   

   Maintaining Productive MCCs:  

•   Ensure a defi ned clinical question to guide radiology and pathology input and to 
direct the MCC discussion.  

•   Choose an engaged and dynamic chair to effi ciently guide patient discussions.  
•   Confer with regional medical and radiation oncologists (if not available at an 

institution) to ensure comprehensive evidence-based care.  
•   Ensure comprehensive documentation of patient discussions and MCC atten-

dants to maintain provincial/national standards of cancer care and enable attain-
ment of fi nancial remuneration, if available.         
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      Chapter 16
Neuroendocrine Tumors 
(GastroEnteroPancreatic)                     

       Usmaan     Hameed      ,     Moises     Cukier      ,     Julie     Hallet      ,     Calvin H.L.     Law      ,   
   Corwyn     Rowsell      , and     Simron     Singh     

            Introduction 

  In the USA, the prevalence of  neuroendocrine tumors (NETs)   is 35 per 100,000 [ 1 ]. 
An increasing incidence (per 100,000 population per year) has been reported in 
multiple recent population-based studies throughout the world. 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 classifi cation.
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    Distribution and survival of gastroenteropancreatic NET [ 5 ]   

 Site  Frequency  Overall survival (5 year OS) 

 Jejunum/Ileum  31 %  73 % 
 Rectum  21 %  87 % 
 Colon a   22 %  64 % 
 Pancreas  16 %  48 % 
 Gastric   9 %  67 % 

   a This 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, gynecological 
and poorly differentiated NETs are beyond the scope of this chapter.   

    Pathological Classifi cation, Grading, and Staging 

  Classifi cation systems have been)    evolving in NET as knowledge about their bio-
logic behavior has increased. Traditional classifi cations based solely on site (fore-
gut, midgut, hindgut), biochemical properties, or granule staining techniques have 
been rendered obsolete. The World Health Organization (WHO) proposed a 
prognosis- oriented classifi cation system based on both staging and grading infor-
mation (revised in 2010), with a stage-independent system based solely on prolif-
eration [ 3 ,  4 ]. The 2010 WHO classifi cation was based on the European 
Neuroendocrine Tumor Society (ENETS) grading system (G1, G2, G3) [ 5 ], which 
is also supported by the North American Neuroendocrine Tumor Society 
(NANETS) [ 6 ]. 

 Two staging systems are currently available. The ENETS recently suggested a 
tumor-node-metastasis (TNM) staging system, which has been widely adopted in 
Europe [ 5 ]. The 7th edition of the American Joint Committee on Cancer/Union for 
International Cancer Control (AJCC/UICC) classifi cation includes, for the fi rst 
time, their TNM staging classifi cation for GEP-NETs [ 7 ], which differs from the 
one proposed by ENETS (specifi cally in pancreatic and appendiceal NETs), and 
only applies to well-differentiated NETS. The College of American Pathologists 
(CAP) has based their protocol on the AJCC classifi cation.

•    Given the changes in classifi cation and the presence of competing TNM 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, IHC for chromogranin and synap-
tophysin, grade (proliferation rate assessed by Ki-67 and mitotic rate), presence 
of other non-neuroendocrine components, lymph node metastases [ 8 ].   
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    Classifi cation and grading systems for NETs   

 Classifi cation 
system  General criteria  Comments 

 WHO 
2010 

 NET 
G1 

 •  <  2 % Ki-67 index 
 • < 2 mitoses/10 hpf 

 • Stage and site independent 
 • Based on ENETs grading system 
 • If Ki-67 index and MR are discordant, classify 

according to the higher of the two parameters 
 • NEC may be further classifi ed 

morphologically as small or large cell type 

 NET 
G2 

 • 3–20 % Ki-67 index 
 • 2–20 mitoses/10 hpf 

 NEC  • > 20 % Ki-67 index 
 • > 20 mitoses/10 hpf 

   WHO  World Health Organization classifi cation,  WD  well-differentiated,  PD  poorly differentiated, 
 NET  Neuroendocrine tumor,  NEC  Neuroendocrine carcinoma,  G1  Grade 1,  G2  Grade 2 

      Characteristics of GEP NETs   

 Site 
 Synchronous 
malignancies 

 Risk of 
lymph node 
metastases 

 Risk of distant 
metastases  Genetic cancer syndrome 

associated  Liver  Other 

 Duodenal  –  –  Rare  –  MEN-1/ZES (40 %), 
NF-1 

 Ileum/jejunum  18 %  70 %  50–70 %  –  – 
 Rectum  25 %  Bone  – 
 • < 1 cm  2 %  < 1 % 
 • 1–2 cm  10–15 %  5 % 
 • > 2 cm  60–80 %  10 % 
 Colon  20 %  –  –  Bone  – 
 Pancreas   9 %  –  – 
 • Nonfunctional  60 %  MEN-1 (25 %) 
 • Insulinoma  10 %  MEN-1 (5 %) 
 • Gastrinoma  60 %  MEN-1 (25 %) 
 • Glucagonoma  80 %  MEN-1 (15 %) 
 • VIPoma  80 %  MEN-1 (10 %) 
 Gastric  20 %  Bone  MEN-1 (10 %) 
 • Type 1  2.5 %  2.5 %  MEN-1/ZES (100 %) 
 • Type 2  30 %  10 % 
 • Type 3  70 %  70 % 
 • Type 4 
 Appendix  18 %  –  –  –  – 

   MEN-1  multiple endocrine neoplasia syndrome type 1,  ZES  Zollinger–Ellison syndrome, NF-1 
neurofi bromatosis type 1 

    Special Notes 

•   Small bowel NETs are multiple in up to 30 % of cases.  
•   The risk of synchronous or metachronous neoplasia in patients with GEP-NETs 

is approximately 40 %, with half of those synchronous neoplasia being an adeno-
carcinoma in the colon, rectum, or stomach [ 9 ,  10 ]. It has recently been sug-
gested that this association could be related to higher detection rate of NET in 
patients with other cancers as a result of surveillance strategies.      
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    Classifi cation and Management 
of Gastroenteropancreatic NETs 

        Gastric NETs   

   Type  %  Notes  Association  5Y-OS (%) 

 I  75  Small, superfi cial, often 
multiple 

 Chronic Atrophic Gastritis, 
hypergastrinemia 

 95 

 II   4  Small, superfi cial, 
almost always multiple 

 MEN-I associated ZES, 
hypergastrinemia 

 70–90 

 III  20  Aggressive  Sporadic, normal gastrin levels  <35 
 IV   1  Aggressive, Poorly 

Differentiated 
 Poorly differentiated, 
neuroendocrine cells within tumor, 
indistinguishable from 
adenocarcinoma 

 < 25 

   ZES  Zollinger–Ellison syndrome,  5Y-OS  5-year overall survival 

 Workup  Surgical treatment 
 Perioperative 
management  Follow-up 

 • Labs: 
  – Serum CgA 
  – 24 h urine 

5-HIAA 
  – Fasting 

serum 
gastrin a  

 • Imaging: 
  – CT C/A/P 
  – EUS if 

considering 
endoscopic 
resection 

 • Type 1 or 2, < 2 cm: 
  – Endoscopic 

resection (if 
feasible and no 
extension into 
muscularis propria 
on EUS) 

 • Type 2: 
  – May require more 

aggressive gastric 
resection, 
resection of 
gastrinoma 

 • Preoperative: 
  – If carcinoid 

syndrome or 
elevated 
5-HIAA: 

  – Octreotide 200 
to 600 μg sc in 
divided doses 
3–5 days 
pre-op 

  – Intraoperative 
octreotide drip 

 • < 1 year (3–6 
months): 

  – CgA 
  – 5-HIAA, if 

initially elevated 
  – CT C/A/P or 

MRI 
  – If results are 

abnormal, 
octreotide scan 
or MIBG 

  – OGD if total 
gastrectomy not 
performed 

 • Type III, IV, ≥ 2 cm, 
recurrent or ≥ 6 
polyps: 

  – Gastrectomy 
(partial or total) 
and 
lymphadenectomy 

 • Adjuvant 
treatment: 

  – Ki-67 > 20 %: 
Cisplatin and 
Etoposide 

  – Octreotide—if 
progression or 
elevated 
5-HIAA 

 • > 1 year 
(6–12 months) 

  – CgA 
  – 5-HIAA a  
  – CT A/P or MRI 
  – Gastroscopy 

   CgA  Chromogranin A,  5-HIAA  5-Hydroxyindoleacetic Acid,  MIBG  Iodine-131-meta- 
iodobenzylguanidine,  C/A/P  chest, abdomen, and pelvis 
  a Proton pump inhibitors should be stopped at least 7 days prior to gastrin level measurement 
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           Duodenal    NETs   

   Workup  Surgical treatment 
 Perioperative 
management  Follow-up 

  • Labs : 
  – Serum CgA 
  – 24 h urine  

 5-HIAA 
  • Imaging : 

  – CT scan 
C/A/P 

  – EUS if 
considering 
endoscopic 
resection 

  •  Can consider endoscopic 
resection if: 
  •  < 2 cm 
  •  Confi ned to mucosa or 

submucosa on EUS 
  •  No lymphadenopathy 

on imaging 

  •  Insuffi cient data 
to recommend 
adjuvant therapy 
in completely 
resected 
locoregional 
disease 

  •  Octreotide LAR: 
if progression or 
elevated 5-HIAA 

  •  Octreotide 
short-acting: can 
be added to LAR 
for symptom 
control in 
refractory cases 

  •  < 1 year 
  – CgA 3–6 

months 
  – 5-HIAA 3–6 

months a  
  – CT C/A/P 

6–12 months 
  – If results are 

abnormal, 
octreotide 
scan or 
MIBG 

  •  Segmental resection 
  •  Avoid aggressive resection 

with 
pancreaticoduodenectomy 
if possible 

 • > 1 year (6–12 
months): 

  – Serum CgA 
  – 5-HIAA 

levels a  
  – CT scan A/P 

   CgA  Chromogranin A,  5-HIAA  5-Hydroxyindoleacetic Acid,  MIBG  Iodine-131-meta- 
iodobenzylguanidine,  C/A/P  chest, abdomen, and pelvis 
  a If functional or 5-HIAA elevated at diagnosis 

    Special Notes 

•   Although liver metastases are rare in duodenal NETs, lymphadenectomy is 
advised if imaging suggests lymph node involvement  

•   60 % 5 year overall survival  
•   5 Types of duodenal NETs are described:

 –    Sporadic or occurring in the setting of MEN-1/ZES (most common)  
 –   Somatostatinomas occurring near ampulla, associated with NF-1  
 –   Gangliocytic paraganglioma  
 –   Nonfunctional NET containing serotonin, gastrin, or calcitonin positive cells  
 –   Neuroendocrine carcinoma          
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     Ileal/Jejunal NETs      

   Workup  Surgical treatment 
 Perioperative 
management  Follow-up 

  • Labs : 
  – Serum CgA 
  – 24 h urine 

5-HIAA 
  • Imaging : 

  – CT C/A/P 

  •  Segmental resection with 
lymphadenectomy 

  •  General recommendations: 
  – Inspect and palpate the 

entire small bowel looking 
for additional tumors 

  – If found incidentally, resect 
the primary including 
lymphadenectomy, even if 
clearly metastatic (survival 
benefi t) [ 11 ]. 

  – Consider cholecystectomy 
at the time of surgery 
(potential for long-term use 
of somatostatin analogs 
and possible embolization 
for liver metastases) 

  •  Insuffi cient data to 
recommend 
adjuvant therapy in 
completely 
resected 
locoregional 
disease 

  •  Octreotide LAR: if 
progression or 
elevated 5-HIAA 

  •  Octreotide 
short-acting: can 
be added to LAR 
for symptom 
control in 
refractory cases. 

  •  < 1 year 
  – CgA (3–6 

months) 
  – 5-HIAA (3–6 

months) 
  – CT C/A/P (3–12 

months) 
  – If results are 

abnormal, 
octreotide scan 
or MIBG 
scintiscan 

  •  > 1 year (every 
6–12 months): 

  – Serum CgA 
  – 5-HIAA levels, 

for all 
  – CT scan A/P 

   CgA  Chromogranin A,  5-HIAA  5-Hydroxyindoleacetic Acid,  MIBG  Iodine-131-meta- 
iodobenzylguanidine,  C/A/P  chest/abdomen/pelvis 

           Colonic NETs      

  Workup  Surgical treatment 
 Perioperative 
management  Follow-up 

 • Labs: 
  – Serum CgA 
  – 24 h urine 

5-HIAA 
(rarely 
positive) 

 • Imaging: 
  – CT C/A/P 

 • Colonoscopy 

 • Endoscopic resection + 
tattooing if: 

  – < 2 cm 
  – Limited to mucosa/

submucosa 
  – Technically feasible 

 • Insuffi cient data to 
recommend 
adjuvant therapy in 
completely 
resected 
locoregional 
disease 

 • Octreotide LAR: if 
progression or 
elevated 5-HIAA 

 • Octreotide 
short-acting: can 
be added to LAR 
for symptom 
control in 
refractory cases 

 • < 2 cm resected 
with negative 
margins: no 
follow-up required 

 • < 1 year (every 3–6 
months): 

  – CgA 
  – 5-HIAA, if 

initially elevated 
  – CT 

C/A/P +/- MRI 
  – If results are 

abnormal, 
octreotide scan 
or MIBG 

 • Colectomy (total or 
partial): 

  – Same oncological 
principles as applied to 
colonic 
adenocarcinoma 

 • > 1 year (every 
6–12 months) 

  – CgA 
  – 5-HIAAa 
  – CT A/P or MRI 

   CgA  Chromogranin A,  MIBG  Iodine-131-meta-iodobenzylguanidine,  5-HIAA  5-Hydroxyindoleacetic 
Acid,  C/A/P  chest/abdomen/pelvis
a If functional or 5-HIAA elevated at diagnosis 
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          Appendiceal NETs      

  Workup  Surgical treatment 
 Perioperative 
management  Follow-up (F/U) 

 • Labs: 
  – Serum CgA 
  – 24 h urine 

5-HIAA 
 • Imaging: 

  – CT C/A/P 
 • Colonoscopy 

 • Appendectomy only if all 
of the following: 
 • ≤1 cm 
 • Tip/body of appendix 
 • Margins negative 
 • No LVI or invasion 

into mesoappendix 
 • Ki-67 < 2 % 

 • Insuffi cient data 
to recommend 
adjuvant therapy 
in completely 
resected 
locoregional 
disease 

 • Octreotide LAR: 
if progression or 
elevated 5-HIAA 

 • Octreotide 
short-acting: can 
be added to LAR 
for symptom 
control in 
refractory cases. 

 • Well- differentiated 
NET G1 and 
appendectomy 
alone: 

  – No need for F/U 
 • < 1 year (every 

3–6 months) 
  – CgA 
  – 5-HIAA, for all 
  – CT scan 
  – If results are 

abnormal, 
octreotide scan 
or MIBG 

 • Right Hemicolectomy + 
lymphadenectomy (any of 
the following): 
 • ≥2 cm 
 • Base of the appendix 

with positive margin 
 • LVI or invasion into 

mesoappendix 
 • Ki-67 index > 5 % 
 • Mixed histology 

 • > 1 year (every 
6–12 months): 

  – CgA 
  – 5-HIAAa 
  – CT A/P or MRI 

   CgA  Chromogranin A,  MIBG  Iodine-131-meta-iodobenzylguanidine,  5-HIAA  5-Hydroxy-
indoleacetic Acid,  C/A/P : chest/abdomen/pelvis 
 a If functional or 5-HIAA elevated at diagnosis 

          Rectal NETs      

  Workup  Surgical treatment 
 Perioperative 
management  Follow-up 

 • Labs: 
  – Serum CgA 

 • Imaging 
  – CT C/A/P 
  – EUS and/or 

pelvic MRI 
 • Colonoscopy 
 • Preoperative: 

  – Carcinoid 
syndrome is 
uncommon 

  – Hormonal 
production for 
rectal is rare, 
most commonly 
histamine. 

 • Transanal 
Excision if: 

  – < 2 cm in size 
  – Distal/mid 

rectum 
  – No lymph 

node 
involvement 

 • Octreotide 
LAR: 

  – If 
progression 
or elevated 
5-HIAA 

 • < 1 year (every 3–6 
months) 

  – CgA 
  – CT C/A/P 
  – If results are abnormal, 

octreotide scan or MIBG 
  – Colonoscopy as per 

colorectal cancer 
recommendations 

 • Total mesorectal 
excision (similar 
oncological 
principles 
applied to rectal 
adeno-
carcinomas) 

 • > 1 year (every 6–12 
months): 

  – Serum CgA 
  – CT scan A/P 
  – Colonoscopy as per 

colorectal cancer 
recommendations 

   CgA  chromogranin A,  MIBG  Iodine-131-meta-iodobenzylguanidine,  5-HIAA  5- hydroxyindoleacetic 
acid,  EUS  endoscopic ultrasound,  C/A/P  chest/abdomen/pelvis 
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         Pancreatic NETs (pNET) 

     Nonfunctional  pNETs        

  Workup 
 Surgical treatment 
[ 12 – 15 ] 

 Perioperative 
management  Follow-up (F/U) 

 • Labs: 
  – CgA 
  – Assess for 

functional 
tumor (see 
below) 

 • Imaging: 
  – Multiphase CT 

or MRI 
pancreas 

  – Octreotide scan 
  – EUS: consider 

for localizing 
small 
intrapancreatic 
lesions 

 • < 2 cm: 
  – Observation versus 

surgical resection 
(enucleation or 
parenchymal 
sparing) should be 
offered and 
discussed with 
patient (no data to 
date supporting 
survival benefi t 
with resection) 

  – Considerations for 
location of small 
tumor (head versus 
tail of the 
pancreas) 

 • > 2 cm: 
  – Surgical resection; 

local resection 
when possible but 
consider 
multivisceral 
resection for 
locally advanced 

 • Insuffi cient data 
to recommend 
adjuvant 
therapy in 
completely 
resected 
locoregional 
disease 

 • < 1 year (every 
3–6 mo) 

  – CgA 
    – CT C/A/P or 

pancreas MRI 
  – If results are 

abnormal, 
octreotide 
scan or MIBG 
scintiscan   

 • 1 year (every 
6–12 mo): 

  – CgA   
  – CT A/P or 

MRI 

   CgA  chromogranin A,  MIBG  Iodine-131-meta-iodobenzylguanidine,  5-HIAA  5- hydroxyindoleacetic 
acid, EUS endoscopic ultrasound 
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       Special Notes 

•   Biopsy of nonfunctional tumors using endoscopic ultrasound (EUS) can be help-
ful in the presence of a nonspecifi c diagnosis and liver metastases, to rule out 
adenocarcinoma or in cases where tissue diagnosis is necessary to proceed with 
further treatment.  

•   Perioperative management:

 –    Control of symptoms related to specifi c functional pNET     

•    Special Cases: Hereditary  [ 12 ,  13 ,  15 ]

 –    MEN-1:

   80–100 % will develop nonfunctioning pNETs  
  0–13 % of pNETs will cause symptoms [ 14 ]  
  54 % will develop gastrinomas (>80 % duodenal), most are multiple; 18 % 

insulinoma, <5 % glucagonomas, VIPomas, somatostatinomas  
  Controversial: multiple, extensive resection is often necessary to remove all 

of the tumor for possibility of cure. Only 13 % of MEN-1 patients with 
nonfunctioning pNETs will grow larger or become symptomatic. The 
remaining 87 % will have a good prognosis without surgery [ 13 ]. Surgical 
treatment is not usually indicated.     

 –   VHL:

   10–17 % will develop a pNET, 98 % are nonfunctioning PNETs     

 –   NF-1 (von Recklinghausen):

   0–10 % will develop a pNET, usually duodenal somatostatinoma not associ-
ated symptoms  

  During workup, endoscopic ultrasound can be helpful in identifying small 
lesions associated with hereditary conditions.           

    Workup 

 The workup of NETs can  be   divided into:

    1.    Functional status

    (a)    Determine hormonal secretion   
   (b)    Evaluate clinical functional syndromes and their repercussions       

   2.    Aggressivity and extent of disease

    (a)    Imaging: CT C/A/P   
   (b)    Functional imaging: octreotide scan will be positive for well-differentiated 

NETs (G1/G2), FDG-PET will be positive for high grade NETs (G3) [ 18 ].   
   (c)    Biopsy to determine grade (Ki67 or MR)        
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      Medical Management 

   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 proven in randomized controlled trials for well-differentiated 
enteric and pancreatic NETs (PROMID trial, CLARINET trial).  

•   Long-acting agents can be used alone or in combination with surgery in case of 
residual disease, for recurrent disease, or metastatic disease.   

  Systemic therapy: chemotherapy 

•   Well-differentiated  NETs   are traditionally resistant to chemotherapy agents, due 
to slow proliferation.  

•   Capecitabine–temozolomide can be used in selected cases of well-differentiated 
NETs. It has shown promising results in phase II studies, and is currently being 
investigated further.  

•   For high grade (G3) NETs, chemotherapy is the mainstay of treatment. Cisplatin–
etoposide is the regimen of choice.   

  Systemic therapy: biologic agents 

•   Indicated for metastatic  or   progressing PNETs.  
•   Everolimus and Sutent have been associated with improved progression-free sur-

vival and overall survival.  
•   No evidence is currently available regarding their effi cacy in gastroenteric NETs. 

This is currently investigated (e.g., RADIANT-4 trial).   

  Perioperative anesthetic management 

•   In patients with elevated  urinary   5HIAA and/or carcinoid syndrome

 –    Obtain a preoperative echocardiogram to rule out carcinoid heart disease prior 
to general anesthetic  

 –   Plan for perioperative octreotide administration to control serotonin secretion 
and reduce the risk of carcinoid crisis      

   Perioperative octreotide protocol   

 Patients well controlled 
on long-acting 
somatostatin analog 
 (20 mg–30 mg IM) 

 • Additional dose of Octreotide LAR 60 mg 2–3 weeks prior to 
procedure 

 • Supplementary dose of Octreotide IR 250 mcg–500 mcg SC 
  1–2 h before procedure 
 • Carcinoid crisis with hypotension: 

  – Fluid resuscitation 
  – Intraoperative Octreotide 500 mcg–1000 mcg IV q5 min, may 

require infusion 50 mcg–200 mcg/h 
 • Patients who have required supplemental doses intraoperatively 

should have 50 mcg–200 mcg/h infusion for 4–24 h 
postoperatively 

(continued)
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 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 mcg–1000 mcg SC 
1–2 h before procedure 

 • Infusion of 100 mcg–250 mcg/h starting 1 h before procedure, 
continue 12–24 h after surgery, wean as tolerated 

 Patients not on therapy 
or for emergency 
Surgery 

 • 500 mcg–1000 mcg SC 1–2 h before procedure 
 • Consider post-operative infusion 100 mcg–250 mcg/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  

          Management   of unresectable/metastatic functional/Nonfunctional pNETs (sporadic) 
[ 12 – 15 ]   

  Clinical 
scenario  Workup  Management  Follow-up (F/U) 

 Unresectable  • Labs: 
 – Investigations 

based on 
clinical 
presentation as 
displayed 
above 

 • Imaging: 
 – Multiphase 

CT/MRI 
pancreas and 
abdomen 

 – Octreotide 
scan to 
delineate 
primary tumor 
and extent of 
metastases 

 – Further liver 
imaging (US/
MRI/CT) as 
needed 

 • Echocardiogram 
to rule out 
carcinoid heart 
disease 

 • Long-acting somatostatin 
analogs 

 • Consider ablative therapies 
 • Biological agents for PNETs 
 • Peptide Receptor 

Radiotherapy (PPRT) 
 • Functional: consider 

short-acting somatostatin 
analogs if symptoms not 
controlled with long-acting. 

 • Every 3–6 
months: 

 • CgA 
 • 24 h urine 

5-HIAA 
 • CT A/P 
 • Imaging should 

be tailored to 
management 
plan as 
determined by 
patient 
symptoms 

 Metastatic  • Consider liver debulking 
 • Consider ablative therapies 

(HAE/TACE/RFA) 
 • Liver transplantation in 

highly selected patients 
(potential candidates: young 
patients, metastatic disease 
isolated to liver, Ki-67 < 
5 %, symptomatic). 

 • Biological target agents for 
PNETs (Sutent, Everolimus) 

 • Chemotherapy: consider 
capecitabine–temozolomide 
(phase II evidence only). 

 • Primary tumor: if enteric 
localization—consider 
resection for symptom 
prevention and survival 
benefi t [ 19 ]. 

   CgA  chromogranin A,  5-HIAA  5-hydroxyindoleacetic acid,  HAE , hepatic artery embolization, 
 TACE  transarterial chemoembolization,  RFA  radiofrequency ablation 

(continued)
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    Special Notes 

•   Consider cholecystectomy at the time of surgery for any patient potential long- 
term use of somatostatin analogs or eventual need for right-sided liver emboliza-
tion (TACE, HAE).  

•   Liver debulking:

   Considered to reduce tumor burden for symptom control and potentially 
improved effi cacy of antiproliferative effects of long-acting somatostatin 
analogs.  

  Recurrence is expected (>90 %), even after R0 resection [ 20 ].  
  It can be combined with postoperative ablative therapies (HAE/TACE). No evi-

dence is currently available on the benefi ts of multimodal therapy for meta-
static NETs.          

    Relevant  Publications on the   Management of GEP NETs 

  Study  Methods  Results 

 PROMID [ 21 ]   • 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 [ 22 ]   • 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 [ 23 ]   • Everolimus  (m-TOR inhibitor) vs. Placebo 
  •   Metastatic or unresectable pancreatic a  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 [ 24 ]   • Sunitinib  (tyrosine kinase inhibitor) vs. Placebo 
  •   Well differentiated metastatic or unresectable 

pancreatic a  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 [ 25 ]   •  Capecitabine–Temozolomide  as fi rst line in 
metastatic well to moderately differentiated 
pancreatic a  NET 

  •  Retrospective 
  •   N  = 30 
  •  Primary end point: ORR 

  •  ORR: 70 % 
  •  Median PFS: 18 months 

   a RADIANT-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 
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         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 [ 26 ].   

   2.    Metastatic disease   
   3.    Inoperable pNETs   
   4.    Any poorly differentiated NETs   
   5.    Patients with elevated 5-HIAA or carcinoid syndrome preoperatively   
   6.    Patients with carcinoid syndrome requiring somatostatin analogs for symptom 

control   
   7.    Candidates for clinical trials      

    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 neuroendocrine tumors  would   benefi t  from   discussion and collaboration with 
MCC, and ideally, due to their rarity, would be best managed in a conjoint surgi-
cal/medical clinic [ 26 ].      

    Toronto Pearls 

•      Pathology interpretation  is   crucial to the proper identifi cationof neuroendocrine 
tumors.   

•   NETs profi le can change over the course of disease, or from one site to another. 
Repeat biopsies can be considered to better tailor treatment [ 27 ].  

•   Treatment of primary neuroendocrine tumors does require some experience in 
order to ensure that maximum, but not over-aggressive lymphadenectomies are 
done, particularly to intestinal NETs.  

•   Metastatic neuroendocrine tumors require multidisciplinary planning. There are 
many options and most can be combined, including surgery and selective embo-
lizations. Sequencing of therapies will take place over several years [ 26 ].  

•   Protocol for embolization:

 –    Give 100 mcg octreotide iv bolus prior to procedure in angiography holding 
area (100 mcg in 50 ml NS over 10 min).  
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 –   Start continuous infusion of octreotide at 50 mcg/h (500 mcg 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 fi nished unless patient is clinically symptomatic 

(e.g., fl ushing, palpitations, alteration of mental status, diarrhea, wheezing) or 
vital signs are abnormal.     

•   Use of radiotherapy options is starting to come into play; however, the delivery 
of peptide receptor radiotherapy requires the use of up-to-date agents, an experi-
enced team, and careful dosimetry.  

•   Surgical therapy of neuroendocrine liver metastases is very different from the 
strategies used for other cancers, and parenchymal preservation is a very impor-
tant principle of treatment. Anatomical liver resections should be avoided [ 28 ].  

•   Reevaluation of treatment options at each visit.  
•   Rising biochemical levels (i.e., CgA) often precede radiological change. Consider 

cross-sectional imaging and octreotide scan if CgA serum levels remain persis-
tently elevated during surveillance.  

•   Reduction in biochemical levels (CgA and 5HIAA) during treatment is corre-
lated with positive prognosis.        

   References 

     1.    Yao JC, Hassan M, Phan A, et al. One hundred years after “carcinoid”: epidemiology of and 
prognostic factors for neuroendocrine tumors in 35,825 cases in the United States. J Clin 
Oncol. 2008;26:3063–72.  

    2.    Hallet J, Law CH, Cukier M, Saskin R, Liu N, Singh S. Exploring the rising incidence of neu-
roendocrine tumors: a population-based analysis of epidemiology, metastatic presentation, and 
outcomes. Cancer. 2015;121(4):589–97. PubMed.  

     3.    Kloppel G, Perren A, Heitz P. U. (2004). The gastroenteropancreatic neuroendocrine cell sys-
tem and its tumors: the WHO classifi cation. Ann N Y Acad Sci. 2004;1014:13–27.  

    4.    Bosman F, Carneiro F, Hruban R, Theise N, editors. WHO classifi cation of tumors of the 
digestive system. Lyon, France: IARC Press; 2010.  

      5.    Rindi G, Kloppel G, Ahlmann H, et al. TNM staging of foregut (neuro)endocrine tumors: a 
consensus proposal including a grading system. Virchows Arch. 2006;449:395–401.  

     6.    Boudreaux JP, Klimstra DS, Hassan MM, et al. The NANETS consensus guideline for the 
diagnosis and management of neuroendocrine tumors: well-differentiated neuroendocrine 
tumors of the jejunum, ileum, appendix, and cecum. Pancreas. 2010;39:753–66.  

    7.    American Joint Committee on Cancer. AJCC cancer staging manual. 7th ed. New York, NY: 
Springer; 2010.  

    8.    Klimstra DS, et al. Pathology reporting of neuroendocrine tumors: application of the Delphic 
consensus process to the development of a minimum pathology data set. Am J Surg Pathol. 
2010;34(3):300–13.  

    9.    Fendrich V, Waldmann J, Bartsch DK, et al. Multiple primary malignancies in patients with 
sporadic pancreatic endocrine tumors. J Surg Oncol. 2008;97:592–5.  

    10.    Niederle MB, Niederle B. Diagnosis and treatment of gastroenteropancreatic neuroendocrine 
tumors: current data on a prospectively collected, retrospectively analyzed clinical multicenter 
investigation. Oncologist. 2011;16:602–13.  

16 Neuroendocrine Tumors (GastroEnteroPancreatic)



224

     11.    Sharpe SM, In H, Winchester DJ, Talamonti M, Baker MS. Surgical resection provides an 
overall survival benefi t for patients with small pancreatic neuroendocrine tumors. J Gastrointest 
Surg. 2015;19:117–23.  

      12.    Falconi M, Plockinger U, Kwekkeboom D, et al. Well-differentiated pancreatic non- functioning 
tumors/carcinoma: ENETS guidelines. Neuroendocrinology. 2006;84:196–211.  

           13.    Kulke M, Anthony L, Bushnell D, et al. NANETS treatment guidelines: well-differentiated 
neuroendocrine tumors of the stomach and pancreas. Pancreas. 2010;39:735–52.  

     14.    de Herder W, Niederle B, Scoazec J, et al. Well-differentiated pancreatic tumor/carcinoma: 
insulinoma. Neuroendocrinology. 2006;84:183–8.  

      15.    Jensen R, Niederle B, Mitry E, et al. Gastrinoma (Duodenal and Pancreatic). Neuroendo-
crinology. 2006;84:173–82.  

    16.    Vinik A, Woltering E, Warner R, et al. NANETS consensus guidelines for the diagnosis of 
neuroendocrine tumor. Pancreas. 2010;39:713–34.  

    17.    Arnold R, Chen Y, Costa F, et al. ENETS Consensus guidelines for the standards of care in 
neuroendocrine tumors: follow-up and documentation. Neuroendocrinology. 2009;90:227–33.  

    18.   Squires 3rd MH, Volkan Adsay N, Schuster DM, Russell MC, Cardona K, Delman KA, et al. 
Octreoscan versus FDG-PET for neuroendocrine tumor staging: a biological approach. Ann 
Surg Oncol. 2015;19. PubMed.  

    19.    Hellman P, Lundstrom T, Ohrvall U, Eriksson B, Skogseid B, Oberg K, et al. Effect of surgery 
on the outcome of midgut carcinoid disease with lymph node and liver metastases. World 
J Surg. 2002;26(8):991–7. PubMed.  

    20.    Sarmiento JM, Heywood G, Rubin J, Ilstrup DM, Nagorney DM, Que FG. Surgical treatment 
of neuroendocrine metastases to the liver: a plea for resection to increase survival. J Am Coll 
Surg. 2003;197(1):29–37. PubMed.  

    21.    Rinke A, Müller HH, Schade-Brittinger C, et al. Placebo-controlled, double-blind, prospec-
tive, randomized study on the effect of octreotide LAR in the control of tumor growth in 
patients with metastatic neuroendocrine midgut tumors: a report from the promid Study Group. 
J Clin Oncol. 2009;27:4656–63.  

    22.    Caplin ME, Pavel M, Cwikla JB, Phan AT, Raderer M, Sedlackova E, et al. Lanreotide in meta-
static enteropancreatic neuroendocrine tumors. N Engl J Med. 2014;371(3):224–33. PubMed.  

    23.    Yao JC, Shah MH, Ito T, et al. RAD001 in advanced neuroendocrine tumors, third trial 
(RADIANT-3) study group. Everolimus for advanced pancreatic neuroendocrine tumors. N 
Engl J Med. 2011;364:514–23.  

    24.    Raymond E, Dahan L, Raoul J-L, et al. Sunitinib malate for the treatment of pancreatic neuro-
endocrine tumors. N Engl J Med. 2011;364:501–13.  

    25.    Strosberg JR, Fine RL, Choi J, Nasir A, Coppola D, Chen DT, et al. First-line chemotherapy 
with capecitabine and temozolomide in patients with metastatic pancreatic endocrine carcino-
mas. Cancer. 2011;117(2):268–75. PubMed.  

      26.    Singh S, Law C. Multidisciplinary reference centers: the care of neuroendocrine tumors. 
J Oncol Pract. 2010;6(6):e11–6. PubMed Pubmed Central PMCID: 2988672.  

    27.    Singh S, Hallet J, Rowsell C, Law CH. Variability of Ki67 labeling index in multiple neuroen-
docrine tumors specimens over the course of the disease. Eur J Surg Oncol. 2014;40(11):1517–
22. PubMed.  

    28.    Nadler A, Cukier M, Milot L, Singh S, Law CH. Hepatic parenchymal preserving technique in 
the management of diffuse bilateral neuroendocrine tumour liver metastases: a feasible 
approach. Can J Surg. 2014;57(2):E2–8. PubMed Pubmed Central PMCID: 3968200.    

U. Hameed et al.



225© University of Toronto General Surgery Oncology Program 2016 
F.C. Wright et al. (eds.), Surgical Oncology Manual, 
DOI 10.1007/978-3-319-26276-5_17

      Chapter 17
Non-melanoma Skin Cancer                     

        Jennifer     Racz      ,     Anthony M.     Joshua      ,     Joan E.     Lipa      ,     Alexander     Sun      , 
and     Frances C.     Wright     

            Introduction 

   Non-melanoma skin cancers (NMSC)   are the most commonly diagnosed cancers in 
Canadians. 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 carcinoma (BCC) combined [ 1 ]. Although BCC is approxi-
mately four to fi ve times more common (80 % of non-melanoma skin cancers) than 
SCC (20 % of non-melanoma skin cancers), the incidence of both tumor types con-
tinues to rise despite growing awareness of the risk factors [ 2 ]. BCC is characterized 
by local and sometimes disfi guring invasiveness; however, metastasis is rare, 
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occurring in less than 0.05 % of cases [ 3 ]. SCCs, in contrast, are responsible for the 
majority of deaths from non-melanoma skin cancers as they have a higher meta-
static potential (~5 % at 5 years). The American Joint Committee on Cancer (AJCC) 
7th edition is the current recommended cutaneous squamous cell carcinoma and 
other cutaneous carcinoma staging system [ 4 ].   

     Risk Factors   [ 5 – 10 ] 

  Risk factor  BCC  SCC 

 Exposure to ultraviolet light  Intense, intermittent exposure  Cumulative exposure 
 Increasing age  ++  ++ 
 Fair complexion  ++  ++ 
 Recreational tanning/tanning beds  ++  ++ 
 Immunosuppression  ++  ++++ 
 HPV  ++ 
 Exposure to ionizing radiation  ++  ++ 
 Chemical exposure 
 (i.e., arsenic, soot, tobacco, etc.) 

 ++ 

 Chronic infl ammation  ++ 
 Personal history of skin cancer  ++  ++ 
 Family history of skin cancer  ++  ++ 
 Genetic syndromes 
 • Xeroderma pigmentosum 
 • Albinism 
 • Muir–Torre syndrome 
 • Fanconi anemia 

 ++  ++ 

 Nevoid basal cell syndrome  ++ 

   BCC  basal cell carcinoma,  SCC  squamous cell carcinoma 

J. Racz et al.



227

         Management: Primary Localized Basal and Squamous Cell 
Carcinoma (No Evidence of Regional or Metastatic Disease) [ 11 ] 

    Defi nition: Low- and High-Risk Factors for     Local Recurrence 
of BCC   [ 8 ,  11 – 20 ] 

   Risk factor  Low risk  High risk 

 Location and transverse size (i.e., 
diameter) 

 Site L—<20 mm 
 Site M—<10 mm 
 Site H—<6 mm 

 Site L—≥20 mm 
 Site M—≥10 mm 
 Site H—≥6 mm 

 Borders  Well defi ned  Poorly defi ned 
 Primary vs. recurrent  Primary  Recurrent 
 Immunosuppression  Negative  Positive 
 Site of prior radiation therapy  Negative  Positive 
 Subtype a   Nodular, superfi cial  Aggressive growth pattern b  
 Perineural involvement  Negative  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 
  a Low-risk subtypes include nodular, superfi cial, and other non-aggressive growth patterns such as 
keratotic, infundibulocystic, and fi broepithelioma of Pinkus 
  b Having morpheaform, basosquamous (metatypical), sclerosing, mixed infi ltrative, or micronodu-
lar features in any portion of the tumor 

          Defi nition: Low- and High-Risk Factors for    Local Recurrence 
or Metastases for  SCC   [ 8 ,  11 – 20 ] 

   Risk factor  Low risk  High risk 

 Location and transverse size  Site L—<20 mm 
 Site M—<10 mm 
 Site H—<6 mm 

 Site L—≥20 mm 
 Site M—≥10 mm 
 Site H—≥6 mm 

 Borders  Well defi ned  Poorly defi ned 
 Primary vs. recurrent  Primary  Recurrent 
 Immunosuppression  Negative  Positive 
 Site of prior radiation therapy or chronic 
infl ammation 

 Negative  Positive 

 Rapid growth rate  Negative  Positive 
 Neurologic symptoms  Negative  Positive 
 Degree of differentiation  Well or moderate  Poor 
 Adenoid, adenosquamous, or desmoplastic 
subtypes 

 Negative  Positive 

 Depth (thickness or Clark level)  <2 mm or Clark I, II, 
or III 

 ≥2 mm or Clark IV or 
V 

 Perineural or vascular involvement  Negative  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 
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           Management   of  High-Risk  Basal Cell Carcinoma 
and Squamous Cell Carcinoma 

  Workup  Surgical techniques 
 Nonsurgical 
options  Follow-up 

 • History and 
physical 
examination 

 • Complete skin 
examination 

 • Assessment of 
regional nodal 
basins (SCC only) 

 • No labs 
 • No Imaging studies a  
 • Biopsy 
 • Multidisciplinary 

consultation (SCC 
only) 

 • Wide local excision 
with postoperative 
margin assessment 
( 6 mm  margins for 
BCC and  10 mm  
margins for SCC) 

 •  Mohs micrographic 
surgery  (negative 
margins) b  

 • Complete 
circumferential 
peripheral and deep 
margin assessment 
with frozen or 
permanent section 
(CCPDMA) 

 • +/− SLNB (SCC 
only)—see next 
section 

 • Radiation 
therapy c  

 • 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 life (BCC) 

 • Sun protection 
education 

   SLNB  sentinel lymph node biopsy 
  a Unless there is suspicion of deep structural involvement—fi xed lesion/large lesion (i.e., bone, 
perineural disease, deep soft tissue); if perineural disease is suspected, MRI is preferred 
  b Associated with a 5-year disease-free survival rate of 99 % for BCC and 87 % for SCC [ 15 ,  24 ]; 
indications for Mohs procedure are centrofacially located tumors, large tumors, poorly defi ned 
tumor margins, recurrent lesions, lesions with perineural or perivascular involvement, tumors at a 
site of prior radiation therapy, tumors in the setting of immunosuppression, and patients with high- 
risk histological subtypes of BCC [ 6 ] 
  c 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; Radiation should also be consid-
ered for primary treatment (instead of surgery) to sites where surgery may be disfi guring, cause 
signifi cant morbidity, or require extensive reconstruction (i.e., nose, ears, eyelids, lips). RTX 
should also be considered in the adjuvant setting if there is extensive perineural or large nerve 
involvement 

          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 are insuffi cient to determine whether early 
detection of microscopic metastatic disease has a benefi cial effect on patient 
outcome. Thus, the procedure is not routinely recommended [ 25 ,  26 ].     
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    Regional Metastatic Squamous Cell Carcinoma 

     Management   of  Regionally Metastatic  SCC [ 11 ] 

  Work-up 
 Operable 
disease 

 Non-operable 
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 

 • Imaging studies for 
metastatic work up 

 • MRI of head 
 • CT chest, abdomen 

and pelvis 
 • 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 
dissection 

 • Radiation 
+/− concurrent 
chemotherapy 
followed by 
reassessment 
to determine 
eligibility for 
surgical 
resection 

 • Radiation 
therapy to 
regional 
lymph 
node 
basin a  

 • 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 

   a Consider for most head and neck primary lesions and for head and neck nodal basins or for trunk 
and extremity lesions that have lymph node basin involvement with multiple involved nodes or the 
presence of extracapsular extension 

          Referring to Medical Oncology 

•     All patients with distant metastases    or locally advanced    disease that cannot be 
adequately managed with surgical or radiotherapeutic techniques should be 
referred to medical oncology for consideration of systemic chemotherapy or 
clinical trial enrollment.

 –    Vismodegib (BCC)  
 –   Cetuximab, Cisplatin/5-FU (SCC)     

•   Patients with borderline resectable disease (BCC) may also be considered for 
neoadjuvant Vismodegib     

    Referring to Radiation Oncology 

•     Patients should be referred to radiation    oncology for consideration    of radiation 
as primary therapy if:
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 –    they have histologically confi rmed    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 disfi guring, cause signifi cant 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.     

    Referring to Multidisciplinary Cancer Conference 

•     Patients with positive deep margins following    resection with graft/ fl ap 
  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 fl ap reconstruction given the cosmetically sensitive nature of this region; 
high risk SCCs in other locations may also require graft/fl ap 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.         
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      Chapter 18
Palliative Surgical Care                     

       Juan     Camilo     Correa      ,     Alexandra M.     Easson      ,     Anand     Govindarajan      , 
and     Lucy Kathryn     Helyer     

            Introduction 

 According to the Canadian Cancer Society, 1 in 4 Canadians will die from cancer, 
which is the leading cause of premature death. Most cancer patients are cared for by 
surgeons along the trajectory of their illness, both in the early and terminal stages. 
The role of surgery, however, is poorly defi ned in the treatment of terminally ill 
patients and surgical oncologists report limited exposure to palliative care during 
their training [ 1 ]. 

 The World Health Organization (WHO) defi nes palliative care as “the active total 
care of patients who are unresponsive to curative treatment [ 2 ].” When Balfour 
Mount, a Canadian urologist, coined the term “palliative care,” his goal was to 
anticipate, prevent and relieve the suffering experience in patients during the late 
phase of their life-threatening condition or disease. Palliative care includes exper-
tise in pain and non-pain symptom management, diffi cult communication such as 
giving bad news, discussing Do Not Resuscitate (DNR) orders and advance direc-
tives, early recognition of the need to discuss such issues, and an ability to develop 
a care plan with the patient and family that best fi ts the patients’ goals of care. Given 
that the condition of the patient changes frequently, previously discussed advanced 
directives may change, and should be rediscussed if deemed appropriate. 
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 Though varying defi nitions exist,   palliative surgery    is a surgical procedure 
designed to improve quality of life, relieve or prevent symptoms caused by an 
advanced disease [ 3 ]. Up to 10–20 % of all surgical oncology procedures are pallia-
tive in nature [ 2 ].  Palliative surgery  must be distinguished from  non-curative sur-
gery , where the primary intent is not the improvement of quality of life.  

    Palliative Surgery 

    Goals of Palliative Surgery 

•      Primary outcome:    improvement in quality of life through the relief of symptoms 
caused by an advanced disease [ 4 ].  

•   Secondary outcome (but not goal of treatment): improvement in survival.  
•   Successful outcome defi ned 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 [ 5 ].     

•   The decision to intervene is based on the treatment’s ability to meet these goals, 
rather than its effect on the underlying disease.      

    Surgical  Decision-Making in the   Advanced Cancer Patient 

  Identify  Assess  Discuss and recommend 

 • Symptoms: 
  – Nausea/

vomiting 
  – Anorexia 
  – Abdominal 

cramping 
  – Pain 
  – Bleeding 

 • Potential 
surgical causes: 

  – Mechanical 
bowel 
obstruction 

  – Bleeding site 
  – Eroding tumor 
  – Tumor bulk 
  – Ascites 

 • Patient factors: 
  – Prognosis—

Multidisciplinary 
discussion 

  – Age—biologic, physiologic 
  – Concurrent illness and 

comorbidities 
  – Malnutrition and/or 

cachexia 
  – Performance status 
  – Ascites 

 • Technical factors: 
  – Select degree of 

invasiveness of the 
intervention: Interventional 
radiology < endoscopy < 
laparoscopy < laparotomy 

  – Anesthetic requirements 
  – Risk of post-procedure 

complications 

 • Discuss with patient and family: 
  – Does this procedure fi t with the 

patient’s goals of care? 
  – What do they understand about 

their disease and where are they 
on their disease trajectory? 

  – Determine whether symptom 
alleviation fi ts the goals of care of 
the patient. Explain clearly the 
expected potential benefi ts of any 
intervention: Is this something that 
would be worth it to them given 
the risks? 

  – Provide a commitment to continue 
to care for the patient regardless of 
the outcome of the discussion 

 • Formulate recommendation(s) 
  – Consider all options 
  – What is feasible? What is futile? 
  – No ethical or legal obligation to 

offer futile treatment 

(continued)
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  Identify  Assess  Discuss and recommend 

 • When Deciding to Operate: 
 – Thorough preoperative evaluation to avoid intraoperative surprises 
 – Prevention of emergency situations 
 – Communication with the patient and family about the goals of care, likelihood of success 
 – Discuss all potential outcomes of the procedure 
 – A commitment to ongoing care with a clear care plan, whatever outcome of surgery 

   The fi rst step for consideration of palliative surgery is proper patient selection. Patients 
with at least a 3-month expected survival may be considered adequate candidates [ 5 ]. 

 Patient’s choices are greatly infl uenced by the physician´s recommendations, 
being the predominant reason for treatment selection in up to 40 % of the cases; 
therefore the situation should be managed carefully, always trying to give the patient 
all the information they need to make a conscious decision [ 6 ]. When discussing 
treatment options and a possible surgical approach, the attending physician must 
choose his words wisely, making sure to explain the current status of the patient, the 
goals of treatment, its possible benefi ts and also the risks involved. 

 Postoperative care should also be an important issue discussed with patients. 
Routine postoperative care, the risks of developing complications, requiring addi-
tional actions (e.g., ICU, Mechanical Ventilation), the aggressiveness of treatments 
in the event of any postoperative complication, and the risk of spending an impor-
tant part of their remaining lifespan in the hospital must be addressed [ 7 ,  8 ].

 Examples of Indications for Palliative Surgical Procedures 

 • Drainage of Fluid: 
  – Pleural effusions, ascites 

 • Relief of Obstruction: 
  – GI tract from mouth to anus 
  – GU tract from kidney to bladder neck 

 • Prevention of Bleeding: 
  – Tumor resection 
  – Ligation or embolization of feeding vessels 
  – Radiation 

 • Palliative Tumor Resection: 
  – Space occupying lesions in the cranium 
  – Prevent/palliate bleeding, obstruction, fungation, neuropathic pain 

 • Fixation for bony metastases and impending fracture 

        Expected Survival 

 There are many tools available    to determine the expected survival; it is important 
for the clinician and patient to have a rough estimate, so they can weigh the pros and 
cons of the treatments offered. In these settings early involvement of the palliative 
care specialists has shown multiple benefi ts [ 9 ]. 

(continued)
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 The Clinical prediction of survival is a useful tool but should not be relied upon 
as the sole decision factor, because its performance varies with physician experience. 
There have been other clinical factors associated with a shorter life expectancy, such 
as low performance status, symptoms of cachexia-anorexia syndrome, delirium, and 
dyspnea [ 10 ]. 

 A number of prognostic scores have been developed, such as the Palliative 
Prognostic Index (PIP), the Palliative Prognostic Score (PaP) and the PiPS-A and 
PiPS-B ( available at     www.pips.sgul.ac.uk     ) [ 10 ,  11 ]. Any of these scores can be used 
to determine the patient life expectancy and aid in the decision-making process.  

    Evaluation 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 [ 2 ]. 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 the ones that were meant to be treated, and include complica-
tions 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 wellbeing. A PSOS score >0.7 is considered to be an accept-
able outcome score.   

    Specifi c 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, defi ned 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 
common causes are ovarian or colon cancer [ 2 ,  12 – 15 ] 

 MBO can be due to extraluminal compression, intraluminal obstruction or func-
tional obstruction due to tumor infi ltration of the mesentery, nerve involvement or 
paraneoplastic neuropathy [ 14 ]. Often, obstruction involving the small bowel is 
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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 determines the treatment path. 

 High-quality imaging is crucial to rule out signs of a surgical emergency and to prop-
erly 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 carcinomatosis [ 14 ].

  Special Notes: 

•   Criteria for MBO:

 –    Clinical evidence of bowel obstruction  
 –   Obstruction beyond the ligament of Treitz  
 –   Caused by incurable intra-abdominal cancer  or  extra-abdominal cancer with 

peritoneal disease     

•   Clinical variables associated with decreased survival in patients with MBO [ 8 ]:

 –    ECOG status 2–4  
 –   Elevated BUN  
 –   Low albumin  
 –   Ascites  
 –   Palpable mass  
 –   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  
•   Patients should also be aware of the risk of failure of the intent of surgery   

 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 
  – Amount of metastatic disease, presence of ascites, and assess 

the realistic ability of an intervention to relieve the symptoms 

(continued)
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 Malignant bowel obstruction (MBO) management steps 

 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 → allows 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 %[ 8 ,  15 ] 
 • Obstructive symptoms resolution may vary between 32 and 

100 %, re-obstruction occurs in 6–47 % [ 8 ] 
 • Symptom relief may be short lived, with only 32–71 % being 

symptom free at 60 days postoperatively [ 8 ] 
 • Surgery as a bridge to palliative chemotherapy is associated 

with prolonged survival over surgery alone 

   MBO  malignant bowel obstruction 

          Gastric Outlet Obstruction (GOO) 

   Most  common   causes are cancers of the stomach, pancreas, and periampullary/biliary 
tract,    as well as lymphoma and metastases [ 16 ]. Treatment is necessary, as patients 
quickly develop vomiting, dehydration and malnutrition [ 17 ]. The goal of therapy is 
to restore the ability to tolerate diet orally.

 Treatment options [ 16 ,  18 ] 

 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 [ 19 ] 

 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 

(continued)
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 Treatment options [ 16 ,  18 ] 

 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 

   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 GJ their risk of developing 
GOO in the future was lower (2.5 % vs. 28 %) [ 20 ].    

    Large Bowel Obstruction (LBO) 

    80 % of all LBO  are   malignant in    nature and up to 10–30 % of patients with colorec-
tal cancer present with acute obstructive symptoms. Usually, it is associated with 
fl uid and electrolyte disturbances [ 13 ]. 

 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 [ 21 ].

 Treatment options [ 13 ,  21 ] 

 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 fl exure. Patient selection is advised. Anastomotic leak rates 
of 2.8–16.4 %[ 13 ] 

 • 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 %[ 13 ] 

 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 defi nitive palliative management [ 22 ]. 

  – Some patients derive benefi t from neoadjuvant therapy. Initially 
unresectable liver metastasis may become resectable after 
chemotherapy in 12–26 % of the cases [ 23 ,  24 ]. 

(continued)
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 Treatment options [ 13 ,  21 ] 

 Colonic Stenting  • Effective with minimal morbidity 
 • Defi nitive Therapy [ 22 ,  25 ]: 

  – 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 [ 25 ]. 

  – Complications: Perforation 10 %, Migration 9 %, and stent 
obstruction 18 % 

  – Not recommended if angiogenesis inhibitor (e.g., Bevacizumab) 
chemotherapy is going to be administered, because 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 [ 13 ,  21 ,  26 ] 
  – No difference in permanent stoma rates, 30 day mortality, 

surgical site infection, or anastomotic leakage [ 13 ,  21 ,  22 ,  26 ] 

          Biliary Duct Obstruction 

  Malignant bile  duct   obstruction    can be due to intraluminal tumor presence, local 
invasion of primary disease, extraluminal compression, or metastatic cancers [ 27 ].

 Treatment options [ 28 ] 

 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 [ 28 ,  29 ]. 
 • If life expectancy is greater than 4 months, SEMS are 

recommended [ 30 ] 
 Percutaneous 
Stenting [ 27 ] 

 • Option for patients with advanced disease, and proximal (common 
hepatic duct or higher) obstruction. 

 • Success in 77–98 % of Interventions 
 • Stent Occlusion 5–25 % 

(continued)
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        Malignant Ascites 

   The pathogenesis of  Malignant Ascites (MA)   is    multifactorial. Increased produc-
tion of peritoneal fl uid due to high permeability of the tumor generated neovascu-
larization, and diminished reabsorption (secondary in most cases to obstruction of 
fl uid drainage through peritoneal “stomata”) are the main causes [ 31 ,  32 ]. 

 It is a sign of poor prognosis, median survivals range from 10 weeks in foregut 
tumors to 20 weeks in gynecological tumors.

 Treatment options [ 31 ,  33 ] 

 Diuretic Therapy [ 33 ]  • 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 fl uid can be removed, without 
requiring IV fl uid replacement. 

  –  No evidence of benefi t from albumin replacement. 
Studies in MA have used D5W [ 33 ] 

 Permanent Catheters (Tunneled) [ 31 ,  34 ]  • 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) [ 35 ] 

 • 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 [ 36 ,  37 ]  • 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 
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 Treatment options [ 31 ,  33 ] 

 Surgical Peritoneovenous Shunts [ 38 ]  • 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 haemorrhagic ascites 

 • Prevents protein and fl uid loses [ 33 ]. 
 • Better outcomes in patients with non- 

gastrointestinal cancer 
 • Median patency of peritoneovenous shunt 

(Denver®) is 3 months 

          Symptoms 

    Pain 

   Even though it has been recognized    as the fi fth 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 under-
treated [ 39 ,  40 ].

  Pain Assessment [ 40 ,  41 ] 

•   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)  
 –   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?      

(continued)
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•   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 [ 41 ]). 

 There are multiple ways to treat cancer related pain, and a clinician should 
always recognize that pharmacological management is only one of them.

 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 [ 42 ] 
 Rehabilitative  • Therapeutic Exercise 

 • Occupational Therapy 
 • Therapies for specifi c disorders (e.g., Lymphedema) 

 Psychological  • Psychoeducational interventions 
 • Cognitive-behavioral therapy 

 Neurostimulation  • Transcutaneous 
 • Transcranial 

 Integrative or Complementary  • Acupuncture 
 • Massage 

  Adapted from Portenoy et al. and Auret et al. [ 40 ,  43 ] 

    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   
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 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 
benefi t from 
codeine. 

  – Oxycodone 
 • Combination: 

  – Acetaminophen 
with codeine 

 • First line drug is morphine—Use 
hydromorphone in elderly or renal 
impaired 

 • Start with routine q4h doses of 
immediate release until pain control 
achieved. Do not start sustained release 
until pain control 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. 

   Special Notes 

•   If there is a decline or fl uctuation 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 [ 40 ].  

•   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 outcome. 
Response is evident in approximately 2/3 of the patients who are switched [ 40 ].      

    Adjuvant Analgesics 

 Especially useful in cancer related    neuropathic pain [ 43 ]. The number needed    to 
treat (NNT) to prevent one episode of pain for many adjuvant drugs is 3–5 [ 44 ], and 
drug toxicity is limiting. The overall clinical picture of the patient, and possible 
secondary benefi ts (e.g., treatment of concomitant depression) should guide agent 
selection.
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 Class  Notes  Examples 

 Antidepressants  • Start low dose 
 • Escalate slowly (2–3 days) 
 • DC if no effect in 1 week 

 • Amytriptyline 
 • 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 [ 2 ] and Auret et al. [ 43 ] 

         Nausea 

  20–30 % of  people   with advanced cancer suffer from  nausea, and the   effect on their 
quality of life can be devastating [ 45 ]. There are different mechanisms that can 
cause nausea in palliative cancer patients; it is important to try to determine the 
cause so the treatment can be tailored to it.

 Causes of Nausea in the Cancer Patient [ 2 ,  45 ] 

 Pharmacologic  • Opioids/Non-opioids/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 [ 45 ] 
 Elevated Intracranial Pressure  • Metastatic/primary brain lesions 

 • Blockage of cerebrospinal fl uid 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 

    Nondrug Therapy for Nausea and Vomiting [ 46 ] 

•    Cool cloth, fan  
•   Bland, room temperature foods, limit fl uids with foods  
•   Decrease:    stimuli  
•   Acupuncture or acupressure     
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    Pharmacologic Management for    Nausea and Vomiting [ 46 ]   

  Class  Indications  Examples 

 Serotonin agonist  • Stimulation of Chemoreceptor trigger 
zone (CTZ): ex 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 

        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).

  Nondrug Therapy 

•   Positioning  
•   Supplemental oxygen (preferably nasal cannula) titrated to symptom relief not 

pulse oximetry  
•   Increase air movement (fans)  
•   Humidifi ed air  
•   Behavioral treatment   

    Drug therapy [ 2 ]   

 Symptoms  Class  Examples 

 • Cough  • Opioid 
 • Inhaled local anesthetics may be 

used for cough, though impairs gag 
refl ex and limits ability to taste 

 • Dextromethorphan, 
codeine 

 • Inhalated 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 

(continued)
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 Symptoms  Class  Examples 

 • Excessive watery 
secretions 

 • Anticholinergic  • Glycopyrrolate 

 • Excessive thick 
secretions 

 • Sedatives 
 • Avoid anticholinergics (causes 

increased thickening of secretions) 
 • Avoid suctioning if possible, (causes 

patient distress [ 46 ]) 

 • Chlorpromazine 

         Constipation 

   Very common  symptom   in patients with cancer, its prevalence can be between 70 
and 100 % [ 47 ].  In   every patient with new onset constipation, or a change from his 
regular bowel habits other diseases must be ruled out, especially obstruction [ 2 ,  47 ].

•    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 effects of opioid therapy [ 47 ])  

•   Stool softeners or bulking agents alone may not be adequate   

 Treatment options [ 47 ] 

 First line  • Sennekot +/− milk of magnesia 
 Second line  • Bisacodyl 
 Third line  • Fleet enema 

 • GoLYTELY enema 
 • Lactulose 
 • Methylnaltrexone IV or SC 

 Fourth line  • Magnesium citrate, repeat enema, manual disimpaction 
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      Chapter 19
Adenocarcinoma of the Pancreas                     

       Amélie     Tremblay St-Germain      ,     Steven     Gallinger      ,     Paul     J.     Karanicolas      , 
and     Carol-anne     E. Moulton     

            Introduction 

   Pancreatic cancer   is the tenth most common cancer with an incidence of 9 per 100,000 
and approximately 4700 new diagnosis per year in Canada. It has one of the lowest 
relative survival rates, making it the fi fth most common cause of cancer death [ 1 ]. 

By 2030, pancreas cancer is projected to remain the tenth most common cancer 
diagnosis but will surpass breast, prostate, and colorectal cancers to become the 
second cause of cancer-related death after lung cancer [ 3 ].

There is great variability among ethnic groups with Northern, Central, and Eastern 
Europeans and African Americans having high incidence rates of 10–15/100,000 
whereas Asians and native Africans have low rates of <1/100,000 [ 2 ].

 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 % 

   The most signifi cant risk factor for the development of pancreatic cancer is age, 
with a rapid rise in incidence after the age of 50. A few rare, genetic disorders con-
tribute to up to 10–15 % of cases [ 4 – 7 ].
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 Genetic disorder  Gene implicated  Approximate relative risk 

 • Hereditary pancreatitis  • SPINK1/PRSS1  • 50–70 
 • Peutz–Jeghers syndrome  • LKB1/STK11  • >100 
 • Cystic fi brosis  • CFTR  • 2,6–60 
 • Familial atypical, multiple- mole 

melanoma 
 • CDKN2A  • 13–39 

 • Hereditary breast ovarian cancer 
syndrome 

 • BRCA1/2  • 2,3–10 

 • Hereditary non-polyposis colon 
cancer, Lynch syndrome 

 • MSH2, MLH1, 
MSH6, PMS2 

 • 4–5 

 • Familial adenomatous polyposis  • APC  • 4–5 
 • Li–Fraumeni  • p53  • Unknown 
 • Familial pancreatic cancer  • Multiple, unidentifi ed  • 4–32 

•       The recognition of the presence of an underlying genetic disorder may have sig-
nifi cant implications for the treatment of pancreatic cancer. For example, some 
patients with a BRCA mutation who develop pancreatic cancer have exceptional 
response to platinum based chemotherapy, some demonstrating signifi cant tumor 
regression, even with metastatic disease [ 8 ].  

•   Smoking has been clearly causally related to an increased risk of pancreatic can-
cer in epidemiological studies and the risk increases with extent of exposure. 
Diabetes, obesity, and chronic pancreatitis are more controversial. While statisti-
cal associations exist, the relative risk is low (1.2–1.5) and it is diffi cult to con-
fi rm causality [ 9 ].  

•   There is no evidence to support screening of pancreas cancer in the general popu-
lation but there are surveillance guidelines for high risk individuals with Peutz–
Jeghers syndrome, known BRCA mutation, familial pancreatic cancer and 
hereditary pancreatitis. The diagnostic yield screening in these groups varies 
from 1 to 50 % [ 7 ,  10 ,  11 ]. Subjects from high risk families should be enrolled in 
investigational protocols.      

    Diagnosis and Staging 

    Work-Up 

•      History  and   physical exam  
•   Performance status assessment  
•   Labs:

 –    Liver function tests  
 –   Coagulation profi le  
 –   Serum CA 19.9     

•   Imaging:
 –    CT scan of the abdomen (pancreas protocol)  
 –   Chest imaging (ideally CT chest but X-ray also accepted)       
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 Consider EUS, MRI, and/or staging laparoscopy in selected cases (see below). 
 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. 

 Tumor marker CA 19.9 should be performed. High levels, >150–300 μmol/L are 
an indicator of advanced disease and poor prognosis. Results should be interpreted 
with caution, however, as strict cutoff levels have not been established and jaundice 
artifi cially elevates serum levels [ 12 ].   

    Classifi cation and Staging 

  The tumor is located in  the   head of the pancreas or the uncinate process in approxi-
mately 45 % of the cases. If these tumors are deemed resectable, patients should be 
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. Among the resectable cases, 80 % of the tumors are 
located in the head/uncinate. 

 The most well-established, CT-based classifi cation was developed at the M. D. 
Anderson Cancer Center (MDACC) and uses key parameters based on preoperative, 
multidetector CT imaging. This classifi cation is accepted by AHPBA, SSO, and 
SAT since 2009 and was incorporated into the NCCN guidelines since then. 

 The American Joint Committee on Cancer/Union for International Cancer 
Control (AJCC/UICC) TNM 7th edition staging system is the recommended stag-
ing system for pathology report. It provides useful prognostic information to guide 
treatment based on pathological fi ndings.

 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 
fulfi lled) 

 • 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° 

(continued)
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 Metastatic 
disease  Nodal disease 

 Relationship to 
SMV-PV 

 Relationship to 
arteries 

  Unresectable—
Locally Advanced  
( LA ) 
(any criteria 
fulfi lled) 

 • None  • Allowed 
within 
regional 
nodes 

 • Unre constructible 
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 defi ning resectability status (Version 1.2015) [ 13 ,  14 ] 
  CA  celiac axis,  CHA  common hepatic artery,  PV  portal vein,  SMA : superior mesenteric artery,  SMV  
superior mesenteric vein 

         Imaging Studies 

•      CT scan of the abdomen:

 –    Biphasic  arterial   and pancreatic phase multi-detector CT scan with a high qual-
ity  scanner   is mandatory for accurate preoperative staging of pancreatic cancer 
and represents the single best test for determining resectability [ 15 ,  16 ].  

 –   If possible, CT should be performed prior to any interventional endoscopic pro-
cedure, as both biliary decompression and lesion biopsy can result in  pancreatitis 
that can preclude the necessary detailed anatomical evaluation of the lesion.  

 –   The addition of the borderline resectable category identifi es a group of 
patients at higher risk for positive margins and worse outcomes who may 
benefi t from neoadjuvant therapy [ 17 ].  

 –   CT should be evaluated with detailed comments on the following [ 18 ]:

 ⚬    Presence or suspicion of metastatic disease (e.g., liver, peritoneum, omentum)  
 ⚬   Presence or suspicion of nodal disease outside the resected fi eld (peri-aor-

tic and celiac nodes)  
 ⚬   Presence of a hypodense mass and/or pancreatic duct dilatation and/or bili-

ary duct dilatation  
 ⚬   Presence of SMV-PV involvement and/or arterial involvement including 

name of the vessel with degree of involvement and/or presence of aberrant 
vascular anatomy        

•   Magnetic Resonance Imaging (MRI)

 –     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.  

(continued)
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 –   MRI is less sensitive for detecting pancreatic lesions than CT and is equiva-
lent for determining resectability.  

 –   Equivocal hepatic lesions may be better defi ned with MRI [ 19 ] 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 fi ne 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 identifi ed on CT that, if confi rmed 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 

 A biopsy should not be  performed   in patients with a classical clinical presentation 
and imaging fi ndings who will undergo surgery up front. 

 Tissue diagnosis will be necessary for patients with unresectable and metastatic 
disease. It can be obtained following an ERCP procedure when brushings are positive. 
Otherwise, the pancreatic lesion or suspected liver metastasis could be targeted. 

 When the pancreas lesion is targeted, endoscopic ultrasound-fi ne needle aspira-
tion (EUS-FNA) has the best overall operating characteristics and is most cost- 
effective; however CT or US-guided percutaneous biopsy is also acceptable [ 20 ]. 

 A lesion biopsy is advisable in patients undergoing neoadjuvant therapy and EUS-
FNA should be favored when ERCP is not indicated and/or brushings are negative.  

    Staging Laparoscopy 

 Staging laparoscopy should  be   reserved for selected cases where the yield is likely 
to justify the additional procedural risks and costs [ 21 ] .  The literature suggests that 
10–36 % of patients can be spared an unnecessary laparotomy [ 22 ]. As a guide, 
patients with tumors >3 cm, tumors in the neck, body or tail, or with equivocal CT 
fi ndings for metastatic disease, may benefi t from laparoscopy [ 23 ].   
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    Management 

                

 Classifi cation 
 Neoadjuvant 
therapy  Surgery  Adjuvant treatment  Follow-up (F/U) 

 • Resectable 
disease 
(RES) 

 • Under 
investigation 

 • Resection  • Chemotherapy × 6 
months should be 
initiated within 
12 weeks 

 • Gemcitabine × 6 
months 

 • Initial follow-up 
2–4 weeks 

  •  H&P q 
3–6 months  ×  2 
years, then 
annually 

  •  Include 
assessment for 
pancreatic 
insuffi ciency 

  •  Consider CT 
and CA 19-9 q 
3–6 months  ×  2 
year (level 5) 

  •  There is no data 
to support that 
aggressive 
postoperative 
surveillance 
alters outcome 
in this disease. 

 • Borderline 
resectable 
(BOR) 

 •  Very 
controversial : 
 resection vs. 
neoadjuvant 
therapy . 

 • Patients 
should be 
included in 
clinical trials 
if possible 

 • Consider 
neoadjuvant 
therapy 

 • Decision to 
proceed to 
surgery is 
usually based 
on 
“non- 
progression” 

 •  Borderline  - 
  Vein : Consider 
up-front 
surgery. Will 
likely require a 
PV-SMV 
resection and 
reconstruction. 

 •  Borderline  - 
  Artery : 
Consider 
neoadjuvant 
therapy. If 
up-front surgery, 
early exploration 
to defi ne arterial 
involvement is 
necessary to 
guide intra-op 
decision. 
Resectability 
status should be 
based on ability 
to obtain 
negative margin 

 • Chemotherapy × 6 
months (same as 
resectable) 

 • Patients who have 
received 
neoadjuvant 
therapy may be 
candidates for 
additional 
chemotherapy 

  •  Same as RES 

 • Unresec-
table—
locally 
advanced 
(LA) 

  •  Chemotherapy with palliative intent (same as metastatic) 
  •  Biliary decompression with stent where indicated 
  •  When found during surgical exploration; consider surgical biliary ± gastric bypass 
 • Trials underway to evaluate neoadjuvant treatment followed by resection for very 

selected patients with arterial involvement [ 26 ] 

(continued)
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 Classifi cation 
 Neoadjuvant 
therapy  Surgery  Adjuvant treatment  Follow-up (F/U) 

 • Metastatic 
disease 

  •  Chemotherapy with palliative intent 
  FOLFIRINOX (preferred) 
  or 
  Gemcitabine–paclitaxel (preferred) 
  or 
  Gemcitabine (for patients with poor performance status) 

  •  Biliary decompression with stent where indicated 
 • When found during surgical exploration; consider surgical biliary ± gastric bypass 

    Special Notes 

•   In the setting of good imaging techniques, exploratory laparotomy for the pur-
pose of determining resectability should be avoided.  

•   Surgical biliary ± gastric bypass are recommended at the time of exploration 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) [ 27 ].  

•   The Arterial Resection for Cancer of the Pancreas trial (ARCAP) protocol at the 
University of Toronto is examining the role of neoadjuvant therapy followed by 
concurrent chemoradiotherapy, followed by arterial resection and reconstruction 
in patients with Borderline Resectable and Locally Advanced disease with arte-
rial involvement [ 26 ].    

    Neoadjuvant Therapy: Rationale 

   Surgery alone, even for  resectable   pancreatic cancer, often  leads   to poor out-
comes. Due to the relatively high morbidity of the procedure, only 59–95 % of 
the patients have adequately recovered to receive adjuvant chemotherapy within 
3 months of resection [ 28 ,  29 ]. In addition, the aggressive nature of pancreas 
cancer and its high propensity to metastasize are arguments in favor of earlier 
systemic treatments. 

 There is a major concern regarding the “loss of the surgical window” with local 
progression that could preclude surgery. In two meta-analysis [ 30 ,  31 ], 16–21 % of 
patients progressed during neoadjuvant therapy. Most patients who progressed 
developed metastases during the induction therapy and were not offered surgery. 
This subgroup of patients with very poor cancer biology may be spared a futile 
operation. In this regard, neoadjuvant therapy may increase the ability to identify 
patients who are more likely to benefi t from surgery. 

 The goal of neoadjuvant therapy is to improve DFS and OS in the setting of 
resectable disease and to improve resection rate and margin-clear resections (R0) in 
the setting of borderline resectable or unresectable disease. The role of neoadjuvant 
therapy for pancreas cancer has not been clearly defi ned and there is a tremendous 
variability of its use worldwide. Patients with resectable or borderline disease 

(continued)
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should be offered the opportunity to participate in clinical trials examining this 
question where available. 

 To date, there is only one randomized controlled study comparing neoadjuvant 
therapy vs. up-front surgery in the setting of resectable or borderline disease but 
many studies are currently recruiting [ 32 – 36 ]. In this multicenter study [ 37 ], 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. 

 The currently available data comes from small and heterogenous 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 pro-
gression (PD) in 17–32 %. Interestingly, in the previously resectable group, 0–17 % 
of the specimens have shown complete histological responses. In selected patients 
with Locally Advanced Pancreas Cancer (LAPC), neoadjuvant therapy can allow 
resection in up to 20–40 % of LAPC patients. Once resection has been achieved, 
overall survival appears to be comparable to that observed for primarily resectable 
patients [ 38 ,  39 ]. 

 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 % [ 38 ,  40 – 42 ]. 

 FOLFIRINOX, gemcitabine–paclitaxel, and chemoradiation protocols have 
been introduced into novel multimodality treatment, but further study is required to 
clarify the optimal strategy.    

    Surgery 

•     Outcomes following pancreatoduodenectomy (PD) vary widely with the volume of 
cases performed. This is refl ected  in   both early mortality (from 16 % in low volume 
to <4 % in high volume centers) and 3-year survival (25 % vs. 37 %, respectively).  

•   Recent series from high volume centers reported peri-op mortality between 1 and 
2 %, median LOS of 6–9 days, and median OS of 22–27 months after PD for 
pancreas cancer [ 28 ,  29 ].  

•   20–25 % of the surgeries included a PV-SMV resection and reconstruction.  
•   Positive surgical margins occur in 13–50 % of patients undergoing resection.  
•   Clinical Pathways to standardize and enhance recovery after PD have been 

shown to shorter the LOS without increasing morbidity, mortality or readmis-
sion rate.  

•   Laparoscopic PD for pancreas cancer is feasible and safe in experienced hands. 
It may decrease LOS and time to adjuvant chemotherapy and prolong PFS [ 29 ].     
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    Adjuvant Therapy 

•        Adjuvant therapy   is recommended  for   most patients following surgical resection 
and improves long-term survival (5 years OS increases from 11 to 22 % with 
gemcitabine vs. observation) [ 43 ].  

•   The current standard of care in Ontario is postoperative chemotherapy with gem-
citabine 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 profi le [ 44 ].  

•   Recent publications suggest that FOLFIRINOX has superior oncologic out-
comes but increased toxicity compared with gemcitabine in the palliative setting 
[ 45 ]. Clinical trials are underway examining its use in the adjuvant and neoadju-
vant setting for patients with good performance status [ 32 ,  46 ].       

    Biliary Decompression 

    Preoperative    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 [ 24 ].

 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 signifi cantly higher price of SEMS 
suggests their use in selected cases (life 
expectancy > 3 months) [ 25 ] 

 • ERCP + SEMS 
or 10Fr plastic 
stent 

   ERCP  endoscopic retrograde cholangio-pancreatography;  SEMS  self-expanding metal stent 
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     Technical Aspects of Surgery 

  Multiple controversies exist regarding  various   technical aspects of pancreatic resec-
tion and reconstruction. These are summarized here:

   Evidence  Recommendation 

 Extended lymphadenectomy vs. 
regular [ 47 ,  48 ] 

 • No survival advantage 
with extended 
lymphadenectomy, 
increased early morbidity 

 • Standard 
lymphadenectomy 

 Venous resection [ 49 – 51 ]  • 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 [ 52 ,  53 ]  • No difference in clinically 
relevant outcome between 
the two techniques 

 • PPPD and Standard 
Whipple are acceptable 

 PJ vs. PG [ 54 ]  • Meta-analysis shows no 
difference in overall 
morbidity, DGE, bleeding, 
reoperation, or mortality. 

 • Decreased incidence of 
POPF and intra-abdominal 
collection with PG 

 • PJ and PG are 
acceptable 

 • Consider PG in 
high-risk pancreas a  

 Pancreatic duct stent [ 55 ]  • No evidence of difference 
in leak rate 

 • Consider stent in 
high-risk pancreas a  

 Somatostatin analogues [ 56 – 58 ]  • Confl icting data from 
European and US trials 

 • Meta-analysis suggests 
reduction in POPF rate 
[ 56 ,  57 ] 

 • Recent RCT suggests a 
decreased rate of clinically 
signifi cant POPF from 21 
to 9 % [ 58 ] 

 • No difference in mortality 

 • Consider 
administration of 
peri-op somatostatin 
analogues 

 Intra-abdominal drain [ 59 – 61 ]  • Confl icting data 
 • Multicenter RCT suggests 

advantage to use routine 
placement of drain post-PD 
: signifi cant reduction of 
complication ≥ grade 2 [ 60 ] 

 • Selective use of drain 
 • Early drain removal (on 

POD 3) [ 61 ] 

(continued)
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   Evidence  Recommendation 

 Open vs. laparoscopic distal 
pancreatectomy (DP) 

 • Systematic review and 
meta-analysis: lap DP 
could decrease EBL, 
transfusion rate, LOS, and 
infections [ 62 ] 

 • Small retrospective series 
of 23 Lap DP for pancreas 
cancer: similar short- and 
long-term oncologic 
outcomes as compared 
with open technique, with 
potentially shorter hospital 
stay [ 63 ] 

 • Laparoscopic DP for 
pancreas cancer is 
feasible and safe in 
experienced hands. 

 Open vs. laparoscopic 
pancreatoduodenectomy 
(PD) [ 29 ] 

 • 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. 

   DGE  delayed gastric emptying,  PJ  pancreatojejunostomy,  PG  pancreatogastrostomy,  POPF  post-
operative pancreatic fi stula,  PPPD  pylorus preserving pancreatoduodenectomy,  EBL  estimated 
blood loss,  LOS  lenght of stay,  DGE  delayed gastric emptying 
  a Soft gland or small pancreatic duct 

    Special Situation 

•   Patients with large lesions of the neck or body, or associated main duct intra-
ductal papillary mucinous neoplasm (IPMN) may require total pancreatectomy 
and splenectomy.       

    Landmark Trials  Adjuvant    and   Neo adjuvant Therapy           

      Publication  Year  Main fi ndings 

 Adjuvant 
chemoradiotherapy 

 EORTC-GITG [ 64 ]  1985  • NS improvement in 
OS—discouraged use of 
adjuvant chemoradiotherapy 

 Adjuvant 
chemoradiotherapy vs. 
chemotherapy alone 

 ESPAC-1 [ 65 ]  2001 
(Lancet) 

 • 5 years OS chemotherapy 
(20 %) vs. 
chemoradiotherapy (10 %) 

 Adjuvant gemcitabine vs. 
observation 

 CONKO-001 [ 43 ]  2007 
(JAMA) 

 • DFS 13.4 vs. 6.9 months 
 • 5 years OS 22.5 % vs. 11.5 % 

(continued)

(continued)
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      Publication  Year  Main fi ndings 

 Adjuvant 5-FU vs. 
gemcitabine 

 ESPAC-3 [ 44 ]  2010 
(JAMA) 

 • No difference in median 
survival (23 months), fewer 
adverse events with 
gemcitabine 

 FOLFIRINOX vs. 
gemcitabine (metastatic) 

 PRODIGE 4 
(Accord 11) Trial 
[ 45 ] 

 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 

   NS  nonsignifi cant,  OS  overall survival,  DFS  disease-free survival,  ECOG  Eastern Cooperative 
Oncology Group 

           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 defi nitive treatment.   
   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 

neoadjuvant therapy in the setting of a clinical trial.      

    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.      

    Referring to Multidisciplinary Cancer Conference (MCC) 

     1.    All patients should be  presented   early for multidisciplinary review to enable 
appropriate and effi cient 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.      

(continued)
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    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 vol-
ume HPB center to enable appropriate and effi cient sequencing of investigations 
and treatments.  

•   The sequencing of treatment should be individualized.  
•   Patients should routinely be given an opportunity to participate in clinical trials.  
•   Reconstructible 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 classifi ed 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 ].        
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      Chapter 20
Peritoneal Surface Malignancies                     

       Mai-Kim     Gervais      ,     Anand     Govindarajan      , and     J.     Andrea     McCart     

            Introduction 

  Peoneal surface  malignancy   can be defi ned 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). Peritoneal surface malignancies can thus be subdivided into three 
main categories:

 Site of origin  Common histologies 

 Peritoneum  • Mesothelioma 
 • Primary peritoneal carcinoma 

 Gastrointestinal tract (stomach, appendix, colon, 
rectum, pancreas) 

 • Mucinous cystadenocarcinoma 
 • Intestinal/colonic-type 

adenocarcinoma 
 • Signet ring cell adenocarcinoma 
 • Goblet cell (adenocarcinoid) 

 Ovary  • Epithelial carcinoma 

   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 one million 
people, with female predominance, and mostly develop from epithelial tumors [ 1 ]. 
Peritoneal carcinomatosis from mucinous tumors (pseudomyxoma peritonei) has a 
better prognosis than those with non-mucinous adenocarcinoma [ 2 ]. 

  Pseudomyxoma peritonei (PMP)   is defi ned as the accumulation of mucin in the 
peritoneal cavity, secondary to mucinous epithelial tumors. Ninety percent of cases 
originate from appendiceal tumors, but can also arise from the ovary, colon, and 
infrequently from pancreas, gallbladder, and urachus [ 3 ,  4 ]. Although the term PMP 
is often used to describe mucinous disease in the peritoneum secondary to a low- 
grade appendiceal primary, the term is best used only as a clinical description rather 
than a pathologic one. 

 PMP usually develops after rupture of the appendix and dissemination to the 
peritoneal cavity. Abdominal pain at the right lower quadrant similar to pain due to 
appendicitis is the most common clinical presentation. Appendiceal malignancy can 
also be found incidentally while performing a surgery for an unrelated condition 
(15–20 % of cases). It can also present as an abdominal mass, or as the presence of 
mucin in a hernial sac [ 4 ]. 

 Terminology for peritoneal carcinomatosis arising from appendiceal tumors is var-
ied and inconsistently applied. Two of the most commonly used classifi cations are: 

 World Health Organization (WHO) classifi cation:

•     LAMN : Low grade appendiceal mucinous  neoplasm  . It includes tumor confi ned 
to the appendix, tumor with acellular mucin outside the appendix, or tumor with 
extra-appendiceal disease [ 4 ].  

•    MACA : High grade  mucinous adenocarcinoma  . It is defi ned as tumor with infi l-
trative type invasion of the wall, with or without desmoplasia [ 4 ].    

 Ronnett histologic classifi cation:

•     DPAM : Disseminated peritoneal  adenomucinosis   (appendix and colorectal ori-
gin) [ 5 ,  6 ]. DPAM is a well-differentiated (low grade) tumor and twice as com-
mon as peritoneal mucinous carcinomatosis (PMCA) [ 3 ,  4 ]. It is characterized 
by scant strip of epithelium with minimal to moderate atypia and no signifi cant 
mitotic activity [ 4 ].  

•    PMCA : Peritoneal mucinous  carcinomatosis   (appendix and colorectal origin), 
typically high grade [ 5 ,  6 ]. PMCA is histologically characterized by abundant 
proliferation of epithelium and cytologic features of carcinoma. It has a worse 
prognosis than DPAM [ 4 ].    

 At the University of Toronto, the LAMN/MACA classifi cation is used to classify 
mucinous tumors of the appendix.

•    Signet ring cell adenocarcinoma of the appendix is rare and associated with a 
poor prognosis with rapid dissemination to the peritoneal cavity. Goblet cell 
 carcinoid (GCC) is a distinct entity from classical appendiceal carcinoid, and is 
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sometimes referred to as an adenocarcinoid because of its mixed neuroendocrine 
and epithelial immunoprofi le. Tang et al. have classifi ed GCC into three prog-
nostic groups: typical GCC (Group A), signet ring cell adenocarcinoma ex-GCC 
(Group B), and poorly differentiated adenocarcinoma ex-GCC (Group C) [ 7 ].  

•   The American Joint Committee on Cancer (AJCC) 7th edition is the current 
recommended staging system for appendiceal cancers [ 8 ]. For appendiceal ori-
gin, M1a: intraperitoneal metastasis beyond the right lower quadrant, including 
PMP and M1b: nonperitoneal metastasis.    

 Improved outcomes are seen with cytoreductive surgery (CRS) and hyperthermic 
intraperitoneal chemotherapy (HIPEC) treatments (see table below). Compared to 
patients undergoing CRS + HIPEC, low grade appendiceal pseudomyxoma treated 
with debulking alone have a 10-year overall survival of 32 %. For patients with 
carcinomatosis from high grade adenocarcinoma of the appendix, surgery alone 
offers a 5-year overall survival of 6 % [ 9 ]. One of the main prognostic factors is the 
histologic subtype. Furthermore, the extent of peritoneal disease has less impact on 
prognosis in low grade than high grade disease [ 3 ].

 Histologic subtypes (primary)  Classifi cation 
 Prognosis 
 overall survival a  

 • Mucoceles of the appendix 
 − Mucosal hyperplasia 
 − Simple or retention cyst 
 − Mucinous cystadenoma b  
 − Mucinous cystadenocarcinoma b  

  LAMN/DPAM   3-year: 100 % 
 5-year: 75–86 % 
 10-year: 45–68 % 

  MACA/PMCA   3-year: 90 % 
 5-year: 14–44 % 
 10-year: 3 % 

    a Prognosis is with CRS + HIPEC treatments 
  b Previously termed PMP if has seeded throughout the abdomen [ 1 ,  10 ] 

         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 [ 11 ]. In 25 % of these 
cases,    the peritoneal cavity seems to be the only site  of   metastatic disease [ 12 ].  

•   The American Joint Committee on Cancer (AJCC) 7th edition is the current 
recommended staging system for colorectal cancers [ 8 ]. For colorectal origin, 
M1a: metastasis confi ned to one organ or site (e.g., liver, lung, ovary, non- 
regional node) and M1b: metastasis in more than one organ/site or the perito-
neum. Peritoneal carcinomatosis is classifi ed as stage IV disease.  

•   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 % [ 12 – 18 ]. Compared to patients undergoing CRS + HIPEC, 

20 Peritoneal Surface Malignancies



270

patients with colorectal cancer and peritoneal carcinomatosis treated nonsurgi-
cally with systemic chemotherapy have 5-year overall survival of 13 % [ 13 ].  

•   The main prognostic factors are completeness of cytoreduction and extent of 
disease.     

    Peritoneal Mesothelioma 

•       There are  approximately   515 cases of mesothelioma a year in Canada, 10–15 % 
of which  are   peritoneal, which is the second most common site after the pleura 
[ 19 ]. Asbestos is associated with peritoneal mesothelioma in 33 % of cases [ 20 ]. 
There is no uniformly accepted staging system for mesothelioma. This TNM 
staging system has been proposed by the Peritoneal Surface Oncology Group 
(see Table) [ 21 ].   

 Histologic subtypes  Staging 
 Prognosis 
 5-year OS a  

 • Well-differentiated tubulopapillary 
 • Epithelioid 
 • Sarcomatoid 
 • Biphasic (a mix of epithelioid and 

sarcomatoid) 

 T  N  M  – 
 • T1 = PCI 1–10 
 • T2 = PCI 11–20 
 • T3 = PCI 21–30 
 • T4 = PCI 31–39 

 • N0 
 • N1 

 • M0 
 • M1 

 • Stage 1 (T1N0M0)  87 % 
 • Stage 2 (T2-3N0M0)  53 % 
 • Stage 3 (T4 or N1 or M1)  29 % 

   OS  overall survival,  PCI  Peritoneal Cancer Index,  N1  any nodal disease present,  M1  any distant 
spread 
  a Prognosis is with CRS + HIPEC treatments  

•     Elias et al. classify peritoneal mesothelioma into three subtypes: “low grade” 
including papillary, adenomatoid, and multicystic mesothelioma, “intermediate 
grade” including epithelioid subtype, and “high grade” including sarcomatoid 
and biphasic subtypes, which have the worst prognosis [ 3 ,  22 ,  23 ]. CRS + HIPEC 
are generally not offered in peritoneal mesothelioma presenting with sarcoma-
toid and biphasic subtypes, neither for mesothelioma presenting with nodal dis-
ease. Presence of these features correlates with poor prognosis and no signifi cant 
oncologic benefi t from surgery. 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 [ 20 ].  

•   Main prognostic factors are histologic subtype, extent of disease, and complete-
ness of cytoreduction. Mortality of peritoneal mesothelioma is often secondary 
to disease progression in peritoneum and not due to distant metastases.       
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    Management 

 Management of peritoneal malignancies can include CRS + HIPEC, chemotherapy, 
surgery alone, or palliative treatment only. The best results are achieved when a 
patient is able to undergo a complete cytoreduction. Patient selection to determine 
those who will benefi t from CRS and HIPEC is critical. 

    Cytoreductive Surgery (CRS) and Hyperthermic 
Intraperitoneal Chemotherapy (HIPEC) 

•        Cytoreductive surgery is the fi rst  step   of the procedure, and the extent of resec-
tion is assessed using the peritoneal carcinomatosis index (PCI) score.  CRS   gen-
erally 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.  

•   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 specifi c length of time. The two main intraperito-
neal agents used are oxaliplatin and mitomycin-C (MMC). Those agents are 
heated between 40 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 [ 24 ].  

•   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. 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 che-
motherapy allows for better penetration into tissues and potentiates the cytotox-
icity of the chemotherapeutic agent [ 25 – 27 ]. The hyperthermia itself is also 
thought to have an independent cytotoxic effect [ 28 ]. 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 multicenter randomized controlled 
trial comparing complete CRS + HIPEC vs. CRS alone for peritoneal metastases 
arising from colorectal cancer with PCI <25. Its aim is to determine and quantify 
the impact of HIPEC in terms of survival. Accrual is now completed and results 
are awaited (NCT00769405).  
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•   No standard intraperitoneal chemotherapy protocol has been universally adopted. 
A comparative study between intraperitoneal administration of MMC vs. oxali-
platin for peritoneal carcinomatosis arising from colorectal carcinoma did not 
demonstrate that one chemotherapeutic agent is signifi cantly better in terms of 
survival than the other [ 29 ]. An ongoing North American phase II randomized 
trial is studying toxicity profi le of intraperitoneal oxaliplatin vs. MMC and time 
to progression in patients with peritoneal carcinomatosis from appendiceal 
tumors (NCT01580410).  

•   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 from 0 to 19 % (mean 3.6 %) related to the procedure [ 17 ].        

    Patient Selection for Surgery 

    Patient selection   is essential for  successful   surgery. Patient factors, tumor biology, 
and extent of disease constitute main factors to consider for selection of patients. 
These are inclusion and exclusion criteria for treatment [ 24 ,  30 – 32 ], used at 
University of Toronto.

 Inclusion  Exclusion 

 • Diagnosis of carcinomatosis from colorectal 
origin (resectable), appendiceal neoplasms or 
mesothelioma 

 • Medically fi t for surgery 
 • Completely cytoreducible disease 
 • Generally < 70 years old (relative) 

 • Other primaries (e.g., gastric, breast, 
cholangiocarcinoma, pancreas) 

 • Poorly differentiated or signet ring 
histology (relative) 

 • Malignant small bowel obstruction 
(relative) 

 • Ureteric obstruction from tumor 
 • Extraperitoneal metastases (relative) 
 • Retroperitoneal lymphadenopathy 
 • Progression on chemotherapy 

   Special Notes 

•   Tumor biology plays an important role in evaluation of candidates for 
CRS + HIPEC. A better survival outcome after CRS + HIPEC is observed for 
tubulopapillary and epithelioid mesotheliomas and for DPAM/LAMN. Patients 
harboring poorly differentiated carcinoma from the appendix 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 feature 
[ 33 ]. Thus, high grade and signet ring cell histology are considered relative con-
traindications to CRS + HIPEC.  

•   A short disease-free interval (<12 months) between surgical treatment of the pri-
mary and development of peritoneal carcinomatosis, and tumor progression on 
systemic chemotherapy constitute poor prognostic features.       
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    Assessment of Extent of Disease 

•      The  peritoneal cancer index (PCI)   is a  score   calculated intraoperatively indicat-
ing the extent of peritoneal disease. PCI represents one of the most signifi cant 
prognostic factors, along with completeness of cytoreduction [ 34 – 36 ]. The PCI 
score is also used to estimate the likelihood of proceeding with cytoreduction, 
and to determine if the procedure is benefi cial to the patient. The score is a sum-
mation of cancer lesions size (scored 0–3) present in the 13 abdominopelvic 
regions, with a maximum score of 39.  

•   CT and MRI are the most commonly used imaging modality to characterize 
peritoneal carcinomatosis. Sugarbaker has defi ned criteria on CT and MRI as 
predictors of unresectability: implant >5 cm in epigastrium, loss of normal archi-
tecture of small bowel, matted adjacent loops, segmental obstruction, distorted 
or thickened bowel, and inability to identify mesenteric vessels [ 37 ,  38 ]. 
However, conventional cross-sectional imaging can incorrectly estimate the 
degree of peritoneal disease by 20–30 %, making laparoscopy a useful tool for 
those patients [ 39 ].  

•   Diagnostic laparoscopy has been shown to be benefi cial to evaluate the extent of 
disease and resectability [ 40 ]. Laparotomy may be superior to laparoscopy for 
visualizing the right hemidiaphragm, omental bursa, and pelvis, and remains the 
most accurate way to evaluate 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 disease or without peritoneal carcinomatosis. Laparoscopy may also 
allow one to obtain tissue for diagnostic confi rmation.  

•   A low PCI indicates a better probability of achieving complete cytoreduction, 
and is associated with better survival than a high PCI. With regard to PMCA, 
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 
[ 41 ]. Thus, a PCI <20 is recommended to perform CRS + HIPEC in these cases. 
For peritoneal carcinomatosis from colorectal origin, a similar threshold of PCI 
<20 is used to determine candidacy for CRS + HIPEC [ 14 ]. For patients with 
PMP from low grade mucinous appendiceal neoplasms, 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 fi rst and the 
supra- mesocolic part done subsequently [ 24 ]. Well-differentiated papillary 
mesothelioma and multicystic subtypes have a high rate of cure with complete 
surgical resection. CRS + HIPEC are not warranted up front for these subtypes, 
and usually are reserved for mesothelioma recurrence or presence of extensive 
disease [ 42 ]. 
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Regions Lesion Size Lesion Size Score
0   Central
1   Right Upper
2   Epigastrium

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

3   Left Upper
4   Left Flank
5   Left Lower
6   Pelvis
7   Right Lower
8   Right Flank

9   Upper Jejunum
10  Lower Jejunum
11  Upper Ileum
12  Lower Ileum

11 9

10

12

1 2 3

408

7 6 5

Peritoneal Cancer Index

PCI

  

•       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 signifi es no residual disease; CC-1 corresponds to depos-
its < 2.5 mm; CC-2 corresponds to deposits between 2.5 mm and 2.5 cm. Finally, 
CC-3 score corresponds to deposits > 2.5 cm.  

•   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 factors related to the patient, tumor histology, and 
extent of disease [ 25 ].  

•   Colonoscopy should be performed in patients with appendiceal mucinous neo-
plasms, as there is risk of fi nding 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:
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       Extraperitoneal Disease and Extensive Peritoneal 
Carcinomatosis 

•     The presence  of   synchronous liver  metastases   is a relative contraindication to per-
forming 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 %) [ 3 ]. However, selected patients 
with synchronous peritoneal disease and liver metastases may have improved 
overall survival after CRS + HIPEC and liver resection compared to treatment with 
systemic chemotherapy alone [ 46 ]. 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 [ 47 ]. 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 with neoadju-
vant systemic chemotherapy and reassessment for response to treatment can be 
undertaken. If signifi cant tumor response, CRS + HIPEC can then be considered. 
For nonsurgical patient, a referral to medical oncology for systemic palliative 
chemotherapy should be discussed. Patients not candidate for chemotherapy 
should be referred for best supportive care [ 24 ].     

    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 
strongest predictor of outcome, this strategy has the potential advantage of iden-
tifying peritoneal carcinomatosis at a low burden with concomitantly improved 
survival. The population at highest risk of developing peritoneal carcinomatosis 
is: patient with perforated tumor, patient who underwent resection of limited 
peritoneal implants simultaneously with primary tumor and patient with ovarian 
metastases [ 48 ]. In a study by Elias et al., routine second look laparotomy was 
performed if metastatic work up was negative one year after diagnosis of cancer 
and six months after the end of systemic chemotherapy [ 3 ]. When macroscopic 
peritoneal carcinomatosis was found, Elias et al. performed CRS + HIPEC, 
resulting in a 2-year disease-free survival of 50 % [ 3 ].  

•   If no peritoneal carcinomatosis is found, prophylactic HIPEC may be undertaken. 
One French study reported a 17 % recurrence rate for patients with prophylactic 
HIPEC from colorectal cancer vs. 43 % for those without prophylactic HIPEC 
[ 49 ]. The Prodige 15 (ProphyloChip) study is a multicenter randomized trial 
comparing second look laparotomy followed by prophylactic HIPEC vs. obser-
vation alone for colorectal patients at high-risk of developing peritoneal carcino-
matosis, with negative metastatic workup (NCT01226394). Accrual is in progress 
and the primary study endpoint is peritoneal recurrence rate at three years.     
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    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 sur-
vival rates were 72.5 % and 58 % respectively [ 50 ]. Prolonged survival of 12 
months with a second complete CRS + HIPEC have been reported in other stud-
ies. However, the majority of those patients develop recurrence [ 51 ].  

•   For patients with symptomatic peritoneal disease that are not candidates for 
curative- intent surgery, repeat 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 hospi-
talization, signifi cant complications (7–44 %), and recurrence of obstruction is 
reported to be as high as 47 % [ 52 ]. Patients and family must be fully informed 
of the potential benefi ts and risks of palliative surgery for obstructive disease 
related to peritoneal carcinomatosis. HIPEC can also be benefi cial for the treat-
ment of high volume malignant ascites in mesothelioma, even in the absence of 
complete cytoreduction (CC-2 resection).         

    Landmark Studies 

    Mesothelioma 

   There are no  randomized   controlled trials  in   peritoneal mesothelioma. The following 
are the most signifi cant studies:

 Study  Methods  Results 

 Yan et al. [ 22 ]  • Multi-institutional series 
 •  N  = 405 
 • CRS 
 • ±HIPEC Cisplatin + Doxorubicin; 

Cisplatin, Mitomycin C or both 

 • 46 % of patients had 
CC-0/CC-1 

 • 3 years-OS: 60 % 
 • 5 years-OS: 47 % 

 Deraco 
et al. [ 53 ] 

 • Phase II Multi-institutional series 
 •  N  = 61 
 • CRS 
 • + HIPEC (C + D or C + MMC) 

 • 74 % of patients had 
CC-0/CC-1 

 • 5 years-OS: 54 % 

 Deraco 
et al. [ 54 ] 

 • Phase II Trial 
 •  N  = 49 
 • CRS 
 • + HIPEC (C + D or C + MMC) 

 • 88 % of patients had 
CC-0/CC-1 

 • 3 years-OS: 65 % 
 • 5 years-OS: 57 % 

(continued)
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       Appendix 

  There are no randomized  controlled   trials. The following are the most signifi cant 
studies:

 Study  Methods  Results 

 Feldman 
et al. [ 31 ] 

 • Phase II Trial 
 •  N  = 49 
 • CRS 
 • HIPEC-Cisplatin 
 • ± a single postoperative intraperitoneal 

dose of fl uorouracil and paclitaxel between 
day 7 and 10 

 • 88 % of patients had 
CC-0/CC-1 

 • 1 year-OS: 86 % 
 • 3 years-OS: 59 % 

   CRS  cytoreductive surgery,  HIPEC  hyperthermic intraperitoneal chemotherapy,  C  cisplatin,  D  
doxorubicin,  MMC  mitomycin C,  OS  overall survival    

 Study  Methods  Results 

 Sugarbaker 
et al. [ 41 ] 

 • Retrospective 
 •  N  = 385 
 • DPAM + Intermediate PMCA 
 • CRS + HIPEC (MMC) ± 5-FU post-op 

intraperitoneal for 5 days for PMCA 

 • DPAM 5-years OS: 86 % 
 • Intermediate PMCA 5-years 

OS: 50 % 
 • Incomplete CRS 5-years OS: 

20 % 
 Youssef et al. 
[ 55 ] 

 • Retrospective 
 •  N  = 456 
 • DPAM 
 • CRS + HIPEC (MMC) 

 • 5-years OS: 69 % 
 • 10-year OS: 57 % 

 Baratti et al. 
[ 32 ] 

 • Retrospective 
 •  N  = 104 
 • DPAM/PMCA 
 • CRS + HIPEC (MMC) + cisplatin 

 • CC-0/CC-1: 89 patients 
 • 5-years OS: 78.3 % 

 Chua et al. [ 9 ]  • Multi-institutional retrospective 
 •  N  = 2298 
 • DPAM + PMCA 
 • CRS + HIPEC (or EPIC or both or 

none) (MMC or oxaliplatin or others) 

 • Median survival : 196 
months (16.3 years) 

 • Median PFS: 96 months 
(8.2 years) 

 • 10-year OS: 63 % 
 • 15-years OS: 59 % 
 • Predictors of poorer OS: 

older age, PMCA subtype, 
CCR-2 or 3, prior 
chemotherapy tx, major 
post-operative complications 

   OS  overall survival,  PFS  progression-free survival,  CRS  cytoreductive surgery,  MMC  mitomycin-
 C,  HIPEC  hyperthermic intraperitoneal chemotherapy,  DPAM  disseminated peritoneal adenomu-
cinosis,  PMCA  peritoneal mucinous carcinomatosis,  EPIC : early postoperative intraperitoneal 
chemotherapy   

(continued)
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        Colorectal   

  Study  Methods  Results 

 Verwaal et al. 
[ 12 ,  56 ] 

 • 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 
months) 

 • Median FU of 8 years: 
45 % of patients in 
experimental arm who had 
CC-0 resection were still 
alive 

 Glehen 
et al. [ 15 ] 

 • Multi-institutional retrospective 
 •  N  = 506 
 • Colorectal 
 • CRS + HIPEC or EPIC (various agents) 

 • 1-year OS: 72 % 
 • 3-years OS: 39 % 
 • 5-years OS: 19 % 

 Elias et al. [ 13 ]  • Retrospective 
 •  N  = 96 
 • Colorectal 
 • CRS + HIPEC (Oxaliplatin) vs. 

Systemic (various regimens including 
Folfox, Folfi ri, 5-FU) 

 • Improved OS with 
CRS + HIPEC 

 • 2-years OS: 81 % vs. 65 % 
 • 5-years OS: 51 % vs. 13 % 
 • Age and tumor 

differentiation were not 
comparable in both groups 

 Elias et al. [ 14 ]  • Multi-institutional Retrospective 
 •  N  = 523 
 • Colorectal 
 • CRS + perioperative intraperitoneal 

chemotherapy HIPEC or EPIC (MMC 
or oxaliplatin) 

 • Median OS: 30.1 month 
 • 5-years OS: 27 % 
 • 5-years 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-specifi c survival,  OS  overall survival, 
 DFS  disease-free survival 

          Referring to Medical Oncology 

     1.      Systemic chemotherapy alone is an alternative treatment strategy for patients 
that are not surgical candidates.   

   2.    The most common systemic chemotherapy used  for    peritoneal   mesothelioma are 
pemetrexed ± cisplatin, carboplatin or gemcitabine [ 57 ,  58 ]. Another regimen 
used is cisplatin + irinotecan [ 59 ].   

   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 [ 60 ]. A phase II trial with MMC and capecitabine showed a 
38 % benefi t in the form of stabilization or reduction of peritoneal disease [ 61 ]. 
A prospective trial of 34 patients receiving neoadjuvant FOLFOX showed 29 % 
of partial or complete responses [ 62 ].   
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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 carcinoma-
tosis. A detailed discussion is beyond the scope of this chapter. Most regimens 
used include FOLFOX or FOLFIRI ± bevacizumab, cetuximab or panitumumab. 
The Combatac trial is an ongoing phase II study evaluating perioperative chemo-
therapy with oxaliplatin or irinotecan based regimen + cetuximab combined with 
CRS + HIPEC for wild-type KRAS peritoneal carcinomatosis from colorectal or 
appendiceal adenocarcinoma (NCT01540344) [ 63 ].   

   5.    Neoadjuvant chemotherapy for high grade appendiceal malignancies and all 
peritoneal carcinomatosis from colorectal cancer should be considered prior to 
CRS + HIPEC.        

    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.      

    Toronto Pearls 

•      When faced with an unexpected fi nding  of   peritoneal implants during elective or 
emergency surgery, abort elective surgery or treat emergency only. For colorectal 
cancer, biopsy of a peritoneal nodule is benefi cial with an effort to preserve, as 
much as possible, the integrity of the peritoneal barrier and not hinder a future 
multimodality approach. 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 diagnos-
tic purpose. Carefully document the PCI. Do a full investigation postoperatively 
with imaging, and refer the patient to a tertiary care center specialized in the 
treatment of peritoneal surface malignancies.  

•   Biopsies are ideally done under either CT-scan visual guidance or diagnostic 
laparoscopy, targeting the most high grade or suspicious looking lesion. Fine 
needle aspiration (FNA) and aspiration of intraperitoneal mucin for cytology is 
usually inadequate for diagnosis.  

•   Careful pathologic review by expert pathologist is essential to accurately diag-
nose peritoneal surface malignancies and their subtypes.  
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•   Diagnostic laparoscopy is performed to evaluate the extent of disease in high 
grade mucinous adenocarcinoma of the appendix and peritoneal carcinomatosis 
from colorectal origin.  

•   If patients present with an acceptable PCI and have completely resectable dis-
ease: proceed to CRS + HIPEC. We use the semi-closed approach. For mesothe-
lioma, we use oxaliplatin for 30 min, MMC for 90 min for low grade appendiceal 
cancers, and oxaliplatin (with IV 5FU + leucovorin given pre HIPEC) for 30 min, 
all at 43 °C (infl ow temperature) for colorectal and high grade appendiceal ade-
nocarcinomas. This may require multi-visceral resection and multiple anastomo-
ses. CC-0/CC-1 resection is necessary to proceed with HIPEC, especially for 
colorectal cancer. However, in patients with mesothelioma, HIPEC may be con-
sidered to palliate malignant ascites in the absence of complete cytoreduction.  

•   For selected patients with colorectal and high grade appendiceal carcinomatosis, 
we recommend preoperative systemic chemotherapy for 6 months. This is per-
formed to evaluate disease biology (progressive disease is generally a contrain-
dication to CRS + HIPEC), to get a response in borderline disease, and to offer 
patients some degree of neoadjuvant chemotherapy, as they may not be fi t for 
adjuvant chemotherapy within the fi rst 3 months of surgery. Neoadjuvant chemo-
therapy is also used to treat potential microscopic distant disease.  

•   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 become candidates for 
CRS + HIPEC.  

•   Due to possible late recurrences, extended follow-up is required.         
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      Chapter 21
Rectal Cancer                     

       Andrea     MacNeill     ,     Shady     Ashamalla     ,     Marcus J.     Burnstein     , 
and     Peter K.     Stotland    

            Introduction 

   In 2014, an  estimated   24,400 Canadians will be diagnosed with colorectal cancer 
and 9300 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 from colorectal cancer [ 2 ].

 Presentation  Prognosis [ 3 ] 5-year overall survival (OS) 

 • Localized Disease (Stages I and II) 
 • Regional Disease (Stage III) 
 • Distant Metastasis (Stage IV) 

 90 % 
 71 % 
 13 % 

   The American Joint Committee on Cancer 7th 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 fl oor) 
and at or below the rectosigmoid junction (where the taenia coli coalesce to form the 
confl uent longitudinal muscle layer of the rectum).   
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    Defi nitions/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   : a non-specifi c term that encompasses a 
range of pathology from bulky T3 tumours to those requiring multivisceral 
resection  

•     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 
specialized video operating system; these systems include the establishment of a 
pneumorectum and provide access to the middle and upper rectum  

•     Total Mesorectal Excision (TME) :   excision of the rectum and the mesorectum 
in the plane between the visceral mesorectal fascia and parietal fascia  

•     Low Anterior Resection (LAR)   : a sphincter-preserving TME with colorectal or 
coloanal anastomosis  

•     Anterior Resection (AR)   : a tumour-specifi c 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  
•   Positive Margin: tumour  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 identifi ed six modes of margin involvement: [ 4 ]

 –    Direct extension  
 –   Discontinuous tumour spread  
 –   Lymph node involvement  
 –   Venous invasion  
 –   Lymphatic invasion  
 –   Perineural spread         

A. MacNeill et al.



287

    Management 

    Localized  Rectal Cancer   

  Clinical 
scenario  Workup  Surgical management  Follow-up [ 5 ] 

 Early Rectal 
Cancer 
(T1-T2, N0) 

 • History and 
physical: 

  – Assessment of 
preoperative 
continence, 
sexual function, 
neurologic and 
vascular 
symptoms 

  – Family history 
(cancer 
syndromes) 

  – Emphasis on 
DRE 

 • Labs: 
  – CEA 

 • Colonoscopy 
 • Imaging: 

  – CT chest/abdo/
pelvis 

  – Pelvic MRI 
  – Endorectal 

ultrasound 
(ERUS) 

 • Upper/Middle 
Rectum: 

  – LAR 
 • Lower Rectum: 

  – TME or APR 
 *Select T1 cancers 
with favourable 
features may be 
considered for local 
excision (TAMIS/
TEM) 

 • History & physical, 
CEA q6 months × 5 
years 

 • CT chest/abdo/pelvis 
yearly × 3 years 

 • Colonoscopy after 1 
year, unless complete 
colonoscopy not 
performed 
preoperatively, in which 
case it should be done 
within 6 months. 
Frequency of 
surveillance 
colonoscopies to be 
determined by fi ndings. 
If normal, repeat in 5 
years 

 Locally 
Advanced 
Resectable 
Rectal Cancer 
(T3-T4, N0 or 
N+ disease) 

 • Upper/Middle 
Rectum: 

  – CRT followed 
by LAR 

 • Lower Rectum: 
  – CRT followed 

by TME or 
APR 

 *Multivisceral 
resection as required 
to obtain R0 
resection 

   DRE  digital rectal exam,  LAR  low anterior resection,  TAMIS  transanal minimally invasive surgery, 
 CRT  chemoradiotherapy,  APR  abdominoperineal resection,  ERUS  endorectal ultrasound 

    Special Notes 

•   The likelihood of synchronous colon carcinoma is 3–5 % and synchronous neo-
plasia is 10–20 %.  

•   ERUS is the most accurate imaging modality for differentiating T1 from T2 
tumours, but MRI is superior for more advanced T stages, N stage, assessment of 
the circumferential resection margin and response to neoadjuvant therapy [ 6 ,  7 ].  

•   PET scan is a useful adjunct in assessing response to neoadjuvant CRT, and has 
been shown to be predictive of survival (OS and DFS). It can also identify distant 
disease, and distinguish local recurrence from postoperative change [ 8 ].  
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•   Laparoscopic surgery for rectal cancer has been evaluated in a number of ran-
domized controlled trials, and has been shown to have short-term benefi ts com-
pared with open surgery. The risk of incomplete TME specimen is higher with 
open resection [ 9 ]. The COLOR II trial demonstrated signifi cantly higher rates 
of positive CRM with open resection of low rectal cancers [ 10 ]. The COREAN 
trial reported equivalent oncologic outcomes at 3 years [ 11 ].  

•   APR is indicated for cancer invading or very closely encroaching upon the exter-
nal anal sphincter. Compared to anterior resection, APR is associated with higher 
rates of specimen perforation, circumferential margin positivity and local recur-
rence, and lower overall survival [ 12 – 14 ]. An extra-levator perineal approach, 
which may be facilitated by the prone jack-knife position, provides a superior 
oncologic resection to conventional APR [ 15 ,  16 ].  

•   Neoadjuvant CRT has been shown to signifi cantly decrease lymph node yield 
after resection for rectal cancer, with some evidence that this mirrors tumour 
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 tumour regression grade (TRG) is a measure of response to neoadju-
vant therapy, based on degree of fi brosis and percentage viable cells. TRG is 
correlated with outcome, with a greater degree of regression predicting better 
survival. [ 20 ]. The College of American Pathologists classifi es treatment effect 
according to the following schema: [ 21 ] 

 Description  Tumour regression grade 

 No viable cancer cells  0 (complete response) 
 Single cells or small groups of cancer cells  1 (moderate response) 
 Residual cancer outgrown by fi brosis  2 (minimal response) 
 Minimal or no tumour kill; extensive residual 
cancer 

 3 (poor response) 

•      An analogous classifi cation 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 tumour regression on post-treatment 
MRI was more closely correlated with survival than T stage.      
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     Special   Considerations 

   Local Excision for Rectal Cancer  
 Traditional criteria for transanal excision (TAE) have been expanded with the evolution 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 

 • At least 1 cm margin of normal tissue surrounding the tumour is required. 
 • Tumour fragmentation is associated with a higher incidence of local recurrence. [ 24 ] 
 • Immediate salvage resection is indicated for adverse pathologic fi ndings. The evidence 

indicates that the oncologic outcomes of immediate salvage resection are equivalent to 
primary resection [ 25 ,  26 ]. However, there is concern that local excision renders subsequent 
salvage more technically challenging, 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.  Confi rmation of complete pathologic response following neoadjuvant CRT  
 • Excision of scar following complete clinical response can confi rm the absence of residual 

disease, potentially avoiding resection [ 29 ,  30 ] (see below). Phase 2 trials to determine the 
oncologic safety of this approach are ongoing [ 31 ]. 

  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 cm a  (gross margins) 
 • Circumferential Radial Margin—minimum 1 mm (microscopic margins) [ 32 ] b  
  Chemoradiation in Rectal Cancer  
 • Extraperitoneal location of the rectum allows for radiotherapy with minimal toxicity to 

intra-abdominal structures (e.g. small bowel) 
 • Radiotherapy reduces local recurrence rate by 50 % [ 35 ,  36 ] 
 • Neoadjuvant RT or chemoradiation (CRT) is indicated for T3-4 lesions, any N+, or 

threatened circumferential radial margin 
 • The MERCURY study identifi ed a subset of patients based on MRI staging who have a 

favourable prognosis with surgery alone, allowing omission of RT [ 37 ,  38 ]. These good 
prognosis features include: CRM >1 mm, no evidence of extramural venous invasion, T1-T3 
any N. The results are currently being validated in prospective RCTs, including a phase 2 
pan- Canadian trial 

  Neoadjuvant vs. Adjuvant Chemoradiation  [ 39 – 41 ] 
 • Advantages of neoadjuvant therapy: 

  – Signifi cantly lower local recurrence rate, no 
difference in overall survival 

  – Possibility of tumour downstaging, down-sizing, 
and possibly increased rate of sphincter preservation 

  – Lower rates of acute and chronic toxicity 
  – Lower rate of anastomotic stricture 
  – Higher treatment completion rate 

 • Disadvantage of neoadjuvant 
therapy: 

  – Overtreatment of some 
patients 

(continued)
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  Short- vs. 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 
 • 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 centres, whereas short-course 

RT is widely practised in Europe 
  Complete Clinical Response After Neoadjuvant CRT  
 • Complete clinical response (cCR) to neoadjuvant CRT is associated with better outcome 
 • cCR rates of 16–27 % reported in case series [ 46 ] 
 • Limited data support a watchful waiting approach over radical resection in select cCRs: 

  – Dutch study reports 2y OS 100 % and DFS 89 % in nonoperatively managed cohort [ 47 ] 
  – Habr-Gama et al. report 94 % local control rate with watchful waiting approach, 

advocate close surveillance with immediate salvage in event of local recurrence [ 48 ] 
 • Confl icting results from other centres indicate need for larger, prospective studies [ 49 ] 
 • Promising case series suggest that local excision after cCR may be adequate [ 50 ,  51 ] 
 • Radical resection remains the standard of care 

   a For low rectal tumours, a distal resection margin of 1 cm can be accepted to allow sphincter pres-
ervation. 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 signifi cantly increases the risk of local recurrence and is associated with 
decreased survival. In multivariate analyses, it has been identifi ed as the single most important 
prognostic factor for local recurrence [ 34 ] 

          Locally Advanced Rectal Cancer (LARC)   and  Locally Recurrent 
Rectal Cancer (LRRC)      

    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 [ 52 ] 

 • Neoadjuvant CRT in 
primary disease 

 • Evaluate for 
re-irradiation in 
previously irradiated 
pelvis [ 53 ] 

 • Consider intraoperative 
radiotherapy if 
available and 
applicable [ 54 ] 

 • 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 [ 55 ,  56 ] 

 • Early involvement of 
other surgical 
subspecialties (e.g. 
Urology, Orthopedics, 
Vascular) 

   CRT  Chemoradiotherapy 

(continued)
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 Patterns of recurrence [ 57 ] 

 Site  Comments 

 • 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 

          Distant Metastatic Disease (Stage IV) 

   In patients with unresectable metastases,    the median  survival   without systemic che-
motherapy is 6–9 months. The addition of 5-fl uorouracil (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 identifi cation of molecular targets 
and development of biologic agents, median survival has exceeded 30 months [ 58 ].
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 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 [ 59 ] 

 • Liver: 
  – Complete surgical 

resection with 
modern chemotherapy 
offers a 5-year overall 
survival up to 58 % 
[ 60 – 62 ] 

 • Lung: 
  – Complete surgical 

resection with 
modern chemotherapy 
offers a 5-year overall 
survival up to 55 % 
[ 63 – 65 ] 

 • Peritoneum: 
  – Cytoreductive surgery 

and HIPEC for 
colorectal metastases 
has a 5-year 
overall survival of 
22–49 % [ 66 ] 

 • 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 [ 67 ] 

 • 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 

   Special Notes 

•   In synchronous stage IV colorectal cancer, resection of the primary tumour has 
traditionally been discouraged in the absence of symptoms (e.g. bleeding, 
obstruction, perforation). This is based on the low proportion of asymptomatic 
primary tumours that progress to require intervention and the need for urgent 
systemic therapy in this population [ 68 ]. However, recent data question this 
dogma by demonstrating a survival advantage with resection of the primary in 
synchronous stage IV disease [ 69 ]. A prospective RCT is underway to help clar-
ify the debate [ 70 ].        
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     Landmark Trials   

  Study  Methods  Results 

 Heald et al. [ 71 ]  • 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. [ 72 ] 

 • 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 %) 

(continued)
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  Study  Methods  Results 

 MERCURY study 
 Taylor et al. [ 37 ] 

 • Prospective observational 
study 

 •  N  = 122 
 • Surgery alone for “good 

prognosis” stage I, II, and III 
disease based on MRI, no 
pre-op or post-op RT 

 • Similar rates of LR, 
DFS, OS compared to 
other studies involving 
RT 

   RCT  randomized controlled trial,  TME  total mesorectal excision,  CRT  chemoradiotherapy,  RT  
radiotherapy,  LR  local recurrence,  CRM  circumferential radial margin,  OS  overall survival 

         Referring to Medical Oncology 

     1.    ≥T3   
   2.    ≥N1   
   3.     Recurrent    rectal   cancer   
   4.    Metastatic disease      

    Referring to Radiation Oncology 

     1.    ≥T3   
   2.    ≥N1   
   3.    Recurrent rectal cancer   
   4.    Ambiguous T staging (T2/T3)    and suspected close circumferential margin   
   5.    T1/T2 tumours if:

    (a)    There is residual tumour or fragmentation after local excision   
   (b)    There are adverse features on  fi nal   pathology of local excision          

    Referring to Multidisciplinary Cancer Conference (MCC) 

   Other indications not  mentioned   above:

    1.    Stage IV disease to  assess   treatment versus palliation   
   2.    Patients with underlying infl ammatory bowel disease and patients with docu-

mented or suspect familial cancer syndromes   
   3.    Patients with signifi cant medical co-morbidities that may preclude optimal treat-

ment plans    

(continued)
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        Toronto Pearls 

•     There is strong evidence, including RCTs,    that placing a loop ileostomy at LAR 
decreases clinical leak rates and re-operation rates [ 73 ]. This is advised for anas-
tomoses within 3–4 cm of the pelvic fl oor  

•   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) fl ap 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 tumours, or in the event of a threatened CRM, 
Denonvillier’s fascia should be taken with the rectum. Otherwise, it should be 
left intact in order to preserve autonomic nerve function        
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      Chapter 22
Retroperitoneal and Extremity Soft Tissue 
Sarcomas                     

       Andrea     MacNeill     ,     Charles     Catton     ,     Brendan     Dickson     ,     Peter C.     Ferguson     , 
    Rebecca     A.     Gladdy     , and     Abha     Gupta    

            Introduction 

   Soft tissue sarcomas   are rare malignant neoplasms that arise predominantly from 
mesenchymal tissues including fat, muscle, fi brous tissue, and blood vessels [ 1 ]. 
Although these are mostly sporadic cancers, there are several hereditary cancer syn-
dromes such as Li–Fraumeni syndrome and Neurofi bromatosis type 1 that are asso-
ciated with sarcoma. Rarely, radiation-induced sarcomas can also arise as a late 
complication, often 10–15 years after treatment [ 2 ]. Approximately 1400 cases of 
sarcoma are diagnosed annually in Canada, representing nearly 1 % of all new can-
cers in adults and 12 % of all pediatric cancers [ 3 ]. This chapter addresses the 
workup and management of retroperitoneal and extremity soft tissue sarcoma. 
Gastrointestinal stromal tumors are covered elsewhere.
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 Disease site  Most common soft tissue subtypes [ 4 ] 

 Prognosis [ 5 – 8 ] 

 5 year 
overall 
survival 
(%) 

 5 year local 
recurrence 
(%) 

 Retroperitoneal (15 % 
of STS) 

 • Liposarcoma 
 • Leiomyosarcoma 
 • Fibrosarcoma 
 • Malignant peripheral nerve sheath 

tumor (MPNST) 

 66–75  25–37 

 Extremity (45 % of 
STS) 

 • Liposarcoma 
 • Undifferentiated/unclassifi ed 

sarcoma a  
 • Synovial sarcoma 
 • Myxofi brosarcoma 
 • Fibrosarcoma 
 • Malignant peripheral nerve sheath 

tumor (MPNST) 

 68–80  5–15 

   STS  soft tissue sarcoma,  MPNST  malignant peripheral nerve sheath tumor 
  a Previously known as malignant fi brous histiocytoma (MFH), also called sarcoma not otherwise 
specifi ed (NOS), subdivided into spindle cell, round cell, pleomorphic, and epithelioid variants [ 9 ] 

             Tumor Biology   

   Type of disease recurrence  Most common subtypes 

 Local recurrence  • Retroperitoneal (20–50 % LRR): 
liposarcoma (especially dedifferentiated), 
MPNST, leiomyosarcoma 

 • Extremity (5–15 % LRR): 
myxofi brosarcoma 

 Lung metastasis (30 %)  • Leiomyosarcoma 
 • Rhabdomyosarcoma 
 • MPNST 
 • Ewing’s sarcoma 
 • Extraskeletal chondrosarcoma 
 • Retroperitoneal dedifferentiated 

liposarcoma 
 Lymph nodes [ 10 – 12 ] (5 %)  • Rhabdomyosarcoma (10–32 %) 

 • Epithelioid sarcoma (13–32 %) 
 • Clear cell sarcoma (11–27 %) 
 • Angiosarcoma (11–24 %) 
 • Synovial sarcoma 

(continued)
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   Type of disease recurrence  Most common subtypes 

 Liver metastasis (5–10 %)  • Retroperitoneal leiomyosarcoma 
 • Retroperitoneal dedifferentiated 

liposarcoma 
 Extrapulmonary metastasis 
(retroperitoneum, mediastinum, bone and 
soft tissue metastases) (10–15 %) 

 • Myxoid/round cell liposarcoma 
 • Retroperitoneal leiomyosarcoma 

   MPNST  malignant peripheral nerve sheath tumor,  LRR  local recurrence rate 

    Special Notes 

•   Sarcomas grow by direct local extension into adjacent tissues and structures, 
often pushing them aside and rarely violating major fascial planes, joints or 
bone. Lymph node involvement is rare, and typically seen with specifi c histo-
logic subtypes (see table above) [ 13 ].  

•   The most important prognostic factors for systemic recurrence and overall sur-
vival are tumor grade, size, and depth, which are essential components of 
staging.  

•   The most important prognostic factors for local recurrence are anatomic site, use 
of radiation and R0 resection [ 14 ,  15 ].  

•   Retroperitoneal sarcomas tend to recur locally (fi rst site of failure in 90 %), 
whereas extremity sarcomas more commonly recur distantly [ 16 ].  

•   Ten percent of patients have distant metastases at initial presentation, the major-
ity of which are lung metastases [ 17 ].  

•   Lung metastases are most often associated with large, deep, high-grade sarcomas 
[ 18 ].  

•   The American Joint Committee on Cancer (AJCC) 7th edition is the current 
recommended sarcoma staging system. It incorporates histologic grade as well 
as TNM status. It is more applicable to extremity sarcomas than retroperitoneal 
tumors. The most signifi cant change in the 7th edition is the downstaging of 
nodal disease from stage IV to stage III [ 19 ].  

•   An alternative staging system has been proposed for retroperitoneal sarcomas, 
incorporating histologic grade, completeness of resection, and presence of 
metastases. It has not been widely adopted [ 20 ].  

•   Nomograms have been developed and validated in order to more accurately pre-
dict postoperative survival, and are applicable to both retroperitoneal and extrem-
ity sarcomas, and also based on subtype [ 21 ,  22 ].       

(continued)
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    Management 

    Retroperitoneal    Sarcoma    Localized Disease 

   Workup  Neoadjuvant treatment  Surgery  Follow-up [ 23 ] 

 • History and 
physical exam 

  – Include nodal 
basins and 
testicular exam 

 • Labs a : 
  – β-HCG 
  – α-FP 
  – LDH 

 • Imaging: 
  – CT abdo/

pelvis + core 
biopsy 

  – Differential 
renal scan if 
nephrectomy 
anticipated 

  – CT chest for 
staging 

 • Pathology review 
 • Case discussion 

at MCC 

 • Consider 
neoadjuvant 
radiation or clinical 
trial if available 

 • Consider 
neoadjuvant 
chemotherapy: 

  – For 
chemosensitive 
tumors, such as 
RMS or Ewing’s 

  – For cytoreduction 
of borderline 
resectable tumors 
which may be 
chemosensitive, 
such as 
leiomyosarcoma 
and myxoid/
round cell 
liposarcoma 

 • En bloc 
resection of 
tumor and 
closely 
associated 
viscera and 
retroperitoneal 
musculature/fat 
with a goal of 
complete R0 
resection 

 • Low grade 
tumor—every 6 
months for the fi rst 
2–3 years, then 
yearly: 
 • History and 

physical exam 
 • CT abdo/pelvis 

 • High grade 
tumor—every 4 
months for the fi rst 
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 
  a Tumor markers to rule out germ cell tumor, metastatic testicular carcinoma and lymphoma 

  Radiotherapy  
 • Both preoperative and postoperative radiotherapy are associated with reduced local 

recurrence rates in cohort studies (see Landmark Trials), but no level I data exist [ 24 – 26 ] 
 • An EORTC randomized phase III trial is currently investigating preoperative 

radiotherapy + surgery versus surgery alone [ 27 ] 
 • 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 outside the 

treatment fi eld, 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  
 • Increased risk of wound 

healing complications 
 • 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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   Special Notes 

•   Sarcomas tend to be heterogeneous in morphology, and thus it is essential to 
ensure adequate sampling. Needle core biopsies are commonly used to diagnose 
abdominal sarcomas and a minimum of four large gauge cores are generally 
advised. In most cases this will provide suffi cient tissue for histomorphologic 
assessment, routine immunohistochemical studies, as well as molecular analysis 
(both FISH and RT-PCR). All of these studies can be performed from formalin- 
fi xed paraffi n-embedded tissues. Cytologic assessment of soft tissue tumors by 
fi ne needle aspiration is not typically advised.  

•   Criteria for unresectability: diffuse metastases, peritoneal implants, extensive 
involvement of the SMA/SMV.  

•   Relative contraindications to resection: spinal cord involvement, vascular 
involvement (aorta, IVC, iliac vessels, porta hepatis). In select cases, vascular 
reconstruction can be undertaken.  

•   Resect all retroperitoneal fat in retroperitoneal liposarcomas.  
•   The most common organs removed en bloc with a retroperitoneal sarcoma are kid-

ney, colon, spleen, pancreas, small bowel, diaphragm, psoas, and iliacus [ 28 ,  29 ].       

     Retroperitoneal   Sarcoma:    Locally Recurrent Disease 

   Workup 
 Neoadjuvant 
treatment  Surgery  Follow-up [ 17 ] 

 • History and 
physical exam 

 • Labs: 
  – No specifi c 

tests 
 • Imaging: 

  – CT abdo/
pelvis ± core 
biopsy 

 • CT chest for 
staging 

 • Pathology 
review 

 • Case discussion 
at MCC 

 • Neoadjuvant 
radiation if not 
previously 
irradiated 

 • Consider high 
precision 
techniques 
(e.g., IMRT or 
intraoperative 
RT) if previously 
irradiated 

 • Can also consider 
neoadjuvant 
chemo, especially 
if re-irradiation is 
not possible 

 • Resect if 
technically feasible 
without excessive 
morbidity, and no 
widespread 
metastases 

 • Must be able to 
achieve complete 
resection. No role 
for debulking, 
except for 
palliation of 
symptoms in select 
circumstances [ 30 ] 

 • Low grade 
tumor—every 
6 months for the 
fi rst 2–3 years, then 
yearly: 
 • History and 

physical exam 
 • CT abdo/pelvis 

 • High grade 
tumor—every 
4 months for the 
fi rst 2–3 years, then 
every 6 months for 
the next 2 years, 
then yearly: 
 • History and 

physical exam 
 • CT chest/abdo/

pelvis 

   Special Notes 

•   Re-irradiation is often contraindicated, but this must be discussed in a tumor 
board with expert radiation oncologists specialized in sarcoma.  

•   Criteria for resectability similar to primary localized disease.  
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•   Completely resected, low grade recurrences with growth rates of <0.9 cm/month 
have superior disease specifi c survival [ 31 ].  

•   Second and third recurrences become more challenging to resect, and with each 
recurrence survival diminishes while morbidity increases [ 5 ].  

•   An EORTC trial of adjuvant chemotherapy with regional hyperthermia showed 
some benefi t in local control of recurrent or incompletely resected non-extremity 
sarcomas [ 32 ].       

    Retroperitoneal Sarcoma: Metastatic Disease 

   Considerations 

•     Management of metastatic    soft tissue sarcoma is complex, and is best managed 
in the    context of a multidisciplinary expert sarcoma center in order to establish 
appropriate goals of care, which may include either curative-intent resection or 
palliation.  

•   Palliative chemotherapy can slow disease progression, and possibly reduce tumor 
size to relieve symptoms, but data showing improved survival are lacking.  

•   Select patients with localized small volume metastases to the lung, liver or soft 
tissues in whom resection can be carried out with acceptable morbidity should be 
considered for metastasectomy.  

•   Five year overall survival up to 40 % has been reported after pulmonary metas-
tasectomy [ 33 – 35 ].  

•   Very limited data exist regarding hepatic metastasectomy [ 36 – 38 ].   

 Workup  Management 

 • History and physical 
exam 

 • Labs: 
  – No specifi c tests 

 • Imaging: 
  – CT abdo/

pelvis ± core biopsy 
 • 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 seems feasible 
  – Tumor has favorable biology (slow growing, isolated/

low-volume disease) 
  – For lung: no extra-thoracic disease, pleural effusion or 

mediastinal/hilar adenopathy 
 • Predictors of good outcome: 

  – Complete R0 resection 
  – Less than 50 years 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, GIST 

 • Procedure: 
  – Pulmonary wedge resection (open/VATS) 
  – Partial hepatectomy 

   MCC  multidisciplinary case conference,  R0  negative microscopic margins,  LMS  leiomyosarcoma, 
 GIST  gastrointestinal stromal tumor 

A. MacNeill et al.



307

          Extremity    Sarcoma:    Localized Disease 

   Workup  Adjunctive treatment  Surgery  Follow-up [ 17 ] 

 • History and physical 
exam 

 • Labs: 
  – No specifi c tests 

 • Imaging: 
  – MRI + core biopsy 

or surgical biopsy 
  – CT chest for staging 
  – CT abdomen/pelvis 

in myxoid 
liposarcoma 

  – CT of regional 
nodes in epithelioid 
sarcoma, 
rhabdomyosarcoma, 
clear cell sarcoma, 
angiosarcoma 

 • Pathology review 
 • Case discussion at 

MCC 

 • Neoadjuvant or 
adjuvant radiation 

 • Neoadjuvant 
chemotherapy in 
patients with specifi c 
histologic subtypes 
(RMS, Ewing’s 
sarcoma) or in other 
subtypes thought to 
be chemo sensitive 
(synovial sarcoma, 
high grade 
liposarcoma, 
leiomyosarcoma) to 
facilitate limb salvage 
in borderline 
resectable lesions 

 • Goal: complete 
(R0) resection 
with 
preservation of 
maximal 
function 

 • Limb salvage is 
almost always 
possible 

 • May require 
Plastic Surgery 
for advanced 
reconstruction 

 • 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 
 • For high 

recurrence risk a , 
MRI primary 
site every 4–6 
months for 2 
years, then 
yearly up to 5 
years 

   a Positive margins or diffi cult area to examine (e.g., pelvis) 

    Special Notes 

•   If surgical biopsy is performed, care must be taken not to compromise defi nitive 
excision—longitudinal incision in the long axis of the limb, meticulous hemosta-
sis, avoid mobilizing skin fl aps 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 a fascial plane.  

•   Pre-operative and post-operative radiation have similar local control rates. Pre-op 
radiation is associated with higher rates of acute wound healing complications, 
whereas post-op radiation entails higher rates of late, irreversible toxicities [ 39 ].  

•   Radiotherapy can be omitted in small (<5 cm), superfi cial, low-grade tumors 
resected with margins >1 cm [ 40 ].  

•   Primary amputation is indicated for extensive vascular/nerve involvement, 
infected tumor, anticipated poor soft tissue coverage and expected poor func-
tional outcome with limb salvage. Primary amputation occurs in approximately 
1 % of cases [ 41 ].  

•   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.    
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 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 [ 42 ]. Function is paramount when considering limb salvage. 
Major arteries and veins are preserved whenever possible, and preoperative radia-
tion may sterilize the surgical fi eld to allow preservation of structures. However, if 
needed, arteries can be resected and reconstructed, tendon transfers can restore 
function if major nerves must be sacrifi ced and veins can be reconstructed or simply 
ligated in order to achieve complete resection. Approximately 5 % of extremity 
sarcomas will metastasize to the lymph nodes, rendering lymphadenectomy unnec-
essary. Some exceptions, especially when nodes are clinically involved, include 
synovial sarcoma, angiosarcoma, rhabdomyosarcoma, epithelioid sarcoma and 
clear cell sarcoma [ 8   ].  

    Extremity Sarcoma:    Locally    Recurrent Disease 

   Workup  Adjunctive treatment  Surgery  Follow-up 

 • History 
and 
physical exam 

 • Labs: 
  – No specifi c 

tests 
 • Imaging: 

  – MRI ± core 
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 

 • 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 
risk a , MRI primary site 
every 4–6 months for 
2 years, then yearly 
up to 5 years 

   a Positive margins or diffi cult area to examine (e.g., pelvis) 

    Special Notes 

•   Five to 10 % of patients will recur even after complete resection and radiation 
therapy, usually within the fi rst 2 years [ 43 ,  44 ].  

•   In Europe, isolated limb perfusion/infusion with TNF and melphalan has been 
studied with promising preliminary results [ 45 ].       
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    Extremity    Sarcoma:    Lung Metastases 

 Workup  Management 

 • History and 
physical exam 

 • Labs: 
  – No specifi c 

tests 
 • Imaging: 

  – CT chest/abdo/
pelvis 

 • 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 seems feasible 
  – Tumor has favorable biology (slow growing, isolated/low-

volume disease, long disease-free interval) 
  – No extra-thoracic disease, pleural effusion, or mediastinal/hilar 

adenopathy 
 • Predictors of good outcome: 

  – Complete R0 resection 
  – Less than 50 years old 
  – Interval between primary disease and metastasis greater 

than 12–18 months 
  – Isolated/few metastases 
  – Tumor less than 2 cm 
  – Three or fewer metastases/unilateral disease 

 • Procedure: 
  – Pulmonary wedge resection (open/VATS) 

 • Consider palliative chemotherapy for growing or symptomatic 
lesions 

            Landmark Publications 

     Retroperitoneal      Sarcoma 

   Study  Methods  Results 

 Sindelar et al. [ 46 ] 
(all grades 
of sarcoma) 

 • RCT 
 •  N  = 35 
 • IORT (20 Gy) + low dose 

(35–40 Gy) adjuvant EBRT 
vs. high dose adjuvant EBRT 
(50–55 Gy) 

 • No difference in median survival 
 • With IORT: fewer local 

recurrences, 
less radiation enteritis, but higher 
radiation-induced peripheral 
neuropathy 

 Gieschen et al. [ 47 ] 
(all grades 
of sarcoma) 

 • Retrospective 
 •  N  = 37 
 • Neoadjuvant EBRT 

(45 Gy) + resection ± IOERT 
boost (10–20 Gy) 

 • With IOERT: improved OS 
and local control 

 Stoeckle et al. [ 18 ] 
(84 % 
intermediate- high 
grade) 

 • Retrospective 
 •  N  = 165 
 • Resection ± adjuvant EBRT 

(50 Gy) 

 • With EBRT: fewer local 
recurrences and improved 
recurrence- free survival 

(continued)
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 Smith et al. [ 48 ] 
(all grades of 
sarcoma) 

 • 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 

   RCT  randomized controlled trial,  IORT  intraoperative radiation therapy,  OS  overall survival,  EBRT  
external beam radiation therapy,  IOERT  intraoperative electron beam radiation,  BRT  brachyther-
apy,  DFS  disease-free survival 

          Extremity    Sarcoma    

   Study  Design  Results 

 Rosenberg et al. 
[ 36 ] (high grade) 

 • 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. [ 49 ] 
(low and high 
grade) 

 • 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. [ 50 ] 
(low and high 
grade) 

 • RCT 
 •  N  = 141 
 • Limb-sparing surgery ± adjuvant EBRT 

(45 Gy wide fi eld and 18 Gy boost 
tumor bed) 

 • With EBRT: decreased 
local recurrence 

 • No difference in OS 

 O’Sullivan et al. 
[ 33 ] (all grades) 

 • 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 

(continued)
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           Referring to Medical Oncology 

     1.      Potentially chemosensitive tumors    with borderline resectability, to allow for 
cytoreduction in a neoadjuvant approach (synovial sarcoma, high grade liposar-
coma, leiomyosarcoma).   

   2.    Ewing’s sarcoma, rhabdomyosarcoma.   
   3.    Metastatic disease for palliation.   
   4.    Referral for phase 1 clinical trials for experimental agents.     

  Doxorubicin   is the agent most commonly used in the treatment of soft tissue 
sarcoma (STS) and can be offered to patients with metastatic disease for palliation 
[ 51 ]. The opportunity    to participate in available clinical trials should be offered to 
all patients with metastatic disease. Neoadjuvant combination therapy with doxoru-
bicin plus ifosfamide can also be considered for patients with locally advanced, 
borderline resectable tumors in order to achieve cytoreduction and facilitate surgical 
resection. Certain subtypes, including synovial sarcoma and myxoid/round cell 
liposarcoma, are considered more sensitive than other histologies [ 52 ,  53 ]. In 
patients with resectable STS, several randomized controlled trials do not support the 
routine use of adjuvant chemotherapy [ 54 – 56 ]. Ewing’s sarcoma and rhabdomyo-
sarcoma are highly chemosensitive tumors. All patients with these tumors should 
receive multi-agent chemotherapy prior to surgery [ 57 ,  58 ]. 

 The following drugs have been shown to have some activity in the following 
subtypes:

 Histologic subtype  Suggested chemotherapy 

 Angiosarcoma  Taxane or pegylated liposomal doxorubicin 
 Leiomyosarcoma (mainly uterine)  Gemcitabine ± docetaxel 
 Rhabdomyosarcoma  Vincristine, dactinomycin, cyclophosphamide 
 Ewing’s sarcoma  VDC ± ifosfamide and etoposide 
 All other histologies  Gemcitabine, pazopanib, 

doxorubicin ± ifosfamide 

   VDC  vincristine, doxorubicin, cyclophosphamide 

          Referring to Radiation Oncology 

     1.      All large, deep, retroperitoneal and    extremity sarcomas in a neoadjuvant setting.   
   2.    Extremity sarcomas where surgical    margins are expected to be close, in order to 

preserve critical structures such as major nerves, vessels, or bone.   
   3.    Extremity sarcomas with unexpectedly close margins, for consideration of adju-

vant radiation.   
   4.    Locally recurrent retroperitoneal and extremity sarcomas.   
   5.    Palliation of symptomatic metastatic or locally recurrent unresectable retroperi-

toneal or extremity sarcoma.     
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 Radiation therapy should be considered as part of multidisciplinary care in sar-
coma. Unlike extremity sarcomas, the role of RT is not clearly established for RPS 
[ 18 ,  40 ,  41 ,  59 ]. The EORTC STRASS trial, a multicenter phase III randomized 
trial, is currently underway to compare neoadjuvant radiation plus surgery to sur-
gery alone for retroperitoneal sarcomas, in an attempt to determine the effect of 
radiation on recurrence-free and overall survival. 

 With respect to extremity sarcoma, there are several randomized control trials 
showing that radiation decreases local recurrence [ 42 ,  43 ]. Radiation has also greatly 
improved the rate of limb salvage in extremity sarcoma. A landmark Canadian trial 
comparing neoadjuvant vs. adjuvant radiation therapy in patients with extremity sar-
comas showed no difference in recurrence or survival, but more late high grade tox-
icities were seen with adjuvant radiation [ 33 ]. Another Canadian study evaluated 
re-irradiation for local recurrence, and found signifi cantly better local control with 
this modality, leading them to conclude that excision with re- irradiation should be 
considered primary salvage therapy for local recurrence [ 60 ].    

    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    fi nding of a retroperitoneal mass during emergency 
surgery, treat the emergency and close. Investigate the lesion postoperatively with 
appropriate imaging and refer to a tertiary care center specialized in sarcoma.  

•   Image-guided biopsies are ideally undertaken at sarcoma centers with special-
ized radiologists and pathologists trained in their interpretation. Under visual 
guidance, the most high grade or suspicious looking portion of the lesion is tar-
geted. A minimum of four large gauge core biopsies are required. Fine needle 
aspiration (FNA) is inadequate for diagnosis.  

•   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.  

•   Detailed expert radiologic interpretation aids in defi ning the extent of disease 
and complex preoperative surgical planning.  

•   For intermediate or high-grade sarcoma, consider neoadjuvant radiotherapy, as 
this may result in tumor necrosis and possibly cytoreduction, as well as increase 
the likelihood of complete R0 resection. Radiation therapy is more accurately 
delivered to an in situ tumor, with less toxicity.  

•   Neoadjuvant single or multi-agent chemotherapy can be considered for patients 
with locally advanced borderline resectable tumors and favorable histology.  
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All patients with advanced (palliative or unresectable) sarcoma should be con-
sidered for clinical trials.  

•   Multi-visceral resection is usually required to achieve R0 resection in RP sarcoma.  
•   Retroperitoneal sarcoma patients must undergo lifelong surveillance, given the 

possibility of late recurrence.  
•   Excellent local control and functional outcomes can be achieved in extremity 

sarcoma with neoadjuvant radiotherapy and limb-sparing R0 resection .        
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      Chapter 23
Thyroid Cancer                     

       Vanessa     Palter      ,     Karen     Devon      ,     Lorne     E.     Rotstein      , and     Robert     Tasevski     

            Introduction 

    Epidemiology 

  Since 1998,  thyroid   cancer has had the greatest increase in incidence of all cancers 
in Canada (6.2 % per year in males and 4.3 % per year in females) [ 1 ]. Mortality 
rates however have remained stable. The Canadian Cancer Society (CCS) has esti-
mated 6000 new cases for 2014 (77 % females), with an incidence rate of 14.5 per 
100,000 [ 1 ].
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   The remaining 5 % of thyroid cancers comprises rare types such as lymphoma 
and metastases to the thyroid gland.   

    Staging and Prognostic Scoring Schemes 

  In the past three decades, several  systems   have been proposed to stage differentiated 
thyroid cancer: AGES [ 2 ], AMES [ 3 ], MSKCC [ 4 ], MACIS [ 5 ], Ohio State [ 6 ], 
EORTC (European Organization for Research on Treatment of Cancer) [ 7 ], 
NTCTCS (National Thyroid Cancer Treatment Cooperative Study) [ 8 ], and AJCC 
(American Joint Committee on Cancer) [ 9 ]. 

 Currently, we recommend the AJCC 7th edition as the staging system for thyroid 
carcinomas. The MACIS system is preferentially utilized for prognosis and decid-
ing which patients are appropriate for radioactive iodine therapy.   

    Defi nitions/Terminology 

•       Lobectomy    :  the complete  removal   of one lobe of the thyroid, including the 
isthmus.  

•     Hemithyroidectomy    :  same as lobectomy.  
•    Total   thyroidectomy     :  the complete removal of both thyroid lobes, isthmus and 

pyramidal lobe of the thyroid gland.  
•    Near-total   thyroidectomy     :  the near complete removal of all thyroid tissue, leav-

ing only a small amount (<1 g) of tissue adjacent to the recurrent laryngeal nerve 
near the ligament of Berry. This should be clearly defi ned in the operation notes.  

•   The terms  sub-total lobectomy  and  sub-total   thyroidectomy  are imprecise and 
should be avoided.  

•     Central Neck Compartment    :  the central neck is bounded superiorly by the 
hyoid bone, laterally by the carotid arteries, and inferiorly by the brachiocephalic 

   Prognosis according to subtype of thyroid carcinoma   

 Thyroid Carcinoma (TC) Subtype 
 Prognosis 
 10-year overall survival (OS) 

 • Differentiated Thyroid Carcinoma—DTC (90 %) 
 − Papillary thyroid carcinoma (80 %) 
 − Tall cell variant (5–10 % of papillary) 
 − Hobnail variant (rare) 
 − Follicular thyroid carcinoma (5–10 %) 
 − Hurthle cell carcinoma (<5 %) 

 95–98 % 
 70–80 % 
 30–50 % 
 85–90 % 
 70–75 % 

 • Undifferentiated Thyroid Carcinoma (1 %) 
 − Anaplastic (1 %) 

 3–5 % 

 • Medullary Thyroid Carcinoma—MTC (5 %) 
 − Sporadic (4 % of TC or 80 % of MTC) 
 − Inherited (1 % TC or 20 % MTC) 

 75–80 % 
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(innominate) artery on the right and the corresponding axial plane on the left 
(i.e., levels VI and VII). This space contains prelaryngeal (Delphian), pretra-
cheal, and the right and left paratracheal lymph node basins.  

•     Central Neck Dissection    :  involves comprehensive, compartment-oriented 
removal of the prelaryngeal and pretracheal and at least one paratracheal lymph 
node basin. A designation should be made as to whether unilateral or bilateral 
dissection is performed, and on which side (left or right) in unilateral cases. A 
therapeutic central neck dissection implies that nodal metastases are apparent 
clinically (preoperatively or intraoperatively) or by imaging. A prophylactic or 
elective central neck dissection implies that nodal metastases are not detected 
clinically or by imaging. Currently the role of prophylactic central neck dissec-
tion remains controversial.  

•     Microcarcinoma    :  papillary thyroid cancer with diameter ≤ 1 cm.     

    Risk of Recurrence 

  The 2015 American Thyroid Association (ATA)    guidelines classify surgically 
treated differentiated thyroid carcinoma into a three tiered system to predict the risk 
of recurrent or metastatic disease [ 10 ].

 ATA low risk  ATA intermediate risk  ATA high risk 

 • Papillary thyroid cancer 
with ALL of the 
following: 
 − No local or distant 

metastases 
 − Macroscopic tumor 

completely resected 
 − No locoregional 

invasion 
 − No aggressive 

histology 
 − no vascular invasion 
 − If RAI given no 

uptake outside 
thyroid bed 

 − Clinical N0 or ≤5 
pathologic 
micrometastases 
(≤0.2 cm) 

 • Intrathyroidal 
microcarcinoma (uni- or 
multi-focal) 

 • Intrathyroidal well 
differentiated follicular 
carcinoma: 
 − with only capsular 

invasion 
 − with only minor 

vascular invasion 

 • Papillary thyroid cancer with 
ANY of the following: 
 − Microscopic invasion into 

perithyroidal soft tissues 
 − RAI avid metastatic foci 

in the neck 
 − Aggressive histology (tall 

cell, hobnail, columnar) 
 − Vascular invasion 
 − Clinical N1 
 − >5 pathological N1 with 

all involved nodes <3 cm 
 • Intrathyroidal papillary cancer 

1–4 cm (BRAF mutated if 
known) 

 • Multifocal papillary 
microcarcinoma with 
extrathyroidal extension 
(BRAF mutated if known) 

 • Papillary thyroid cancer 
with ANY of the 
following: 
 − Macroscopic tumor 

invasion into 
perithyroidal soft 
tissue 

 − Incomplete tumor 
resection 

 − Distant metastases 
 − pathologic N1 with 

largest node >3 cm 
 − Postoperative TG 

suggestive of 
metastatic disease 

 • Follicular carcinoma 
with: 
 − extensive vascular 

invasion (>4 foci) 
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         Thyroid Nodules 

    Initial Assessment [ 10 ] 

  The management of a  patient   with a thyroid nodule that is incidentally discovered 
includes:

•    History

 –    Childhood head and neck irradiation  
 –   Irradiation for bone-marrow transplantation  
 –   Exposure to ionizing radiation  
 –   Familial cancer syndromes     

•   Physical examination for factors suggesting malignancy

 –    Vocal cord paralysis  
 –   Cervical lymphadenopathy  
 –   Fixation of the nodule     

•   TSH

 –    If TSH subnormal then perform radionucleotide scan  
 –   If scan is “hot,” then further investigation regarding the patient’s clinical/sub-

clinical hypothyroidism is required     

•   Ultrasound of the thyroid and neck (if not already performed)      

    When to Perform FNA [ 10 ] 

 FNA of a thyroid  nodule is   recommended for:

    1.    Nodules ≥1 cm with high OR intermediate suspicion sonographic pattern (see 
below).   

   2.    Nodules ≥1.5 cm with low suspicion sonographic pattern.   
   3.    Nodules ≥2 cm with very low suspicion sonographic pattern.    

  Conversely, FNA is NOT recommended for nodules that do not meet the above 
criteria or nodules that are purely cystic.  
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    Ultrasound Features of Malignancy [ 10 ] 

     1.      High  suspicion    sonographic   pattern (malignancy risk >70–90 %)

    (a)    Solid hypoechoic nodule with one or more of the following features:

•    Irregular margins  
•   Microcalcifcations  
•   Taller rather than wide  
•   Disrupted rim calcifi cation with hypoechoic extrusive soft tissue 

component  
•   Extrathyroidal extension       

      2.    Intermediate suspicion sonographic pattern (malignancy risk 10–20 %)

    (b)    Solid hypoechoic nodule with:

•    Smooth regular margin  
•   No microcalcifi cations  
•   No extrathyroidal extension  
•   Not taller than wide          

   3.    Low suspicion malignancy (malignancy risk 5–10 %)

    (c)    Isoechoic or hyperechoic nodule with none of the high suspicion features       

   4.    Very low suspicion malignancy (malignancy risk <3 %)

    (d)    Spongiform or partially cystic nodules without any of the high suspicion 
features       

   5.    Benign (malignancy risk <1 %)

    (e)    Purely cystic nodules            

    Management of FNA Cytology 

  In order to ensure consistency in FNA  cytology   reporting, in 2007, the Bethesda 
criteria were developed. The Bethesda criteria describes six diagnostic categories 
for FNA and provides an estimate of cancer risk for each [ 10 – 12 ].
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 Diagnostic category 

 Risk of 
malignancy 
(%) [ 12 ]  Management [ 10 ] 

 Non diagnostic/unsatisfactory  1–4  • Repeat FNA with U/S guidance 
(do >3 months after 1st FNA) 

 • If second FNA is non-diagnostic 
observation or surgery are 
options depending on U/S 
characteristics 

 Benign  0–3  • No further treatment required 
 Atypia of undetermined signifi cance 
OR Follicular lesion of undetermined 
signifi cance (AUS/FLUS) 

 5–15  • Repeat FNA +/− molecular 
testing 

 • If repeat FNA still inconclusive 
observation or surgery are 
options depending on U/S 
characteristics 

 Follicular neoplasm OR Suspicious 
for a follicular neoplasm 

 15–30  • Molecular testing to better assess 
malignancy risk a  

 • If molecular testing not 
performed or inconclusive: 
surgery for diagnosis 

 Suspicious for malignancy  60–75  • Surgery 
 Malignant  97–99  • Surgery 

    a A number of molecular markers have been proposed for indeterminate cytology 
determination. These include BRAF and RAS mutational status amongst others 
[ 13 ]. While this is becoming standard of practice in the US, as of yet, these assays 
are not available in Canada    

    Differentiated Thyroid Cancer (DTC) 

    DTC:     Primary   Localized Disease 
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    Special Notes 

•   Recommendations for completion thyroidectomy are similar to indications of 
total thyroidectomy.  

•   Low-risk patients follow-up:

 –    If RAI ablation performed, TSH stimulated Tg at 6–12 months post RAI. If 
TSH stimulated Tg is undetectable, then can be followed with TSH- 
suppressed Tg     

•   High-risk patients follow-up:

 –    Diagnostic TSH stimulated RAI whole body scan 6–12 months after remnant 
ablation (with thyroid hormone withdrawal or rhTSH if available) [ 14 ]     

•   Consider intraoperative frozen section for suspicious lymph node if deciding 
whether or not to do a compartmental dissection  

•   Consensus guidelines from the ATA provide decision-making aides regarding 
which patients are suitable for outpatient thyroidectomy [ 16 ]. 

• Currently in Toronto, well patients who undergo uncomplicated hemithyroidec-
tomies are discharged home after a 6 h observation period       

    DTC: Regional Metastatic Disease 

   Clinical scenario  Surgical approach 

 Suspicious LN in Central Neck (during 
surgery) 

 • Central Neck (Level VI) Dissection 

 Suspicious LN in Lateral Neck (during 
surgery) 

 • Confi rm presence of metastatic node 
radiologically and with cytology 

 • Staged functional Compartmental Neck 
Dissection (Level 2A to 5B) and Central Neck 
(Level VI) Dissection 

 Positive LN in Central Neck (imaging/
palpation) 

 • Central Neck (Level VI) Dissection 

 Positive LN in Lateral Neck (imaging/
palpation with cytological confi rmation) 

 • Functional Compartmental Neck Dissection 
(Level 2A to 5B) and Central Neck (Level VI) 
Dissection 

V. Palter et al.



325

        DTC:     Distant   Metastatic Disease 

 Workup  Surgical approach  Therapeutic options a  

 • Labs: 
 − Serum thyroglobulin 

 • Imaging: 
 − CT scan brain, chest, 

abdomen, pelvis 
 − Bone scan 
 − Diagnostic whole-

body RAI scan 
 − Consider PET scan 

with thyrogen 
stimulation to better 
defi ne extent of tumor, 
especially in those that 
do not concentrate 
RAI [ 17 ] 

 • Metastectomy: 
 − Careful consideration 

in selected patients 
with solitary lesions 
(preferred approach 
for CNS lesions) 

 − Surgical palliation 

 • Lung: 
 − RAI 200 mCi-I 131  
 − Conventional systemic 

therapy, e.g., 
doxorubicin (if 
non-RAI-avid) 

 − Consider TKI (if 
non-RAI-avid) 

 • Bone: 
 − RAI 200 mCi-I 131  
 − If not resectable and 

symptomatic or 
fracture or neurologic 
compromise possible, 
consider EBRT 50Gy 
in 25 fraction 

   EBRT  external beam radiotherapy,  RAI  radioactive iodine,  PET  positron emission tomography, 
 CNS  central nervous system 
  a Consider offering participation in clinical trials 
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    Special Notes 

•   Follow-up with detectable basal calcitonin:

 –    Calcitonin and CEA every 6 months to determine doubling time. Ongoing 
F/U should occur at 1/4th the shortest doubling time. Anatomic imaging 
based on stability of calcitonin, symptoms, location of known/likely 
metastases.     

•   In the presence of metastatic disease:

 –    thyroidectomy, plus central compartment dissection to prevent local 
symptoms.           
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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.  

•   Surgical management of primary hyperparathyroidism at the time of initial thy-
roidectomy should always be performed if the diagnosis of hyperparathyroidism 
is established.  

•   FMTC:

 –    At least four affected relatives with MTC alone (mild and clinical variant of 
MEN 2A)           

     Pregnancy and    Thyroid   Cancer 

     Workup 
 Surgical 
treatment 

 Adjuvant 
treatment 

 Follow-up 
(F/U) 

 Diagnosed 
during 
First 
Trimester 

 • Serum calcitonin 
levels 

 • Ob/Gyn: 
 − Ultrasound 

each 
trimester 
tracking 
development 
of fetus 

 • TSH and FT4 
every month 

 • Do not 
interrupt 
pregnancy 

 • Surgery after 
delivery 

 • Discuss and 
consider 
surgery during 
2nd trimester 
if: 
 − Medullary 

thyroid 
cancer 

 − Tumor 
growth 
(>50 %) 

 − Evidence 
of lymph 
node 
metastases 

 • If Radioactive 
Iodine therapy 
is indicated, 
this should be 
provided when 
the patient is 
not 
breast-feeding 

 • Similar to 
previously 
described 
(DTC, MTC 
or Anaplastic) 

 Diagnosed 
during 
Second 
Trimester 

 • Same as 
above 

 • Same as 
above 

 • Same as 
above 

 • Same as 
above 

 Diagnosed 
during 
Third 
Trimester 

 • Same as 
above 

 • Do not 
interrupt 
pregnancy 

 • Surgery after 
delivery 

 • Same as 
above 

 • Same as 
above 

   TSH  thyroid-stimulating hormone,  FT4  Free T4 = Free Thyroxine,  DTC  differentiated thyroid can-
cer,  MTC  medullary thyroid carcinoma 
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    Special Notes 

•   There is no evidence that DTC during pregnancy portends a worse prognosis. 
There is no difference in local recurrence, distant recurrence or overall survival 
when comparing pregnant and nonpregnant women.  

•   When surgery is performed during the fi rst trimester, spontaneous abortion rates 
are higher [ 20 ].  

•   Thyroid surgery during pregnancy is associated with higher rates of surgical 
complications, longer length of hospital stay and higher hospital costs.   

 Workup 
 Surgical 
treatment 

 External beam 
radiotherapy  Chemotherapy 

 Follow-up 
(F/U) 

 • Imaging: 
 − CT scan 

of neck 
and thorax 

 • Core biopsy 
to differentiate 
from 
lymphoma 

 • Very limited 
role 

 • Consider: 
 − Biopsy 

for 
diagnosis 

 − Airway 
management 

 • Radical 
Radiotherapy: 
 − Unresectable 

local disease, 
with no 
evidence of 
distant spread 
and good 
performance 
status 

 − Radiotherapy 
(40 Gy/20 
fractions) 
following 
chemotherapy 
for small cell 
anaplastic 

 • To consider 
in small 
cell 
anaplastic 
cancers 

 • Tumor 
response 
by physical 
exam 

         Anaplastic Thyroid Carcinoma 

    Surgical Technologies 

•       Intraoperative neuromonitoring [ 21 ,  22 ]

 –    Aids in the  identifi cation   of the recurrent laryngeal nerve  
 –   Does not prevent  nerve   injury to the recurrent laryngeal nerve  
 –   Decreases injury to the external branch of the superior laryngeal nerve  
 –   Most useful in reoperative procedures     

•    Hemostatic devises  

 –    LigaSure device and Harmonic scalpel  
 –   There is no convincing evidence that either is superior with respect to opera-

tive time, intraoperative blood loss, parathyroid preservation or reduction in 
nerve injury [ 23 – 26 ].  

 –   When compared to conventional hemostatic techniques, both provide a reduc-
tion in operative time [ 23 ,  24 ] .           
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    Relevant  Publications   

 Study  Methods  Results 

 American Thyroid 
Association (ATA) 
Guidelines [ 10 ] 

 • Consensus and evidence-based 
guidelines 

 • Management guidelines for 
thyroid differentiated 
thyroid cancer 

 American Thyroid 
Association (ATA) 
Guidelines [ 18 ] 

 • Consensus and evidence-based 
guidelines 

 • Management guidelines for 
medullary thyroid cancer 

 Billimoria KY et al. [ 27 ]  • Retrospective review 
 • 52,173 patients from the 

National Cancer Data Base 
 • Patients with  tumors > 1 cm:  

thyroid lobectomy vs. total 
thyroidectomy 

 • Total thyroidectomy group: 
 − Increased survival 

( P  = 0.009) 
 − Decreased recurrence 

rates ( P  = 0.04) 

 SEER Database Study 
 Podnos et al. [ 28 ] 

 • Retrospective 
 •  N  = 20,000 

 • Survival in DTC is 
adversely affected by lymph 
node metastases 

 • 14-y OS 82 % node 
negatives vs. 79 % node 
positives;  p  < 0.05 

         Referring to Multidisciplinary Cancer Conference (MCC) 

     1.    All medullary  thyroid   carcinomas   
   2.    Complex  DTC   cases   
   3.    Locally advanced DTC   
   4.    All anaplastic thyroid carcinomas      

    Toronto Pearls 

•     Bilateral superfi cial cervical  plexus   blockade for all thyroidectomies using bupi-
vacaine with epinephrine.  

•   The recurrent laryngeal nerve should be identifi ed and preserved in virtually all 
instances.  

•   When the recurrent laryngeal nerve is identifi ed, 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  laryngeal 
nerve, by ligation of the superior thyroid vessels at the capsule of the thyroid 
gland, as well as attempted visualization.  
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•   Parathyroid glands should, whenever possible, be identifi ed 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 the routine practice of intraoperative frozen section analysis on 
thyroid specimens.  

•   Decisions regarding extent of surgery should be made preoperatively.        
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