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 This is a unique surgical oncology text. It is written in a very user friendly 
format that is somewhat unusual for a standard text. Each chapter starts out 
with Learning Objectives, followed by an Abstract of the chapter. The chap-
ter itself then follows, each chapter being comprehensive and complete, but 
brief. This is followed by a list of Salient Points, and a section on Questions 
concerning the chapter, with Answers. This is followed by a comprehensive 
list of references. I believe this format will be particularly effective for indi-
viduals in terms of learning and retention. This book should be appropriate 
for medical students, residents, fellows, faculty, and surgeons out in private 
practice. Each chapter is written by experts in their fi eld. The editors, Drs. 
Chu, Gibbs, and Zibari, have all contributed to the text, and have done an 
excellent job in editing those chapters contributed by outside experts. Many 
surgical oncology texts are so large and cumbersome, that they are diffi cult to 
handle. They are also written in a format that does not encourage retention. 
I would predict that this text will be a great success, following the format of 
other textbooks and concentrate on being brief, but comprehensive. I believe 
this text will attract a large audience.  

   The Johns Hopkins Medical Institutions     John     L.     Cameron, MD     
  Baltimore ,  MD ,  USA      

   Foreword   



     



ix

 Learning the correct approach for managing solid tumors represents a large 
part of medical/surgical residency training. The demand for an oncology text-
book that is tailored to the needs of both learners and teachers is high. One 
might expect to see a plethora of surgical oncology textbooks readily avail-
able to accommodate such a demand; unfortunately, this is not the case. 
Despite a handful of excellent surgical oncology textbooks out there, most 
either lack suffi cient depth and/or contain information that may not be practi-
cal or germane to the learners. 

 This textbook,  Surgical Oncology: A Practical and Comprehensive 
Approach , provides a comprehensive perspective on surgical oncologic dis-
eases that are relevant to those who have an interest in surgical oncology.  Its 
purpose is to distill a voluminous amount of information into one book so that 
readers can readily access relevant information and knowledge according to 
their particular needs. Medical students and residents will fi nd this textbook 
useful in preparing for surgical case presentations and written/oral tests.  For 
the surgical oncology fellows, the book not only provides the already men-
tioned advantages, but also serves as a guide and a beginning point to help 
them further explore specifi c topics more in-depth. For the busy general sur-
geons who care for cancer patients, this book serves an invaluable source to 
help them better manage their patients while staying abreast with the latest 
advances in the fi eld. Finally, for the educators (staff members, academicians, 
etc.), this book can serve as a valuable teaching tool to save them from spend-
ing countless hours searching for relevant teaching materials. 

 Each chapter is written by experts and their colleagues in their respective 
fi eld of expertise. The chapters provide concise and in-depth information on 
the topic at hand. Seminal articles are highlighted throughout the book to 
reinforce the principle that optimal management depends not only on good 
clinical judgment, but also on evidence-based medicine. Plenty of illustra-
tions, diagrams, tables, and photographs are included to assist the visual 
learners. The unique outline of the book is that each chapter begins with key 
points to focus the readers on the materials covered and concludes with an 
appendix that summarizes the chapter with salient points. This unique set-up 
can be used as a tool to quickly review the topic at hand.   Surgical Oncology: 
A Practical and Comprehensive Approach  also includes a set of short ques-
tions and answers at the end of each chapter to reinforce key learning points. 

 One of the problems with currently published surgical textbooks is that the 
information contained therein may become outdated and obsolete by the time 
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they are published. However, by publishing a textbook with (eBook) capability, 
we can achieve our objectives – mainly to publish a practical oncology text that 
is geared towards the needs of the practicing surgeon, surgical oncology fellow, 
surgical residents, and medical students while at the same time have the fl exibil-
ity to readily update the information to match current practices. 

  Surgical Oncology: A Practical and Comprehensive Approach  is a book 
that includes topics that are germane to a broad range of audiences who have 
an interest in surgical oncology. Those interested in surgical oncology will 
gain an in-depth knowledge on traditional topics such as breast cancer, thy-
roid cancer, melanoma, gastric cancer, colorectal cancer, esophageal cancer, 
hepatobiliary cancers, sarcomas, and gastrointestinal stromal. In addition, 
topics such as local treatment of early rectal cancer, breast cancer in preg-
nancy, and management of colorectal metastases to the liver are examples of 
other topics that will be emphasized. 

 Although topics such as urologic cancers, neurosurgical cancers, and child-
hood cancers are important, they are not necessarily an important part of gen-
eral surgical training in many healthcare centers in the USA.  Therefore, these 
topics are excluded from  Surgical Oncology: A Practical and Comprehensive 
Approach . 

 We believe that  Surgical Oncology: A Practical and Comprehensive 
Approach  will be an invaluable resource for any serious learners of surgical 
oncology and will become a must-have textbook for training programs.  

    Shreveport ,  LA ,  USA      Quyen     D.     Chu, MD, MBA, FACS    
    Neptune ,  NJ ,  USA      John     F.     Gibbs, MD, FACS    
    Shreveport, LA, USA Gazi     B.     Zibari, MD, FACS       

Preface
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         Learning Objectives 
 After reading this chapter, you should be able to:
•    Recognize risk factors for melanoma.  
•   Understand how to evaluate and stage patients 

with melanoma.  
•   Appreciate how prospective randomized con-

trolled trials have impacted the treatment of 
patients with melanoma, and apply these trials 
to treatment paradigms.  

•   Be familiar with novel target-specifi c therapy 
for advanced melanomas.  

•   Select options for local, regional, and systemic 
control of the disease.     

    Background and Historical 
Perspective 

 Melanoma is an important health problem. In the 
United States, it is estimated that 76,690 people 
(45,060 men and 31,630 women) will be diag-
nosed with melanoma in 2013 [ 1 ], and lifetime 
risk for development of melanoma is currently 
estimated at 2 % [ 1 ]. An increase in episodic 
exposure to intense sun of fair-skinned individu-
als has led to a 600 % rise in melanoma incidence 
from 1950 to 2000 [ 2 ]. Despite an increased inci-
dence, survival rates improved over the same 
time period, although melanoma is responsible 
for 80 % of skin cancer deaths. Education and 
early diagnosis, resulting from better skin cancer 
screening, have resulted in this improvement in 
survival. One of its most important public health 
features is that melanoma often affects younger 
patients, with a median age at diagnosis of 61 and 
median age at death of 69. Thus, an average of 
18.6 years of potential life are lost for each mela-
noma death, one of the highest rates for an adult 
onset cancer [ 3 ].  

    Risk Factors 

 When taking a history of a patient with a skin 
lesion, certain risk factors for melanoma are 
important to understand. Relative risk is one way 
of understanding a risk factor for development of 
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a disease. Relative risk is the chance of develop-
ing a disease, when comparing an exposed group 
of individuals to a nonexposed group. A history of 
severe, episodic sunburns in early life is the most 
widely recognized risk factor for the development 
of melanoma, although with a relative risk of 2.5, 
a history of blistering sunburn is often not the 
strongest risk factor for its development. Perhaps 
the most important risk factor is a family history 
of melanoma. A weak family history accounts for 
a threefold increase in risk, whereas a strong fam-
ily history (≥3 fi rst degree relatives) carries a rela-
tive risk of 35–70. Heritable mutations have been 
identifi ed, and a genetic modifi cation in  CDKN2A  
or  CDK4  confers a 60–90 % lifetime risk of mela-
noma [ 4 ]. Having multiple benign or atypical nevi 
confers a relative risk of 11, whereas a personal 
history of melanoma is responsible for an 8.5 
times higher risk. Additional risks include dys-
plastic nevus syndrome (RR = 2.3–12) [ 5 ], xero-
derma pigmentosum (1,000-fold increased risk 
for developing skin cancer, including cutaneous 
melanoma) [ 6 ,  7 ], a personal history of previous 
nonmelanoma skin cancer (RR = 2.9), immuno-
suppression (RR = 1.5–3), and markers of sun sen-
sitivity such as type I skin, freckling, blue eyes, or 
red hair (RR = 1.6–2.5) [ 3 ].  

    Diagnosis 

 Melanoma can be recognized using the ABCDE 
features (Table  1.1 , Fig.  1.1 ). Often patients 
may complain of a mole that has changed in 
characteristics and is associated with itching, 
bleeding, or ulceration. When thinking of any 
cancer patient, the fi rst step in management is to 
obtain an accurate diagnosis. Biopsy of suspicious 
cutaneous lesions is of critical importance in 

making an early diagnosis of melanoma or other 
skin cancers. Excisional biopsies are the most 
accurate but are best suited for small lesions. 
Other types of biopsies that can be performed 
include punch biopsies and shave biopsies [ 8 ,  9 ]. 
Each biopsy type has benefi ts and drawbacks. 
Punch biopsies while easy to perform may mis-
represent the depth of a lesion. Shave biopsies are 
quick and easy to perform but have been criti-
cized traditionally for not providing accurate 
depth of a lesion, although a large recent study 
suggests that shave biopsies provide reliable 
information in planning surgical treatment and 
staging [ 10 ]. When performing a wide local exci-
sion of a melanoma on the extremity, the incision 
should be placed longitudinally along the long 
axis of the extremity (Fig.  1.2 ).

     Useful immunohistochemical stainings 
include S100, HMB-45, MART-1/Melan-A, 
tyrosinase, and MITF [ 11 ].  

    Staging and Prognosis 

 The next step in management of a cancer patient 
is to accurately stage the disease. This allows 
appropriate treatment decisions to be made 
through risk-benefi t analysis, often based on 
prognosis. Two scales are used to determine the 
depth of invasion: (1) Breslow’s thickness and (2) 
Clark’s levels (Fig.  1.3 ).

   Melanomas are staged according to the 
American Joint Committee on Cancer (AJCC) 
TNM system, where tumor depth (Breslow’s 
thickness), ulceration, nodal status, and metasta-
ses form the basis of prognosis (Table  1.2 ). 
Tumor depth is the strongest prognostic factor, 
whereas ulceration is the second most important 
prognostic indicator (Tables  1.3  and  1.4 ). Tumors 
with a Breslow’s thickness of less than 1 mm 
(1 mm ≈ width of a dime) are known as “thin” 
melanomas, whereas those between 1 and 4 mm 
are “intermediate thickness” and those greater 
than 4 mm (4 mm ≈ width of two nickels) are 
“thick.” Tumor depth forms the basis of the mar-
gin needed for excision and is also predictive of 
node positivity. For tumors ≤ 1 mm, 4 % have 
positive regional lymph nodes; 1.01–2.00 mm, 

    Table 1.1    The ABCDEs of melanoma   

 A:   A symmetry 
 B:   B order (irregular) 
 C:   C olor changes 
 D:   D iameter > 6 mm (size of a pencil eraser) 
 E:   E volving (any change in characteristics such as size, 
shape, color, elevation, new symptoms such as bleeding, 
itching, or ulcerating) 

C. Shaw and S.R. Grobmyer
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12 %; 2.01–4.00 mm, 28 %; and >4.00 mm, 44 % 
[ 12 ]. The relationship between depth and the risk 
of lymph node metastasis forms the basis for rec-
ommendations regarding surgical nodal staging.

     The incidence of ulceration is also greater 
with thicker tumor depth and is present in 
6–12.5 % of thin melanomas versus 63–72.5 % 
in thick (>4 mm) melanomas. Ulceration decreases 
survival in all tumor thickness categories and is 
the only primary tumor factor that impacts 

prognosis of patients who have node-positive 
disease [ 13 ]. 

 Other prognostic factors include age, gender, 
and anatomic location [ 13 – 15 ]. In a recent analy-
sis , female gender was prognostically favorable, 
as 10-year survival rate for women was 86 % com-
pared to 68 % for men [ 14 ]. Locations that were 
associated with higher risk of death included the 
 b ack, back of upper  a rms,  n eck, and  s calp (BANS). 

 Mitotic rate, which is measured as the number 
of mitoses per square millimeter, has also been 

  Fig. 1.1    ( a – c ) Melanoma and ( d ) amelanotic melanoma. 
( e ) Photomicrograph showing sheets of neoplastic mela-
nocytes deep to the epidermis with amphophilic cyto-
plasm, large ovoid nuclei and prominent nucleoli. Pigment 

deposition is relatively sparse in this example (hematoxylin 
and eosin X 200) ( a – d : With kind permission from Ilene 
Rothman, M.D., Roswell Park Cancer Institute;  e : Courtesy 
of Barry DeYoung, MD, Wake Forest School of Medicine)       
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shown to be an important independent prognostic 
factor [ 16 – 18 ]. For patients with stage I mela-
noma, the adjusted odds ratio of survival for 

patients with a mitotic rate of 0 was 12 times 
higher than that of patients with a mitotic rate 
of > 6/mm 2  [ 17 ]. 

 Serum lactate dehydrogenase (LDH) level is 
one of the patient factors most predictive of 
decreased survival. LDH remains predictive even 
after accounting for site and number of metastatic 
lesions. In stage IV melanoma, LDH level has a 
79 % sensitivity and 92 % specifi city in detecting 
disease progression [ 15 ]. LDH has been recom-
mended by certain practice guidelines as part of 
surveillance for patients with melanoma. 

 Clinical nodal staging is an important part of 
the physical examination of patients with a 
 diagnosis of melanoma. Whereas microscopic 
disease is clinically occult and only found on 
microscopic examination of excised lymph 
nodes, macroscopic disease is clinically or radio-
graphically apparent. Survival rates between 
microscopically positive disease and macroscop-
ically positive disease differ signifi cantly. Balch 
et al. (2001) demonstrated a survival difference 
of 63 % for a single microscopic positive node 
versus 47 % for a single macroscopic positive 
node ( p  < 0.001) [ 15 ]. 

  Fig. 1.2     Wide local excision of a melanoma . Note that the 
incision should be placed longitudinally along the long 
axis of the extremity. The length of the incision is gener-
ally 3× the width (Courtesy of Thuy-Tien Chu and Quyen 
D. Chu, MD, MBA, FACS)       

  Fig. 1.3     Clark’s level : level 1, tumor confi ned to the epider-
mis; level II, tumor invades papillary dermis; level III, tumor 
fi lls the papillary dermis, but does not extend into the  reticular 

dermis; level IV, tumor invades the reticular dermis; level V, 
tumor invades the deep subcutaneous tissue (Courtesy of 
Thuy-Tien Chu and Quyen D. Chu, MD, MBA, FACS)       
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   Table 1.2    American Joint Committee on Cancer (AJCC) 
TNM staging for cutaneous melanoma (7th edition)   

 Primary tumor (T) 

 TX  Primary tumor cannot be assessed (e.g., 
curettage or severely regressed melanoma 

 T0  No evidence of primary tumor 
 Tis  Melanoma in situ 
 T1  Melanomas ≤ 1.0 mm 
 T2  Melanomas 1.01–2.0 mm 
 T3  Melanomas 2.01–4.0 mm 
 T4  Melanomas > 4.0 mm 

 Note: a and b subcategories of T are assigned based on 
ulceration and number of mitoses per mm 2 , as shown 
below 

 T classifi cation 
 Thickness 
(mm) 

 Ulceration status/
Mitoses 

 T1  ≤1.0  a: w/o ulceration 
and mitosis <1/mm 2  
 b: with ulceration 
or mitoses ≥1/mm 2  

 T2  1.01–2.0  a: w/o ulceration 
 b: with ulceration 

 T3  2.01–4.0  a: w/o ulceration 
 b: with ulceration 

 T4  >4.0  a: w/o ulceration 
 b: with ulceration 

 Regional lymph nodes (N) 

 NX  Patients in whom the regional nodes cannot be 
assessed (e.g., previously removed for another 
reason) 

 N0  No regional metastases detected 
 N1-3  Regional metastases based upon the # metastatic 

nodes and presence or absence of intralymphatic 
metastases (in-transit or satellite metastases) 

 Note: N1–3 and a–c subcategories assigned as shown 
below 

 N classifi cation 
 # of metastatic 
nodes 

 Nodal metastatic 
mass 

 N1  1 node  a: micrometastasis 1  
 b: macrometastasis 2  

 N2  2–3 nodes  a: micrometastasis 1  
 b: macrometastasis 2  
 c: in-transit met(s)/
satellite(s)  without  
metastatic nodes 

 N3  4 or more 
metastatic nodes, 
or matted nodes 
or in transit 
met(s)/satellite(s) 

  

(continued)

Table 1.2 (continued)

 Distant metastasis (M) 

 M0  No detectable evidence of distant 
metastases 

 M1a  Metastases to skin, subcutaneous, 
or distant lymph nodes 

 M1b  Metastases to lung 
 M1c  Metastases to all other visceral 

sites or distant metastases to any 
site combined site combined with 
an elevated serum LDH 

 Note: Serum LDH is incorporated into the M category as 
shown below 

 M classifi cation 

 Site  Serum LDH 
 M1a  Distant skin, subcutaneous, 

or nodal mets 
 Normal 

 M1b  Lung metastases  Normal 
 M1c  All other visceral metastases, 

Any Distant metastasis 
 Normal 
elevated 

 Clinical staging 3   Pathologic staging 4  

 Stage  Tis  N0  M0  0  Tis  N0  M0 
 Stage 
1A 

 T1b  N0  M0  I A  T1a  N0  M0 

 Stage 
1B 

 T1b  N0  M0  I B  T1b  N0  M0 
 T2a  N0  M0  T2a  N0  M0 

 Stage 
IIA 

 T2b  N0  M0  II A  T2b  N0  M0 
 T3a  N0  M0  T3a  N0  M0 

 Stage 
IIB 

 T3b  N0  M0  II B  T3b  N0  M0 
 T4a  N0  M0  T4a  N0  M0 

 Stage 
IIC 

 T4b  N0  M0  II C  T4b  N0  M0 

 Stage 
III 

 Any T  ≥N1  M0  III A  T 1–4a  N1a  M0 
   T 1–4a  N2a  M0 
 III B  T 1–4b  N1a  M0 

 T 1–4b  N2a  M0 
 T 1–4a  N1b  M0 
 T 1–4a  N2b  M0 
 T 1–4a  N2c  M0 

 III C  T 1–4b  N1b  M0 
 T 1–4b  N2b  M0 
 T 1–4b  N2c  M0 
 Any T  N3  M0 

 Stage 
IV 

 Any T  Any N  M1  IV  Any T  Any N  M1 

  1 Micrometastases are diagnosed after sentinel lymph 
node biopsy and completion lymphadenectomy 
(if performed) 

(continued)

1 Melanoma
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 Clinical suspicion and understanding of prog-
nosis may also dictate a metastatic workup be per-
formed prior to surgical resection and sentinel 
lymph node biopsy. The National Comprehensive 
Cancer Center (NCCN) guidelines state that fi ne- 
needle aspiration biopsy of any clinically positive 

nodal disease, in-transit disease, or metastatic 
 disease be performed prior to resection of the 
 primary lesion. Furthermore, a metastatic workup 
can be considered if clinical suspicion is present 
in stage IB or stage II disease or without clinical 
suspicion in clinical stages III or IV disease [ 19 ]. 
Many forms of metastatic workup exist, and there 
is disagreement as to which is preferred. Chest 
x-ray, CT of chest, abdomen, and pelvis, and PET/
CT with or without brain MRI are all used for 
metastatic workup and surveillance. The authors 
favor PET/CT with brain MRI for all deep 
(>4 mm) lesions, for patients with constitutional 
symptoms, and for those who are a high surgical 
risk due to comorbid conditions, although there is 
no one practice considered standard.  

    Treatment Principles 

 Surgery remains the mainstay of treatment for 
patients with locoregional melanoma, and sur-
vival for those with localized disease is greater 
than 98 % [ 1 ]. Locoregional control is achieved 
through a combination of wide local excision, 
sentinel node biopsy, completion lymphadenec-
tomy, and adjuvant radiation. Immunotherapy 
and targeted therapy are reserved for high-risk, 
metastatic, or recurrent disease. There is no role 
for chemotherapy in the adjuvant treatment of 
melanoma. The most appropriate treatments for 
melanoma have been demonstrated through pro-
spective randomized controlled clinical trials, 
many of them multi-institutional.  

    Treatment Specifi cs 

    Margins 

    Thin Melanoma 
 The appropriate margin needed for local control 
in melanomas of varying depths was long a 
source of debate, and historically margins were 
treated with massive local excisions, typically 
4 cm or greater. In 1991, the World Health 
Organization (WHO) Melanoma Program Study 

Table 1.2 (continued)

  2 Macrometastases are defi ned as clinically detectable 
nodal metastases confi rmed by therapeutic 
lymphadenectomy or when nodal metastasis exhibits 
gross extracapsular extension 
  3 Clinical staging includes microstaging of the primary 
melanoma and clinical/radiologic evaluation for 
metastases. By convention, it should be used after 
complete excision of the primary melanoma with clinical 
assessment for regional and distant metastases 
  4 Pathologic staging includes microstaging of the primary 
melanoma and pathologic information about the regional 
lymph nodes after partial or complete lymphadenectomy. 
Pathologic stage 0 or stage IA patients are the exception; 
they do not require pathologic evaluation of their lymph 
nodes 

  Adapted    from Ref. [ 78 ]. With permission from Springer 
Verlag  

   Table 1.3    Impact of tumor thickness and ulceration on 
survival in melanoma   

 Tumor thickness 
(mm) 

 5 years survival: 
no ulcer (%) 

 5 years survival: 
ulcer (%) 

 ≤1  95  91 
 1.01–2.00  89  77 
 2.01–4.00  79  63 
 >4  67  45 

    Table 1.4    Prognostic factors for cutaneous melanoma   

 Breslow’s thickness 
 Ulceration 
 Age 
 Gender 
 Anatomic location 
 Lactate dehydrogenase 
 Mitotic index 
 Radial versus vertical phase of tumor growth 
 Lymphovascular invasion 
 Microsatellites 
 Regression 
 Tumor-infi ltrating lymphocytes 

C. Shaw and S.R. Grobmyer
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completed a prospective randomized controlled 
trial of patients who had primary melanomas 
<2 mm in thickness to excision with margins of 
either 1 cm or ≥3 cm. There was neither disease- 
free nor overall survival rate difference between 
the two groups at a mean follow-up of 90 months, 
although some recurrences were noted in those 
>1 mm in depth with a 1 cm margin. The authors 
concluded that thin melanomas (≤1 mm thick) 
were adequately treated with a 1 cm margin, and 
this became the gold standard resection margin 
for treatment of thin melanomas [ 20 ,  21 ] 
(Table  1.5 ).

       Intermediate-Thickness Melanoma 
 Similarly, the US Intergroup Melanoma Surgical 
Trial prospectively randomized patients with 
1–4 mm thick melanomas to be treated with 
either 2 or 4 cm excision margins. Overall recur-
rence rates were not signifi cantly different: 2/244 
(0.8 %) in the 2 cm group compared to 4/242 
(1.7 %) in the 4 cm group. There was no signifi -
cant difference in overall 5-year survival (80 % 
vs. 84 %). Those patients who had a 4 cm resec-
tion margin had signifi cantly greater treatment 
morbidity. A 2 cm margin became the standard 
for intermediate-thickness melanomas as it was 
found to be equivalent to a larger margin but 
decreased the need for skin grafting and decreased 
hospital length of stay [ 22 ]. 

 As a follow-up, Thomas et al. in 2004 ran-
domized 900 British patients with truncal or 

extremity melanomas ≥2 mm to either surgery 
with 1 cm or 3 cm excision margins. Median fol-
low- up was 5 years. Locoregional recurrence was 
26 % higher in the group with a 1 cm margin, and 
the difference in disease-free survival approached 
statistical signifi cance ( p  = 0.06). The authors 
concluded that in a small number of patients, the 
melanoma cells that remain after excision with 
1 cm margin will prove fatal. The use of 1 cm 
margins is thus avoided in patients with melano-
mas ≥ 2 mm, and the 2 cm margin remains stan-
dard of care except when not technically feasible 
[ 23 ] (Table  1.5 ).  

    Thick Melanoma 
 In 1998, Heaton et al. retrospectively reviewed 
278 patients in an attempt to determine an ade-
quate margin in patients with thick melanomas 
(Figs.  1.4  and  1.5 ). They found that nodal status, 
thickness, and ulceration were signifi cantly 
associated with overall survival in patients with 
melanomas greater than 4 mm in thickness. 

       Table 1.5    Recommended margins and indications for 
sentinel lymph node biopsy based on melanoma thickness   

 Tumor 
thickness 

 Recommended 
clinical margins (cm) 

 Sentinel lymph 
node biopsy? 

 In situ  0.5  No 
 ≤1 mm  1  ± a  
 1.01–2 mm  1–2  Yes 
 2.01–4 mm  2  Yes 
 >4 mm  2  Controversial b  

  Courtesy of Quyen D. Chu, MD, MBA, FACS 
  a May be considered for those with high-risk factors such as 
ulceration or mitotic rate ≥ 1/mm 2 , especially for those with 
melanomas with Breslow’s thickness 0.75–0.99 mm [ 29 ] 
  b May be considered for staging purposes or to facilitate 
regional disease control [ 29 ]  

  Fig. 1.4    Advanced melanoma (Courtesy of Quyen 
D. Chu, MD, MBA, FACS)       
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However, when compared using multivariate 
analysis, neither local recurrence nor excisional 
margin (<2 cm vs. >2 cm) signifi cantly affected 
disease- free or overall survival. It was con-
cluded that a 2 cm margin was adequate for 
intermediate and thick melanomas [ 24 ].

    A 1 cm margin for melanomas less than or 
equal to 1 mm and 2 cm for those greater than 
1 mm remains the standard of care today 
(Table  1.5 ).   

    Regional Lymph Nodes 

    Sentinel Node Biopsy 
 Historically, melanoma was treated by perform-
ing a wide local excision and regional lymphad-
enectomy. Lymphadenectomy carries signifi cant 
morbidity, namely, lymphedema in approxi-
mately 20–30 % of patients. Sentinel node biopsy 
was developed as a potential technique that 
would provide prognostic information and mini-
mize the morbidity associated with traditional 

lymphadenectomy (Figs.  1.6  and  1.7 ). It was also 
postulated to improve the accuracy of nodal stag-
ing, by identifying the most likely (sentinel) node 
to which disease would spread.

    In 1994, Dr. Morton and colleagues chal-
lenged the standard of immediate lymphade-
nectomy by applying the technique of sentinel 
lymphadenectomy to patients with melanoma. 
The Multicenter Selective Lymphadenectomy 
Trial (MSLT-1) [ 25 ] randomized 1269 patients 
with an intermediate-thickness primary mela-
noma to wide excision of melanoma and either 
observation of regional lymph nodes with 
lymphadenectomy if nodal relapse occurred or 
sentinel node biopsy with immediate comple-
tion lymphadenectomy if metastases were 
found in the sentinel node (Fig.  1.8 ). Among 
patients with a positive sentinel node, 5-year 
survival rates were higher among those who 
underwent immediate completion lymphade-
nectomy than among those in whom lymphad-
enectomy was delayed (72.3 ± 4.6 % vs. 
52.4 ± 5.9 %; hazard ratio for death of 0.51; 
 p  = 0.004). It must be noted that although there 
was a survival difference within the subgroups 
of patients with nodal involvement, there was 
no signifi cant difference in overall survival for 
the entire population. This was thought to be 
due to the dilution effect [ 26 ]. What this means 
is that because the rate of sentinel node metas-
tasis was 16 %, the number of patients who 
could derive benefi t from early lymph node dis-
section was diluted by the larger number of 
patients who had tumor-free nodes [ 26 ].

   Due to its staging and prognostic value, this 
landmark trial established sentinel node biopsy 
as standard of care for patients with intermediate- 
thickness melanomas (Breslow’s thickness, 
1–4 mm). The technique was later established to 
be prognostically useful in patients with high- 
risk thin melanomas (Breslow’s thick-
ness < 1 mm) where the node positivity rate is 
approximately 10 % [ 27 ] but remains controver-
sial as to its utility in thick melanomas [ 28 ,  29 ]. 
High-risk thin melanomas are those that have evi-
dence of ulceration or mitotic rate ≥ 1/mm 2 , espe-
cially in those with Breslow’s thickness 
0.75–0.99 mm [ 29 ] (Table  1.5 ).    

  Fig. 1.5    Advanced melanoma (Courtesy of Quyen 
D. Chu, MD, MBA, FACS)       
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  Fig. 1.6     Sentinel lymph node mapping of a melanoma of the left foot using lymphoscintigraphy . Radiotracer used was 
Tc-99 m sulfur colloid (Courtesy of Quyen D. Chu, MD, MBA, FACS)       

  Fig. 1.7    Blue sentinel lymph node (Courtesy of Quyen D. Chu, MD, MBA, FACS)       
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    Completion Lymph Node Dissection 

 When a sentinel node biopsy demonstrates a lymph 
node metastasis, completion lymph node dissec-
tion is recommended. This remains the standard of 
care in the United States today [ 19 ], although it has 
become a controversial topic. Both sides of the 
debate agree that completion lymph node dissec-
tion has additional staging benefi t, but randomized 
trials have not shown a survival benefi t attributable 
to the procedure [ 30 – 33 ]. Furthermore, multiple 
trials have shown that only 18 % of patients will 
have disease within the remaining lymph nodes 
[ 25 ,  28 ]. An ongoing multicenter trial, the MSLT-II, 
aims to answer the question of completion lymph 
node dissection in patients with positive sentinel 
lymph node(s). Patients with positive sentinel 
node(s) will be randomized to either a completion 

lymph node dissection or observation with serial 
ultrasound of the nodal basin. Results are anxiously 
awaited, and until the clinical trial has been com-
pleted, patients should be recommended to have a 
completion lymph node dissection for positive sen-
tinel node biopsy (Fig.  1.9 ).

      Initial Lymphadenectomy 

    As mentioned above, clinically positive regional 
nodes portend a poor prognosis. The estimated 
5-year overall survival (OS) rates range from 20 % 
to 40 % [ 34 – 36 ]. The NCCN guidelines recom-
mend fi ne-needle aspiration biopsy to confi rm the 
presence of metastases followed by immediate 
lymph node dissection at the time of initial opera-
tion [ 19 ]. Patients who are clinically node positive 
should be carefully staged to evaluate for systemic 

  Fig. 1.8     Multicenter Selective Lymphadenectomy Trial 
(MSLT) design : Patients with intermediate-thickness mela-
noma underwent wide local excision and then randomized 
to either (1) observation or (2) sentinel lymph node biopsy. 
For those in the observation arm, a delayed node dissection 
is performed when the node(s) become clinically relevant; 
otherwise, patients continued to be observed. For those in 
the sentinel lymph node arm, a negative sentinel lymph 

node biopsy is observed, while a positive is subjected to a 
completion lymph node dissection. For those with nodal 
disease, immediate nodal dissection had better outcome 
(melanoma-specifi c survival) than those who had delayed 
nodal dissection. However, when comparing the two groups 
as a whole (red outlines), there was no overall survival ben-
efi t. This was thought to be due to the “dilution effect” (see 
text) (Courtesy of Quyen D. Chu, MD, MBA, FACS)       

 Fig. 1.9 (continued) sartorius muscle, which can be 
detached at its origin and transferred medially as a fl ap 
without disrupting the neurovascular supply, which is 
located laterally. The muscle fl ap can be sutured to the 

inguinal ligament and/or  adjacent tissue with 3–0 or 4–0 
absorbable sutures ( a : Courtesy of Thuy-Tien Chu and 
Quyen D. Chu, MD, MBA, FACS;  b – d : Reprinted from 
Ref   . [ 76 ]. With permission from Elsevier)       
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  Fig. 1.9     Groin lymph node dissection . The lymph node-
bearing area is located within the femoral triangle, 
which is bounded by the inguinal ligament superiorly, 
the Sartorius muscle laterally, and the adductor longus 

muscle medially. The fl oor of the triangle is formed by 
the fascia over the adductor longus, iliopsoas, and pec-
tineus muscles, while the roof is formed by the fascia 
lata. Exposed vessels are generally covered with the 
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disease prior to surgical therapy. Whether patients 
should undergo a superfi cial groin dissection or a 
combined superfi cial and deep groin dissection 
remains controversial. There is no randomized trial 
that directly compares superfi cial groin dissection 
with combined superfi cial and deep groin dissec-
tion. In general, a superfi cial groin dissection is 
recommended for those with positive sentinel 
lymph node, while a combined superfi cial and deep 
groin dissection is reserved for those who have 
clinically gross involvement of the groin, clinically 
detectable deep lymph nodes, histologically posi-
tive Cloquet’s node (node medial to the femoral 
vein at the level of the inguinal ligament), or pelvic 
lymphadenopathy as seen on CT scans [ 35 ].  

    Surgery for Oligometastatic 
Stage IV Disease 

 Historically, patients with advanced melanoma 
(Figs.  1.10  and  1.11 ) have been offered surgery 
for palliation only, and the lack of effi cacy of this 

approach has been reinforced by a stable rate of 
survival for advanced stage melanoma over the 
past 30 years. Median survival of patients with 
stage IV disease is less than 8 months in numer-
ous studies. A subset of patients exists, however, 
where palliative resection may prove benefi cial 
[ 37 ]. Patients with a disease-free interval of 3 
years prior to developing stage IV disease have 
signifi cantly better survival ( p  < 0.001) than those 
with shorter disease-free intervals [ 38 ]. When 
isolated and a few number of lesions, surgical 
excision can be safe and effective if patients are 
carefully selected. Excision should be performed 
before disease is bulky and symptomatic, and a 
margin greater than 1 cm minimizes local recur-
rence, although repeat excision is often needed. 
In these carefully selected patients, median sur-
vival is approximately 2 years [ 39 ].

        Adjuvant Radiation Therapy 

 Adjuvant radiation may also provide improved 
locoregional control in patients who are at high 
risk for locoregional recurrence. High-risk 
patients include those with recurrence after prior 
surgery, more than three positive lymph nodes, 
nodes greater than 3 cm in size, extracapsular 
extension, incomplete regional node dissection, 
microscopically positive margins, gross residual 
disease, and in-transit metastases [ 19 ,  40 ]. When 
treated with adjuvant radiation, locoregional con-
trol rates range from 74 % to 94 % [ 41 – 44 ]. 
Despite an improvement in local control, adju-
vant radiation has not been shown to improve 
survival [ 45 ].   

    Adjuvant Systemic Therapy 

    Interferon 

 Systemic cytotoxic chemotherapy is the standard 
adjuvant treatment for many types of cancer; 
however, its effi cacy in melanoma (not in combi-
nation with other therapy) is low. In the late 1990s, 
immunotherapy began to show signs of promise 
for patients with melanoma. Interferon- alpha 

  Fig. 1.10    Advanced melanoma with satellite lesions 
(Courtesy of Quyen D. Chu, MD, MBA, FACS)       
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(IFN-α) was one of the fi rst therapies to demonstrate 
activity in patients with melanoma. The Eastern 
Cooperative Oncology Group (ECOG) evaluated 
the use of interferon in a series of randomized 
controlled clinical trials, the fi rst being E1684. 
E1684 compared high-risk patients receiving 
IFN-α to placebo. Following publication of an ini-
tial overall survival benefi t [ 46 ], IFN-α was FDA 
approved. Further analysis with longer follow-up 
demonstrated the survival benefi t to no longer be 
signifi cant [ 47 ], although IFN-α is still FDA 
approved for adjuvant treatment of patients with 
high-risk melanoma. 

 After E1684 and subsequent trials evaluated 
IFN-α, several reviews and meta-analyses fur-
ther explored the IFN-α question. Lens et al. 
(2002) performed a review of US and European 
randomized controlled trials using IFN-α in mel-
anoma. No trial demonstrated signifi cant overall 
survival benefi t [ 48 ]. Kirkwood et al. (2004) 
then performed a pooled analysis of ECOG and 
intergroup trials of adjuvant high-dose IFN-α. 
They reviewed updated data on nearly 2,000 
patients from four clinical trials: E1684, E1690, 
E1694 (intergroup), and E2696. In comparison 

to observation, high-dose IFN-α was superior 
with respect to disease-free survival ( p  < 0.006) 
but showed no benefi t with regard to overall sur-
vival ( p  = 0.42) [ 47 ]. The EORTC 18952 trial 
published in 2005 was a randomized controlled 
trial comparing different doses of IFN-α versus 
observation. IFN-α used in the regimen studied 
did not improve outcome for patients with either 
thick melanomas or positive nodes, and the 
authors concluded that IFN-α cannot be recom-
mended. Equally important, the authors noted 
that a substantial number of patients (18 %) 
treated with intermediate dose IFN-α treatment 
had side effects that resulted in discontinuing 
therapy and 10 % had severe toxicities. Of those 
treated with high-dose IFN-α, 75 % had severe 
toxicity. Among subgroup analyses, duration of 
treatment seemed more important than dose [ 49 ]. 

 Because of the toxicity associated with IFN-α, 
adjuvant pegylated interferon alfa-2b was then 
tested in clinical trials. The EORTC 18991 trial 
demonstrated that pegylated interferon alfa-2b for 
stage III melanoma has a signifi cant effect on 
disease-free survival (46 % vs. 39 % at 4 years), 
but not on overall survival. Despite its improved 

  Fig. 1.11    PET scan of a patient with widely metastatic melanoma (Courtesy of Quyen D. Chu, MD, MBA, FACS)       

 

1 Melanoma



16

risk profi le over IFN-α, treatment was still dis-
continued due to toxicity in 31 % [ 50 ]. Although 
IFN-α is still FDA approved for melanoma, 
newer agents have begun to show promise with 
less toxicity.   

    Targeted Therapy: CTLA-4 Inhibitor 
and BRAF/MEK Inhibitors 

    Ipilimumab (Yervoy®) 

 In the late 1970s and 1990s, FDA approved 
dacarbazine and interleukin-2 in the advanced 
melanoma setting. Their response rates are 
approximately 10–20 %, although neither medi-
cation showed an overall survival benefi t [ 51 ,  52 ]. 
More recently, an overall survival benefi t in 
patients with metastatic melanoma was demon-
strated in 2010 using ipilimumab, a monoclonal 
antibody that blocks cytotoxic T-lymphocyte- 
associated antigen 4 (CTLA-4) receptor. These 
lymphocytes then target cancer cells including 
melanoma. The use of ipilimumab in patients 
with melanoma was fi rst tested against a tumor 
vaccine (gp100), and either ipilimumab alone or 
in combination with gp100 showed an improved 
median survival by 4 months over the vaccine 
alone (10 months vs. 6 months) [ 53 ] (Table  1.6 ). 
Ipilimumab is FDA approved for use in the unre-
sectable and metastatic setting. A second trial 
published a few months later showed a survival 
benefi t of 2 months when given in combination 
with dacarbazine [ 54 ].

       BRAF and MEK Inhibition 

 Targeted therapies for melanoma have also shown 
a signifi cant improvement in survival. 
Investigations began into the mitogen-activated 
protein (MAP) kinase pathway (Fig.  1.12 ), dem-
onstrating that about half of melanomas have a 
mutation in the gene encoding the serine- 
threonine protein kinase BRAF. Ninety percent 
of BRAF mutations in melanoma affect a single 
residue (V600E) of the BRAF gene (BRAF V600E ), 

and 10–20 % affects the V600K residue. 
Knowledge of BRAF V600E  mutation led to the 
development of vemurafenib (Zelboraf®). A pro-
spective, randomized trial was published in 2010, 
demonstrating the fi rst substantial improvement 
in progression-free survival (PFS) and overall 
survival (OS) in patients with metastatic mela-
noma. Eighty-one percent of patients with a 
BRAF mutation responded to therapy, with an 
estimated PFS of more than 7 months [ 55 ]. 
Median OS had not been reached at the time of 
initial publication but was later reported to be 
16 months [ 56 ]. Dabrafenib (Tafi nlar®), another 
BRAF V600E  inhibitor, has also been demonstrated 
to improve median PFS, but not OS [ 57 ].

   BRAF inhibitors were soon followed by MEK 
inhibitors, which is downstream of BRAF in the 
MAP kinase pathway, and trametinib (Mekinist®) 
was developed and later FDA approved when it 
demonstrated improved median PFS (4.8 months 
vs. 1.5 months;  p  <0.001) and 6-month OS (81 % 
vs. 67 %;  P  = 0.01) over dacarbazine [ 58 ]. 

 Despite these advances, durability of response 
is short-lived. Approximately 50 % of patients 
who are treated with BRAF or MEK inhibitors 
exhibit disease progression within 6–7 months 
of treatment [ 56 ,  59 ]. Recent data suggest that 
compared to monotherapy, combination of 
BRAF and MEK inhibitors (dabrafenib and tra-
metinib) may be better. The median progression-
free survival was 9.4 months in the combination 
group versus 5.8 months in the monotherapy 
group ( P  < 0.001) [ 60 ]. Pyrexia was increased in 
the combination therapy group, whereas the rate 
of proliferative skin lesion (i.e., cutaneous squa-
mous cell carcinoma) was nonsignifi cantly 
reduced [ 60 ]. 

 Since 2011, ipilimumab, vemurafenib, dab-
rafenib, and trametinib have all been FDA 
approved for the treatment of melanoma 
(Table  1.6 ). With four exciting new treatments on 
the market, the most recent challenge has been to 
understand which adjuvant systemic treatments 
are best. Several clinical trials are now underway 
or have recently been published comparing dif-
ferent immunotherapies, targeted therapies, com-
binations, and sequences of these drugs.   
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    Other Therapeutic Strategies 
for Advanced Disease 

 Historically, in-transit metastases were differen-
tiated from satellite lesions based on the distance 
of the lesions from the primary melanoma; satel-
lite lesions are those that are within 2 cm of the 
primary melanoma, whereas in-transit metastases 
are those that are located greater than 2 cm from 
the primary melanoma and between the primary 
extremity site and the primary nodal basin 
(Fig.  1.13 ). However, given their overall poor 
prognosis [ 61 ], both are considered by the AJCC 
as stage III disease.

   In-transit, satellite lesions, or locally recur-
rent melanoma can be a very challenging and 
diffi cult to manage clinical problem in a small 
subset of patients with extremity melanoma. 
In-transit metastases have been reported to 
develop in 6–19 % of patients with stage II mela-
noma at presentation [ 62 ]. The presence of in-
transit, satellite lesions, or locally recurrent 
disease is associated with a poor overall survival 

as most patients ultimately fail systemically. 
A workup to exclude systemic disease should be 
considered. Local control for symptom pallia-
tion is a major priority in these patients. 

    Regional Chemotherapy 

 In order to limit systemic toxicity and increase 
the dose of delivered drug to the site of in-transit 
disease, isolated limb perfusion (ILP) was devel-
oped by Creech and Krementz in 1956 [ 63 ] 
(Fig.  1.14 ). Melphalan or melphalan in combina-
tion with other cytotoxic drugs has been most 
commonly used for regional chemotherapy [ 64 ]. 
ILP has been demonstrated to have high overall 
response rates in the range of 90 % and to 
improve local control in patients with in-transit 
melanoma; however, it has not been shown to 
have an impact on overall survival [ 64 ]. The 
combination of hyperthermia with isolated limb 
perfusion has been demonstrated in some studies 
to be associated with improved response rates 
[ 64 ]. Limitations of ILP are the need for surgical 

  Fig. 1.12     Mitogen-activated protein kinase (MAPK) 
pathway : 50 % of melanomas have BRAF mutation, of 
which 90 % occurs at a single residue (V600E), while 
10–20 % occurs at the V600K residue. Novel drugs that 

target BRAF are vemurafenib and dabrafenib. Trametinib 
targets MEK, which is downstream of BRAF (Courtesy of 
Quyen D. Chu, MD, MBA, FACS)       
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access to the arterial and venous vessels of an 
involved extremity, prolonged recovery, diffi -
culty in repeating the procedures, and a high 
incidence of mild to moderate regional and sys-
temic toxicity [ 64 ].

   A catheter-based minimally invasive approach 
to regional chemotherapy, isolated limb infusion, 
in patients with advanced melanoma of the 
extremity was developed by Thompson and col-
leagues at the Sydney Melanoma Unit in 1992 
[ 65 ]. This catheter-based technique has gained 
popularity as it has been associated with similar 
response rates and less side effects and faster 
patient recovery [ 66 ].  

    Other Local Therapies for Recurrent 
Disease 

 Palliative measures that have been employed to 
achieve local control in patients with local or in- 
transit recurrent melanoma include surgical exci-
sion, laser ablation, and cryotherapy (reviewed in 
Squires et al [ 67 ]). Intralesional injection (e.g., 
IL-2 and bacilli Calmette-Guerin), topical thera-
pies, and electrochemotherapy have also been 
studied and associated with improved local con-
trol in some cases of locally or regionally recur-
rent melanoma [ 67 ].   

  Fig. 1.13     In-transit metastasis from melanoma (N2) : 
Defi ned as a tumor distinct from the primary lesion and 
located either (1) between the primary lesion and the 
draining regional lymph nodes or (2) distal to the primary 
lesion (Reprinted from Ref   . [ 77 ]. With permission from 
Springer Verlag)       

  Fig. 1.14     Schematic setup for isolated lower limb perfu-
sion for melanoma : Catheters are placed in the femoral 
artery and vein and then connected to the perfusion circuit 
consisting of a heater, an oxygenator, and a roller pump. 

An infl atable tourniquet around the thigh further com-
pletes the isolation of the limb (With kind permission 
from Roger Olofsson, M.D., In: Isolated Regional 
Perfusion for Metastases of Malignant Melanoma)       
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    Non-cutaneous Melanomas 

 While the vast majority of melanomas arise in the 
skin, a small percentage (<2 %) occurs in the 
mucosal area such as the head and neck, vulvar, 
and anorectum. Mucosal melanoma (MM) por-
tends a poor prognosis and is believed to be bio-
logical distinct from the skin melanomas. 
Because of its rarity, a standardized approach is 
not well defi ned. Surgery plays a central role, but 
the extent of surgical resection remains contro-
versial. Management of anorectal and vulvar 
melanomas will briefl y be discussed. 

    Anal Melanoma 

 Anal melanoma is the third most common loca-
tion for malignant melanoma following cutane-
ous melanoma and ocular melanoma [ 68 ]. The 
biology for anal melanoma is poorly understood, 
but unlike cutaneous melanoma, it is not related 
to ultraviolet (UV) exposure and there is no evi-
dence of BRAF mutation in anal melanoma [ 69 ]. 
Approximately 60 % of patients present with 
lymphatic spread, while 25 % have either distant 
disease or inoperable locoregional diseases [ 70 ]. 

 Optimal treatment for this rare entity is not 
known. For patients with clinically negative 
lymphadenopathy, sentinel lymph node biopsy 
might be a viable option to allow early completion 
lymphadenectomy. In selected cases, radiother-
apy might play a role in providing locoregional 
disease control. 

 Often, a major operation is required (i.e., 
abdominoperineal resection or APR) to achieve a 
complete R0 resection, although such an opera-
tion can be highly morbid and overall survival is 
not signifi cantly different from wide local exci-
sion (WLE) [ 71 ]; the 5-year OS was 17 % for 
APR and 19 % for WLE [ 71 ]. The primary goal of 
surgery should be to resect the tumor to negative 
margins without having to resort to a highly mor-
bid operation, if possible. Margin has an impact 
on outcome. The 5-year OS was 19 % for an R0 
resection versus 6 % for an R + resection [ 72 ]. 

 Survival is predicated on extent of disease. 
Using the Surveillance, Epidemiology, and End 

Results (SEER) database from 1973 to 2003, 
Iddings et al reported the median survivals for 
localized, regional, and distant disease to be 24 
months, 17 months, and 8 months, respectively, 
and the 5-year OS to be 26.7 %, 9.8 %, and 0 %, 
respectively ( P  < 0.001) [ 71 ].  

    Vulvar Melanoma 

 Vulvar melanoma is rare but represents the sec-
ond most common vulvar malignancy, account-
ing for 8–10 % of all vulvar malignancies [ 73 ]. It 
generally affl icts the elderlies in their 70s, and 
outcome is poor with a 5-year survival rate rang-
ing from 27 % to 54 % [ 73 ]. The most common 
location of primary vulvar melanoma is the labia 
majora followed by the labia minora [ 74 ]. The 
most common symptoms include pruritus, lumps, 
tumor mass, swelling, or abscess. 

 Similar to anal melanoma, management is 
controversial. Management is mainly based on a 
review of sporadic case reports/series [ 74 ]. 
Preoperative staging to rule out distant disease 
should be performed. Extent of surgical resection 
is predicated by the extent of disease. For those 
that are localized, a wide local excision with a 
1 cm margin for melanoma <1 mm thick and 
2 cm margin for intermediate thickness (1–4 mm) 
is recommended [ 73 ]. For lesions that extend 
beyond the labia (i.e., urethra or rectum), more 
extensive surgery may be required. The role of 
prophylactic lymphadenectomy is controversial. 
A sentinel lymph node biopsy might serve useful 
for those with a primary lesion >1 mm and clini-
cally negative node. The 5-year OS for node- 
negative and node-positive vulvar melanomas is 
65 % and 27 %, respectively [ 75 ]. Radiotherapy 
may be useful in select cases of advanced stage 
disease to control symptoms.   

    Conclusions 

 Melanoma is a challenging malignancy with a 
wide spectrum of disease. Proper diagnosis and 
staging are crucial to determine prognosis. Surgery 
remains the mainstay of treatment, including wide 
local excision, sentinel node biopsy, and lymph 
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node dissection. Adjuvant treatment was trans-
formed in 2010 with systemic biologic agents 
showing an overall survival benefi t for patients 
with advanced disease. Advancement in the treat-
ment of melanoma has been highlighted by ran-
domized, prospective clinical trials. 

  Salient Points 
•     Important risk factors for developing mela-

noma are family history of melanoma, per-
sonal history of melanoma, dysplastic nevus 
syndrome, xeroderma pigmentosum, having 
multiple benign or atypical nevi, and having 
light skin, freckles, blue eyes, or red hair.  

•   Melanomas can be recognized using the 
“ABCDE” features (see Table  1.1 ).  

•   IHC stains for melanomas include S100, 
HBM-45, tyrosinase, MART-1/Melan-A, and 
MITF.  

•   Tumor depth and ulceration are two strongest 
prognostic factors. Others include mitotic 
index, LDH, location, microsatellites, and TIL 
(see Table  1.4 ).  

•   Locations that are associated with poor prog-
nosis are “BANS” (back, back of upper arm, 
neck, scalp).  

•   Surgical treatment requires knowledge of 
tumor thickness, which assists in determining 
the width of excision and the need for sentinel 
lymph node biopsy (See Table  1.5 ).
 –    Lesions that are between 1.01 mm and 4 mm 

thick should undergo a 2 cm wide local exci-
sion and a sentinel lymph node biopsy.  

 –   MLST-1 Results
•    Improved survival for those who 

undergo immediate node dissection ver-
sus delayed in those with nodal disease  

•   No overall survival difference between 
observation group and sentinel lymph 
node biopsy group (maybe due to dilu-
tion effect)     

 –   MLST-2 Trial
•    Randomizes SLNBx(+) to either obser-

vation or lymphadenectomy (i.e., is a 
completion node dissection for positive 
sentinel lymph node(s) necessary?).  

•   Final results not yet available.     
 –   SLNBx should not be performed in patients 

with palpable lymphadenopathy.     

•   Palpable lymph node(s) should undergo FNA 
for confi rmation of metastases before subject-
ing a patient to a full lymph node dissection.  

•   A completion lymph node dissection is 
required when the SLNbx is positive.  

•   Deep lymph node dissection can be consid-
ered in the following situations:
 –    Clinically detectable deep lymph nodes  
 –   Positive Cloquet’s nod  
 –   Pelvic adenopathy as seen on CT scans     

•   The following treatments do not improve 
overall survival:
 –    Interferon-alpha  
 –   Dacarbazine  
 –   Interleukin 2     

•   Ipilimumab (monoclonal antibody against 
CTLA-4R; FDA approved) improves median 
OS over vaccine by 4 months (10 months vs. 6 
months).  

•   BRAF is involved in the MAP kinase pathway 
and is mutated in melanoma.
 –    Ninety percent BRAF mutation occurs at 

the V600E residue, while 10–20 % occurs 
at the V600K residue.  

 –   Vemurafenib (BRAF inhibitor) improves 
progression-free survival and  overall sur-
vival  in patients with metastatic melanoma.  

 –   Other BRAF inhibitors are dabrafenib and 
trametinib (MEK inhibitor).     

•   In-transit metastases and satellite lesions are 
considered stage III disease; they carry poor 
prognosis.
 –    Isolated limb perfusion using melphalan is 

an option to treat in-transit metastases.     
•   Anal melanomas and vulvar melanomas are 

rare but highly aggressive. The role of prophy-
lactic lymphadenectomy is controversial.     

  Questions 
     1.    A 37-year-old man presents to your clinic 

with a history of a pigmented skin lesion on 
his back. His dermatologist performed a 
biopsy demonstrating a 1.4 mm thick mela-
noma. He has no palpable axillary or inguinal 
adenopathy. The next step in management is:
    A.    Staging PET/CT scan   
   B.    Wide local excision with 1 cm margin   
   C.    Wide local excision with 1 cm margin and 

sentinel node biopsy   
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   D.    Wide local excision with 2 cm margin and 
sentinel node biopsy   

   E.    Wide local excision with 2 cm margin and 
axillary dissection       

   2.    A 45-year-old woman presents with a new 
diagnosis of a 3.5 mm thick melanoma of the 
foot. On examination, she has palpable ingui-
nal adenopathy. What is the next step in 
management?
    A.    Fine-needle aspiration biopsy of the pal-

pable inguinal node   
   B.    Wide local excision with 2 cm margin and 

sentinel node biopsy   
   C.    Wide local excision with 2 cm margin and 

inguinal node dissection   
   D.    Systemic immunotherapy alone   
   E.    Systemic immunotherapy with radiation 

to the inguinal nodes       
   3.    A history of blistering sunburns is the most sig-

nifi cant risk factor for developing melanoma.
    A.    True   
   B.    False       

   4.    Sentinel node biopsy should be considered on 
all melanoma patients with:
    A.    Primary melanoma > 0.5 mm thick   
   B.    Primary melanoma 0.75–1 mm thick with 

high-risk features   
   C.    Lymphedema   
   D.    Palpable adenopathy   
   E.    Metastatic disease       

   5.    Completion lymph node dissection:
    A.    Has a 5 % risk for lymphedema   
   B.    Will demonstrate additional nodal disease 

in 50 % of patients   
   C.    Confers a survival benefi t in patients with 

node-positive disease   
   D.    Should be recommended after a positive 

sentinel node biopsy   
   E.    Should be performed on all patients with 

melanoma > 4 mm deep       
   6.    Overall survival in metastatic melanoma is 

NOT improved with treatment with which 
medication?
    A.    Interferon-alpha   
   B.    Ipilimumab   
   C.    Vemurafenib   
   D.    Dabrafenib   
   E.    Trametinib          

  Answers 
     1.    D   
   2.    A   
   3.    B   
   4.    B   
   5.    D   
   6.    A          
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     Abbreviations 

   5-FU    5-fl uorouracil   
  AJCC    American Joint Committee on Cancer   
  AK    Actinic keratosis   
  AS    Angiosarcoma   
  BCC    Basal cell carcinoma   
  CCI    Crude cumulative incidence   
  CK-20    Cytokeratin 20   
  CLL    Chronic lymphocytic leukemia   
  DFSP    Dermatofi brosarcoma protuberans   
  ED&C    Electrodesiccation and curettage   
  EMPD    Extramammary Paget’s disease   
  EPC    Eccrine porocarcinoma   

  MCC    Merkel cell carcinoma   
  MCV    Merkel cell polyomavirus   
  MPD    Mammary Paget’s disease   
  NCCN    National Comprehensive Cancer Network   
  NMSC    Nonmelanoma skin cancer   
  PDT    Photodynamic therapy   
  PTCH1    Patched 1 gene   
  RT    Radiation therapy   
  SCC    Squamous cell carcinoma   
  SEER    Surveillance epidemiology and end 

results   
  SLNB    Sentinel lymph node biopsy   
  TTF-1    Thyroid transcription factor 1   
  UV    Ultraviolet light   

        Learning Objectives 
 After reading this chapter, you should be able to:
•    Describe the most common nonmelanoma 

skin cancers (NMSC) in terms of epidemiol-
ogy and etiology  

•   Identify how NMSC types are diagnosed and 
select the proper biopsy method  

•   Defi ne the surgical management options and 
considerations for NMSC  

•   Identify the variety of other nonsurgical treat-
ment options and their indications including 
radiation therapy and topical therapies  

•   Understand the pattern of metastases for the 
range of NMSC  

•   Describe the surveillance for treated NMSC     
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    Basal Cell Carcinoma 

 Basal cell carcinomas (BCC) are the most com-
mon type of skin cancer and arise from the basal 
layer of the epidermis and its appendages. These 
tumors were referred to as “epitheliomas” 
because of their low metastatic potential. It is 
extremely rare for BCC to metastasize to lymph 
nodes or distant organs. However, the term carci-
noma is appropriate, since they are locally inva-
sive and aggressive. The incidence of BCC is 
rapidly rising [ 1 ]. 

 Ultraviolet (UV) light is the greatest risk fac-
tor for developing BCC with sun exposure being 
the most common mechanism. Populations at 
risk include people with fair skin, light-colored 
eyes, red hair, northern European ancestry, older 
age, farming occupations, and family history of 
BCC [ 2 ]. There is also an association between 
chronic arsenic exposure, ionizing radiation, and 
chronic immunosuppression [ 3 ]. 

 The sonic hedgehog signaling pathway has 
emerged as having a pivotal role in the pathogen-
esis of BCC. Mutations in the patched 1 gene 
(PTCH1) on chromosome 9q, which codes for 
the sonic hedgehog receptor, are the underlying 
cause of nevoid basal cell carcinoma syndrome 
and are frequently seen in sporadic BCC. Specifi c 
UV-induced mutations in the tumor suppressor 
gene p53 also appear to be a common event in 
developing a malignant phenotype [ 4 ]. 

 Approximately 70 % of BCCs occur on the 
face, consistent with the etiologic role of solar 
radiation. Fifteen percent present on the trunk, and 
only rarely is BCC diagnosed on penial,  vulvar, or 
perianal skin. BCC can be divided into several 
groups, and the three most common ones, based 
on histopathology, are nodular, superfi cial, and 
infi ltrative/morpheaform. Nodular BCC is most 
frequently seen and presents as a pearly or translu-
cent-appearing papule or nodule. Approximately 
30 % of BCCs are superfi cial and most commonly 
occur on the trunk as a scaly plaque that is ery-
thematous in color. Infi ltrative/morpheaform 
BCCs account for about 5 % of BCCs and are 
characterized by their ill-defi ned borders, plaque-
like appearance, and high risk of recurrence [ 5 ,  6 ]. 

A typical, superfi cial BCC is contrasted to a locally 
advanced infi ltrative BCC as depicted in Fig.  2.1a, 
b . The current American Joint Committee on 
Cancer (AJCC) TNM staging classifi cation for 
BCC overlaps with squamous cell carcinoma of 
the skin and is listed in Table  2.1  [ 7 ].

       Surgical Considerations 

    A detailed clinical examination is paramount, 
and most BCC can be diagnosed by their appear-
ance. A skin biopsy is usually performed to pro-
vide histologic confi rmation of the diagnosis. 
Shave biopsies, punch biopsies, and excisional 
biopsies can be used for the diagnosis of BCC. 

 Surgical options for BCCs at low risk for 
recurrence include conventional surgical excision, 
Mohs surgery, and electrodesiccation and curet-
tage (ED&C). Typically, surgical excision of the 
BCC is the preferred option and can often be per-
formed under local anesthesia. Generally, surgical 
excision of the trunk, extremity, or small facial 
BCCs of the head or neck with anywhere from 1 
to 10 mm margins has been associated with 5-year 
cure rates exceeding 95 %; therefore, 3–5 mm 
surgical margins are commonly used for the exci-
sion of these lesions [ 8 ]. Infi ltrative/morpheaform 
lesions may require wider (5–10 mm) margins 
due to their indistinct borders. Mohs surgery is 
usually reserved for lesions that exhibit features 
associated with an increased risk for recurrence 
and for locations in which tissue sparing is of 
great value due to cosmetic or functional con-
cerns. When standard surgical excision is per-
formed, all extremity lesions should be removed 
in a longitudinal fashion. While a longitudinal 
incision of the extremity may not be the most cos-
metic, it allows for an easier re-excision if the 
lesion recurs and also disrupts less lymphatic tis-
sue so that lymphedema is minimized (See Chap.   1    , 
Fig.  2.2 ). The concept of longitudinal excisions of 
the extremities is critical for all NMSCs and 
should be considered the standard. Cryosurgery 
may be used for small superfi cial lesions, but for 
larger nodules, its use is infrequent. With proper 
lesion selection and operator skill/experience, 
ED&C is capable of achieving a high cure rate.
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       Other Treatments 

 Photodynamic therapy (PDT) is a nonsurgical 
treatment option for superfi cial BCCs. The three 
components of PDT are a light source; exoge-
nous photosensitizer, such as aminolevulinic acid 
or methyl-aminolevulinic acid; and oxygen. 
Excellent response rates have been reported for 
this modality in selected BCC. 

 The superfi cial nature of early BCCs allows 
for effective topical treatments of these lesions. 
Options for topical therapy include 5-fl uorouracil 
(5-FU) and imiquimod. 5-FU is a pyrimidine 
analogue that induces cell cycle arrest and apop-
tosis. Extensive experience with topical 5-FU 
indicates that this treatment should be restricted 
to superfi cial BCCs in non-critical locations. 
Imiquimod 5 % cream is an immune response 
modifi er that is approved by the US Food and 
Drug Administration for the treatment of superfi -
cial BCCs in low-risk sites. Topical agents require 
active patient participation and close practitioner 

surveillance to prevent BCC progression and/or 
recurrence. All nonresponding lesions should be 
biopsied for persistent or recurrent disease. 
Radiation therapy (RT) is utilized as a primary 
modality in patients who are poor surgical candi-
dates. As an adjuvant therapy, radiation therapy 
can achieve good results with excellent cosmetic 
results if applied appropriately especially in 
patients with high risk of recurrence. A random-
ized study in 347 patients receiving either sur-
gery or RT as primary treatment of BCC found 
RT to result in higher recurrence rates than sur-
gery alone (7.5 % vs 0.7 %) [ 9 ]. For multiple 
recurrent BCC that have failed to be cleared by 
surgical excisions, RT is often a useful option, 
particularly for microscopically involved 
margins. 

 Advances in the understanding of the molecu-
lar mechanisms that lead to BCC formation has 
led to the FDA recently approving a novel agent 
Vismodegib, a fi rst-in-class Hedgehog pathway 
inhibitor. This agent can be used for refractory 

  Fig. 2.1    A superfi cial basal cell carcinoma (BCC) with a 
characteristic raised, “pearly” appearance is depicted ( a ,  yel-
low circle ,  c ). A locally advanced infi ltrative BCC is shown 

on the left shoulder/neck area ( b ). While this advanced 
lesion has low metastatic potential, it was infi ltrative into the 
underlying muscle and along the spinal accessory nerve       
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locally advanced BCCs that have failed all other 
options or for the rare metastatic BCC patient. 
While this treatment is currently quite expensive, 
the results can be signifi cant in clearing the tumors. 
Multiple side effects have been reported with this 
agent which may limit its use in certain patients. 

 Close follow-up is required following treat-
ment to diagnose both local recurrences and new 
skin cancers and to assess posttreatment out-
comes. Most dermatologists recommend reevalu-
ation every 3–6 months for the fi rst year following 
treatment and then every 6–12 months thereafter. 
About 30–50 % of patients may develop another 
NMSC within 5 years. Therefore, close skin sur-
veillance is mandatory.   

    Squamous Cell Carcinoma 

 Squamous cell carcinoma (SCC) is the second 
most common type of NMSC, accounting for 
approximately 20 % of all NMSC cases. SCCs 
can arise de novo, but unlike BCCs, SCCs often 
arise from precursor lesions that show partial- 
thickness epidermal dysplasia, such as actinic 
keratosis (AK). AK presents as slightly scaly 
papules with ill-defi ned borders, on sun-exposed 
skin. Seborrheic keratosis is tan to dark brown 
stuck-on appearing benign, warty growths 
located anywhere on the body. The rate of malig-
nant transformation from AK to SCC is estimated 
to range from 0.025 % to 16 % per year for an 
individual lesion [ 10 ]. Intraepithelial SCC or 

    Table 2.1    American Joint Committee on Cancer (AJCC) 
TNM staging for cutaneous squamous cell carcinoma and 
other cutaneous carcinomas (7th edition)   

 Primary tumor (T)* 

 TX  Primary tumor cannot be assessed 
 T0  No evidence of primary tumor 
 Tis  Carcinoma in situ 
 T1  Tumor ≤ 2 cm in greatest dimension with less than 

two high-risk features **  
 T2  Tumor > 2 cm in greatest dimension or tumor any 

size with two or more high-risk features **  
 T3  Tumor with invasion of maxilla, mandible, orbit, 

or temporal bone 
 T4  Tumor with invasion of skeleton (axial or 

appendicular) or perineural invasion of skull base 
 * Excludes cSCC of the eyelid 
 * High-risk features for the primary tumor (T) staging 

 Depth/invasion  >2 mm thickness 
 Clark level ≥ IV 
 Perineural invasion 

 Anatomic location  Primary site ear 
 Primary site hair-bearing lip 

 Differentiation  Poorly differentiated or 
undifferentiated 

 Regional lymph nodes (N) 

 NX  Regional lymph nodes cannot be assessed 
 N0  No regional lymph nodes metastases 
 N1  Metastasis in a single ipsilateral lymph node, 

≤3 cm in greatest dimension 
 N2  Metastasis in a single ipsilateral lymph node, 

>3 cm ≤ 6 cm in greatest dimension; or in 
multiple ipsilateral lymph nodes, none > 6 cm in 
greatest dimension; or in bilateral or contralateral 
lymph nodes, none > 6 cm in greatest diameter 

 N2a  Metastasis in a single ipsilateral lymph node, 
>3 cm but not more than 6 cm in greatest 
dimension 

 N2b  Metastasis in multiple ipsilateral lymph nodes, 
none > 6 cm in greatest dimension 

 N2c  Metastasis in bilateral or contralateral lymph 
nodes, none > 6 cm in greatest dimension 

 N3  Metastasis in a lymph node, >6 cm in greatest 
dimension 

 Distant metastasis (M) 

 M0  No distant metastasis 
 M1  Distant metastasis 

(continued)

Table 2.1 (continued)

 Anatomic stage/prognostic groups 

 Group  T  N  M 

 Stage 0  Tis  N0  M0 
 Stage I  T1  N0  M0 
 Stage II  T2  N0  M0 
 Stage III  T3  N0  M0 

 T1-T3  N1  M0 
 Stage IV  T1-T3  N2  M0 

 Any T  N3  M0 
 T4  Any N  M0 
 Any T  Any N  M1 

  Reprinted Ref   . [ 46 ]. With permission from Springer 
Verlag  
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 carcinoma in situ is believed to be the next step in 
the progression to invasive SCC. Risk factors for 
developing SCC include sun exposure, radiation, 
chronic infl ammation, immunosuppression, and 
virally induced. 

 SCC typically develops on areas that are com-
monly exposed to the sun, including the head 
and neck, scalp, face, dorsum of hand, shoulder, 
and chest. The majority of these lesions occur on 
the head and neck areas. SCCs appear as ill-
defi ned keratotic papules and nodules which 
may be ulcerated. They can be reddish brown, 
erythematous, or fl esh colored. Occasionally, 
cutaneous horns from hyperkeratosis may be 
seen, and bleeding can occur with SCC. A typi-
cal SCC in the background of extensive AK is 
compared to a locally advanced SCC as depicted 
in Fig.  2.2a, b . Histologically, they show nests 
of atypical keratinocytes with dermal invasion. 

In situ lesions, also known as Bowen’s disease, 
are characterized by full-thickness atypical 
 epidermal involvement. Histologic grading is 
divided into well, moderately, or poorly differen-
tiated. Poorly differentiated lesions have a higher 
recurrence (28.6 % versus 13.6 %) and meta-
static rate (32.8 % versus 9.2 %) compared to 
well-differentiated lesions [ 11 ]. 

 Clinical workup includes a complete history 
and physical examination, with emphasis on full 
skin and regional lymph node examinations. 
Patients may have concurrent cancer located in 
various sites, and individuals with SCC may be 
at increased risk of developing BCC and/or 
melanoma. 

 A skin biopsy is performed, making sure to 
obtain full-thickness sample down to the deep 
reticular dermis. Punch biopsies are simple to per-
form in the clinic under local anesthesia and yield 

  Fig. 2.2    A superfi cial squamous cell carcinoma (SCC) is 
noted with a typical raised, scaly/crusty appearance ( a , 
 yellow circle ) in the background of multiple actinic kera-
tosis (scaly,  red  patches) or possibly SCC in situ. An 
advanced SCC of the left hand/forearm demonstrated 
rapid growth and nodal and visceral metastases ( b ). This 

local disease was not responsive to systemic treatment, 
and despite the presence of metastatic disease, surgery 
was required in the form of an amputation for palliation of 
pain, bleeding, and infection. ( c ) A neglected SCC of the 
right scalp was completely excised with clear margins 
( c : Courtesy of Quyen D. Chu, MD, MBA, FACS)       
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good full-thickness samples for pathologic evalu-
ation (Fig.  2.3 ). Imaging studies are rarely neces-
sary and typically reserved only for locally 
advanced or clinically detected metastatic lesions.

   The presence of palpable lymph nodes identi-
fi ed by clinical examination or imaging studies 
should prompt a fi ne-needle aspiration for diag-
nosis. Regional nodal involvement signifi cantly 

increases the risk of recurrence and mortality and 
is often associated with other histologic fi ndings 
including lymphovascular invasion, poor differ-
entiation, and perineural invasion (Fig.  2.4a, b ). 
A fi ne-needle aspiration or core biopsy is generally 
suffi cient for pathologic diagnosis, and exci-
sional biopsies are discouraged as they may 
confound future defi nitive surgical interventions. 

  Fig. 2.3    A standard punch biopsy is depicted. The skin 
lesion is prepped with alcohol, anesthetized with 1 % lido-
caine, and a punch biopsy is performed to obtain a full- 
thickness specimen for further pathologic analysis. 

An absorbable suture or steri-strip can be placed for 
r  e-approximation of the skin (Illustrator-Karen Howard; 
Courtesy of Quyen D. Chu, MD, MBA, FACS)       

  Fig. 2.4    Advanced metastatic lymph nodes to the axillary 
( a ) and groin ( b ) lymph node basins. As depicted, these 
lesions are locally destructive and are prone to necrosis, 
infection, and signifi cant disability. Extensive surgical 

resection is required often with the need for soft tissue 
coverage for closure and adjuvant radiation therapy to 
improve regional control ( a : Courtesy of Quyen D. Chu, 
MD, MBA, FACS)       
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Fortunately, the rate of lymph node metastasis 
from cutaneous SCC is estimated to only be 
0.1 % for early lesions, but increases with more 
advanced lesions.

   The American Joint Committee on Cancer 
(AJCC) TNM staging classifi cation for cutaneous 
squamous cell carcinoma is listed in Table  2.1  [ 7 ]. 

    Surgical Considerations 

 Surgical excision with at least 4–6 mm margins is 
the standard of care for small, low-risk squamous 
cell cancers and is the current recommendation in 
the NCCN guidelines. Zitelli and colleagues 
reported that for SCC less than 2 cm in diameter, a 
4 mm clinical margin of surgical specimen yielded 
a complete removal with negative margins with a 
95 % confi dence interval [ 12 ]. Postoperative mar-
gin assessment should be performed, and re-exci-
sion is indicated for positive margins. 

 Mohs surgery is an excellent surgical tech-
nique for high-risk SCC and those in cosmeti-
cally sensitive areas. A meta-analysis reported a 
5-year disease-free survival rate after Mohs sur-
gery of 97 % for SCC [ 11 ]. Another surgical 
option is excision with compete circumferential 
peripheral and deep margin assessment using 
intraoperative frozen sections or delayed closure/
skin grafting with a detailed postoperative mar-
gin assessment. 

 Curettage and electrodesiccation is a process 
of scraping away tumor tissue then denaturing 
the area. Up to three cycles can be performed in 
one session. Overall 5-year cure rate reported for 
low-risk SCC is 96 % [ 13 ]. Three caveats are 
underscored in the NCCN guidelines: (1) this 
technique should not be used to treat areas with 
hair growth due to tumor extending down the fol-
licular structures; (2) if the subcutaneous layer is 
reached during the course of curettage, surgical 
excision should be used instead; and (3) biopsy 
samples should be taken at the time of curettage 
to analyze for high-risk pathologic features. 

 The current NCCN recommendations for 
low- risk SCC are surgical excision with 4–6 mm 
margins with primary closure, skin graft, or 
healing by secondary intention, curettage with 

 electrodessication, or radiotherapy for nonsurgi-
cal candidates. For high-risk SCC, or those in 
cosmetically sensitive areas, Mohs surgery or 
resection with intraoperative frozen sections or 
radiotherapy is indicated. Sentinel lymph node 
biopsy (SLNB) for the evaluation of occult nodal 
metastatic disease can be performed and may 
allow for more accurate staging in high-risk fea-
ture patients. Criteria to perform an SLNB for 
SCC are not standardized but often include high- 
risk features of the primary tumor (size >2 cm, 
poorly differentiated, evidence of perineural or 
lymphatic invasion) [ 14 ]. Positive sentinel 
lymph node biopsies should be followed by 
imaging for complete staging and then comple-
tion lymphadenectomy in the absence of distant 
metastatic disease. 

 If suspicious lymph nodes are seen clinically 
or by imaging, FNA or core biopsy is indicated. 
If the lymph nodes return positive for SCC, 
regional lymph node dissection is recommended. 
Those with multiple nodes involved should be 
considered for adjuvant radiotherapy as multiple 
studies have shown decreased locoregional recur-
rence and improved 5-year disease-free survival 
with this modality [ 15 ] . Surgical interventions 
for widely metastatic SCC are limited to pallia-
tive procedures to control bleeding, infection, 
and/or pain when systemic therapy and/or radia-
tion therapy fails. Although exceedingly uncom-
mon, amputation for uncontrolled tumor is a 
potential option in advanced SCC arising in the 
extremities.  

    Other Treatments 

 Photodynamic therapy (PDT) is a nonsurgical 
treatment option for actinic keratosis and superfi -
cial SCC. Although superfi cial BCC is most 
responsive to PDT, there has been some success 
with SCC. In a retrospective study of 35 superfi -
cial SCC defi ned as carcinoma confi ned to the 
papillary dermis, complete response rate was 
reported to be 54 %. However, projected disease- 
free rate at 36 months after treatment was only 
8 % [ 16 ]. A few case reports and series report a 
high recurrence rate, up to 52 %, for SCC in situ 
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and even higher, 82 %, for invasive SCC lesions 
[ 17 ]. Therefore, PDT is not a recommended treat-
ment modality for invasive SCC tumors. 

 Topical 5-FU applied twice daily or once daily 
under occlusion for 1.5–2 months has been 
reported to have a 54–85 % cure rate for intraepi-
thelial SCC. Less intense regimen reduces the 
clearance rate to only 27–56 % [ 18 ]. Imiquimod 
stimulates the innate immune response by acti-
vating cytokines that ultimately induces 
interferon- gamma release by T cells. Use of 
imiquimod for SCC is limited. A randomized, 
double-blind placebo-controlled trial showed 
73 % of SCC in situ lesions that achieved clear-
ance after 16 weeks of imiquimod therapy [ 19 ]. 
Current evidence supports the use of topical 
imiquimod in poor surgical low-risk candidates 
with SCC in situ lesions. 

 Diclofenac is a nonsteroidal anti- infl ammatory 
drug (NSAID) that inhibits cyclooxygenase 2 
(COX 2) and thereby reduces the production of 
prostaglandins. COX 2 enzymes are believed to 
be upregulated in NMSC lesions. Thus far, topi-
cal diclofenac 3 % gel has been approved only for 
the treatment of actinic keratosis. 

 Epidermal growth factor receptor (EGFR) is 
an extracellular signaling receptor in the tyrosine 
kinase receptor family. Activation of this receptor 
by various ligands stimulates keratinocyte prolif-
eration. It has been shown that advanced SCC 
lesions contain EGFR mutation causing overex-
pression in 43–73 % of cases [ 20 ]. Cetuximab is a 
chimeric monoclonal antibody directed against 
EGFR. It is currently approved for treatment of 
recurrent or metastatic SCC of the head and neck. 
A study comparing radiotherapy alone versus 
cetuximab combined with radiotherapy showed 
improved locoregional control and overall sur-
vival rate in those that received cetuximab [ 21 ]. 
Erlotinib and gefi tinib, which disrupt the intracel-
lular signaling cascade after EGFR is activated, 
are being investigated for use in cutaneous SCC. 

 External beam radiation therapy can function 
both as a primary treatment, especially for 
advanced head and neck SCC in poor surgical 
candidates or as adjuvant therapy after surgical 
excision. A meta-analysis reported a 5-year 
recurrence rate of 10 % after radiotherapy on 
patients with high-risk primary SCC [ 11 ].   

    Merkel Cell Carcinoma 

 Merkel cell carcinoma (MCC) is an aggressive 
neuroendocrine malignancy that arises in the der-
moepidermal junction. It commonly affects 
elderly Caucasians and was originally described 
by Toker in 1972 as trabecular carcinoma of the 
skin. Other names include Toker tumor, primary 
small cell carcinoma of the skin, primary cutane-
ous neuroendocrine tumor, and malignant 
trichodiscoma. Although rare, MCC incidence 
rates are increasing rapidly. The tumor often 
appears as an asymptomatic erythematous nodule 
and may resemble a basal cell carcinoma, a com-
mon misdiagnosis both clinically and histologi-
cally (Fig.  2.5 ). The pathogenesis of MCC is 
controversial. One thought is it arises from 
Merkel cells, which are part of the amine precur-
sor uptake and decarboxylation system located in 
the basal layer of the epidermis and hair follicles. 
Another hypothesis is that MCCs originate from 
immature stem cells that acquire neuroendocrine 
features during malignant transformation.

   MCCs can be characterized by  AEIOU   features: 
 A symptomatic/lack of tenderness,  E xpanding rap-
idly,  I mmune suppression,  O lder than 50 years, 
and  U ltraviolet-exposed site on a person with fair 
skin [ 22 ]. In a SEER data review of 1,034 patients, 
MCC was more common in males and patients 
geographically located in sun- exposed climates; 
94 % were Caucasian, 76 % were older than 65 
years (median 75), and 48 % occurred on the head 
[ 23 ]. MCC has been shown to be more common in 
immunosuppressed populations such as solid organ 
transplant recipients and HIV patients. Accordingly, 
MCC can be aggressive and should be considered 
to have a high lethal potential with an estimated 
1 in 3 patients succumbing to the disease. Of the 
patients for which MCC is the cause of mortality, 
half of the patients will die within 4 years of the 
initial diagnosis. 

 In 2008, Merkel cell polyomavirus (MCV) 
was discovered and found to be integrated into 
the host genome of over 80 % of patients with 
MCC, and this association has been validated by 
multiple other studies [ 24 ]. An increased inci-
dence of MCCs was found in patients with 
chronic lymphocytic leukemia (CLL) who are 
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relatively immunosuppressed and have a high 
rate of MCV detected in their MCC tumors [ 22 ]. 

 When MCC is suspected, a punch biopsy or 
full-thickness biopsy should be performed. There 
are three main histologic patterns: (1) solid type- 
most common type, composed of irregular groups 
of tumor cells interconnected by strands of con-
nective tissue; (2) trabecular type- well-defi ned 
cords of cells that form invading columns or 
cords; and (3) diffuse type- exhibits poor cohe-
sion and a lymphoma-like diffuse type of growth. 
The pathologic diagnosis is diffi cult due to its 
similarity to small round blue cell tumors (small 
cell carcinoma of the lung, cutaneous large cell 
lymphoma, neuroblastoma, metastatic carcinoid, 
amelanotic melanoma, sweat gland carcinoma, 
Langerhans cell histiocytosis, and Ewing sar-
coma). Hematoxylin and eosin (H&E) staining 
should be confi rmed by immunohistochemistry 
(IHC). CK-20 is both sensitive and specifi c for 

MCC with a positivity in 89–100 % cases, and 
thyroid transcription factor 1 (TTF-1) is consis-
tently negative in MCC [ 25 ]. 

 Histologic features that may have prognostic 
signifi cance include: tumor thickness, presence of 
lymphovascular invasion, and tumor growth pat-
tern. The AJCC lists site-specifi c prognostic fac-
tors: measured thickness (depth), tumor base 
transection status, profound immune suppression, 
tumor infi ltrating lymphocytes in the primary 
tumor, growth pattern of primary tumor, size of 
tumor nests in regional lymph nodes, clinical sta-
tus of regional lymph nodes, regional lymph 
nodes pathologic extracapsular extension, iso-
lated tumor cells in regional lymph node(s) [ 7 ]. 
The majority of patients die from distant metasta-
ses involving liver, bone, lung, brain, or distant 
lymph nodes. Tumors greater than 2 cm in diam-
eter at the time of diagnosis have been shown to 
have a negative infl uence on survival. 

  Fig. 2.5    A typical Merkel cell carcinoma (MCC) is 
shown on the extremity as an erythematous nodule that 
exhibited a rapid growth phase ( a ). MCC can be locally 
aggressive and has a high potential for recurrence and 
metastasis ( b ). Adjuvant radiation therapy following the 
wide excision of MCC has proven benefi t in reducing the 

local recurrence rate for advanced lesions. ( c ) 
Photomicrograph depicting clusters of neoplastic cells 
within the dermis having the fi nely granular chromatin 
pattern characteristic of Merkel cell carcinoma (hema-
toxylin and eosin X 200) ( c : Courtesy of Barry DeYoung, 
MD, Wake Forest School of Medicine)       
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    Surgical Considerations 

 MCC has a propensity for local recurrence and 
regional lymph node metastases. Diagnosis is 
typically made with a skin biopsy after a com-
plete skin and lymph node examination. In 2010, 
the AJCC published the new staging system for 
MCC, which is based on primary tumor size and 
nodal status. The primary lesion should be exam-
ined for satellite lesions or dermal seeding and 
the extent of disease assessed. If lymph nodes are 
clinically involved, fi ne-needle aspiration or core 
biopsy should be performed with consideration 
of open biopsy if negative. Diagnostic imaging 
such as CT, MRI, and/or PET/CT should be per-
formed to evaluate disease extent and rule out 
distant visceral metastases particularly when 
signs or symptoms of metastatic disease warrant 
further investigation. 

 Surgical management continues to be the pri-
mary treatment for clinically localized MCCs. 
Wide local excision with 1–2 cm margins to 
investing fascia and SLNB are the current rec-
ommendations for early stage cancers. In one 
study, an average margin width of 1.1 cm had a 
low (8 %) recurrence rate if negative, and a 
decreased local recurrence rate was not associ-
ated with a margin of more than 1 cm [ 26 ]. In 
areas of diffi cult margins, Mohs micrographic 
surgery may be an additional option. Primary 
radiation therapy has also been used successfully 
in selected patients. 

 SLNB, although not clearly proven to impact 
survival, is recommended. The techniques per-
formed are similar to melanoma. Sentinel lymph 
nodes should be assessed using IHC for more 
effective metastatic identifi cation, including 
CK-20 staining. A low rate of lymph node metas-
tases from primary tumors <1 cm has been 
observed, but the low risk has not been clearly 
reproducible, and omitting the SLNB procedure 
for smaller tumors does not appear to be widely 
accepted. If lymph nodes are clinically positive, 
FNA or core biopsy should be performed for 
confi rmation followed by either complete 
lymphadenectomy and/or radiation therapy (RT) 
for regional control.  

    Other Treatments 

 MCC is radiosensitive, and therefore RT is often 
used adjunctly for locoregional disease control. In 
an extensive review of the literature, a decreased 
local recurrence of 10.5 % with RT versus 52.6 % 
without was found [ 27 ]. SEER data review of 
patients stage I–III had an increased overall sur-
vival when treated with surgery plus radiation 
compared with patients treated with surgery 
alone. Adjuvant radiation was a component of 
therapy in 40 % of the surgical cases, and the 
median survival for those patients receiving adju-
vant RT was 63 months compared with 45 months 
for those treated without. The use of RT was asso-
ciated with an improved survival for patients with 
all sizes of tumors, but the improvement was par-
ticularly prominent for primary lesions larger than 
2 cm [ 28 ]. However, not all studies have found an 
increased survival benefi t. NCCN guidelines rec-
ommend a total radiation dose of 50–56 Gy in 
patients with clinically negative margins who are 
considered to be at signifi cant risk for residual 
subclinical disease at the resection site. 

 Data on chemotherapy for MCC is scarce. It is 
used more often for stage IV and node-positive 
disease. The Trans-Tasman Radiation Oncology 
Group (TROG 96:07) performed a phase II trial 
using carboplatin and etoposide that did not dem-
onstrate an improvement in survival, although the 
study was thought to be underpowered. When 
evaluating chemoradiation, TROG 96:07 had 
87 % patients complete all 4 cycles of chemo-
therapy, with a locoregional control rate of 77 % 
in patients treated in an adjuvant manner and 
71 % for those treated therapeutically [ 29 ]. The 
small numbers of patients diagnosed annually 
with MCC have limited the ability to conduct 
meaningful clinical trials regarding optimal che-
motherapy regimens.  

    Follow-Up 

 Close follow-up is recommended for nearly all 
stages and includes a physical examination of 
the skin and regional lymph nodes. Current 
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recommendations include exams performed 
every 3–6 months for the fi rst 2 years and then 
every 6–12 months.   

    Dermatofi brosarcoma Protuberans 

 Dermatofi brosarcoma protuberans (DFSP) is a 
relatively unusual, locally aggressive cutaneous 
tumor, characterized by high rates of local recur-
rence, but low risk of metastasis. DFSP is a rare 
tumor that constitutes 0.1 % of all malignancies 
and 1 % of all soft tissue sarcomas. Nevertheless, 
DFSP is the most common sarcoma of cutaneous 
origin [ 30 ]. The age spectrum varies from con-
genital cases to patients > 90 years old and is 
equally represented in both sexes. DFSP is an 
asymptomatic tumor with a slow growth. DFSP 
is preferentially located on the trunk with 
40–50 % of cases found to occur in this area. In 
30–40 % of cases, the tumor is located in the 
proximal portion of the limbs (more often on the 
arms than the legs), and in 10–15 % of cases, 
DFSP affects the head and neck areas [ 30 ]. 

 Over 90 % of DFSPs are characterized by a 
unique chromosomal translocation t(17;22) 
(q22;q13). This translocation results in the 
gene for platelet-derived growth factor beta 
polypeptide (PDGFB) being fused with the 
highly expressed collagen type 1A1 (COL1A1) 
gene. The resulting PDGFB/COL1A1 fusion 
protein is processed to produce fully functional 
PDGFB, which results in continuous autocrine 
activation of the PDGF receptor b, a tyrosine 
kinase. This molecular alteration, which has 
been demonstrated in over 90% of DFSPs, is 
thought to be fundamental to the development 
of the tumor [ 31 ]. 

 Histologically, DFSP appears as a poorly cir-
cumscribed tumor that infi ltrates the whole der-
mis down to fat and muscle and spreads in a 
tentacle-like fashion into the cellular subcutane-
ous tissue. The tumor is composed predominantly 
of a dense, uniform array of cells with spindle- 
shaped nuclei embedded in varying amounts of 
collagen. DFSP should be suspected in any 
patient with a history of a fi rm, slow-growing 

cutaneous nodule, and defi nitive diagnosis 
requires an incisional or deep punch biopsy rep-
resentative of the lesion (Fig.  2.6 ).

      Surgical Considerations 

 The primary treatment of DFSP is surgical 
removal to obtain clear margins. A wide excision 
of 2 cm margins including the investing fascia is 
often defi nitive; however, larger margins 
(3–4 cm) can be taken for recurrent or extensive 
tumors. Deep undermining or raising large fl aps 
should be avoided. Alternatively, Mohs micro-
graphic surgery has been shown to be associated 
with high cure rates and very low recurrences. 
Recent reviews have suggested that either wide 
local excision with appropriate margins or Mohs 
surgery may have similar outcomes, but that 
Mohs surgery may be preferable for head and 
neck tumors or tumors located in areas where tis-
sue sparing is of importance. Irrespective of the 
approach, the status of the surgical margins is the 
most important prognostic factor in patients with 
DFSP. The prognostic importance of resection 
margins was shown in a series of 159 patients 
(134 DFSP, 25 DFSP with sarcomatous transfor-
mation). At a median follow-up of 57 months, 
there were 34 recurrences, 29 of which developed 
in patients with positive or close margins [ 32 ].  

    Other Treatments 

 Given DFSPs’ characteristic chromosomal trans-
location, t(17;22), orally active small molecule 
tyrosine kinase inhibitors (TKIs) have been uti-
lized for the rare unresectable or metastatic 
tumor. The most commonly used agent is ima-
tinib followed by sunitinib and sorafenib often 
with mixed and transient responses [ 33 ]. 

 Although DFSP is a radiosensitive tumor, 
radiation is rarely used a primary treatment. 
Despite the absence of randomized clinical trials 
proving benefi t, adjuvant RT may be recom-
mended in conjunction with wide local resection 
of large tumors or when the surgical margins are 
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close or positive and further surgery is not feasi-
ble. If a negative margin is achieved, no adjuvant 
treatment is necessary. 

 Current recommendations include follow-up 
of the primary site every 6–12 months including 
complete history and physical to rule out meta-
static disease. Imaging is rarely required except 
for high-risk lesions.   

    Angiosarcoma 

 Angiosarcomas (AS) are rare endothelial-derived 
tumors that account for 1–2 % of all soft tissue 
sarcomas. They can occur anywhere, but are 
 frequently in the skin and soft tissues, most 

 commonly in the head and neck or areas of prior 
RT. AS may present as blue or erythematous 
patches, nodules, or tumors on the skin and can 
occur at a median time of 7 years (3–25 years) 
from time of radiotherapy. When associated with 
radiation, AS are usually cutaneous and maybe 
with edema similar to infl ammatory breast cancer 
or cutaneous infection. Their involvement is 
often extensive, diffuse, high grade, and can be 
associated with bleeding. 

 With an increasing number of cases reported, 
there is concern about radiation-induced AS in 
the setting of breast conserving therapy for 
breast cancer (Fig.  2.7 ). A cumulative incidence 
after 15 years was found to be 0.9 per 1,000 for 
cases receiving radiation and 0.1 per 1,000 for 

  Fig. 2.6    Dermatofi brosarcoma protuberans (DFSPs) pres-
ent as slow-growing fi rm nodules in the skin ( a ,  b ,  d ,  e ) and 
are the most common sarcoma of cutaneous origin. Moh’s 
surgery can be the preferred method in select DFSP; how-
ever, larger lesions may require a surgical wide  excision. 

( c ) Photomicrograph showing mildly atypical spindle cells 
arranged in a cartwheel or storiform pattern indicative of 
DFSP (hematoxylin and eosin X 200) ( c : Courtesy of Barry 
DeYoung, MD, Wake Forest School of Medicine;  d ,  e : 
Courtesy of Quyen D. Chu, MD, MBA, FACS)       
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cases not receiving radiation [ 34 ]. While the 
occurrence of sarcoma was low, RT was associ-
ated with an increased risk of AS in or adjacent 
to the radiation fi eld. The relative risk was found 
to be signifi cant within 5 years of RT, but maxi-
mum risk was between 5 and 10 years.

   Another variant is Stewart-Treves syndrome, 
also known as lymphangiosarcoma, which was 
fi rst reported in a series of six patients in 1948 
[ 35 ]. It is associated with chronic, long- standing 
lymphedema. Exogenous toxins or chemicals are 
also associated with AS including Thorotrast and 
vinyl chloride which are associated with liver 

angiosarcoma formation. Similarly, cutaneous 
angiosarcomas have been related to arsenic, 
radium, anabolic steroids, and gouty tophus. 

 Suspicious areas require a punch biopsy or a 
full-thickness incisional biopsy in areas of sus-
pected AS. FNA can be performed, but are not 
usually defi nitive for the diagnosis of AS, 
 particularly in breast cancer survivors where it 
can be misinterpreted as recurrent carcinoma. 
A correct diagnosis of this tumor requires immu-
nohistochemical evidence of endothelial differ-
entiation. Typical markers for AS include 
vimentin, factor VIII, CD31, and CD34 [ 36 ]. 

  Fig. 2.7    Angiosarcomas may arise in previously irradi-
ated skin and are increasing in frequency with the wide-
spread use of adjuvant radiation for breast cancer ( a ,  d ,  e ). 
The diffuse nature and characteristic appearance of cuta-
neous angiosarcoma are noted on the left chest wall in the 
background of cutaneous radiation changes ( d ). These 
lesions typically necessitate an excision with wide mar-
gins due to their infi ltrative nature and tendency for recur-

rence ( e ). Hematoxylin and eosin (H&E) sections ( b ,  c ) 
show a high-grade angiosarcoma with dilated vascular 
spaces that are dissecting and splitting tissue planes. The 
vascular spaces are lined and fi lled with highly pleomor-
phic malignant cells with easily identifi ed mitosis ( a ,  d ,  e : 
Courtesy of Quyen D. Chu, MD, MBA, FACS;  b ,  c : 
Courtesy of Xin Gu, MD, Louisiana State University 
Health Sciences Center-Shreveport)       
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    Surgical Considerations 

 Lesion size and presence of metastases often 
determine treatment options. Tumor imaging 
modalities such as CT or MRI are recommended 
as well as abdominal/pelvic CT and central ner-
vous system imaging to rule out metastatic dis-
ease, which is common to the lungs and liver. 

 AS are biologically aggressive tumors with a 
propensity for metastases and being multifocal. 
Surgical resection with negative (R0) margins 
continues to be the standard for curative treat-
ment. Wide margins are recommended which 
often necessitate complex reconstructions, espe-
cially when AS is RT induced. Clinically unde-
tectable intradermal spread in addition to a high 
incidence of multicentricity and unclear borders 
results in high local recurrence rates even after 
R0 resections.  

    Other Treatments 

 Despite its biologic aggressiveness, a fair number 
of AS will respond to systemic chemotherapy. 
Previous literature shows a 3.8–44 % complete 
response rate and a 88–93 % clinical response 
rate with regimens using combinations of pacli-
taxel, doxorubicin, and gemcitabine [ 37 ]. 
Response rates of approximately 10 % are found 
with antiangiogenic agents that are mainly used 
for locally advanced or metastatic disease. There 
is limited data, but neoadjuvant chemotherapy 
may be useful prior to surgical excision to reduce 
local recurrence rates and improve recurrence- 
free survival. 

 Although seemingly counterintuitive as many 
AS are radiation induced, additional RT (mostly 
wide-fi eld electron-beam therapy) has been 
found to result in regression of local skin disease 
and potentially prolonged survival.  

    Follow-Up 

 Patients should have a history and physical every 
3–6 months for 2–3 years and then annually. 
Disease progression or recurrence should be 

managed accordingly depending on local or dis-
tant progression. Chest imaging can be consid-
ered every 6–12 months as well as primary site 
imaging (US, MRI, or CT).   

    Paget’s Disease 

 Paget’s disease is a rare cutaneous adenocarci-
noma that occurs in elderly women more often 
than in men. It typically presents as an erythema-
tous, scaly, eczematous plaque frequently misdi-
agnosed as infl ammatory or infectious dermatitis. 
Most commonly affected sites include unilateral 
nipple/areola complex in mammary Paget’s dis-
ease (MPD) and the vulva, perianal skin, scro-
tum, and penis in extramammary Paget’s disease 
(EMPD). 

 EMPD occurs in apocrine-rich skin most com-
monly in the elderly. The most frequently affected 
site is the labia majora. Two thirds of cases occur 
on the vulva, and one third on the perianal skin 
and 14 % occur on the male genitalia (scrotum). 
Only 2 % of cases are found in the axilla, eyelids, 
external ear canals, trunk, and mucosal surfaces. 

 While most cases of MPD are associated with 
underlying breast carcinoma (82–92 %), EMPD 
is less often associated with an underlying neo-
plasm (9–32 %) [ 38 ]. It was therefore proposed 
that cases of extramammary Paget’s disease can 
arise as epidermotropic spread from an in situ or 
invasive neoplasm arising in an adnexal gland 
within the dermis, analogous to mammary Paget’s 
disease without a primary breast neoplasm. Of all 
patients with EMPD, 36 % have a strong ana-
tomic association of internal malignancy with the 
EMPD site, and EMPD in the perianal area has a 
higher association rate (50–86 %) with an inter-
nal malignancy than those with EMPD on the 
labia majora (5–25 %) [ 39 ]. 

 Several punch biopsies should be performed 
for diagnosis and assessment of depth of inva-
sion. The use of immunohistochemistry may be 
necessary to confi rm the diagnosis. For EMPD, 
underlying gastrointestinal or genitourinary neo-
plasms must be ruled out. Imaging of the abdo-
men and pelvis, colonoscopy, barium enema, 
cystoscopy, intravenous pyelogram, chest X-ray 
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and mammogram (for the rare association of 
EMPD and MPD), and blood work (CEA) are all 
appropriate tests. FDG-PET may have utility in 
ruling out lymph node metastases and identifying 
a primary, but it is not a standard recommenda-
tion at this time. 

    Surgical Considerations 

 While there is no consensus on treatment of 
EMPD, surgical wide excision or Mohs micro-
graphic surgery continues to be preferred treat-
ments. No clear recommendations for margin 
width exist. Typically, wide margins up to 3 cm 
are recommended, but wide local excision with a 
1 cm margin from the clinical border may pro-
duce negative margins and low local recurrence 
rates in select patients [ 40 ]. Unfortunately, multi-
focal and unclear borders may lead to high mar-
gin positivity. Intraoperative frozen margin 
assessment in addition to wide local excision and 
intraoperative re-excision for margin positivity is 
recommended. Mohs surgery can be effective 
and may be associated with lower rates of recur-
rence compared to wide local excision. 
Preoperative mapping biopsies to evaluate the 
extent of disease are often very helpful. When 
invasive to the subcutaneous tissues, EMPDs 
have a high rate of lymph node metastasis, and 
SLNB should be considered for staging.  

    Other Treatments 

 Trials for EMPD are few since the tumor is rare, 
and therefore most data for nonsurgical manage-
ment consists of small series and case reports. 
Use of nonsurgical modalities to treat EMPD 
including topical imiquimod, topical 5-FU, topi-
cal bleomycin, photodynamic therapy, CO2 laser 
ablation, and topical retinoids has been reported 
with mixed results. Photodynamic therapy is not 
recommended for scrotal lesions or lesions <4 cm 
due to high recurrence rates. Radiation therapy 
was found effective and well tolerated for EMPD 
and can provide good local control. Radiation 
can be used to treat the primary lesion in inoper-

able patients or as an adjuvant for positive mar-
gins or high-risk tumors. 

 No optimal chemotherapy regimen for EMPD 
exists. Case reports for combination chemother-
apy including mitomycin C and epirubicin, vin-
cristine, cisplatin, docetaxel, and 5-FU have 
shown pathologic and complete responses [ 41 ]. 
Additionally, the overexpression of HER-2/neu 
in primary EMPD suggests a role for directed 
therapy with trastuzumab in patients with recur-
rent disease [ 42 ].  

    Follow-Up 

 While no clear guidelines exist, patients should 
have long-term follow-up with routine skin as 
well as regional lymph node examinations simi-
lar to other NMSC protocols. If a primary source 
is suspected, but not yet found, other imaging 
modalities as well as laboratory tests may be use-
ful and may be repeated on a regular basis.   

    Eccrine Porocarcinoma 

 Eccrine porocarcinoma (EPC) is a rare malignancy 
arising from intraepidermal eccrine sweat ducts 
(Fig.  2.8 ). EPC lesions occur most commonly in 
the lower extremities but are also found on the head 
and neck. EPC may arise de novo into a malignant 
form but most often develops from a long-standing 
benign eccrine poroma that has undergone degen-
erative changes [ 43 ]. EPC has been reported to 
arise in association with extra mammary Paget’s 
disease, sarcoidosis, chronic lymphocytic leuke-
mia, pernicious anemia, Hodgkin’s disease, HIV, 
and in rare cases, xeroderma pigmentosum and 
chronic radiation exposure.

   EPC lesions present as fi rm, erythematous to 
violaceous nodules usually less than 2 cm in size. 
Signs and symptoms of malignant transformation 
include bleeding, ulceration, pain or itching, or 
sudden increase in size. Immunostaining is essen-
tial in establishing a diagnosis, especially to rule 
out the possibility of metastatic adenocarcinoma 
or an amelanotic melanoma. The presence of 
ductal structures and a PAS-positive cuticle 
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makes metastatic adenocarcinoma less likely. 
Poor prognostic features include thickness 
>7 mm, lymphovascular invasion, and more than 
14 mitoses per high power fi eld [ 44 ]. 

    Surgical Considerations 

 Primary surgical excision is the treatment of 
choice for EPC including either wide excision or 
Mohs surgery. One study reviewing 9 cases of 
EPC reported a curative rate of 70–80 % after 
excision with 2 cm margins [ 45 ]. For recurrent or 
metastatic EPC tumors, limited data exist. 
Response to radiation therapy is often partial and 
is reserved for palliative care. Systemic chemo-
therapy has also shown limited response. 
Therefore, early detection and defi nitive excision 
provides the highest chance of survival. Due to 
EPC rarity, the role of sentinel lymph node biopsy 

for staging EPC has not been defi ned, but should 
be considered for accurate staging.  

    Special Consideration: 
Neglected NMSC 

 Not uncommonly, patients will present to the sur-
geon with locally advanced BCC and SCC. The 
causes of late presentations include neglect due to 
patient anxiety, denial, and/or economic consider-
ations. However, some lesions such as MCC may 
grow rapidly and present in a locally advanced 
state despite patient diligence. The standard eval-
uation should be performed including a thorough 
history and physical examination looking for 
signs or symptoms of distant metastatic disease. 
When appropriate, imaging should be obtained to 
rule out distant metastases. If distant metastases 
are found, then the treatment options should favor 

  Fig. 2.8    Eccrine carcinoma occurring in a thigh ( a ). This 
tumor is presented in the epidermis and extends into the 
dermis with large cords, lobules, and islands. There is fre-
quent central necrosis, and the tumor cells are large, 
hyperchromatic with marked nuclear atypia. Brisk mitosis 
and apoptosis are also present. The tumor shows ductal 

differentiation with forming PAS-positive curtile materi-
als ( b – d ) ( a : Courtesy of Roger Kim, MD, Louisiana 
State University Health Sciences Center-Shreveport;  b – d : 
Courtesy of Xin Gu, MD, Louisiana State University 
Health Sciences Center-Shreveport)       
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a systemic approach such as chemotherapy or 
 targeted therapy. In the background of metastatic 
disease, surgery should be employed for the 
locally advanced primary lesion only for pallia-
tion of uncontrolled bleeding, pain, or infection. 
If no evidence of metastatic disease is identifi ed, 
then an extensive surgery to obtain clear margins 
should be planned with the likelihood of delayed 
closure if all margins are free of tumor. Primary 
suture closure is usually not possible, so consider-
ation for healing by secondary intention, delayed 
skin grafting, and/or rotational or free fl aps may 
be necessary. Given the often extensive nature of 
these lesions, either neoadjuvant or adjuvant radi-
ation therapy should also be considered. 

  Salient Points 
•      Basal cell carcinoma (BCC) 

 –    The most common type of skin cancer.  
 –   Treatment is wide local excision (WLE).

•    3–5 mm margin is adequate.  
•   5–10 mm margin for infi ltrative/mor-

pheaform lesions.     
 –   Moh’s surgery is also appropriate.  
 –   Nonsurgical options include PDT, topical 

5-FU, imiquimod, and XRT.  
 –   Vismodegib: Hedgehog pathway inhibitor 

FDA approved for refractory locally 
advanced BCC or metastatic BCC.     

•    Squamous cell carcinoma (SCC) 
 –    The second most common type of nonmel-

anoma skin cancer.  
 –   Can arise from actinic keratosis.  
 –   Bowen’s disease: in situ lesion.  
 –   Treatment is WLE with 4–6 mm margin.  
 –   Moh’s surgery is also appropriate.  
 –   Sentinel lymph node biopsy (SLNBx) is an 

option for high-risk lesions (size > 2 cm, 
poorly differentiated, perineural or 
 lymphatic invasion).  

 –   Palpable lymph nodes require FNA for 
diagnosis.  

 –   Positive LNs require node dissection.  
 –   Nonsurgical options include PDT for 

superfi cial SCC but not invasive SCC, topi-
cal 5-FU, imiquimod, and XRT.  

 –   Topical diclofenac is indicated for actinic 
keratosis.  

 –   Cetuximab: anti-EFR approved for recur-
rent or metastatic SCC of the head and 
neck.     

•    Merkel cell carcinoma 
 –    Aggressive neuroendocrine tumor arises in 

the dermoepidermal junction.  
 –   Affects elderly Caucasians.  
 –   Associated with Merkel cell 

polyomavirus.  
 –   AEIOU features: asymptomatic, expand-

ing rapidly, immune suppression, older 
than 50 years, ultraviolet- exposed site on a 
person with fair skin.  

 –   Common in immunosuppressed popula-
tions (organ transplant recipient and HIV 
patients).  

 –   Positive staining for CK-20, but negative 
for thyroid transcription factor 1 (TTF-1).  

 –   Size > 2 cm in diameter portends a poor 
prognosis.  

 –   Treatment is WLE (1–2 cm margins) and 
SLNBx.
•    Lymphadenectomy for involved lymph 

nodes     
 –   XRT is used adjunctly for locoregional 

control.  
 –   Other treatment options: Moh’s surgery.     

•    Dermatofi brosarcoma protuberans (DFSP) 
 –    Locally aggressive with high rates of local 

recurrence but low risk of metastasis.  
 –   The most common sarcoma of cutaneous 

origin.  
 –   Ninety percent due to chromosomal trans-

location resulting in PDGFB/COLIA1 
fusion protein.  

 –   Treatment: WLE with at least 2 cm margins 
including the investing fascia.  

 –   Larger margins (3–4 cm) may be required 
for recurrent or extensive tumors.  

 –   Moh’s is also an option.  
 –   Imatinib, sunitinib, and sorafenib have 

been used with mixed results.  
 –   XRT may be used for large tumors or when 

margins are close or positive, and further 
surgery is not feasible.     

•    Angiosarcoma 
 –    Highly aggressive tumor with poor 

outcome  
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 –   Associated with radiation, especially in the 
setting of breast conserving therapy for 
breast cancer  

 –   Stewart-Treves syndrome (lymphangiosar-
coma): variant of angiosarcoma, associated 
with long-standing lymphedema  

 –   Need to rule out metastatic disease as part 
of the workup  

 –   Requires wide margin of resection  
 –   May require paclitaxel, doxorubicin, and 

gemcitabine     
•    Paget’s Disease 

 –    Rare cutaneous adenocarcinoma, scaly 
eczematous plaque.  

 –   Affects nipple/areolar complex.  
 –   Recommended margins: 3 cm.  
 –   Moh’s surgery may be an option.     

•    Eccrine porocarcinoma 
 –    Arises form intraepidermal eccrine sweat 

ducts.  
 –   Treatment is WLE with 2 cm margins.        

  Questions 
     1.    All of the following characteristics regarding 

BCC are true  EXCEPT :
    A.    Induced by UV radiation.   
   B.    Frequently metastasize to distant sites.   
   C.    Associated with a known mutation in 

hedgehog signaling.   
   D.    Surgical therapy is often curative.    

      2.    Regarding NMSCs, incisional biopsies or 
defi nitive wide excisions should be performed:
    A.    Transversely on extremities   
   B.    Longitudinally on extremities   
   C.    With no consideration for the next step   
   D.    In the easiest manner to close       

   3.    A 38-year-old, red-headed woman who has an 
extensive history of tanning presents with a 
raised, pearly white lesion on her shoulder. 
The immediate next step in management is:
    A.    Close follow-up   
   B.    Wide excision with 3 mm margins   
   C.    Radiation therapy   
   D.    Full-thickness biopsy       

   4.    Features that are associated with a worse 
prognosis in SCC include all of the following 
 EXCEPT :
    A.    Poorly differentiated histology   
   B.    Evidence of perineural invasion   
   C.    Lymph node metastasis   
   D.    Noninvasive or in situ disease at time of 

presentation    
      5.    Which of the following is a true statement 

regarding MCC:
    A.    Associated with Merkel cell polyomavirus   
   B.    Less common in immunosuppressed 

populations   
   C.    Radiation resistant   
   D.    Can be distinguished as cutaneous in ori-

gin by TTF-1 staining       
   6.    DFSPs are accurately characterized by each of 

the following statements  EXCEPT :
    A.    Associated with a distinct chromosomal 

translocation.   
   B.    Commonly spreads to lymph nodes.   
   C.    Maybe treated with tyrosine kinase 

inhibitors.   
   D.    Clear surgical margins are generally 

curative.    
      7.    True or False: Angiosarcomas rarely arise 

from previously irradiated fi elds.
    A.    True   
   B.    False       

   8.    True or False: Surgery remains the most 
important, curative treatment modality for 
NMSCs.
    A.    True   
   B.    False          

  Answers 
     1.    B   
   2.    B   
   3.    D   
   4.    D   
   5.    A   
   6.    B   
   7.    B   
   8.    A           
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     Abbreviations 

   DCIS    Ductal carcinoma in situ   
  LCIS    Lobular carcinoma in situ   
  SEER    Surveillance, epidemiology, and end 

results   
  ADH    Atypical ductal hyperplasia   
  ER    Estrogen receptor   
  PR    Progesterone receptor   
  BCT    Breast-conserving therapy   
  NSABP    National surgical adjuvant breast & 

bowel project   
  EORTC    European Organization for Research 

and Treatment of Cancer   
  ECOG    Eastern Cooperative Oncology Group   
  SLNB    Sentinel lymph node biopsy   
  NCCN    National Comprehensive Cancer 

Network   
  MRI    Magnetic resonance imaging   
  STAR    Study of tamoxifen and raloxifen   
  PLCIS    Pleomorphic lobular carcinoma in situ   

        Learning Objectives 
 After reading this chapter, you should be able to:
    1.    Classify noninvasive breast cancers   
   2.    Identify risk factors   
   3.    Describe the diagnostic workup   
   4.    Understand pathologic characteristics   
   5.    Describe medical and surgical therapies      

    Background 

 The two common types of noninvasive breast 
cancer are known as ductal carcinoma in situ 
(DCIS) and lobular carcinoma in situ (LCIS). In 
both of these lesions, abnormal cells are present 
within the milk ducts (DCIS) or the lining of a 
lobule (LCIS). “In situ   ” is the Latin word for “in 
the original position” and indicates that the 
abnormal cells have not invaded through the 
basement membrane (Fig.  3.1 ). These lesions 
have different behaviors and a different demo-
graphic profi le. While neither has any potential 
for metastasis or death, the treatment and preven-
tion goals for DCIS are more aggressive. In fact, 
LCIS, despite the word “carcinoma” in its name, 
should NOT    be considered a malignant diagno-
sis. The American Cancer society estimates that 
63,300 new cases of carcinoma in situ of the 
breast were diagnosed in the United States in 
2012. The majority of in situ breast cancers are 
DCIS, which accounted for 83 % of in situ cases 
diagnosed between 2004 and 2008 [ 1 ]. The inci-
dence of DCIS increases with age and increased 
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from 5.8 per 100,000 women in the 1970s to a 
plateau of 32.5 per 100,000 women in 2004. This 
rise has been attributed primarily to the introduc-
tion of breast cancer screening programs [ 2 ].

       Ductal Carcinoma In Situ 

 DCIS represents approximately 20 % of all newly 
diagnosed breast cancers. Risk factors for DCIS 
are similar to invasive breast cancer and include 
family history of breast cancer, increased breast 
density, obesity, and nulliparity or late age at fi rst 
live birth. Like invasive breast cancer, DCIS is 
also a component of the inherited breast-ovarian 
cancer syndrome defi ned by mutations in the 
BRCA genes; mutation rates are low and similar 
to those for invasive breast cancer (about 5 % of 
all cases). Similar to invasive breast cancer, DCIS 
tends to occur at a younger age in women with 
inherited BRCA mutations [ 3 ,  4 ]. The average age 
of diagnosis is between 54 and 56, with the major-
ity of cases found in postmenopausal women. 
According to the Surveillance, Epidemiology, and 
End Results (SEER) data for women diagnosed 
from 1984 to 1989, the risk of death from breast 
cancer in women with DCIS is low, estimated at 

1.9 % within 10 years, and is most commonly 
related to an invasive recurrence in the breast [ 5 ]. 

    Pathophysiology 

 DCIS is the proliferation of abnormal ductal epithe-
lial cells that are limited to and have not invaded 
beyond the basement membrane. DCIS is considered 
a precursor of invasive carcinoma, but does not fully 
express the malignant phenotype. The progression to 
invasive breast cancer is not obligatory and cannot be 
reliably predicted. It is also critically important to 
keep in mind that the distinction between low-grade 
DCIS and atypical duct hyperplasia (ADH) can be 
diffi cult, even for experienced pathologists, and some 
have advocated a more conservative approach to 
these “borderline” lesions [ 6 ,  7 ]. 

 Classifi cation of DCIS into histopathological 
subtypes facilitates prognostication and manage-
ment decisions [ 8 ]. Conventional histologic pat-
terns include comedo, solid, cribriform, papillary, 
and micro-papillary. Grading of low, intermedi-
ate, and high is also assigned based on nuclear 
features including nuclear size, shape, chromatin 
texture, and mitotic activity. While papillary and 
cribriform patterns often have low nuclear grade, 

  Fig. 3.1    Pathophysiology of DCIS and LCIS       
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comedo tumors generally have high nuclear 
grade. Comedo lesions have a solid growth pat-
tern and central necrosis with calcifi cations and 
are associated with an increased risk of local 
recurrence and invasion [ 9 ]. 

 Pathologists should examine tissue specimens 
excised for DCIS thoroughly to exclude small 
foci of invasive disease. The size and overall 
extent of the DCIS should be reported along with 
the margin width – distance to the resection mar-
gin. Nuclear grade, distance to the closest mar-
gin, and extent of margin involvement should 
also be examined and reported. Testing the speci-
men for estrogen receptor (ER) and progesterone 
receptor (PR) is done routinely to guide manage-
ment decisions. However, it is generally better to 
wait until the defi nitive resection to test for ER 
and PR rather than testing needle biopsy mate-
rial, since any invasive component, if present, 
should be assessed preferentially.  

    Diagnosis 

 Ninety percent of DCIS lesions are identifi ed 
radiographically by the presence of microcalcifi -
cations. Less common presentations include a 
palpable mass, mammographic mass, Paget’s dis-
ease of the nipple, or bloody nipple discharge. 
Mammographic patterns that represent DCIS 
include punctate, linear, or branching calcifi ca-
tions refl ecting a ductal orientation [ 9 ,  10 ]. All 
patients with newly diagnosed DCIS should have 
diagnostic mammographic views with magnifi ca-
tion to fully assess morphology and extent of cal-
cifi cations. Diagnosis should usually be 
confi rmed by stereotactic core biopsy, which 
allows for surgical planning. When stereotactic 
biopsy is not possible because of depth, breast 
tissue that is too thin or implants, wire-localized 
excisional biopsy can be substituted. However, 
this practice should be the exception, with needle 
biopsy being preferred. 

 Silverstein and colleagues devised a prognos-
tic index that correlated the risk of local recur-
rence with several pathologic features [ 11 ]. 
Features originally included size, margin, and 
grade but now also include patient age (Table  3.1 ). 

Although this index was reported to be able to 
identify patients with such a low risk of recur-
rence that they might not need radiation, other 
studies indicate that most DCIS patients benefi t 
from irradiation after breast-conserving surgery 
(see below).

       Treatment 

 Therapeutic strategies to manage DCIS include 
surgery, radiation therapy, and adjuvant endo-
crine therapy, with the goal of preventing the 
development of recurrence, especially with inva-
sive cancer. In the past, DCIS was treated with 
total or even modifi ed radical mastectomy, but 
subsequent trials have suggested that breast- 
conserving surgery is safe for DCIS and that 
removal of lymph nodes is not benefi cial. 
Mastectomy affords a cure rate of approximately 
98 %, with local recurrence rates at approxi-
mately 1 % [ 12 ]. Mastectomy is still appropriate 
for some patients with large tumors (>4 cm, 
depending on breast size), multicentric lesions 
(meaning DCIS in more than one quadrant of the 
breast; however, this is now being challenged), 
inability to obtain negative margins despite 
multiple attempts, recurrence after breast conser-
vation (particularly with prior radiation therapy; 
however, recent trials are examining the role 
of repeat BCT in this setting), lack of access to 
a radiation facility, risk of noncompliance, or 

   Table 3.1    Van Nuys prognostic index   

  Score   Size  Margin 
 Pathological 
classifi cation 

 Age 
(yrs) 

  1   <15 mm  >10 mm  Non-high- grade 
lesion w/o comedo 
necrosis (nuclear 
grade 1 or 2) 

 >60 

  2   16–40 mm  1–9 mm     Non-high- grade 
lesion w/ comedo 
necrosis (nuclear 
grade 1 or 2) 

 40–60 

  3   >41 mm  <1 mm  All high-grade 
lesion w/ or w/o 
necrosis (nuclear 
grade 3) 

 <40 

  Adapted from Silverstein [ 11 ]. With permission from 
Elsevier  
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patient preference. Approximately 96 % of recur-
rences occur in the same quadrant, implicating 
the presence of residual disease as the underlying 
cause. Women treated with mastectomy for DCIS 
are good candidates for immediate breast recon-
struction with implants or autologous fl aps, since 
lymph node involvement and need for radiation 
are unlikely. 

 Although mastectomy is effective, it is more 
aggressive than most women with DCIS require. 
Breast-conserving therapy (BCT) – wide exci-
sion with negative margins followed by radia-
tion – is associated with less morbidity compared 
to mastectomy but has a higher risk of local 
recurrence. National Surgical Adjuvant Breast 
and Bowel Project Protocol B-17 (NSABP B-17) 
randomized 818 women with DCIS to excision 
alone versus excision followed by radiation. 
There was a reduction in the incidence of inva-
sive ipsilateral recurrences from 21.1 % to 8.1 % 
when radiation was added, but no difference in 
the overall survival (86 % vs. 87 %) at 12 years. 
There was also a reduction in noninvasive recur-
rence from 18.3 to 8.9 %. At 8 years follow-up, 
the risk of contralateral invasive breast cancer 
(3.5 %) was similar to the rate in the ipsilateral 
(3.9 %) breasts treated with lumpectomy and 
irradiation [ 12 ]. At 15 years, ipsilateral invasive 
recurrence was also reduced with the addition of 
radiation compared to excision alone (8.9 % vs. 
19.4 %) [ 13 ]. The European Organization for 
Research and Treatment of Cancer (EORTC) 
examined similar randomized groups (excision 
alone vs. excision followed by radiotherapy) in 
1,111 women with DCIS detected mammograph-
ically which were <5 cm. Adequate lumpectomy, 
as in B-17, was defi ned by negative margins, 
meaning “no tumor on ink.” Recurrence rates at 
10 years for excision alone were signifi cantly 
higher than for those treated with excision fol-
lowed by radiation (26 % vs. 10 %). Like NASBP 
B-17, disease-free and overall survival was simi-
lar in the two groups [ 14 ]. These data supported 
the recommendation for all patients receiving 
breast-conserving surgery for DCIS to receive 
postoperative radiation. Re-excision(s) or mas-
tectomy may be required to obtain negative mar-
gins. A negative margin – an absence of tumor at 

the inked surface of the specimen – is considered 
a minimum requirement. A margin width of 
1–2 mm is usually suffi cient for women who 
undergo radiation therapy. A wider margin, ide-
ally 10 mm if achievable, is preferred for women 
considering breast-conserving surgery alone. 
Obtaining wider margins of excision and whether 
this can obviate the need for radiation is a current 
area of controversy [ 13 ,  15 – 17 ]. The original 
analysis which derived the Van Nuys Prognostic 
Index suggested that women with a lower score 
may have a low risk for recurrence and therefore 
not require radiation. Subsequent attempts to 
validate and replicate this analysis have not been 
consistent [ 18 ,  19 ]. The Eastern Cooperative 
Oncology Group 5194 (ECOG) also examined 
excision without radiation in women with 
DCIS. Limitations for the extent of DCIS were 
established for low/intermediate and high-grade 
lesions, and all excised specimens had a mini-
mum surgical margin of 3 mm. Tamoxifen was 
allowed but not required following surgery. After 
a median follow-up of 6.7 years, the 5-year rate 
of local recurrence was 6.1 % for low/intermedi-
ate grade lesions and 15.3 % for high-grade 
lesions. While longer follow-up is necessary, the 
study suggests that carefully selected patients 
treated with breast-conserving surgery without 
radiation had low rates of local recurrence [ 20 ]. 
To date there is no clinical or pathologic feature 
that reliably predicts that excision without radia-
tion will have no local failure, and ideal nomo-
grams to assist in this evaluation are still to be 
determined [ 21 ]. Preliminary data from ECOG 
5194 suggest that a gene expression profi le anal-
ysis may provide further assistance in the identi-
fi cation of a subset of patients who may have a 
low enough risk of recurrence after excision that 
they may not have a benefi t from adjuvant radia-
tion [ 22 ]. Although this DCIS score can predict 
risk of recurrence without radiation, it does not 
truly predict the benefi t or lack of benefi t from 
the addition of radiation. 

 The incidence of lymph node involvement in 
women with DCIS is 1–2 % and likely related to 
a missed focus of invasion in excised specimens. 
Retrospective analysis of NSABP B-17 and B-24 
suggests that sentinel lymph node biopsy would 
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generally have a low yield and is unnecessary. 
Even when apparent cancer cells are found in 
axillary lymph nodes of patients who are not 
found to have any evidence of invasion in the 
breast primary, the overall outcomes of these 
patients do not appear to be different from other 
DCIS patients. There may be as much as a 20 % 
chance of fi nding an invasive cancer within an 
excision specimen after an initial needle biopsy 
diagnosis of DCIS (i.e., upstaging). The decision 
to perform a sentinel lymph node biopsy (SLNB) 
may be patient-driven in order to avoid a second 
operation. Relative indications to perform SLNB 
in patients with DCIS include those undergoing 
mastectomy (because of diffi culty with subse-
quent SLNB) and risk factors for invasion such as 
palpability, comedo morphology, necrosis, or 
recurrent disease. 

    Adjuvant Systemic Therapy 
    It was the observation in patients with invasive 
disease that tamoxifen – a mixed estrogen ago-
nist/antagonist – decreased contralateral breast 
cancer and ipsilateral recurrence that made it 
attractive for use in DCIS. Between 1991 and 
1994 the NSABP trial B-24 randomized 1,804 
women with DCIS treated with excision and radi-
ation to either tamoxifen or placebo for 5 years. 
The ipsilateral breast recurrence rates for women 
less than age 50 were 33.3/1000 versus 20.8/1000 
with placebo and tamoxifen, respectively, and for 
women 50 and older were 13/1000 with placebo 
versus 10.2/1000 with tamoxifen. At 5 years, the 
incidence of either subsequent invasive or nonin-
vasive breast cancer in either breast was reduced 
by 37 %; the incidence of invasive breast cancer in 
either breast was reduced from 7.2 % to 4.1 % 
with tamoxifen. Nevertheless, tamoxifen had no 
effect on overall survival. Among women with 
ER-positive disease, there was a signifi cant reduc-
tion in any breast cancer event, while in women 
with ER-negative disease, there appeared to be 
only a trend toward reduction [ 23 ,  24 ]. The use of 
aromatase inhibitors for DCIS is currently under 
study. For example, the NSABP B-35 trial com-
pares tamoxifen with anastrozole for women with 
DCIS treated with lumpectomy + irradiation.    

    Lobular Carcinoma In Situ 

 Lobular carcinoma in situ (LCIS) is a predictor 
for increased risk of development of invasive 
breast cancer but is neither a premalignant lesion 
nor an anatomic marker for the site of invasive 
disease. The risk is conferred to both the ipsilat-
eral and contralateral breasts. It is usually found 
incidentally on biopsy that is performed for 
another lesion. The mean age of diagnosis in 
many series is between 44 and 46, and more than 
80 % of cases are found in premenopausal 
women. Because of the absence of mammo-
graphic or clinical presentation, the true  incidence 
of LCIS is unknown. The SEER database reports 
the incidence as 3.19 per 100,000 women [ 25 ]. 

    Pathophysiology 

 LCIS is a noninvasive abnormal proliferation of 
cells in the terminal duct and lobule of the breast 
(see Fig.  3.1 ). The growth of cells within the acini 
of the lobule often has pagetoid extension into the 
ducts. E-cadherin staining is used to differentiate 
cells of ductal and lobular origin. The immunohis-
tochemical stain is strongly present in the mem-
brane of DCIS specimens but is absent in LCIS 
[ 26 ]. Two subtypes of LCIS have been described: 
classic and pleomorphic (discussed below). 
Classic LCIS has smaller nucleoli and less fre-
quent mitotic fi gures compared to pleomorphic. 

 The presence of LCIS is considered a risk fac-
tor for subsequent invasive cancer. Although the 
risk of developing invasive lobular carcinoma is 
higher than for the general population, the major-
ity of women with LCIS who develop cancer 
develop ductal carcinoma. The time to the devel-
opment of invasive cancer is generally in the range 
of 10–15 years [ 9 ]. In one series, after a 10-year 
follow-up of 4853 cases of LCIS, 7.1 % developed 
invasive cancer with an equal frequency of cancer 
occurring in both breasts [ 27 ]. The lifelong risk of 
developing an invasive cancer is estimated to be 
1 % per year and the relative risk two-fold com-
pared to women without LCIS. [ 28 ].  

3 Noninvasive Breast Cancer



54

    Treatment 

 The management of LCIS discovered on core 
needle biopsy is controversial. Several series 
between 1999 and 2008 report an underestima-
tion of malignancy after comparing core needle 
biopsies with excised specimens ranging from 0 
to 50 %, with an overall underestimation of 
malignancy of 27 %[ 29 ]. Current National 
Comprehensive Cancer Network (NCCN) guide-
lines suggest excision for all patients diagnosed 
with LCIS on core needle biopsy [ 30 ]. 

 When LCIS is diagnosed or found in isolation 
on excisional biopsy, no further surgical interven-
tion is required. Unlike DCIS, clear margins are 
not required and ipsilateral mastectomy and radi-
ation are not indicated. There is no role for axil-
lary lymph node biopsy or dissection in the 
absence of invasive disease. Local recurrences 
following excision, as seen with DCIS, are 
uncommon. If invasive carcinoma is detected in 
the excision specimen, then appropriate staging 
and treatment strategies should be initiated. 

 Women with LCIS should be counseled on the 
increased but still relatively low risk of ipsilateral 
or contralateral breast cancer, and the alternatives 
of observation, chemoprevention, and prophylac-
tic mastectomy should be discussed. In the 
absence of other risk factors (family history, 
BRCA mutation, personal history of breast can-
cer), prophylactic mastectomy should be consid-
ered a drastic measure and only used if patients 
insist. To date there are no randomized effi cacy 
trials comparing observation to prophylactic 
mastectomy. If the observation alternative is 
elected, careful surveillance should be continued 
indefi nitely. Current guidelines recommend a 
history and physical exam every 6–12 months 
and annual screening mammography. LCIS 
places a patient at intermediate risk, and accord-
ing to current guidelines, magnetic resonance 
imaging (MRI) is not indicated for surveillance 
in the absence of a strong family history [ 30 ]. 

    Chemoprevention 
 In the NSABP P-1 trial 13,338 high-risk women 
(6 % had LCIS) were randomized to receive 
tamoxifen or placebo for 5 years. The risk of 

invasive breast cancer was reduced from 
42.5/1,000 to 24.8/1,000 with tamoxifen at 7 
years. For noninvasive breast cancer, the risk 
reduction was from 15.8/1,000 to 10.2/1,000. 
The rate of development of breast cancer in the 
tamoxifen group was 6 versus 12 in the placebo 
group per 1,000 women [ 31 ]. Although there 
were not a large number of LCIS patients in the 
P-1 trial, the proportional reduction in breast can-
cers with tamoxifen for this subset was even 
greater than for the trial as a whole. 

 Raloxifene, another selective estrogen 
 receptor modulator, has also been evaluated in 
postmenopausal high-risk women, including 
those with LCIS. In the Study of Tamoxifen and 
Raloxifene (STAR) trial, over 19,000 patients 
(9 % had LCIS) were randomized to compare 
tamoxifen with raloxifene. The trial demon-
strated that both agents were equally effective in 
reducing the incidence of invasive breast cancer. 
Among women with a history of LCIS, both 
drugs were equally effective at reducing the inci-
dence of invasive breast cancer. Tamoxifen had 
reduced the incidence of DCIS and LCIS by half. 
Raloxifene was not quite as effective as tamoxi-
fen against noninvasive cancer but had fewer 
serious side effects [ 32 ].  

    Pleomorphic LCIS 
 PLCIS is distinguished as an aggressive subtype 
of LCIS with larger nuclei and increased pleo-
morphism and is often associated with microcal-
cifi cations and central necrosis. Many of these 
features overlap with DCIS, making distinction 
diffi cult. Surgical excision with negative margins 
is recommended, but no evidence supports wide 
margins or radiation for this lesion [ 29 ]. Some 
authors recommend treating PLCIS like DCIS.  

    Phyllodes Tumors 
 Phyllodes tumors are rare breast lesions made up 
of stromal and epithelial components. The tumor 
was fi rst described in 1838 by Johannes Muller 
who originally named it cystosarcoma phyllodes. 
For the sake of uniformity of histologic and bio-
logic variants, the World Health Organization 
recommended in 1982 that the range of lesions 
fall under the heading of phyllodes tumors. 
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These lesions account for <0.5 % of all breast 
tumors with a median age of 40–45 [ 33 ,  34 ]. The 
majority of patients present because of a palpable 
breast lump that is fi rm, mobile, and smooth. The 
tumor varies in size, but in one large series of 106 
patients, over 70 % were less than 5 cm at the 
time of diagnosis [ 35 ].   

    Pathophysiology 

 Phyllodes tumors are histologically graded into 
benign, borderline, or malignant tumors based on 
characteristic features. Some authors have noted 
that there is not a clear correlation between his-
tology and clinical outcome [ 33 ,  36 ]. All three 
classifi cations of phyllodes recur locally, but only 
borderline and malignant tumors metastasize 
[ 33 ]. Approximately 25 % of phyllodes tumors 
are malignant but only about 17–22 % metasta-
size. The most common reported sites of metasta-
ses are in the lung, soft tissue, bone, and pleura. 
Histologic examination of metastases shows 
greater resemblance to sarcomas [ 33 ,  34 ]. 

 Tumor size and the presence of necrosis, high 
mitotic count, stromal overgrowth, severe nuclear 
pleomorphism, increased mitotic index, stromal 
atypia, and infi ltrating margins have been shown 
to be predictive of metastasis [ 33 ,  34 ,  36 ]. 
Similarly, resection margins <1 cm, increased 
mitotic index, tumor necrosis, and large tumor 
size have been identifi ed as factors predictive of 
local recurrence [ 33 ].  

    Diagnosis 

 There are no radiographic features that distin-
guish phyllodes tumors from fi broadenomata [ 33 , 
 35 ]. Precise diagnosis is best obtained on exami-
nation of the resected specimen; however, core 
biopsy of palpable lesions may reduce the number 
of operations on fi broepithelial lesions [ 37 ]. 

 Microscopically, tumors are mostly fi broadeno-
matous and stromal elements with varying degrees 
of pleomorphism and necrosis [ 34 ]. Phyllodes 
tumors are distinguished from fi broadenomas by 
the presence of increased stromal cellularity [ 36 ].  

    Surgical Treatment 

 Surgical treatment for localized phyllodes con-
sists of wide local excision, preferably with a 
≥1 cm margin free of tumor, if possible. 
Retrospective study demonstrated improved 
disease- free survival and decreased local recur-
rence with negative margins [ 33 ]. Enucleation 
has had a recurrence rate of 15.8 % and is not 
recommended for phyllodes tumors which lack a 
capsule [ 35 ]. Mastectomy is recommended only 
if negative margins cannot be achieved with 
lumpectomy. As phyllodes tumors spread hema-
togenously and rarely spread to axillary lymph 
nodes, a lymph node dissection of the axilla is not 
recommended unless lymph nodes are clinically 
suspicious [ 33 ,  38 ]. The management of phyl-
lodes recurrences is less clear. Some authors 
argue that treatment should be tailored to the 
tumor size, breast size, histology, age, patient 
desire, and extent of disease [ 35 ]. 

    Adjuvant Therapy 
 In spite of complete resection for benign and 
malignant tumors, recurrence rates of between 
5–15 % and 20–30 % are reported, respectively 
[ 33 ]. There are a few small series that have 
addressed adjuvant chemotherapy and none that 
demonstrate benefi t. There are more promising 
results with adjuvant radiotherapy. One retro-
spective series of 37 patients with malignant 
phyllodes demonstrated decreased recurrence 
and improved survival with adjuvant radiother-
apy [ 39 ]. A prospective study of 46 patients with 
borderline and malignant tumors and with nega-
tive margins following resection had no local 
recurrences after a median follow-up of 56 
months [ 40 ]. 

  Salient Points 
•     DCIS and LCIS represent a group of neoplas-

tic lesions that are confi ned to the breast ducts 
and lobules (see Table  3.2 ).

•      DCIS is a premalignant lesion and the main 
goal of therapy is to prevent invasive disease 
with surgery and radiation.
•    For ER + DCIS, adjuvant endocrine therapy 

should be considered.     
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•   Most women who undergo breast-conserving 
therapy for DCIS should have wide excision 
to achieve negative margins followed by post-
operative radiation.  

•   Indications for mastectomy for DCIS are (1) 
large tumor relative to breast size, (2) multi-
centric disease (although this is now being 
challenged), (3) persistent positive margins, 
(4) salvage surgery for recurrence (although 
this also is now being challenged), (5) lack of 
access to radiation facility, (6) noncompliant 
patient, and (7) patient preference.  

•   Recurrence of DCIS is infrequent, can occur 
over decades, and usually occurs at the site of 
previous excision.  

•   Relative indications for SLNB in patients with 
DCIS include those undergoing mastectomy 
and risk factors for invasion such as palpabil-
ity, mass on mammogram, comedo morphol-
ogy, necrosis, or recurrent disease.  

•   Tamoxifen as adjuvant therapy for DCIS 
decreases recurrences, but has no effect on 
overall survival.  

•   LCIS is a marker which increases the risk for 
invasive cancer in both breasts and can be fol-
lowed clinically.  

•   The majority of women with LCIS who 
develop cancer develop ductal carcinoma.  

•   For isolated LCIS following excisional biopsy, 
further surgery and obtaining clear margin are 
not necessary.  

•   Pleomorphic LCIS is an aggressive subtype of 
LCIS, some advocate treating it like DCIS.  

•   Women with LCIS may benefi t from chemo-
prevention with tamoxifen or raloxifene.  

•   Phyllodes tumor is a rare lesion of the breast 
that is classifi ed in three histologic forms 
(benign, borderline, malignant) and has a var-
ied biologic behavior.  

•   Treatment of phyllodes involves wide local 
excision with the intent of negative margins.  

•   There is no need for assessing lymph nodes 
when treating phyllodes, unless they are clini-
cally suspicious.  

•   Adjuvant radiotherapy may have a role in the 
treatment of borderline and malignant lesions, 
but further study is needed.     

  Questions 
     1.    Which of the following regarding DCIS 

is true?
    A.    DCIS accounts for 40 % of all new breast 

cancers in the United States.   
   B.    50 % of DCIS is detected on imaging.   
   C.    The diagnosis of invasive cancer is less 

common than DCIS.   
   D.    Due to better screening, the incidence of 

DCIS is increasing.   
   E.    DCIS tends to occur in older women with 

BRCA mutations.       
   2.    Most DCIS lesions are detected by:

    A.    Screening Mammogram   
   B.    Palpation   
   C.    Skin changes   
   D.    MRI   
   E.    Ultrasound       

   3.    Which of the following regarding DCIS 
is true?
    A.    DCIS is categorized by the size of the 

lesion, nuclear grade, the presence and 

   Table 3.2    Features of DCIS and LCIS   

 DCIS  LCIS 

 Average age  Late 50s  Late 40s 
 Menopausal status  Majority POST  Majority PRE 
 Clinical signs  Can be associated with Paget’s, 

nipple discharge, mass 
 None 

 Mammographic signs  Microcalcifi cations  None 
 % of subsequent invasive cancer in ipsilateral breast  ~99 %  ~50 % 
 % of subsequent invasive cancer in contralateral breast  ~1 %  50 % 
 Need for negative excision margin  Yes  No 
 Benefi t from endocrine therapy  Yes  Yes 
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extent of comedo necrosis, and to a lesser 
extent, architectural pattern.   

   B.    Measured margin widths are not an 
important prognostic indicator for local 
recurrence.   

   C.    The hallmark is stromal invasion.   
   D.    Size has no correlation to local 

recurrence.   
   E.    Postoperative radiation has increased 

overall survival.       
   4.    Tamoxifen increases survival in:

    A.    DCIS   
   B.    Invasive ductal carcinoma   
   C.    LCIS   
   D.    Phyllodes tumors   
   E.    Pleomorphic LCIS       

   5.    Mastectomy is not appropriate for a 43-year- 
old woman with a left breast DCIS for which 
of the following:
    A.    Patient preference   
   B.    Multicentric lesions   
   C.    Inadequate margins   
   D.    Recurrence after BCS   
   E.    Tumors that are >2 cm       

   6.    An SLNB in a woman with DCIS on core 
biopsy is not a reasonable option for:
    A.    Patients with histological confi rmation 

of concurrent invasive disease   
   B.    Patients with recurrent invasive disease   
   C.    Patients undergoing mastectomy   
   D.    Patients with concurrent atypical ductal 

hyperplasia   
   E.    Patients with a palpable mass       

   7.    Which of the following statements is true?
    A.    Patients with LCIS require biopsy of the 

contralateral breast.   
   B.    Patients with LCIS are at an increased 

risk of developing breast cancer.   
   C.    The majority of patients with LCIS 

who develop cancer develop lobular 
cancer.   

   D.    E-cadherin immunohistochemical stain-
ing is strongly present in LCIS but not in 
DCIS.   

   E.    A positive margin for LCIS requires a 
re- excision to achieve a negative 
margin     

 8–10: Matching

 8.  STAR  A.  Looked at the effects of 
tamoxifen vs. placebo after BCT 

 9.  NSABP 
B-17 

 B.  Compared excision alone vs. 
excision + radiation 

 10.  NSABP 
B-24 

 C.  Compared the effects of 
tamoxifen and raloxifene in 
women with LCIS 

       11.    Which of the following statements is TRUE 
   regarding LCIS?
    A.    The relative risk of developing an invasive 

cancer in women with LCIS is ~ threefold 
higher than for women without LCIS.   

   B.    LCIS is usually identifi ed 
mammographically.   

   C.    Most cases occur in postmenopausal 
women.   

   D.    The absolute risk of invasive cancer is 
approximately 1 % per year and appears 
to be lifelong.   

   E.    LCIS is usually identifi ed clinically.    
      12.    Which of the following is true of phyllodes 

tumors?
    A.    Phyllodes tumors metastasize via 

lymphatics.   
   B.    Treatment of phyllodes tumors requires 

hormone therapy.   
   C.    Phyllodes tumors have decreased stromal 

cellularity compared to fi broadenoma.   
   D.    Treatment of phyllodes tumors generally 

requires axillary node sampling.   
   E.    Phyllodes tumors have decreased recur-

rence with a 1 cm negative margin of 
excision.          

  Correct Answers 
     1.    D   
   2.    A   
   3.    A   
   4.    B   
   5.    E   
   6.    D   
   7.    B   
   8.    C   
   9.    B   
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   10.    A   
   11.    D   
   12.    E            
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         Learning Objectives 
 After reading this chapter, you should be able to:
•    Recognize what constitutes early breast 

cancer  
•   Understand how to evaluate and manage 

patients with early breast cancer  
•   Appreciate the treatment paradigm of early 

breast cancer  
•   Select options for local, regional, and sys-

temic control of the disease     

    Introduction 

 Besides skin cancer, breast cancer is the most 
common cancer among American women. It is 
also the second leading cause of cancer death in 
women, exceeded only by lung cancer [ 1 ]. 
Approximately, 1 in 8 (12 %) women in the 
United States will develop invasive breast cancer 
in her lifetime. For 2013, it is estimated that 

232,340 new cases of invasive breast cancer will 
be diagnosed in the United States, and about 
39,620 women will die of the disease. Death rates 
from breast cancer have declined by 34 % since 
1990, and this is believed to be attributable to ear-
lier detection and improved treatment [ 1 ]. 

 Historically, radical and disfi guring surgery 
(radical mastectomy or Halsted mastectomy) was 
the treatment of choice for women with breast 
cancer. Although the cancer was removed, recur-
rence was unacceptably high without adjuvant 
therapy. A 1972 landmark study by Fisher et al. 
found that two-thirds (67 %) of patients who had 
nodal involvement had recurrences within 5 years 
following a defi nitive operation. Over half of the 
patients with four or more involved nodes devel-
oped metastases within 18 months of their opera-
tion [ 2 ,  3 ]. Clearly, surgery alone, although a 
necessary component of treatment, will not cure 
the majority of patients with breast cancer. 

 A multidisciplinary approach is used to treat 
patients with breast cancer. Depending on the 
resources available, at a minimum, such an 
approach requires a surgeon, medical oncologist, 
radiation oncologist, and pathologist. Other indi-
viduals include geneticist, nutritionist, social 
worker, plastic surgeon, patient navigator, etc. 

 The majority of women in the United States 
with breast cancer (60–70 %) will present with 
EBC (Stage I/II). Operable or early breast cancers 
are those that are small relative to the breast and 
are deemed resectable [Stage 1 (T1N0), Stage 2A 
(T0N1, T1N1, T2N0), Stage 2B (T2N1, T3N0)]. 
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Note that EBC also includes N1 disease. In this 
chapter, we will address management of EBC. 

 Patients who present with either a large 
neglected tumor (i.e., a fungating mass), bulky ade-
nopathy, and/or evidence of infl ammatory breast 
cancer (i.e., peau d’orange; see Chap.   5    -Locally 
Advanced Breast Cancer) are considered to have 
clinical Stage III breast cancer. Unfortunately, a 
number of these patients will have metastatic dis-
ease (Stage IV), but this can only be determined 
after having performed a battery of tests as part of 
the staging work-up.  

    Risk Factors 

 Risk factors for breast cancer can be grouped into 
those that are modifi able and those that are not. 
Non-modifi able risk factors include gender, age, 
family history, early menarche, and late meno-
pause. Known inherited genetic mutations such as 
BRCA-1 and/or BRCA-2 are also non- modifi able 
risk factors. Modifi able risk factors include post-
menopausal obesity, use of estrogen and progestin 
menopausal hormones, cigarette smoking, and 
alcohol consumption [ 1 ]. Some of these factors 
carry the highest risk, while others carry an inter-
mediate to low risk. Age, personal history of early 
onset breast cancer (<40 years), biopsy-confi rmed 
atypical hyperplasia and lobular carcinoma in 
situ, inheriting BRCA1-1 or BRCA-2 mutations, 
and having two or more fi rst-degree relatives with 
breast cancer diagnosed at an early age carry the 
highest relative risk (RR) for developing breast 
cancer ( RR  > 4.0) [ 1 ]. High-dose radiation to the 
chest (i.e., past treatment for Hodgkin lym-
phoma), personal history of breast cancer at 
age ≥ 40 years, high endogenous estrogen or tes-
tosterone levels (postmenopausal), and having 
one fi rst-degree relative with breast cancer carry a 
moderate relative risk of breast cancer ( RR  = 2.1–
4.0). Alcohol consumption, Ashkenazi (Eastern 
European) Jewish heritage, early menarche, and 
hormone replacement therapy increase the rela-
tive risk of breast cancer slightly ( RR  = 1.1–2.0); 
the cancers among women taking hormone 
replacement therapy tend to be of more favorable 
prognosis [ 4 ] (Table  4.1 ).

       Gail Model of Risk Assessment 

 Given a set of risk factors, what is the probability 
that a woman will develop breast cancer during 
the next 5 years and by age 90 years? While there 
are several models such as Gail [ 5 ], Claus [ 6 ], or 
Tyrer-Cuzick [ 7 ] that estimate breast cancer risk, 
the Gail model is the more widely known. The 
most updated version of the Gail model has been 
implemented into a variety of formats, one of 
which is the Breast Cancer Risk Assessment Tool 

   Table 4.1    Risk factors for developing breast cancer   

 Risk factors 
 Relative risk 
(-fold) 

 Age (≥65 years)  >4.0 
 Genetic factors: BRCA-1 and BRCA-2  >4.0 
 Lobular carcinoma in situ (LCIS)  7.0–11.0 
 Family history 

 One fi rst-degree relative  2.0 
 Two fi rst-degree relatives  3.0 

 Personal history of breast cancer 
 Early onset (<40 years)  >4.0 
 ≥40 years  2.1–4.0 

 Dense breasts  >4.0 
 Proliferative lesions without atypia  1.5–2.0 

 Ductal hyperplasia 
 Fibroadenoma 
 Sclerosing adenosis 
 Radial scar 
 Papillomatosis 

 Proliferative lesions with atypia  3.5–4.0 
 Atypical ductal hyperplasia (ADH) 
 Atypical lobular hyperplasia (ALH) 

 Previous chest radiation (especially for 
Hodgkin or non-Hodgkin lymphoma) 

 2.1–4.0 

 Early menarche (before age 12) or late 
menopause (>55 years) 

 1.1–2.0 

 Ashkenazi (Eastern European) Jewish 
heritage 

 1.1–2.0 

 Diethylstilbestrol (DES) exposure  1.1–2.0 
 Nulliparity, fi rst child after age 30  1.1–2.0 
 Birth control pill, hormone replacement 
therapy 

 1.1–2.0 

 Alcohol consumption  1.1–2.0 
 Obesity  1.1–2.0 
 Inactivity  1.1–2.0 
 History of endometrium, ovary, or colon 
cancer 

 1.1–2.0 
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(BCRAT); BCRAT is available on the National 
Cancer Institute (NCI) website (  http://cancer.
gov/bcrisktool    ). The BCRAT incorporates infor-
mation such as patient’s age, age at menarche, 
age at fi rst live birth, number of 1st degree rela-
tives with breast cancer, number of prior breast 
biopsies, presence of atypia on biopsy, and race/
ethnicity. Such a model informs the patient and 
her health-care providers of her risk and allows 
them an opportunity to select appropriate man-
agement options to reduce such a risk.  

    Histologic Subtypes 

 The female adult breast is arranged into 15–20 
lobes, with each lobe made up of many smaller 
lobules. The lobules are all linked by ducts, which 
terminates in the nipple. Adipose tissue fi lls the 
spaces between lobules and ducts (Fig.  4.1 ). Each 
breast contains a rich network of blood vessels 
and lymphatics, the latter drains into the axilla, 

supraclavicular region, internal mammary lymph 
nodes, as well as other parts of the body (Fig.  4.2 ).

    Breast cancer encompasses a variety of his-
tologies including ductal, lobular, medullary, 
tubular, and metaplastic. Of these, invasive ductal 
carcinoma (IDC) is the most common, account-
ing for about 80 % of the cases [ 8 ,  9 ] (Fig.  4.3a ). 
Invasive lobular carcinoma (ILC) is the second 
most common, accounting for about 8–15 % of 
all invasive breast cancer [ 8 ,  10 ]. ILC typically 
arranges itself in a linear arrangement (single-fi le 
pattern), has a tendency to grow around ducts and 
lobules in a circumferential manner, and is asso-
ciated with desmoplastic stromal reaction 
(Fig.  4.3b ). Compared to IDC, ILC tends to be well 
differentiated; has a lower rate of HER-2 overex-
pression [ 11 ], higher rate of hormone receptor 
positivity [ 10 ], and higher incidence of bilaterality, 
multifocality, and multicentricity [ 12 ,  13 ]; and is 
more likely to harbor micrometastatic disease 
[ 14 ]. Other histologic types that are associated 
with a good prognosis are medullary, mucinous, 
tubular, cribriform, and adenoid cystic carci-
noma of the breast, while micropapillary carcinoma 
and angiosarcoma are the more aggressive sub-
types (Fig.  4.3c–f ). Regardless of the subtypes, 

  Fig. 4.1     Female breast anatomy : the ductal-lobule system 
is comprised of numerous lobules with acini. Each lobule 
empties into a terminal duct, which empties into a segmen-
tal duct, and fi nally into the collecting ducts. There are 
about 15–20 collecting ducts that converge under the are-
ola (Courtesy of Quyen D. Chu, MD, MBA, FACS)       

  Fig. 4.2    Lymphatic system of the breast: lymphatic 
drainage begins from the breast lobules and fl ow into the 
axillary lymph nodes, internal mammary lymph nodes, 
retromammary lymph nodes, and infraclavicular and 
supraclavicular lymph nodes. The axillary lymph nodes 
receive approximately 75 % of the lymph drained from 
the breast. Lymphatics may also reach the sheath of the 
rectus abdominis, the subperitoneal and subhepatic plex-
uses, and the contralateral breast (Courtesy of Quyen 
D. Chu, MD, MBA, FACS)       
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  Fig. 4.3    Hematoxylin and eosin (H&E) sections of inva-
sive ductal carcinoma ( a ) and invasive lobular carcinoma 
( b ). Mucinous carcinoma is characterized by accumulation 
of abundant extracellular mucin around invasive tumor 
acini, nests, and trabeculae ( c ; low power, 40×). Tubular 
carcinoma ( d ; high power 100×): the glands reveal angular 
contours and are composed of single layer of neoplasm 
epithelial cells. The nuclear pleomorphism is lower grade. 
Stroma fi brosis and elastosis are associated with infi ltrative 
invasion. Medullary carcinoma ( e ; high power 100×): this 

tumor is characterized by nodular expansion and periph-
eral lymphocytic infi ltration. The tumor grows as syncytial 
sheets surrounded by a diffuse lymphocytic reaction. The 
tumor cells are poorly differentiated with high nuclear 
pleomorphism and mitotic rate. Angiosarcoma ( f ): this 
tumor is high grade with dilated vascular spaces that are 
dissecting and splitting tissue planes. The vascular spaces 
are lined and fi lled with highly pleomorphic malignant 
cells with easily identifi ed mitosis ( a – f : Courtesy of Quyen 
D. Chu, MD, MBA, FACS)       

 

Q.D. Chu and R.H. Kim



65

treatment is the same for all because current 
treatment guidelines and decision strategies are 
not dependent on subtypes.

       Evaluation and Management 
of Early Breast Cancer 

 Once a diagnosis of breast has been made, the 
clinician should ask the following important 
questions: am I dealing with (1) an operable or 
early breast cancer (EBC), (2) locally advanced 
breast cancer (LABC) or infl ammatory breast 
cancer (IBC), or (3) metastatic breast cancer? 
This is important because the answer will help 
guide her/him in selecting the most appropriate 
treatment option. 

 The answer to be above question is based on 
the clinician’s initial assessment of the patient’s 
clinical presentation. This is referred to as the 
 clinical stage , which is different from the  patho-
logic stage ; the latter is based on the fi nal 
pathology after the defi nitive operation. There 
are occasions whereby the clinician’s initial 

impression may be discordant with the pathologic 
stage (i.e., clinical impression that the patient has 
an EBC, but in actuality, she has advanced stage 
breast cancer). Regardless, the initial treatment of 
the patient is still predicated on the initial clinical 
examination. An example is a woman who pres-
ents with a breast mass that measures approxi-
mately 2.5 cm (T2) and without evidence of 
axillary lymphadenopathy on clinical examina-
tion (N0). Her  clinical stage  at this point is Stage 
2 (T2N0). After undergoing defi nitive surgery, the 
fi nal pathology demonstrated a 2.5 cm cancer 
(T2) with 5 out of 15 lymph nodes involved with 
metastatic tumor (N2). Therefore, her  pathologic 
stage  is Stage 3 (T2N2). 

 To determine the clinical stage, the size of the 
tumor and the status of the axilla should be docu-
mented. For asymptomatic patients with EBC, no 
further metastatic work-up is necessary. However, 
respiratory and neurologic complaints, bone 
pain, etc. necessitate a metastatic work-up. The 
American Joint Committee on Cancer (AJCC) 
TNM staging system, 7th edition, is used to stage 
patients with EBC [ 15 ] (Table  4.2 ).

   Table 4.2    American    Joint Committee on Cancer (AJCC) TNM Staging for Breast Cancer (7th edition)   

 Primary tumor (T) 

 TX  Primary tumor cannot be assessed 
 T0  No evidence of primary tumor 
 Tis  Carcinoma in situ 
 Tis (DCIS)  Ductal carcinoma in situ 
 Tis (LCIS)  Lobular carcinoma in situ 
 TIS 
(Paget’s) 

 Paget’s disease of the nipple NOT associated with invasive carcinoma and/or carcinoma in situ (DCIS 
and/or LCIS) in the underlying breast parenchyma. Carcinomas in the breast parenchyma associated 
with Paget’s disease are categorized based on the size and characteristics of the parenchymal disease, 
although the presence of Paget’s disease should still be noted 

 T1  Tumor  ≤  20 mm in greatest dimension 
 T1mi  Tumor  ≤  1 mm in greatest dimension 
 T1a  Tumor > 1 mm but  <  5 mm in greatest dimension 
 T1b  Tumor > 5 mm but  ≤  10 mm in greatest dimension 
 T1c  Tumor > 10 mm but  <  20 mm in greatest dimension 
 T2  Tumor > 20 mm but  <  50 mm in greatest dimension 
 T3  Tumor > 50 mm in greatest dimension 
 T4  Tumor of any size with direct extension to the chest wall and/or to the skin (ulceration or skin nodules). 

Note: invasion of the dermis alone does not qualify as T4 
 T4a  Extension to the chest wall, not including only pectoralis muscle adherence/invasion 
 T4b  Ulceration and/or ipsilateral satellite nodules and/or edema (including peau d’orange) of the skin, which 

do not meet the criteria for infl ammatory carcinoma 
 T4c  Both T4a and T4b 
 T4d  Infl ammatory carcinoma (see “Rules for Classifi cation”) 

(continued)
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Table 4.2 (continued)

 Distant metastases (M) 

 MO  No clinical or radiographic evidence of distant metastases 
 cMO(i+)  No clinical or radiographic evidence of distant metastases, but deposits of molecularly or microscopically 

detected tumor cells in circulating blood, bone marrow, or other nonregional nodal tissue that are no larger 
than 0.2 mm in a patient without symptoms or signs of metastases 

 M1  Distant detectable metastases as determined by classic clinical and radiographic means and/or 
histologically proven larger than 0.2 mm 

 Anatomic stage/prognostic groups 

 Stage 0  Tis  N0  M0 
 Stage IA  T1*  N0  M0 
 Stage IB  T0  N1mi  M0 

 T1*  N1mi  M0 
 Stage IIA  T0  N1**  M0 

 T1*  N1**  M0 
 T2  N0  M0 

 Stage IIB  T2  N1  M0 
 T3  N0  M0 

 Stage IIIA  T0  N2  M0 
 T1*  N2  M0 
 T2  N2  M0 
 T3  N1  M0 
 T3  N2  M0 

 Stage IIIB  T4  N0  M0 
 T4  N1  M0 
 T4  N2  M0 

 Stage IIIC  Any T  N3  M0 
 Stage IV  Any T  Any N  M1 

  Notes  
    *T1 includes T1mi 
 **T0 and T1 tumors with nodal micrometastases only are excluded from Stage IIA and are classifi ed Stage IB 
 *M0 includes M0(i+) 
 *The designation pM0 is not valid; any M0 should be clinical 
 *If a patient presents with M1 prior to neoadjuvant systemic therapy, the stage is considered Stage IV and remain 
Stage IV regardless of response to neoadjuvant therapy 
 Stage designation may be changed if postsurgical imaging studies reveal the presence of distant metastases, 
provided that the studies are carried out within 4 months of diagnosis in the absence of disease progression and 
provided that the patient has not received neoadjuvant therapy 
 *Postneoadjuvant therapy is designated with “yc” or “yp” prefi x. Of note, no stage group is assigned if there is a 
complete pathologic response (CR) to neoadjuvant therapy, for example, ypT0ypN0cM0 

 Regional lymph nodes (N) 

 Clinical 

 NX  Regional lymph nodes cannot be assessed (e.g., previously removed) 
 N0  No regional lymph node metastases 
 N1  Metastases to movable ipsilateral level I, II axillary lymph node(s) 
 N2  Metastases in ipsilateral level I, II axillary lymph nodes that are clinically fi xed or matted or in clinically 

detected* ipsilateral internal mammary nodes in the absence of clinically evident axillary lymph node 
metastases 

 N2A  Metastases in ipsilateral level I, II axillary lymph nodes fi xed to one another (matted) or to other structures 

(continued)

Q.D. Chu and R.H. Kim



67

 Regional lymph nodes (N) 

 Clinical 

 N2B  Metastases only in clinically detected* ipsilateral internal mammary nodes and in the absence of clinically 
evident axillary lymph node metastases 

 N3  Metastases in ipsilateral infraclavicular (level III axillary) lymph node(s) with or without level I, II axillary 
lymph node involvement or in clinically detected*ipsilateral internal mammary lymph node(s) with 
clinically evident level I, II axillary lymph node metastases or metastases in ipsilateral supraclavicular 
lymph node(s) with or without axillary or internal mammary lymph node involvement 

 N3A  Metastases in ipsilateral infraclavicular lymph node(s) 
 N3B  Metastases in ipsilateral internal mammary lymph node(s) and axillary lymph node(s) 
 N3C  Metastases in ipsilateral supraclavicular lymph node(s) 

 Notes 
 *“Clinically detected” is defi ned as detected by imaging studies (excluding lymphoscintigraphy) or by clinical 
examination and having characteristics highly suspicious for malignancy or a presumed pathologic macrometastasis 
based on fi ne-needle aspiration biopsy with cytologic examination. Confi rmation of clinically detected metastatic 
disease by fi ne-needle aspiration without excision biopsy is designated with an (f) suffi x, for example, cN3a(f). 
Excisional biopsy of a lymph node or biopsy of a sentinel node, in the absence of assignment of a pT, is classifi ed 
as a clinical N, for example, cN1. Information regarding the confi rmation of the nodal status will be designated in 
site-specifi c factors as clinical, fi ne-needle aspiration, core biopsy, or sentinel lymph node biopsy. Pathologic 
classifi cation (pN) is used for excision or sentinel lymph node biopsy only in conjunction with a pathologic 
T assignment 

 Pathologic (PN) 

 pNX  Regional lymph nodes cannot be assessed (e.g., previously removed or not removed for pathologic study) 
 pN0  No regional lymph node metastasis identifi ed histologically 

 Note: isolated tumor cell clusters (ITC) are defi ned as small clusters of cells not greater than 0.2 mm, 
or single tumor cells, or a cluster of fewer than 200 cells in a single histologic cross section. ITCs may 
be detected by routine histology or by immunohistochemical (IHC) methods. Nodes containing only 
ITCs are excluded from the total positive node count for purposes of N classifi cation but should be 
included in the total number of nodes evaluated 

 pN0(i-)  No regional lymph node metastases histologically, negative IHC 
 pN0(i+)  Malignant cells in regional lymph node(s) no greater than 0.2 mm (detected by H&E or IHC including 

ITC) 
 pN0(mol-)  No regional lymph node metastases histologically, negative molecular fi ndings (RT-PCR) 
 pN0(mol+)  Positive molecular fi ndings (TR-PCR)**, but no regional lymph node metastases detected by histology 

or IHC 
 pN1  Micrometastases or metastases in 1–3 axillary lymph nodes and/or in internal mammary nodes with 

metastases detected by sentinel lymph node biopsy but not clinically detected*** 
 pN1mi  Micrometastases (greater than 0.2 mm and/or more than 200 cells, but none greater than 2.0 mm) 
 pN1a  Metastases in 1–3 axillary lymph nodes, at least one metastasis greater than 2.0 mm 
 pN1b  Metastases in internal mammary nodes with micrometastases or macrometastases detected by sentinel 

lymph node biopsy but not clinically detected*** 
 pN1c  Metastases in 1–3 axillary lymph nodes and in internal mammary lymph nodes with micrometastases 

or macrometastases detected by sentinel lymph node biopsy but not clinically detected*** 
 pN2  Metastases in 4–9 axillary lymph nodes or in clinically detected****internal mammary lymph nodes 

in the absence of axillary lymph node metastases 
 pN2a  Metastases in 4–9 axillary lymph nodes (at least one tumor deposit greater than 2.0 mm) 

(continued)
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Table 4.2 (continued)

 Pathologic (PN) 

 pN2b  Metastases in clinically detected**** internal mammary lymph nodes in the absence of axillary node 
metastases 

 pN3  Metastases in 10 or more axillary lymph nodes or in infraclavicular (level III axillary) lymph nodes 
or in clinically detected**** ipsilateral internal mammary lymph nodes in the presence of one or more 
positive level I, II axillary lymph nodes or in more than three axillary lymph nodes and in internal 
mammary lymph nodes with micrometastases or macrometastases detected by sentinel lymph node 
biopsy but not clinically detected*** or in ipsilateral supraclavicular lymph nodes 

 pN3a  Metastases in 10 or more axillary lymph nodes (at least one tumor deposit greater than 2.0 mm) 
or metastases to the infraclavicular (level III axillary lymph) nodes 

 pN3b  Metastases in clinically detected**** ipsilateral internal mammary lymph nodes in the presence of one 
or more positive axillary lymph nodes or in more than three axillary lymph nodes and in internal 
mammary lymph nodes with micrometastases or macrometastases detected by sentinel lymph node 
biopsy but not clinically detected*** 

 pN3c  Metastases in ipsilateral supraclavicular lymph nodes 

  Notes  
 *Classifi cation is based on axillary lymph node dissection with or without sentinel lymph node biopsy. 
Classifi cation based solely on sentinel lymph node biopsy without subsequent axillary lymph node dissection is 
designated (sn) for “sentinel node,” for example, pN0(sn) 
 **Rt-PCR: reverse transcriptase/polymerase chain reaction 
 ***“Not clinically detected” is defi ned as not detected by imaging studies (excluding lymphoscintigraphy) or not 
detected by clinical examination 
 ****“Clinically detected” is defi ned as detected by imaging studies (excluding lymphoscintigraphy) or by clinical 
examination and having characteristics highly suspicious for malignancy or a presumed pathologic macrometastasis 
based on fi ne-needle aspiration biopsy with cytologic examination 
  Adapted    from Ref. [ 16 ]. With permission from Springer Verlag  

   In treating patients with EBC, the clinician 
needs to address the following: (1) local control 
(the primary breast tumor and the at-risk ipsilat-
eral breast), (2) regional control (axillary lymph 
nodes), and (3) distant control (systemic disease). 
In general, the surgeon, along with her/his radia-
tion oncologist, is responsible for the fi rst two 
considerations, while her/his medical oncology 
colleague is responsible for the third. 

 Patients often present with an abnormal mam-
mogram or breast ultrasound, with or without a 
palpable mass. In addition, complaints of breast 
pain, nipple discharge, or a palpable breast mass 
may also be the reasons why a patient would seek 
medical counseling. The initial evaluation con-
sists of a complete history and physical examina-
tion, focusing mainly on the risk factors for breast 
cancer (see above), including a gynecologic his-
tory, and thoroughly examining the breast. 

 If the patient has no imaging, a mammogram or 
an ultrasound should be ordered. The most recent 
imaging studies should be compared with prior 
studies. A thorough review of the patient’s mam-
mogram and/or breast ultrasound should be done 

with a radiologist. Breast ultrasound is useful for 
younger women (<40 years old) who tend to have 
denser breast tissue than older women. In some 
situations, both a mammogram and ultrasound 
might be necessary to complete the evaluation. 

 Classic mammographic abnormalities that 
are highly suggestive of a malignancy include 
an abnormality with irregular or spiculated bor-
ders, architectural distortion, or suspicious cal-
cifi cations (linear, branching, ductally oriented, 
pleomorphic, clustered) (Fig.  4.4 ). For ultra-
sound, the following features are worrisome for 
malignancy: hypoechoic, posterior shadowing, 
irregular borders, nonparallel orientation, and 
asymmetry (Fig.  4.5 ).

    The American College of Radiology (ACR) 
has developed a standardized system of describ-
ing mammographic and ultrasound readings. The 
system, the Breast Imaging Reporting and Data 
System (BI-RADS), groups the fi ndings into cat-
egories numbering from 0 through 6. In general, 
BI-RADS 0 requires additional imaging, 
BI-RADS 1 and 2 can be observed with annual 
mammogram, BI-RADS 3 requires a repeat 
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  Fig. 4.4    Mammogram images ( a ) and ( b ) are views of an 
obscured mass in the left breast which on compression 
images and ultrasound was given BI-RADS 5, and pathol-
ogy demonstrated an invasive ductal carcinoma. Image 

( c ) depicts pleomorphic calcifi cations in a linear segmental 
distribution which is typical of DCIS. In this example, DCIS 
has evidence of cancer that has infi ltrated the axillary lymph 
nodes ( d ) (Courtesy of Quyen D. Chu, MD, MBA, FACS)       

  Fig. 4.5    Abnormal ultrasound (B): features that are worrisome for malignancy include an asymmetric, hypoechoic 
mass with irregular margins and posterior shadowing (Courtesy of Quyen D. Chu, MD, MBA, FACS)       
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mammogram 6 months and thereafter until the 
fi nding is known to be stable (usually at least 2 
years), BI-RADS 4 and 5 require a biopsy, and 
BI-RADS 6 is a biopsy-proven cancer (a mam-
mogram usually obtained after a known cancer 
by a previous biopsy; the mammogram, in such a 
case, may be used to see how sensitive the cancer 
is to systemic therapy) (Table  4.3 ). Of note, mam-
mograms have a 10 % false-negative rate. Thus, 
clinical suspicion should prompt the clinician to 
pursue a more intense investigation despite a neg-
ative mammographic reading. On occasions, 
there may be discordance between the BI-RADS 
assignments for the mammogram and ultrasound 
(i.e., BI-RADS 3 for mammogram and BI-RADS 
4 for ultrasound). In such a situation, we recom-
mend to err on the conservative side and proceed 
with the work-up based on the highest BI-RADS 
reading.

   A brief mentioned of screening MRI of the 
breast is warranted. There are no randomized tri-
als available to determine whether screening MRI 
reduces mortality from breast cancer. However, 
screening MRI is thought to be cost effective for 
women between ages 30 and 60 years who either 
carry a BRCA mutation or have a 50 % chance of 
carrying such a mutation [ 17 ]. The estimated cost 

per quality-adjusted life-year (QALY) gained in 
this group is approximately $55,420–$130,625 
(i.e., it costs this much per additional life-year per 
person). Although there is no absolute QALY 
threshold, in the United States, it is thought to be 
around $50,000–$100,000 per QALY gained, 
while in the United Kingdom, it is approximated 
to be around $30,000–$45,000 [ 18 ]. 

 The American Cancer Society (ACS), 
endorsed by ACR and Society of Breast Imaging 
(SBI) [ 19 ], recommends annual MRI screening, 
along with mammography, for women at high 
lifetime risk (≥20 %) of developing breast can-
cer, beginning at age 30. The lifetime risk can be 
calculated using the already mentioned risk esti-
mation models, although ACS does not recom-
mend using the Gail model because it does not 
incorporate family history of ovarian or breast 
cancer in 2nd-degree relatives [ 20 ];    high lifetime 
risk includes patients with known BRCA1 or 
BRCA2 gene mutation or who have a 1st-degree 
relative with a BRCA1 or BRCA2 gene mutation 
and history of radiation to the chest at the ages 
between 10 and 30 years and patients with 
Li-Fraumeni syndrome or Cowden syndrome or 
who have a 1st-degree relative with one of these 
syndromes [ 21 ]. For those who are at a moderate 
risk of developing breast cancer (15–20 % life-
time risk), it is recommended that they discuss 
screening MRIs with their physicians. Moderate 
risk group includes those who have a personal 
history of breast cancer, DCIS, LCIS, ADH, 
atypical lobular hyperplasia, or those with 
extremely dense breasts or unevenly dense 
breasts seen on mammograms. Low-risk group 
includes those whose lifetime risk of breast can-
cer is less than 15 %; routine screening MRI is 
not recommended [ 22 ]. Screening MRIs should 
be done in a facility that also has the capability of 
performing an MRI-guided breast biopsy 
(Table  4.4 ). It must be stressed that MRI is not 
meant to replace mammography and that the 
guidelines are not intended to replace sound clin-
ical judgment or considered standard of care.

   Routine preoperative MRI should not be used 
in all cancer patients since it has no signifi cant 
impact on outcome. A recent meta-analysis found 
that preoperative MRI for staging breast cancer 

   Table 4.3    Breast imaging reporting and data system 
(BI-RADS)   

 BI-RADS 
readings  Implications 

 0  Additional imaging evaluation and/or 
comparison to prior mammograms is needed 

 1  Negative. No signifi cant abnormality to 
report. Annual screening mammogram is 
recommended as deemed appropriate 

 2  Benign (noncancerous) fi nding. Annual 
screening mammogram is recommended as 
deemed appropriate 

 3  Probably benign fi nding. Follow-up with 
repeat imaging in 6 months and regularly 
thereafter until the fi nding is known to be 
stable (usually at least 2 years) 

 4  Suspicious abnormality. Biopsy should be 
considered 

 5  Highly suggestive of malignancy 
(95 % chance of cancer). Biopsy should 
be considered 

 6  Known biopsy. Proven malignancy 
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did not reduce the risk of local ipsilateral recur-
rence and distant recurrence [ 22 ]. Additionally, 
preoperative MRI not only fails to reduce re- 
excisions rate [ 23 ], it increases the odds of a 
patient receiving a mastectomy who would other-
wise be a candidate for a BCT [ 24 ].  

    Biopsy Techniques 

 Breast masses can be cystic, solid, or both. Cystic 
masses can be aspirated with a fi ne-needle aspi-
ration (FNA), guided either by palpation or ultra-
sound (US). Non-bloody aspirate can be 
discarded unless there is a clinical or radiologic 
suspicion of an associated malignancy. For non- 
cystic abnormality, the selection of the most 
appropriate biopsy technique will depend on 
whether the abnormality is palpable or non- 
palpable. Excisional biopsy as the initial diag-
nostic tool should be avoided unless minimally 

invasive biopsy techniques (percutaneous image- 
guided biopsy or palpation-guided) are not avail-
able. In general, a percutaneous biopsy such as a 
core needle biopsy (CNB) with either a 12–14 
gauge needle or vacuum-assisted biopsy with a 
7–11 gauge needle is the preferred initial diag-
nostic procedure for both palpable and non- 
palpable lesions [ 25 ]. If the biopsy is positive for 
either noninvasive cancer (DCIS; see Chap.   3    ) or 
invasive cancer, the clinician can then provide the 
patient with an optimal plan of care, which can 
include a single trip to the operating room for a 
defi nitive surgery. If it is negative or nondiagnos-
tic, then the result should be put in context with 
the clinical examination and radiologic imaging. 
If the clinical exam and radiologic imaging are in 
concordance with the biopsy result (triple con-
cordance), then the likelihood of a missed malig-
nancy is very low (accuracy ranges from 93 to 
99 %). However, if there is any discordance (i.e., 
lesion is suspicious for malignancy based on clin-
ical exam and/or radiologic imaging), then the 
lesion should be excised for a defi nitive diagnosis 
(i.e., excisional biopsy for palpable lesion, needle 
localization biopsy for non-palpable lesion). 
Curvilinear incisions following Langer’s skin 
lines should be considered for optimal cosmesis 
(Fig.  4.6 ), and the pathologic specimen should be 
appropriately oriented. Specimens should be 
marked in a consistent manner to avoid confusion 
by the pathologist about the proper orientation, 
which could infl uence appropriate re-excision to 
achieve negative margins. Although a commonly 
used method calls for a short stitch be placed to 
designate the superior margin and a long stitch to 
indicate the lateral margin, this two-stitch method 
has been shown to be associated with an error 
rate of 31 % [ 26 ]. Intraoperative inking by the 
surgeon or placement of at least three separate 
marking sutures/clips for specimen orientation is 
recommended.

   For patients with high-risk lesions such as 
atypical ductal hyperplasia (ADH), atypical 
lobular hyperplasia, lobular carcinoma in situ, 
and radial scars (complex sclerosing lesions) 
found on percutaneous biopsy, a surgical exci-
sion should be performed to assure that no 
occult DCIS or invasive cancer is present [ 25 ]. 

   Table 4.4    Recommendations for breast MRI screening   

 Characteristics 
 Time to begin screening 
(years) 

 Proven BRCA mutation 
carriers 

 Annually by age 30 
but not before age 25 

  Annual MRI beginning 
at age 30 

 1st-degree relatives of BRCA 
mutation carriers but have not 
been tested 

 Annually by age 30 
but not before age 25 

  Annual MRI beginning 
at age 30 

 History of chest irradiation 
between ages 10–30 

 Annually beginning 
8 years after radiation 
therapy but not before 
age 25 

  Annual MRI beginning 
8 years after radiation 
therapy 

 Lifetime risk ≥ 20–25 %, as 
defi ned by models that are 
dependent on family history 
(not the Gail model) 

 Annually by age 30 but 
not before age 25 or 10 
years before the age of 
the youngest affected 
relative, whichever is 
later 

 Patients with following 
genetic syndromes and their 
fi rst-degree relatives 

 Annually beginning 
at age 30–35 years 

  Li-Fraumeni 
  Cowden 
   Bannayan-Riley- Ruvalcaba  
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Of note, if a percutaneous biopsy will remove 
most or all of the abnormality, then a clip or some 
other imaging marker should be inserted at the 
time of biopsy. 

    Non-palpable Lesions 

 Besides CNB, stereotactic core biopsy or 
ultrasound- guided biopsy is also an acceptable 
modality for non-palpable lesions. For 
lesion ≤ 1 cm, percutaneous excision using a 
vacuum- assisted device is recommended [ 25 ]. In 
situations where more tissue is required for a 
defi nitive diagnosis, a needle or wire localization 
biopsy can be performed. Such specimen should 
be sent to the radiologist to confi rm that the abnor-
mal lesion has indeed been excised. Of note, a 
lesion detected on an ultrasound should be con-
fi rmed ex vivo with an ultrasound, while one that 
was detected on a mammogram should be con-
fi rmed ex vivo with a mammogram. If the fi nal 

specimen is negative for malignancy, our practice 
has been to repeat the imaging in 6 months.  

    Palpable Lesions 

 Although CNB is the preferred initial procedure 
for palpable lesions, an FNA is also acceptable. In 
expert hands, the accuracy rate of an FNA ranges 
from 89 to 98 %. However, the advantage with 
CNB is that it can differentiate whether the carci-
noma is intraductal or invasive, whereas FNA 
may not because it is limited by few loose cells. 
For large suspicious lesions (>5 cm), a CNB or an 
incisional biopsy (taking a small piece of the 
mass) may be performed to obtain a tissue diag-
nosis and for determining receptor statuses. This 
is especially important if neoadjuvant (chemo-
therapy before surgery) is being considered. Our 
approach is to send a small piece of the incised 
mass for frozen section to confi rm a diagnosis of 
cancer before leaving the operating room.   

  Fig. 4.6    Recommended 
curvilinear incisions to be 
used when operating on the 
breast (Courtesy of Quyen 
D. Chu, MD, MBA, FACS)       
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    Treatment 

    Local Control 

 Once a diagnosis of cancer has been confi rmed, 
the surgeon will need to consider the options of 
obtaining  local control . The primary goal is two-
fold: (1) resect the primary tumor to negative 
margins and (2) address the at-risk breast. 
Options for local control are (1) mastectomy (see 
Fig. 6.1, Chap.   6    ) or (2) lumpectomy with nega-
tive margins, followed by breast irradiation 
(XRT), which is also known as breast-conserving 
therapy (BCT). There is a whole range of radia-
tion options; these include external beam radia-
tion (whole-breast radiation), accelerated partial 
breast irradiation, 3D conformal radiotherapy, 
and brachytherapy. External beam radiation is the 
most common and therefore, unless specifi ed 
otherwise, most of the discussion on radiation 
implies the use of this modality. 

 BCT yields equivalent survival outcome as a 
mastectomy. The National Surgical Adjuvant 
Breast and Bowel Project (NSABP) B-04 was the 
fi rst clinical trial that demonstrated that less radi-
cal surgery (i.e., total mastectomy or TM ± radi-
ation) was equivalent to a Halsted radical 
mastectomy (i.e., removing the breast, the under-
lying pectoral muscles, and axillary contents) 
[ 27 – 30 ]. The trial enrolled 1,665 women, and the 
latest 25-year follow-up results reported in 2002 
demonstrated that there were no signifi cant dif-
ferences in the disease-free survival (DFS), 
relapse-free survival (RFS), distant-disease-free 
survival (DDFS), and overall survival (OS) 
among TM, TM plus radiation, and RM [ 31 ] 
(Table  4.5 ).

   Subsequent to the NSABP B-04 trial, the 
NSABP B-06 trial evaluated 1,843 women with 
tumors 4 cm or less and randomized them into 
three groups: TM and ALND (modifi ed radical 
mastectomy), lumpectomy and ALND with 
breast irradiation, or lumpectomy and ALND 
without breast irradiation [ 33 ,  39 ]. The latest 
20-year follow-up results, also reported in 2002, 
found no signifi cant differences in the DFS, 
DDFS, or OS among the three groups [ 33 ]. 

However, patients who underwent a lumpectomy 
with breast irradiation had a signifi cantly lower 
cumulative incidence of ipsilateral breast cancer 
recurrence (14.3 %) than those who underwent a 
lumpectomy without breast irradiation (39.2 %) 
( P  < 0.001). 

 The Early Breast Cancer Trialists’ 
Collaborative Group (EBCTCG) performed a 
meta-analysis of 10,801 women from 17 random-
ized trials of radiotherapy (XRT) versus no radio-
therapy after BCT and found that XRT resulted in 
a 15.7 % absolute reduction in recurrence at 10 
years (2p < 0.00001) and a 3.8 % absolute 
reduction in breast cancer death at 15 years 
(2p = 0.00005) compared to no XRT [ 40 ].    The 
magnitude was observed to be higher in node 
positive than node positive patients (absolute 
reduction in recurrence, 21.2 % versus 15.4 %, 
respectively, and absolute reduction in mortality, 
8.5 % versus 3.3 %, respectively) [ 40 ]. Thus, 
NSABP B-06 and EBCTCG, along with other 
clinical trials, established that BCT with radia-
tion is equally effective as a mastectomy and that 
BCT must be accompanied by XRT [ 34 – 36 ] 
(Table  4.5 ). 

    Role of Accelerated Partial 
Breast Irradiation 
 Accelerated partial breast irradiation (APBI) has 
been explored as an alternative technique to 
whole-breast irradiation (WBI). The rationale 
behind APBI is based on data that demonstrated 
that 80–90 % of local recurrences following a 
lumpectomy are within the cavity site [ 31 ,  41 , 
 42 ]. Thus, by delivering an intense dose of radia-
tion to the surgical bed, local recurrence rate 
should be equivalent to WBI. Another advantage 
with APBI is that it is administered over a shorter 
period of time (1–2 weeks) instead of the tradi-
tional 6-week period with WBI. This is impor-
tant, especially for women who are candidates 
for BCT but who happen to reside in a place that 
is substantially far away from their nearest radia-
tion facility. 

 APBI comes in different forms, including 
multicatheter interstitial brachytherapy, intraop-
erative RT (IORT), external beam conformal 
therapy (EBRT), and intracavitary balloon 
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    Table 4.5    Selected trials comparing mastectomy and breast-conserving therapy for breast cancer   

 Trials/authors/ref  N 
 Mean follow-up 
(years)  Treatment group  Outcome 

 NSABP B-04/Fisher [ 32 ]  1,665  25  (1) TM  No signifi cant differences in DFS, 
RFS, DDFS, and OS among the 
three groups 

 (2) TM + XRT 
 (3) RM 

 NSABP B-06/Fisher [ 33 ]  1,843  20  (1) MRM  No signifi cant differences in DFS, 
DDFS, and OS among the three groups  (2) L + ALND 

 (3) L + ALND + XRT  L alone had higher cumulative 
incidence of ipsilateral breast cancer 
recurrence compared to L + XRT 
(39 % versus 14 %;  P  < 0.001) 

 NCI/Jacobson [ 34 ]  247  10  (1) MRM  No signifi cant differences in DFS, 
OS, or locoregional recurrence rate 
between the two groups 

 (2) L + ALND + XRT 

 Milan/Veronesi [ 35 ]  701  20  (1) RM  No signifi cant differences in OS, 
rates of contralateral breast cancers, 
distant metastases, or second primary 
cancers between the two groups 

 (2) L + ALND + XRT  L group had signifi cantly higher 
tumor recurrence rate than the RM 
group ( P  < 0.001) 

 DBCG/Blichert-Toft [ 36 ]  793  20  (1) MRM  No signifi cant differences in local 
tumor control, RFS, OS between the 
two groups 

 (2) L + ALND + XRT  L had higher rate of new primaries, 
while MRM had higher rate of true 
tumor recurrence 

 EORTC/van Dongen [ 37 ]  903  NA  (1) MRM  No signifi cant difference in DDS, 
local-regional recurrence, and OS 
between the two groups 

 (2) L + ALND + XRT 

 IGR/Sarrazin [ 38 ]  179  10  (1) MRM  No signifi cant difference in distant 
metastasis, local-regional recurrence, 
contralateral breast cancer, and OS 
between the two groups 

 (2) L + ALND + XRT 

   NSABP  National Surgical Adjuvant Breast and Bowel Project,  EBCTCG  Early Breast Cancer Trialists’ Collaborative 
Group,  NCI  National Cancer Institute,  DBCG  Danish Breast Cancer Cooperative Group,  EORTC  European Organization 
for Research and Treatment of Cancer,  IGR  Institut Gustave-Roussy,  L  lumpectomy,  TM  total mastectomy,  XRT  radiation 
therapy,  RM  radical mastectomy,  MRM  modifi ed radical mastectomy,  ALND  axillary lymph node dissection,  DFS  disease-
free survival,  RFS  relapse-free survival,  DDFS  distant-disease-free survival,  OS  overall survival,  NA  not available  

brachytherapy such as MammoSite® (Hologic, 
Inc., Bedford, MA, USA). The American Society 
of Breast Surgeons (ASBS) MammoSite® Breast 
Brachytherapy Registry Trial [ 43 ] recently pub-
lished their fi nal analysis on 1,449 patients with 
early breast cancer who were treated with BCT 
and MammoSite® and were followed-up for 
greater than 5 years. Their results, which are sim-
ilar to others [ 44 ,  45 ], found that the 5-year actu-
arial ipsilateral breast tumor recurrence (IBTR) 
rate was 3.8 %, which is in line with historic rate 

of 2 % for WBI [ 46 ]. Additionally, the rate of 
excellent/good cosmesis at 84 months approached 
91 %, and the rates of infectious and noninfec-
tious complications were comparable to WBI his-
toric data [ 43 ]. The limitations with this study are 
the potential for selection bias (surgeons might 
be reluctant to report complications since it is a 
volunteer registry), lack of long-term outcomes, 
and comparison against historic controls. 

 However, Smith et al. performed a retrospec-
tive review of over 92,000 women in the Medicare 
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SEER database and reported that compared to 
WBI, women who were treated with  brachytherapy 
had a higher mastectomy rate, more frequent 
infectious and noninfectious complications, and 
higher incidence of fat necrosis, although the 
5-year OS was equivalent between WBI and APBI 
[ 47 ]. The limitations with this study include com-
parison of WBI with older form of brachytherapy 
with less control of radiation dose and the use of 
an administrative database that may be fraught 
with selection bias, incomplete information, and 
potential inaccuracy. 

 Whether APBI is equivalent to WBI is cur-
rently the focus of the NSABP B-39/RTOG 0413 
clinical trial, a trial that randomizes patients with 
early stage breast cancer (Stage 0–II) to receive 
either WBI or APBI. Criteria include patients 
whose tumor is ≤ 3 cm and who possess no more 
than three histologically positive lymph nodes 
(Table  4.6 ). Unfortunately, results will not be 
known for another 5–10 years [ 48 ].

   The decision to perform BCT depends on 
many factors, one of which is cosmesis. If the 
lumpectomy will result in a disfi gurement of the 
remaining breast, it is better to opt for a mastec-
tomy. In addition, BCT is ideal for patients who 
are compliant, are not pregnant, have access to a 
radiation facility, have no history of radiation 
therapy to the chest wall (i.e., history of radiation 
for lymphoma), and have no history of collagen 
vascular disease (i.e., scleroderma and systemic 
lupus erythematosus). 

 One of the tenets in breast surgery is the need 
to achieve a negative margin to avoid local recur-
rence (LR). What constitutes an adequate nega-
tive margin, however, remains an area of great 
interest. According to NSABP, a negative margin 
is defi ned as having no tumor at the inked surgi-
cal margin, irrespective of the distance from the 

nearest tumor cell. In a meta-analysis, of 21 
 studies and over 14,000 women with early breast 
cancer who underwent BCT, Houssami et al. con-
fi rmed that those with positive margins (presence 
of any cancer, invasive and/or DCIS at the inked 
margin) had a signifi cantly higher likelihood of 
having LR (odds ratio of 2.42;  P  < 0.001) com-
pared to those with negative margins [ 49 ]. The 
margin width (1 mm versus 2 mm versus 5 mm), 
however, had no signifi cant impact on the rate of 
LR. The authors conclude that it is reasonable to 
defi ne a minimum distance of 1 mm for negative 
margins in women who undergo BCT for early 
breast cancer [ 49 ]. Finally, a panel of breast 
experts recently developed a guideline for defi n-
ing adequate margins in the setting of BCT and 
adjuvant radiation therapy and concluded that no 
ink on tumor should suffi ce as adequate margin 
in invasive cancer [ 50 ]. 

 To summarize this portion of the discussion, 
both a mastectomy and a BCT will achieve 
equivalent local control. In a mastectomy, the 
tumor and the at-risk breast are removed at the 
same setting, whereas in BCT, the tumor is 
resected and the at-risk breast is irradiated. 
A negative margin is a negative margin. The role 
of APBI will be clarifi ed, based on the results of 
the NSABP B-39/RTOG 0413 clinical trial.   

    Regional Control 

 Once a local control option has been selected, the 
next goal is to obtain  regional control . Although 
there is a rich network of lymphatics that drains 
the breast, surgeons generally focus their atten-
tion on the axillary lymph nodes for evidence of 
metastases. Lymph node status is one of the most 
important prognostic factors in breast cancer 
[ 51 ]. Options for assessing the lymph nodes are 
sentinel lymph node biopsy (SLNBx) or axillary 
lymph node dissection (ALND); the latter, when 
combined with a mastectomy, is a modifi ed radi-
cal mastectomy (MRM) (Fig.  4.7a–d ).

   Historically, ALND was a routine component 
of the management of the majority of patients 
with early breast cancer. The procedure, however, 
does carry some inherent risks such as neurovascular 

   Table 4.6    NSABP B-39/RTOG 0413 criteria for clinical 
trial comparing accelerated partial breast irradiation 
(APBI) with whole-breast radiation (WBI) in women with 
early breast cancer   

 Patients with Stage 0, I, and II breast cancer resected 
by lumpectomy 
 Tumor size ≤ 3 cm 
 No more than 3 histologically positive nodes 
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  Fig. 4.7    A modifi ed radical mastectomy (MRM) requires a 
thorough knowledge of breast anatomy ( a ). In general, the 
following nerves should be preserved: the long thoracic 
nerve, which innervates the serratus anterior and lies along 

the muscle. Injury to this nerve can result in a “winged scap-
ula.” The thoracodorsal nerve generally runs along the thora-
codorsal vessels and at a right angle to the axillary vein. 
The nerve innervates the latissimus dorsi, and an injury to it 
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injury (injury to the axillary vessels or long 
thoracic nerve), seroma formation, decrease in 
range of motion in the shoulder, and chronic 
lymphedema. Minimizing these risks without 
compromising oncologic principles became a 
major focus of the medical community. Sentinel 
lymph node biopsy became an alternative tech-
nique to assess the axilla for a subset of patients. 
The principle behind SLNBx is that when breast 
cancer metastasizes to the lymph nodes, it does 
so in an orderly manner. Because breast cancer 
generally drains to the fi rst echelon of lymph 
nodes before draining to the subsequent echelons 
of lymph nodes, the likelihood of having metas-
tases in subsequent echelons will be low if there 
is no evidence of metastases in the fi rst echelon 
of lymph nodes. 

 SLNBx removes only a small number of 
lymph nodes and therefore requires less dissec-
tion in the axilla. Several studies have demon-

strated that SLNBx is less morbid [ 52 ,  53 ] and 
yielded equivalent outcome as an ALND [ 54 – 58 ] 
(Table  4.7 ). Sentinel lymph node identifi cation 
rate ranges 95–98.7 %, and the false- negative rate 
is generally less than 10 % [ 55 – 57 ]. Most sur-
geons use both isosulfan blue (blue dye) and 
technetium-99 sulfur colloid (double-tracer tech-
nique) to identify the sentinel nodes (Fig.  4.8a, 
b ). Injection can be done either peritumorally or 
subareolar [ 59 ], the latter being done in situation 
when the tumor is not palpable (Fig.  4.9 ). To 
achieve an acceptable false- negative rate (FNR) 
threshold of 10 %, at least two sentinel nodes 
should be retrieved. NSABP B-32 reported an 
FNR of 18 % with 1 SLN resected, 10 % with 2 
SLNs resected, and 7 % with 3 SLNs resected 
[ 60 ]. When the sentinel node(s) cannot be identi-
fi ed, a standard ALND should be performed. On 
occasions, internal mammary lymph node(s) 
(IMN) may be seen on lymphoscintigraphy, 

Fig. 4.7 (continued) results in the patient being unable to raise the trunk with the upper limb. Finally, the intercostal 
brachial nerve supplies sensation to the back of the arm. Its injury can lead to a feeling of “numbness” in the upper 
medial aspect of the arm. The levels of the lymph nodes are named based on their relationship to the pectoralis minor 
muscle. Axillary lymph node dissection generally involves removal of level I lymph nodes (lateral to the pectoralis 
minor muscle) and level II lymph nodes (underneath/posterior to the pectoralis minor muscle). Level III lymph nodes 
(above and medial to the pectoralis minor muscle) are removed when they are palpable. This generally requires resect-
ing the pectoralis minor muscle at its insertion into the coracoid process. ( b ) A modifi ed radical mastectomy begins with 
an elliptical incision that incorporates the nipple/areolar complex. The superior and inferior fl aps are raised and the 
breast tissue is removed. Note that the axillary contents are below the axillary vein and that the thoracodorsal nerve 
tends to run parallel to the thoracodorsal vessels. ( c ) This fi gure shows the major structures just before the axillary 
contents are removed. ( d ) Picture of a completed axillary lymph node dissection. Note the long thoracic nerve along the 
serratus anterior muscle ( a – d : Courtesy of Quyen D. Chu, MD, MBA, FACS)       

   Table 4.7    Selected series comparing sentinel lymph node biopsy with axillary lymph node dissection   

 Author/year  # Patients 

 Median 
follow-up 
(mos) 

 Axillary 
recurrence rate  5-year DFS  5-year OS 

 SLNBx  ALND  SLNBx  ALND  SLNBx  ALND 

 Veronesi 2003/2010 [ 54 ,  55 ]  516  102  0 %  2 %  89.9 %  88.9 %  93.5 %  89.7 % 
  p  = 0.17   p  = 0.52   p  = 0.15 

 Zavagno [ 56 ]  749  56  0.29 %  0 %  87.6 %  89.9 %  94.8 %  95.5 % 
 (Sentinella/GIVOM) 2008   p  = NA   p  = 0.77   p  = NA 
 Krag (NSABP-B32) [ 57 ]  5,611  95.6  0.7 %  0.4 %  88.6 %  89.0 %  95.0 %  96.4 % 
 2010  (mean)   p  = 0.22   p  = 0.54   p  = 0.12 
 Giuliano [ 58 ]  891  76  0.9 %  0.5 %  83.9 %  82.2 %  92.5 %  91.8 % 

 (ACOSOG Z0011) 2011   p  = 0.14   p  = 0.25 

   GIVOM  Gruppo Interdisciplinare Veneto di Oncologia Mammaria,  NSABP  National Surgical Adjuvant Breast and 
Bowel Project,  ACOSOG  American College of Surgeons Oncology Group,  SLNB x sentinel lymph node biopsy,  ALND  
axillary lymph node dissection,  NA  not available,  DFS  disease-free survival,  OS  overall survival  
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 especially for cancers located in the medial 
aspect of the breast. Most surgeons do not per-
form IMN biopsy or dissection due to the associ-
ated morbidity; instead, the IMN is generally 
treated with radiation.

     ACOSOG Z0010 and NSABP B-32 reported 
that SLN disease detected on IHC has no clinical 
signifi cance and, therefore, recommended that 
IHC staining of SLNs is unnecessary [ 61 ,  62 ]. 
Thus, hematoxylin and eosin staining of SLN is 
all that is needed, and given the recent ACOSOG 
Z0011 data, intraoperative frozen-section analysis 

of the SLN should be avoided for nodes that are 
not highly suspicious, especially if the patient 
meets ACOSOG Z0011 criteria. 

    Should a Completion ALND 
Be Performed for Low-Volume 
Axillary Disease? 
 Sentinel lymph node biopsy is now the standard 
of care for most women with invasive breast can-
cer and indicated for virtually any patient with 
clinically node-negative invasive breast cancer 
[ 63 ]. The American Society of Clinical Oncology 
(ASCO) recommends SLNBx in patients with T1 
and T2 tumors and clinically node-negative dis-
ease [ 64 ]. It also supports SLNBx for those with 
multicentric tumors and with ductal carcinoma in 
situ (DCIS) who opted for a mastectomy since an 
SLNBx will be impossible to perform if an inva-
sive tumor is found in the mastectomy specimen 
[ 64 ].    For patients who have palpable axillary 
lymphadenopathy or are pregnant, or for an 
SLNBx that cannot be identifi ed, or if the tech-
nique is not available, an axillary lymph node dis-
section (ALND) should be performed (Table  4.8 ).

   For patients with a negative SLNBx, no further 
surgery in the axilla is needed. However, how 
should a patient with positive SLNBx be managed? 
Traditionally, such a patient undergoes a comple-
tion ALND because the incidence of additional 

  Fig. 4.8    Sentinel lymph node mapping of a breast cancer 
using lymphoscintigraphy ( a ). Radiotracer used was 
Tc-99 m sulfur colloid. Sentinel node was identifi ed with 
isosulfan blue (blue dye) ( b ) (Courtesy of Quyen D. Chu, 
MD, MBA, FACS)       

  Fig. 4.9    Subareolar injection can be performed to iden-
tify sentinel nodes. This can be done in situations when 
the tumor is not palpable (Courtesy of Quyen D. Chu, 
MD, MBA, FACS)       
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 disease on ALND can be as high as 53 % [ 65 ]. In 
the past, several predictive nomograms were devel-
oped to estimate the risk of additional positive 
nodes in the hope of sparing women the morbidity 
of unnecessary ALND [ 66 ,  67 ]. However, such 
nomograms will likely be supplanted by recent 
data from the American College of Surgeons 
Oncology Group (ACOSOG) Z0011 trial. 

 ACOSOG Z0011 demonstrated that a comple-
tion ALND might not be necessary in a subset of 
patients who have positive SLNBx [ 58 ]. 
ACOSOG Z0011 was a phase III non-inferiority 
trial that randomized 891 women who had posi-
tive sentinel lymph nodes to either observation 
( N  = 446) or undergo a completion ALND 
( N  = 445). All women had BCT, clinical T1–T2 
tumor, systemic therapy as appropriate, and 
whole-breast irradiation (WBI) with tangential 
fi elds (TFs) which partially covers level 1 and 2 
lymph nodes. At a median follow-up of 6.3 years, 
regional recurrence was less than 1 % with 
SLNBx alone, despite 27 % of patients having 
had additional metastases in the undissected axil-
lary nodes (based on indirect evidence that 27 % 
of patients in the ALND group had nodal dis-
ease). The 5-year OS for SLNBx alone versus 
ALND group was 92.5 % and 91.8 %, respec-
tively ( p  = 0.25), and the 5-year DFS for SLNBx 
alone versus ALND group was 83.9 % and 
82.2 %, respectively ( p  = 0.14). On multivariate 
analysis, neither the number of positive SLNBx, 
size of SN metastasis, nor number of LNs 
removed was associated with locoregional recur-

rence. This may be due to the effectiveness of 
systemic therapy and TF irradiation to eliminate 
low-volume residual nodal disease. 

 Thus, based on Z0011, SLNBx alone is ade-
quate for patients who meet all of the following 
three criteria: (1) small tumor (T ≤ 5 cm), (2) two 
sentinel lymph nodes or fewer are positive, and 
(3) the patient will undergo a lumpectomy with 
adjuvant systemic therapy and radiation to the 
axilla (Table  4.9 ). It must be cautioned that 
patients who have a mastectomy or those who 
will not receive radiation that covers the axilla 
(i.e., partial breast irradiation) will still require an 
ALND for a positive sentinel lymph node biopsy.

   The International Breast Cancer Study Group 
Trial 23-01 (IBCSG 23-01) also reported similar 
results as the Z0011 trial. IBCSG randomized 
931 patients with non-palpable axilla whose 
tumor was ≤ 5 cm and SLNBx with one or more 
micrometastasis (≤2 mm) to either observation 
or completion ALNDs. Similar to Z0011, less 
than 1 % recurred in the axilla in the observation 
group, and there was no signifi cant difference in 
either DFS or OS between the groups [ 68 ].  

    What Is the Role of Preoperative 
Ultrasound-Guided Biopsy 
of the Axilla? 
 Preoperative axillary ultrasound combined with 
US-guided axillary lymph node biopsy has been 
championed by some clinicians because it avoids 
having the patient undergo a two-step axillary sur-
gery (SLNBx followed by completion ALND). 
However, given the recent ACOSOG Z0011 data, 
such a practice may be limited to a select group of 
patients. US evaluation may have a role in those 
who will undergo a mastectomy, since patients 
with an US-guided biopsy-proven axilla can 
undergo a one-step surgery (completion ALND). 
However, patients with a negative US-guided 

   Table 4.8    Indications and contraindications for sentinel 
lymph node biopsy   

     Indications : clinically negative axilla and 
 1. T1/T2 tumors 
 2 DCIS in women who opted for a mastectomy 
  Controversial indications  
 1. Multicentric tumor 
 2. Prior axillary surgery 
 3. T3/T4 
  Absolute contraindications  
 1. Clinically palpable axillary lymphadenopathy 
 2. Large T4 tumors 
 3. Infl ammatory breast cancer 
 4. Pregnant women 

   Table 4.9    ACOSOG Z0011 criteria precluding the need 
for a completion axillary lymph node dissection in 
patients with positive sentinel lymph node biopsy   

 1. T ≤5 cm 
 2. ≤2 positive sentinel lymph nodes 
 3. Lumpectomy with whole-breast irradiation 
 4. Receiving systemic therapy 
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biopsy should undergo an SLNBx since a recent 
meta-analysis found that one in four women with 
a US-guided biopsy-proven negative axilla has a 
positive SLNBx [ 69 ].  

    Role of SLNBx in Patients Who Undergo 
Neoadjuvant Chemotherapy 
 Although SLNBx is an acceptable option for 
patients with clinically node-negative breast can-
cer who will undergo primary surgery, its role and 
timing for patients who undergo neoadjuvant che-
motherapy is unclear. For those who present with 
clinically negative lymph node (cN0), the options 
are either SLNBx before or after neoadjuvant che-
motherapy. Pooled analysis of data in the literature 
suggests that SLNBx after neoadjuvant chemo-
therapy for cN0 is an acceptable diagnostic proce-
dure because the sentinel lymph node identifi cation 
rate and false negative rate (FNR) are comparable 
to patients who undergo SLNBx before chemo-
therapy [ 70 ]. However, for patients with cN0 but a 
positive SLNBx who opted for neoadjuvant ther-
apy, an ALND should be performed since the FNR 
for a second SLNBx following neoadjuvant che-
motherapy is above 50 % [ 71 ]. 

 What is the reliability of performing an 
SLNBx following neoadjuvant therapy for those 
who present with clinically positive nodal disease 
(cN+)? ACOSOG Z1071 (Alliance) [ 72 ] and 
SENTinel NeoAdjuvant (SENTINA) [ 71 ] evalu-
ated patients with cN + who underwent SLNBx 
following neoadjuvant chemotherapy and found 
that the procedure resulted in a high FNR. For 
those that had two or more SLNBs retrieved, the 
FNR was 12.6 % in the ACOSOG Z1071 trial. 
Even if the patient’s axilla was downstaged to 
cN(−) following neoadjuvant chemotherapy, the 
FNR was 18.5 %, as reported in the SENTINA 
trial. Thus, the results of both trials exceeded the 
10 % threshold .  Because of this, the authors con-
cluded that SLNBx following neoadjuvant che-
motherapy for patients with cN(+) is not a reliable 
alternative over ALND (Table  4.10 ).

       Can Regional Nodal Irradiation 
Substitute ALND? 
 The European Organization for Research and 
Treatment of Cancer (EORTC)  A fter  M apping of 
the  A xilla:  R adiotherapy or  S urgery (AMAROS) 

was a phase III trial comparing ALND with axil-
lary radiation therapy (ART) in women with EBC 
tumor [ 73 ,  74 ]. Nearly 5,000 women with 
tumor < 3 cm and positive SLNBx were randomly 
assigned to either a completion ALND or ART, 
the latter encompasses all three levels of the 
axilla and the medial part of the supraclavicular 
fossa. Systemic therapy was given as appropriate 
and 80 % of patients had BCT. With a follow-up 
beyond 10 years, the fi nal analysis, which was 
presented at the 2013 Annual Meeting of the 
American Society of Clinical Oncology (ASCO), 
found that compared to ALND, ART resulted in 
equivalent 5-year OS (93.27 % ALND, 92.52 % 
ART,  p  = 0.338) and 5-year DFS (86.9 % ALND, 
82.65 ART,  p  = 0.178). The rate of regional recur-
rence was 0.43 % in the ALND arm and 1.19 % 
in the ART arm. However, lymphedema was 
twice as high in the ALND as in the ART arm 
[ 74 ]. Notwithstanding, this data makes the man-
agement of patients with positive SLNBx more 
complex. Should patients with a small tumor and 
one positive SLNBx who opted for BCT be 
offered conventional radiation with tangential 
fi eld or nodal regional irradiation, the latter 
would be considered by many as overtreatment? 
Complications from regional nodal irradiation 
include pain, pneumonitis, lymphedema, brachial 
plexus neuropathy, malignancy, radiation derma-
titis, and poor cosmetic outcome. 

 As an aside, both the Z0011 and AMAROS use 
the non-inferiority test rather than a superiority 
test. Such a test requires fewer patients and can 

   Table 4.10    Trials evaluating role of sentinel lymph node 
biopsy after neoadjuvant chemotherapy in node-positive 
breast cancer   

 Trials/author/year/ref  N 

 False-negative results 
(based on # LNs 
retrieved) 

 ACOSOG Z1071  663  1 SLN: 31.5 % a  
 Boughey/2013 [ 72 ]  2 SLNs: 21 % 

 ≥ 3 SLNs: 9 % 
 SENTINA/Kuehn/2013 
[ 71 ] 

 1,737  1 SLN: 24.3 % 
 2 SLNs: 18.5 % 
 ≥ 3 SLNs: <10 % 

   ACOSOG  American College of Surgeons Oncology 
Group,  SENTINA  SENTinel neoAdjuvant 
  a Based on patients with clinical N1 disease;  SLN  sentinel 
lymph node  
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often fail to detect small signifi cant differences. 
Thus, longer follow-up will be necessary to 
understand the impact of the experimental arm.  

    Should Regional Nodal Irradiation 
Be Given to High-Risk Early Breast 
Cancer? 
 There is a group of patients with EBC who are at 
high risk of developing recurrent disease, despite 
optimal WBI. The NCIC Clinical Trials Group 
MA.20 (NCIC CTG MA.20) trial evaluated the 
role of adding regional nodal irradiation (RNI) to 
WBI in high-risk women who underwent BCT for 
EBC and received adjuvant systemic therapy. 
   High-risk groups include node-positive patients 
and node-negative patients who have tumor ≥ 5 cm 
or if it was ≥ 2 cm and fewer than 10 lymph nodes 
removed, with either ER-negative, nuclear grade 
3, or evidence of lymphovascular invasion [ 75 ]. 
Over 1,800 women were randomized to conven-
tional WBI or WBI + RNI; RNI included the inter-
nal mammary, supraclavicular, and high axillary 
lymph nodes. The interim analysis found that 
after a median follow-up of 62 months, WBI + RNI 
signifi cantly reduced locoregional recurrence 
from 5.5 to 3.2 % ( HR  = 0.58;  P  = 0.02) and distant 
recurrence from 13.0 to 7.6 % ( HR  = 0.64; 
 P  = 0.002). The DFS was better in the WBI + RNI 
group (89.7 %) than the WBI group (84 %; 
 P  = 0.003), although OS was not signifi cantly dif-
ferent (92.3 % WBI + RNI versus 90.7 % WBI; 
 P  = 0.07) [ 75 ]. 

 Given the two options for local control and 
two options for regional control, on any given 
patient, there can be up to four options for 
achieving locoregional control: (1) lumpectomy/
XRT + SLNBx, (2) lumpectomy/XRT + ALND, 
(3) mastectomy + SLNBx, and (4) mastec-
tomy + ALND, also known as a modifi ed radical 
mastectomy (MRM).  

    Should Postmastectomy Radiation 
Be Given to High-Risk Early Breast 
Cancer? 
 Postmastectomy radiation (PMRT) is known to 
be of benefi t in patients with locally advanced 
breast cancer and those with ≥ 4 positive LNs 
[ 76 ,  77 ]. However, its role in those with T1–2 and 

limited nodal disease (1–3 positive LNs) remains 
controversial. Retrospective data showed that 
among patients with T1–2 tumors and 1–3 posi-
tive axillary lymph nodes, postmastectomy radia-
tion reduces LRR rate especially in those who 
are ≤ 50 years or have evidence of lymphovascu-
lar invasion (LVI) [ 78 ,  79 ]. PMRT can also be 
considered in those with 1–3 involved nodes with 
large tumors, extranodal extension, or inadequate 
axillary dissections.   

    Distant Control 

 The majority of recurrences occur during the fi rst 
2 years following treatment. The risk of recur-
rences averages around 4 % per year after 5 years 
[ 80 ]. Distant control is of utmost importance and 
will require the assistance of colleagues who have 
expertise in the fi eld of medical oncology. Note 
that in managing patients with early breast cancer, 
the surgeons directly impact local and regional 
control. She/he cannot excise potential blood 
stream metastases with her/his scalpel. Distant 
control will require systemic therapy (adjuvant 
therapy), either in the form of chemotherapy, hor-
monal therapy, and/or biologic therapy. A patient 
with early breast cancer may be a candidate for 
any combination of these therapies. 

 Adjuvant therapy is therapy following defi ni-
tive surgery, while neoadjuvant or preoperative 
therapy is therapy before defi nitive surgery. The 
course of therapy chosen is predicated mainly on 
the characteristics of the primary tumor, although 
other factors such as the patient’s age, comorbidi-
ties, and risk of relapse also are considered in the 
fi nal plan of therapy. Besides confi rming the 
tumor histology, the pathologist will provide 
many key information; among them are tumor 
size (T status), margin status, grade, nodal status 
(N status) (i.e., the number of lymph nodes 
involved in relation to the total number of lymph 
nodes retrieved), and receptor statuses for estro-
gen receptor (ER status), progesterone receptor 
(PR status), and HER-2. 

 When evaluating the effi cacy of a therapy, it is 
important to have a clear understanding of sev-
eral important statistical concepts, mainly hazard 
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ratio (HR), absolute risk reduction (ARR), and 
relative risk reduction (RRR); the last is often 
referred to as a proportional risk reduction. All 
three metrics can be converted and reported as 
percentages. The ARR is the absolute difference 
between the curves at a selected time period, 
while the RRR is calculated as one minus the 
relative risk (RR) times 100 (Fig.  4.10 ). For 
instance, in the example given in Fig.  4.10 , the 
ARR is 5 % and the RRR is 16 %. If one were to 
ask the uninformed individual the question of 
whether he/she prefers to have an ARR of 5 % or 
a RRR of 16 %, most would choose the latter. 
However, the correct answer would be that it 
does not matter because the two are equivalent.

   Another important statistical concept is the haz-
ard ratio (HR), which is the time-to-event analysis 
or an instantaneous event rate. HR equals to the 
hazard in the treatment arm divided by the hazard 
in the control arm. HR measures the  probability  

that an individual has an event (i.e., recurrence) at a 
particular time period. For instance, if the HR is 
0.34, then the participants in the treatment arm 
have a 66 % (1–0.34 × 100) reduction in having an 
outcome (i.e., recurrent disease) compared to the 
control arm at  any  particular time along the follow-
up period. Although similar to relative risk, they are 
not the same. RR does not care about events along 
the time period, but rather measures  the total num-
ber of events at the end of the study . 

    Adjuvant Chemotherapy 
 Adjuvant chemotherapy reduces breast cancer 
recurrence and mortality by approximately 30 % 
and 20 %, respectively [ 81 ]. The 20 % absolute 
improvement in survival rate was the result of 
small incremental improvements made over the 
decades, beginning with a 4 % improvement with 
CMF, 4 % with anthracyclines, 5 % with taxanes, 
and fi nally up to 8.8 % with trastuzumab. 

  Fig. 4.10     Absolute risk reduction, relative risk reduction 
(RRR), and hazard ratio (HR) : note that arm B resulted in 
a signifi cantly improved overall survival compared to 
arm A. Compared to arm A, treatment with arm B resulted 
in the absolute risk reduction of 5 % at 10 years (35–
30 %) and the relative risk reduction of 16 % 
(RRR = 1-RR*100 or 1-0.84 * 100). Another important 
concept is the hazard ratio (HR), which is the time-to-
event analysis or an instantaneous event rate. HR equals 

to the hazard in the treatment arm divided by the hazard 
in the control arm. HR measures the  probability  that an 
individual has an event (i.e., recurrence) at a particular 
time period. For instance, if the HR is 0.34, then the par-
ticipants in the treatment arm B have a 66 % (1–0.34 × 100) 
reduction in having an outcome (i.e., death) compared to 
the control arm A at  any  particular time along the follow-
up period (points a–d) (Courtesy of Quyen D. Chu, MD, 
MBA, FACS)       
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 Randomized trials performed prior to the era 
of systemic chemotherapy demonstrated a 
10-year overall survival of 60 % for patients with 
operable breast cancer [ 82 ]. Clearly, there was 
room for improvement. The NSABP B-01 trial 
was the fi rst to demonstrate the effectiveness of 
using single agent chemotherapy (thiotepa) in the 
adjuvant setting [ 83 ,  84 ]. NSABP B-05 was a 
confi rmatory trial but used melphalan instead of 
thiotepa [ 85 ]. Combination regimen with cyclo-
phosphamide, methotrexate, and fl uorouracil 
(CMF) was fi rst introduced by the Italian group 
at the Istituto Nazionale Tumori (ITA) of Milan 
[ 86 ] and the effi cacy of polychemotherapy in 
patients with EBC was confi rmed by many stud-
ies, including the meta-analysis by the Early 
Breast Cancer Trialists’ Collaborative Group 
(EBCTCG) [ 87 ,  88 ]. Anthracycline-based che-
motherapy (i.e., adriamycin or epirubicin) 
entered the scene in the early 1980s, and various 
anthracycline-based combinations (AC, FEC, 
FAC, etc.) were subsequently demonstrated to 
offer a signifi cant, albeit small, advantage over 
non-anthracycline-based chemotherapy (CMF) 
[ 88 ,  89 ].    Compared to CMF, anthracycline-based 
therapy resulted in a signifi cant reduction in 
recurrence and breast cancer mortality; the 10 
year relative risk reduction in recurrence and 
mortality was 11 % and 20 %, respectively, and 
the absolute reduction in recurrence and breast 
cancer mortality was 2.6 % and 4.1 %, respec-
tively [ 88 ]. 

 In the early 2000s, taxanes were tested against 
the classic anthracycline (AC or EC) regimen in 
high-risk patients, mainly those with node- 
positive EBC. Taxanes are potent agents that bind 
to and stabilize microtubules, thereby preventing 
their depolymerization. Paclitaxel (Taxol®) and 
docetaxel (Taxotere®) are the two most actively 
tested agents. Multiple clinical trials demon-
strated the superiority of adding taxanes to the 
regimen in high-risk early breast cancer patients 
[ 90 ]. A recent meta-analysis of 14 randomized 
phase III studies of over 25,000 patients demon-
strated improved DFS and OS with docetaxel- 
containing regimen over non-docetaxel-containing 
regimen in node-positive patients [ 90 ]. Similarly, 
the recent 2012 EBCTCG meta-analysis of out-

comes among 100,000 women in 123 random-
ized trials of adjuvant chemotherapy reported 
that compared to non-taxane anthracycline regi-
men, the taxane + anthracycline regimen resulted 
in a signifi cant 8-year relative risk reduction of 
recurrence and breast cancer mortality by 16 % 
and 14 %, respectively. This translates to an abso-
lute benefi t of 4.6 % and 2.8 % for breast cancer 
recurrence and breast cancer mortality, respec-
tively [ 88 ].  

    Is Taxane Indicated in High-Risk 
Node- Negative Patients? 
 Although taxane-based adjuvant therapy is stan-
dard of care for patients with node-positive breast 
cancer, its use in node-negative breast cancer 
remains controversial [ 91 ,  92 ]. The Spanish 
Breast Cancer Research Group (GEICAM) 9805 
trial randomly assigned 1,060 women with node- 
negative operable breast cancer who have at least 
one high-risk factor for recurrence according to 
the 1998 St. Gallen criteria (tumor size ≥ 2 cm, 
TNBC, grade 2 or 3, or age < 35 years) to either 
standard chemotherapy (fl uorouracil, doxorubi-
cin, and cyclophosphamide-FAC) or taxane- 
based therapy (docetaxel, doxorubicin, and 
cyclophosphamide-TAC) [ 91 ]. At a median fol-
low- up of 77 months, there was a 32 % reduction 
in the risk of recurrence when docetaxel was 
added to the standard AC regimen ( P  = 0.01). 
However, there was no signifi cant difference in 
OS between the two groups ( P  = 0.29), and more 
signifi cant grade 3 or 4 toxicities were observed 
in the docetaxel group ( P  < 0.001) [ 91 ]. Similar 
results were also observed in a trial conducted by 
the European Cooperative Trial in Operable 
Breast Cancer [ 92 ] as well as a recent meta- 
analysis [ 90 ].  

    Should All Patients Be Offered 
Adjuvant Chemotherapy? 
 Despite its effectiveness, chemotherapy does 
have its inherent toxicities; approximately 1 % of 
patients have life-threatening toxicities [ 93 ]. 
Historically, the decision to offer adjuvant che-
motherapy relies on clinicopathologic factors 
such as age, tumor size, axillary lymph node sta-
tus, pathologic grade, hormone receptor status, 
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and HER-2 status. While these factors are useful 
in treatment decisions, they are imperfect. Nodal 
status, traditionally regarded as the most power-
ful prognosticator in breast cancer, either overes-
timates or underestimates outcome in 20–30 % of 
patients; up to 20 % of node-negative patients 
may develop systemic disease whereas 30 % of 
node-positive patients may not [ 94 ,  95 ]. 
Molecular profi ling of tumors to search for a 
“molecular signature” of aggressiveness may 
provide useful prognostic and predictive infor-
mation [ 96 ,  97 ]. Of note, prognostic factors pre-
dict patient outcome regardless of the treatment 
given (i.e., tumor size, nodal status), whereas pre-
dictive factors indicate responsiveness to a spe-
cifi c treatment (i.e., ER/PR status) [ 98 ]. Some 
factors such as ER/PR and HER-2 are both prog-
nostic and predictive. Predictive factors are com-
plimentary to prognostic factors in that it can be 
used to select appropriate additional therapy for a 
patient when necessary. 

 Many prognostic studies grouped patients as 
either belonging to the low-risk group or high- 
risk group, although some also include an 
intermediate- risk group. In general, high risk is 
defi ned as a risk of recurrence of greater than 
10 % at 5 years and include those that have nodal 
involvement [N (+)], HER-2-positive disease 
[HER-2 (+)], ER-negative disease [ER (−)], 
triple- negative breast cancer [TNBC or ER(−), 
PR(−), HER-2(−)], high grade, and high prolif-
eration index as measured by Ki-67. Some would 
also consider node-negative disease with tumor 
measuring greater than 1 cm as belonging to the 
high-risk group [ 99 ], although such a low thresh-
old might lead to overtreatment. 

 There are a number of prognostic indexes that 
separate the low-risk from the high-risk group. 
Three clinicopathologic indices will be highlighted, 
while the three major molecular profi ling platforms 
(Oncotype DX®, MammaPrint®, Mammostrat®) 
will be discussed under the  Prognostic Indices to 
Identify Low-Risk Estrogen Receptor-Positive, 
Node-Negative Patients  section. All indices have 
their strengths and weaknesses. 

 The three prognostic indices that use clinico-
pathologic features are the Nottingham 
Prognostic Index (NPI) [ 100 ], Adjuvant!Online 

(AOL) [ 101 ], and the St. Gallen guidelines [ 102 ]. 
The Adjuvant!Online (AOL) is a web-based actu-
arial tool that incorporates four tumor character-
istics (tumor size, tumor grade, nodal status, ER 
status) and one patient characteristic (age) in 
order to predict patient outcome at 10 years. The 
St. Gallen uses six tumor characteristics (tumor 
size, tumor grade, nodal status, ER/PR status, 
HER-2 status, degree of peritumoral vascular 
invasion) and one patient characteristic (age) and 
categorizes patients into low risk, intermediate 
risk, and high risk; it is commonly used in 
Europe. The Nottingham Prognostic Index (NPI) 
takes into account three tumor characteristics 
(tumor size, tumor grade, and nodal status), and 
like the AOL, it predicts the 10-year survival rate 
based on a score; the lower the score, the higher 
the survival rate. Note that all three indices incor-
porate tumor size, nodal status, and tumor grade 
(Table  4.11 ).

       Using Subtypes as a Basis to Predict 
the Need for Chemotherapy 
 Molecular profi ling of breast cancers has ushered 
not only a novel system of classifying tumors but 
also a new era of personalized medicine [ 96 ]. 
Genetic profi ling has found that breast cancer 
represents a spectrum of a molecularly heteroge-
neous disease that can be classifi ed into fi ve 
“intrinsic” or “molecular” tumor subtypes that 
are characterized by similarities in gene expres-
sion patterns: (1) luminal A [high expression of 
hormone receptors (HR) and associated genes], 
(2) luminal B (moderate expression of HR and 
associated genes), (3) HER-2 enriched (HER-2 
positive/non-luminal, but low expression of HR), 
(4) normal-like, and (5) basal-like (ER/PR/HER- 2), 
the last often referred to as the triple-negative 
breast cancer (TNBC) [ 96 ,  97 ]. Of these sub-
types, the HER-2 positive/non-luminal and basal- 
like have a more unfavorable clinical outcome 
but tend to be more sensitive to paclitaxel- and 
doxorubicin-containing preoperative chemother-
apy than the luminal- and normal-like subtypes 
[ 103 ]. Additionally, HER-2-positive/non-luminal 
and basal-like subtypes are associated with 
higher likelihood of pathologic CR to preopera-
tive chemotherapy [ 103 – 105 ]. 
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 Because gene expression array technology is 
not readily available in many institutions, a sim-
plifi ed classifi cation that uses IHC, which is read-
ily available in many institutions, was proposed as 
an alternate to classify intrinsic subtypes of breast 
cancer [ 106 ]. This classifi cation, proposed by the 
St. Gallen International Expert Consensus Panel, 
determines the expressions of ER, PR, HER-2, 
and Ki-67 and classifi ed breast cancer subtypes 
into fi ve categories: (1) luminal A, (2) luminal B 
(HER-2 negative), (3) luminal B (HER-2 posi-
tive), (4) HER-2 positive, and (5) basal-like [ 106 , 
 107 ]. Based on such a classifi cation, the Panel 
agreed that the luminal A subtype was less respon-
sive to chemotherapy and there is no preferred 
chemotherapy regimen that could be defi ned for 
this subtype. Additionally, luminal A tends to 

have excellent prognosis, which further supports 
the notion that chemotherapy can be spared for 
patients who belong to this subtype. All the other 
subtypes appeared to be sensitive to chemother-
apy [ 106 ]. The clinical value of this system, how-
ever, is still being evaluated. A more thorough 
discussion of impact of breast cancer subtypes on 
outcome can be found in the next chapter, Chap.   5    , 
 Locally Advanced Breast Cancer .  

    Adjuvant Hormonal Therapy 
(Tamoxifen and Aromatase Inhibitors) 
 In his reading before the Edinburgh Medico- 
Chirurgical Society in 1896, Beatson described the 
disappearance of a woman’s inoperable breast can-
cer 8 months after performing a bilateral oophorec-
tomy [ 3 ,  108 ]. The observation that certain types of 

   Table 4.11    Prognostic platforms   

 Authors/ref  Type of indices  Platform 

 Adjuvant!Online (AOL)  Clinical  Tumor size 
 Nodal status 
 Tumor grade 
 ER status 
 Age 

 Nottingham Prognostic Index (NPI)  Clinical  Tumor size 
 Nodal status 
 Tumor grade 

 St. Gallen  Clinical  Tumor size 
 Nodal status 
 Tumor grade 
 ER/PR status 
 Age 
 HER-2 Status 
 Degree of peritumoral vascular invasion 

 Paik  Oncotype DX (RS)  Low risk: RS <18 
 Intermediate risk: RS 18–30 
 High risk: ≥31 

 Jankowitz  BCI  HOXB13:IL17BR (H:I) and 5-gene 
molecular grade index (MGI) 

 MammaPrint®  70-gene signature  Low risk 
 High risk 

 Mammostrat®  SLC7A5, p53, HTF9C, NDRG1, 
CEACAM5 

 Low risk: (≤0) 
 Moderate risk: (>0 and ≤0.7) 
 High risk: >0.7 

 RxPONDER Trial  Oncotype DX (RS)  Node (+) (1–3 positive nodes) 
 Hormone (+) 
 HER-2 (−) 
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breast cancer are under the infl uence of ovarian 
function eventually led to the development on an 
entire class of therapeutics that either block estro-
gen receptor (ER; tamoxifen) or reduce circulat-
ing level of estrogen (i.e., aromatase inhibitors or 
AIs) [ 3 ]. 

 Postmenopausal women with hormone 
receptor- positive tumors are the largest group of 
operable breast cancer patients, representing 
nearly 75 % of all breast cancers [ 109 ,  110 ]. For 
these patients, 5 years of adjuvant tamoxifen was 
the standard of care [ 111 ,  112 ]. Tamoxifen, a 
selective estrogen receptor modulator (SERM), 
signifi cantly reduces the risk of breast recurrence 
(both ipsilateral and contralateral) and mortality. 
In 2011, the Early Breast Cancer Trialists’ 
Collaborative Group (EBCTCG) updated their 
meta-analysis of 20 trials of 21,457 women and, 
with a median follow-up of 13 years, reported 
that women who took 5 years of tamoxifen com-
pared to those who did not had an almost 50 % 
proportional relative risk reduction of relapse 
during years 0–4, a 32 % relative risk reduction 
of relapse during years 5–9, and an almost 30 % 
proportional risk reduction in breast cancer mor-
tality during the fi rst 15 years after diagnosis 
[ 113 ]. Such benefi ts were observed, irrespective 
of age, nodal status, and whether or not chemo-
therapy was used [ 113 ]. 

 The addition of tamoxifen to chemotherapy 
produces additional benefi ts when compared to 
either alone [ 114 ,  115 ]. The 2005 EBCTCG 
meta-analysis found that the estimated breast 
mortality rates throughout the next 15 years were 
halved by combination of anthracycline-based 
chemotherapy and tamoxifen [ 114 ]. For women 
taking tamoxifen and/or chemotherapy, there is 
no added benefi t of having their ovaries ablated 
or suppressed by oophorectomy, ovarian irradia-
tion, or treatment with luteinizing hormone- 
releasing hormone agonist such as goserelin 
[ 114 ,  116 ]. 

 Despite a number of advantages with tamoxi-
fen, there are limitations. Tamoxifen increases 
the risk of uterine cancer and thromboembolic 
events because of its estrogen agonistic effect. 
Additionally, the risk of recurrence after 5 years 
of tamoxifen can be as high as 2 % per year for 

women with node-negative disease and 4 % per 
year for women with node-positive disease 
[ 80 ,  117 ,  118 ]. Given these limitations and the 
historic data demonstrating a lack of effi cacy of 
longer use of tamoxifen [ 119 – 121 ], investigators 
began searching for alternative hormonal candi-
dates. One such candidate was the aromatase 
inhibitors (AI).  

    Aromatase Inhibitors 
 AIs can decrease serum estrogen concentration by 
more than 90 %, but only in postmenopausal 
women [ 122 ]. Currently, the three 3rd-generation 
AIs in clinical use are anastrozole (Arimidex), 
letrozole (Femara), and exemestane (Aromasin). 
Both anastrozole and letrozole are reversible non-
steroidal aromatase inhibitors, and exemestane is 
an irreversible steroidal aromatase inactivator. All 
three have excellent oral bioavailability and 
require once a day dosing. Unlike tamoxifen, the 
AIs are associated with a lower risk of thrombo-
embolic event and endometrial cancers. However, 
they can lead to loss of bone density due to their 
lack of having a partial agonist activity, but such a 
concern can be addressed by using bisphospho-
nates [ 123 ] (Table  4.12 ). A major disadvantage 
with the AIs is that, unlike tamoxifen which can 
be used for all women with ER-positive tumors, it 
cannot be used for premenopausal women because 
of its inability to suppress ovarian aromatase 
activity. However, several trials are currently eval-
uating the role of adjuvant AIs in combination 
with ovarian function suppression (i.e., luteiniz-
ing hormone-releasing hormone [LH-RH] ago-
nist) in premenopausal women [ 124 ].

   Multiple phase III randomized trials have 
evaluated AIs as primary adjuvant monotherapy 
in place of tamoxifen, sequential or switching 

   Table 4.12    Risk profi le between tamoxifen and 
 aromatase inhibitors   

 Tamoxifen  Aromatase inhibitors 

 Deep venous thrombosis  Ischemic cardiovascular events 
 Pulmonary emboli  Arthralgias 
 Stroke  Osteoporosis/fractures 
 Transient ischemic 
attack 

 Visual disturbances 

 Endometrial cancer 
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therapy after 2–3 years of either tamoxifen or an 
AI, or as extended adjuvant therapy [ 125 ] 
(Table  4.13 ). In a head-to-head comparison of an 
AI versus tamoxifen to determine the role of AIs 
as primary monotherapy, the Arimidex, 
Tamoxifen, Alone or in Combination (ATAC) 
trial was the fi rst clinical trial to demonstrate that 
an aromatase inhibitor was more effective than 
tamoxifen in prolonging disease-free survival 
(DFS) [ 126 ,  136 ]. However, ATAC did not dem-
onstrate a signifi cant overall survival (OS) advan-
tage with an AI [ 126 ]. These results have also 
been validated by the Tamoxifen and Exemestane 
Adjuvant Multinational (TEAM) trial [ 131 ] and 
the Breast International Group 1–98 [ 130 ], 
although the latter did demonstrate an OS sur-
vival advantage with letrozole in its latest report 
[ 130 ] (Table  4.13 ).

   For the sequential or switching strategy, there 
were several clinical trials that demonstrated a 
signifi cant advantage of prolonging DFS by 
switching to an AI after 2 or 3 years of tamoxifen 
for a total of 5 years of endocrine therapy [ 127 , 
 128 ]. However, other trials demonstrated no sig-
nifi cant advantage with such a strategy [ 130 , 
 132 ]. Besides the Intergroup Exemestane Study 
[ 128 ], most of the studies failed to show a signifi -
cant OS advantage with such a strategy 
(Table  4.13 ). 

 Clinical trials evaluating the role of extending 
treatment using an AI for up to 5 years after 5 
years of tamoxifen consistently demonstrated a 
signifi cant prolongation of DFS [ 118 ,  129 ,  133 , 
 135 ]. The National Cancer Institute of Canada 
Clinical Trials Group MA.17 (MA.17) random-
ized over 5,000 women to tamoxifen alone versus 
tamoxifen followed by 5 years of letrozole [ 118 ] 
and found a signifi cant prolongation of DFS in 
the extended group. However, the OS was similar 
in the extended and placebo arms, although sub-
group analysis demonstrated an OS advantage in 
the node-positive patients [ 3 ,  118 ]. The trial was 
terminated early following the fi rst interim analy-
sis when the data and safety monitoring commit-
tee concluded that the data was compelling 
enough to inform patients of the results and to 
give women in the placebo arm an opportunity to 
switch to an AI. Because of this, the long-term 

impact on OS may never truly be known. An 
updated report of MA.17 found an overall sur-
vival benefi t with extended use of letrozole, but 
such a result was arrived at only after some com-
plex statistical analysis [ 129 ]. However, in fair-
ness, the authors did caution that these analyses 
should be considered as exploratory based on a 
number of strong assumptions.  

    Tamoxifen 5 Years Versus 10 Years 
 Previous trials have found that extending the 
duration of tamoxifen beyond 5 years provided 
no additional benefi t compared to 5 years [ 119 ]. 
These trials likely lacked adequate power to 
detect a statistical signifi cant difference between 
the two arms. The preliminary results from the 
global Adjuvant Tamoxifen: Longer Against 
Shorter (ATLAS) randomly allocated 12,894 
women of all ages who had early breast cancer to 
either continue tamoxifen for up to 10 years or 
stop at 5 years and found that 10 years of tamox-
ifen led to a signifi cant reduction in the risk of 
relapse of 30 % ( P  = 0.01) and mortality reduc-
tion of 48 % ( P  < 0.0001) [ 137 ]. Although there 
was an increased incidence of endometrial can-
cer and pulmonary embolism with the extended 
therapy, there was no increased incidence of 
stroke and a decreased incidence of ischemic 
heart disease. The authors believed that the ben-
efi ts of 10 years of tamoxifen outweighed these 
risks, however. 

 The    adjuvant Tamoxifen Treatment offers 
more (aTTom) trial recently reported their 
updated results on extending tamoxifen therapy 
from 5 years to 10 years, and their conclusions 
were similar to those in the ATLAS trial [ 138 ]. 
aTTom randomized nearly 7,000 women to either 
5 years or 10 years of tamoxifen and found that 
10 years of tamoxifen was associated with a sig-
nifi cant 15 % reduction in the risk of recurrence 
(relative risk [RR] = 0.085, 95 % CI: 0.076–0.95; 
 P  = 0.003) and a signifi cant 25 % reduction in the 
risk of breast cancer mortality at year 10 
( RR  = 0.75, 95 % CI: 0.63–0.90;  P  = 0.0007) 
[ 138 ]. Ten years of tamoxifen resulted in very 
little effect on non-breast cancer mortality, and 
the absolute hazard ratio of endometrial cancer 
was 0.5 %. Similar to the ATLAS trial, the benefi ts 
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     Table 4.13    Selected trials evaluating third-generation aromatase inhibitors in the adjuvant setting   

 Trials/year/
reference  N  Study design 

 Median follow-up 
(months)  DFS  OS 

 ATAC 
(2010) [ 126 ] 

 9,366  A versus T versus 
Combination (primary 
therapy) 

 120   HR  = 0.86(95 % CI: 
0.78–0.93) 

  NS  

  P   = 0.003  
 ITA (2013) 
[ 127 ] 

 448  Switch to A after 2 or 
3 years of T versus T 
for 5 years (sequential 
therapy) 

 128   HR  = 0.64 (95 % CI: 
0.44–0.94) a  

  P   = 0.3  

  P   = 0.02  

 IES (2012) 
[ 128 ] 

 4,742  Switch to E after 2 or 
3 years of T versus T 
× 5 years (sequential 
therapy) 

 91   HR  = 0.81 (95 % CI: 
0.71–0.92) 

  HR  = 0.86 (95 % CI: 
0.75–0.99) 

  P   = 0.001    P   = 0.04  

 MA.17 
(2012) [ 129 ] 

 5,187  T × 5 years versus T × 
5 years → L × 5 years 
(extended therapy) 

 64   HR  = 0.52 (95 % CI: 
0.45–0.61) 

  HR  = 0.61 (95 % CI: 
0.52–0.71) 

  P   < 0.001    P   < 0.001  b  
 BIG I-98 
(2010) [ 130 ] 

 8,010  T × 5 years versus L × 
5 years versus T × 
2 years → L × 3 years 
versus L × 2 years → T 
× 3 years (primary 
therapy and sequential 
therapy) 

 97   L  versus  T :  HR  = 0.82 
(95 % CI: 0.74–0.92) 

  L versus T :  HR  = 0.79 
(95 % CI: 0.69–90) 

  P   = 0.002    P   = 0.0006  
  T  →  L :  HR  = 1.07 
(95 % CI: 0.92–1.25) 

  T  →  L :  HR  = 1.10 
(95 % CI: 0.90–1.33) 

  P   = 0.36    P   = 0.36  
  L  →  T :  HR  = 1.06 
(95 % CI: 0.91–1.23) 

  L  →  T :  HR  = 0.97 
(95 % CI: 0.80–1.19) 

  P   = 0.48    P   = 0.79  
 TEAM 
(2011) [ 131 ] 

 9,779  E × 5 years versus 
T → E (total 5 years) 
(monotherapy versus 
sequential therapy) 

 60   HR  = 0.97 (95 % CI: 
0.88–1.08) 

  HR  = 1 (95 % CI: 
0.89–1.14) 

  P   = 0.60    P   > 0.99  

 ABCSG-8 
(2012) [ 132 ] 

 3,714  T × 5 years versus T × 
2 years → A × 3 years 
(monotherapy versus 
sequential therapy) 

 60  RFS →  HR  = 0.80 
(95 % CI: 0.63–1.01) 

  HR  = 0.87 (95 % CI: 
0.64–1.16) 

  P   = 0.06    P   = 0.33  

 NSABP 
B-33(2008) 
[ 133 ] 

 1,598  T × 5 years → E × 
5 years versus T × 
5 years → P × 5 years 
(extended therapy) 

 30  DFS →  RR  = 0.68; 
 P   = 0.07  ‡ 

  NS  

 RFS →  RR  = 0.44; 
 P   = 0.004  ‡ 

 MA.27 
(2013) [ 134 ] 

 7,576  E × 5 years versus A × 
5 years (primary 
therapy) 

 49  EFS →  HR  = 1.02 
(95 % CI: 0.87–1.18) ‡ 

  HR  = 0.93 (95 % CI: 
0.77–1.13) 

  P   = 0.85    P   = 0.46  
 ABCSG-6a 
(2007) [ 135 ] 

 856  T × 5 years versus T × 
5 years → A × 3 years 
(extended therapy) 

 62   HR  = 0.62 (95 % CI: 
0.40–0.96) 

  HR  = 0.89 (95 % CI: 
0.59–1.34) 

  P   = 0.031    P   = 0.57  

   ATAC  Arimidex, Tamoxifen, Alone or in Combination,  ITA  Italian Tamoxifen Anastrozole trial,  IES  Intergroup 
Exemestane Study,  MA.17  National Cancer Institute of Canada Clinical Trials Group MA.17,  BIG  Breast International 
Group,  TEAM  Tamoxifen and Exemestane Adjuvant Multinational trial,  ABCSG  Austrian Breast and Colorectal Cancer 
Study Group,  NSABP  National Surgical Adjuvant Breast and Bowel Project,  A  anastrozole,  T  tamoxifen,  E  exemestane, 
 L  letrozole,  P  placebo,  NS  not signifi cant,  HR  hazard ratio,  RR  relative risk,  DFS  disease-free survival,  OS  overall sur-
vival,  EFS  event-free survival,  HR  hazard ratio 
  a RFS: relapse-free survival, ‡ 4-year results 
  b Data based on complex statistical analysis after crossover was allowed (see text)  
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of 10 years of tamoxifen seems to outweigh the 
risks. Of note, both ATLAS and aTTom included 
premenopausal or perimenopausal women, 
which implies that 10 years of tamoxifen might 
be a viable option for these patients. However, 
such a decision should be made jointly by the 
patient and her clinicians after weighing in all the 
risk and benefi ts. 

 The 2010 American Society of Clinical 
Oncology (ASCO) guidelines on adjuvant endo-
crine therapy for hormone receptor-positive 
breast cancer recommends tamoxifen for 5 years 
for premenopausal or perimenopausal women, 
and for postmenopausal women, the following 
recommendations were made: (1) an AI as pri-
mary therapy for 5 years; (2) switching to an AI 
following tamoxifen for 2–3 years, but the total 
time for endocrine therapy should not be longer 
than 5 years; and (3) extended therapy with an AI 
for 5 years following 5 years of tamoxifen. It 
should be noted that these guidelines were pub-
lished before the results of the ATLAS and 
aTTom, and it is anticipated that future ASCO 
guidelines might likely recommend 10 years of 
tamoxifen as an option for primary endocrine 
therapy (Table  4.14 ).

   There remain several questions for which 
there are no clear answers. Although the data rec-
ommend switching to an AI following 2–3 years 
of tamoxifen, it is not known whether switching 
after year 1 or year 4 is equivalent to switching 
after year 2 or 3. Besides the BIG 1-98    trial [ 130 ], 
most of the data on sequential therapy analyzed 
the switch to occur following tamoxifen. It is 
unclear what the outcome is for women who 
experienced intolerable side effects from an AI 
who later switched to tamoxifen. Given the ben-
efi t of 10 years of tamoxifen, should patients who 
opted for an AI as primary adjuvant hormonal 
therapy be given a total of 10 years of an AI? 

 The best course of adjuvant endocrine therapy 
for patients with early breast cancer should reside 
with the treating clinician and the patients. Some 
of the factors such as the patient’s age, tumor 
biology, tumor burden, and comorbidities should 
be taken into consideration before embarking on 
a specifi c hormonal regimen.  

    Prognostic Indices to Identify 
Low-Risk Estrogen Receptor-Positive, 
Node- Negative Patients 
 As mentioned previously, combination of chemo-
therapy and endocrine therapy yielded superior 
outcome compared to endocrine therapy alone for 
patients with hormone receptor-positive tumors 
[ 114 ]. However, the majority of patients (75–
85 %) with ER(+), LN(−) disease do just fi ne with 
hormonal therapy alone. The goal of managing 
patients with ER(+), LN(−) disease is to identify 
the 15 % who will need chemotherapy in addition 
to adjuvant hormonal therapy while sparing the 
majority of the toxicities of chemotherapy. 
Current predictive and prognostic indices are 
under development to address this issue. Most cli-
nicians would agree that women age ≥ 35 years 
with hormone-positive tumors that are < 1 cm and 
without unfavorable microscopic features can be 
treated with hormonal therapy alone [ 102 ]. 

 Oncotype DX® (Genomic Health), 
MammaPrint® (Agendia), and Mammostrat® 
(Clarient) are gene expression assays used to 
stratify patients with EBC into risk categories. 
Paik et al. developed a 21-gene recurrence score 

   Table 4.14    Adjuvant endocrine therapy options for 
patients with hormone receptor-positive early breast 
cancer   

  Premenopausal  
 Tamoxifen × 5 years a  
  If tamoxifen is contraindicated or intolerable due 
to side effects: 

  Chemical oophorectomy (gonadotropin-releasing 
hormone agonists) 
 Surgical oophorectomy 
 Radiation oophorectomy 

  Postmenopausal  
 Primary treatment 

 Aromatase inhibitor (AI) × 5 years 
 Tamoxifen × 5 years a  

 Sequential treatment 
  Tamoxifen × 2–3 years, switch to AI × 2–3 years 
(total of endocrine therapy: 5 years) 

 Extended treatment 
 Tamoxifen × 5 years + AI × 5 years 

   a ATLAS and aTTom data support the use of tamoxifen for 
10 years (see text)  
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(RS; Oncotype DX®) based on monitoring the 
mRNA expression levels of 16 cancer-related 
genes in relation to 5 reference genes on formalin- 
fi xed, paraffi n-embedded tissues (FFPE). Patients 
were grouped into three groups based on their 
RS: (1) low risk (RS < 18), (2) intermediate risk 
(RS 18–30), and (3) high risk (RS ≥ 31). Patients 
in the low-risk group derived minimal benefi t 
from chemotherapy (absolute decrease in distant 
recurrence rate at 10 years of −1.1 %), while 
those in the high-risk group experienced a large 
chemotherapy benefi t (absolute decrease in dis-
tant recurrence rate at 10 years of 27.6 %). 
Besides predicting the risk of distant recurrence, 
RS also predicts the risk of LRR; the LRR was 
4.3 % in the low-risk group, 7.2 % in the 
intermediate- risk group, and 15.8 % in the high- 
risk group [ 139 ]. 

 It remains unknown what the benefi t is for 
the intermediate-risk group [ 140 ]. The 
TAILORx (Trial for Assigning Individualized 
Options for Treatment [Rx]) is a prospective 
trial that will enroll over 10,000 women with 
early breast cancer, ER(+), LN(−), to determine 
the value of chemotherapy for patients with 
intermediate RS of 12–25 [ 141 ]. Patients in this 
group will be randomized to hormone therapy 
or hormone therapy plus chemotherapy, while 
those in the high-risk group (RS > 25) will be 
given chemotherapy along with hormonal ther-
apy, and low-risk group (RS < 11) will be fol-
lowed to validate their excellent prognosis. 
Results are not expected until 2015. 

 One of the concerns with the Oncotype DX® 
is its diminished ability to assess risk beyond 5 
years from diagnosis [ 142 ]. The Breast Cancer 
Index (BCI), another index that classifi es ER (+), 
LN (−) tumors into high-risk and low-risk groups, 
addresses this concern [ 143 ]. Like Oncotype 
DX®, it measures gene expression by quantita-
tive real-time PCR but uses different biomarkers, 
HOXB13:IL17BR (H:I) and the 5-gene molecu-
lar grade index (MGI). In a prospective compari-
son with Oncotype DX®, BCI was found to be 
equivalent at identifying patients who were at 
risk of developing early recurrences despite 
receiving hormonal treatment. However, BCI 
was better at assessing long-term recurrence risk. 

Such a fi nding is relevant since more than half of 
recurrences in ER-positive breast cancer happen 
after 5 years of hormonal therapy [ 143 ]. However, 
these results will need to be prospectively vali-
dated. The American Society of Clinical 
Oncology (ASCO) [ 144 ], the National 
Comprehensive Cancer Network (NCCN) [ 145 ], 
and the St. Gallen International Expert Consensus 
group [ 106 ] recommend Oncotype DX in certain 
situations. 

 The Microarray for Node-Negative Disease 
May Avoid Chemotherapy (MINDACT) trial 
under the aegis of the European Organization 
for Research and Treatment of Cancer compares 
MammaPrint®, a 70-gene prognostic signature 
that was approved by the US Food and Drug 
[ 146 ], with Adjuvant!Online. Similar to 
Oncotype DX®, MammaPrint® uses FFPE 
tumor tissue as well as fresh tissue. Patients 
must have tumors ≤ 5 cm, LN(−) or LN(+) dis-
ease. The primary aim was to determine whether 
this 70-gene signature had prognostic value 
independent of the best clinical risk classifi ca-
tions, AOL. Compared to AOL, the 70-gene sig-
nature outperformed it for all endpoints 
measured. A prospective, validation MINDACT 
trial has recently completed recruitment of 
6,600 patients, and results are expected to be 
available around 2015. 

 The recent microarRAy prognoSTics in breast 
cancER (RASTER) study was the fi rst prospec-
tive trial that demonstrated the feasibility of 
incorporating MammaPrint® in a community- 
based setting. It found that patients with low-risk 
EBC can forego adjuvant systemic therapy [ 147 ]; 
of the 85 % of women who were in the low-risk 
category who opted to forego adjuvant chemo-
therapy, the 5-year DFS was 97 % [ 147 ]. Of note, 
all of the breast cancers were node-negative and 
80 % were ER(+) disease. Because recurrences in 
this group may not occur until 5 years or more, 
longer follow-up will be required to understand 
the impact of MammaPrint®. 

 The advantage with the MammaPrint® is that 
patients are categorized as high or low risk, thus 
eliminating the uncertainty of indeterminate 
scores as reported by Oncotype DX® and 
Mammostrat®. Furthermore, MammaPrint can 
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be applied to virtually all EBC versus the other 
two platforms, which can only be applied to 
patients with hormone-positive disease. Results 
of both TAILORx (launched in the United States) 
and MINDACT (launched in Europe) will further 
delineate the role of genetic profi ling in the clinic. 

 The concerns with Oncotype DX® and the 
MammaPrint® are that these assays are relatively 
expensive and technically challenging and utility 
is limited. The Mammostrat®, which is an immu-
nohistochemical assay that measures the level of 
fi ve proteins (SLC7A5, p53, HTF9C, NDRG1, 
CEACAM5), is an assay that attempts to address 
some of these concerns [ 148 ,  149 ]. Based on the 
expression of these proteins, a prognostic index 
is generated, and patients are grouped into three 
risk categories: low (≤0), moderate (>0 and 
≤0.7), and high (>0.7) risk of recurrence [ 148 , 
 150 ]. However, prospective trials will need to be 
performed before Mammostrat® can be widely 
used in the clinical setting. 

 Node-positive patients are generally consid-
ered to be the high-risk group, and almost all 
patients are offered adjuvant systemic therapy. 
However, some have recently questioned whether 
within this subgroup there exists a population of 
patients for whom systemic chemotherapy might 
not be of benefi t [ 142 ].    Albain et al. who retro-
spectively analyzed data from the SWOG-8814 
phase 3 trial for postmenopausal women with 
ER(+), LN(+) disease who were treated with 
tamoxifen and adjuvant chemotherapy found that 
patients with a low RS (Oncotype DX®) did not 
appear to benefi t from additional anthracycline- 
based chemotherapy, despite having positive 
nodes [ 142 ]. Similar observations were also 
made with the 70-gene MammaPrint [ 151 ]. 

    Finally, the SWOG RxPONDER Trial (RX for 
Positive Node, Endocrine Responsive Breast 
Cancer or protocol S1007) is a prospective clini-
cal trial that is enrolling women with  1–3 posi-
tive nodes and hormone receptor-positive and 
HER-2 (−) tumors to determine whether chemo-
therapy can be avoided for those with RS ≤25. 
For now, it is safe to state that until compelling 
data suggest otherwise, all node-positive patients 
should receive systemic therapy, regardless of the 
results of genetic assays.   

    Adjuvant Target-Specifi c Therapy 
(Biologics) 

   Trastuzumab 
 The  HER2/Neu  gene encodes a tyrosine kinase 
receptor that is responsible for growth and dif-
ferentiation of normal and transformed epithelial 
cells [ 152 ]. Its amplifi cation and overexpression 
occurs in approximately 20–30 % of patients 
with breast cancer and portends a poor outcome 
[ 153 ]. Trastuzumab (Herceptin®) is an engi-
neered humanized monoclonal antibody that has 
activity against the extracellular domain of the 
 HER2/Neu  receptor by blocking its function. 
Like many promising therapeutics, trastuzumab’s 
effi cacy was initially demonstrated in the meta-
static setting [ 154 ,  155 ] prior to its evaluation in 
the adjuvant setting. Multiple well-designed clin-
ical trials demonstrated that patients who had 
operable HER2-positive breast cancers benefi tted 
from the addition of trastuzumab to the adjuvant 
regimen [ 156 – 161 ] (Table  4.15 ). The addition of 
trastuzumab for 1 year not only lowers mortality 
rate by 35 %, but also reduced the relative risk of 
recurrence by 40–50 %, a fi gure that has not been 
observed since the use of tamoxifen in hormone 
receptor-positive disease [ 161 ,  162 ]. The key 
point to remember is that the addition of trastu-
zumab to adjuvant chemotherapy for patients 
with HER-2 positive tumors yielded better out-
come than adjuvant chemotherapy alone.

      Duration of Trastuzumab 
 The question of whether 1 year of trastuzumab or 
longer duration should be standard of care was 
answered by the Herceptin Adjuvant (HERA) 
trial [ 163 ]. HERA randomized over 5,000 women 
with HER-2 positive breast cancer who had adju-
vant chemotherapy into three arms: (1) observa-
tion, (2) trastuzumab for 1 year, and (3) 
trastuzumab for 2 years. With 8 years follow-up, 
there were no signifi cant differences in disease- 
free survival and overall survival between the 
1-year and 2-year regimens [ 163 ]. Thus, the rec-
ommended duration of trastuzumab is 1 year. 

 Cardiotoxicity such as congestive heart failure 
and decline in left ventricular ejection fraction is 
a major concern when trastuzumab is combined 

4 Early Breast Cancers



92

with the anthracyclines (i.e., doxorubicin) [ 155 ]. 
An alternative solution would be to identify a 
non-anthracycline regimen that can be combined 
with trastuzumab so as to reduce the incidence of 
cardiotoxicity. Slamon et al. reporting for the 
Breast Cancer International Research Group 006 
(BCIRG-006) randomized 3,222 women with 
HER-2-positive early stage breast cancer into 
three arms: (1) doxorubicin, cyclophosphamide, 
and docetaxel alone (AC-T); (2) the same regi-
men with 52 weeks of trastuzumab (AC-T plus 
trastuzumab); or (3) docetaxel, carboplatin, and 
52 weeks of trastuzumab (TCH) [ 160 ]. Although 
their study was not powered to detect equivalence 
between the two regimens, the data demonstrated 
that the non-anthracycline group had similar effi -

cacy with respect to disease-free and overall sur-
vival as the anthracycline group, but with a lower 
incidence of congestive heart failure (4 cases in 
the non-anthracycline group versus 21 cases in 
the anthracycline group). Future clinical trials 
will need to be conducted to validate these inter-
esting results. 

 Given the cardiotoxicity profi le of trastu-
zumab, a clinical trial was conducted to compare 
whether 6 months of trastuzumab yielded similar 
outcome as 12 months of trastuzumab [ 164 ]. The 
Protocol for Herceptin as Adjuvant therapy with 
Reduced Exposure (PHARE) study recruited 
1,691 patients from 156 centers in France and 
found that although 12 months of trastuzumab 
resulted in more signifi cant cardiac events than 

   Table 4.15    Selected trials evaluating adjuvant trastuzumab for operable breast cancer   

 Trial, year  # Patients  Study design 
 Median 
follow-up 

 Risk reduction 
in recurrence (%) a  

 Risk reduction 
in death a  

 Romond 2005 [ 157 ]  3,351  (1) Control: AC + T  2 years  52  33 
 (2) Experiment: 
AC + T + trastuzumab × 
52 weeks 

 Piccart-Gebhart 2005 [ 156 ]  5,081  (1) Control: C b   1 year  51  NS 
 (2) Experiment: C + 
 trastuzumab × 52 weeks 

 Joensuu 2006 [ 158 ]  232  (1) Control: 
FEC + docetaxel 
or vinorelbine 

 36 months  58  59 (NS) 

 (2) Experiment: 
FEC + docetaxel 
or vinorelbine plus 
trastuzumab 

 Spielmann 2009 [ 159 ]  528  (1) Control: C  47  14 (NS)  NS 
 (2) Experiment: 
C + trastuzumab 

 Slamon 2011 [ 160 ]  3,222  (1) Control: AC + T  65 months  25–36  23–37 
 (2) Experiment 1: 
AC + T + trastuzumab × 
52 weeks 
 (3) Experiment 2: TCH 

 Moja 2012 c  [ 161 ]  11,991  (1) Control: C  NA  40  34 
 (2) Experiment: 
C + trastuzumab 

   AC  adriamycin, Cyclophosphamide,  C  chemotherapy,  T  taxol-based,  FEC  fl uorouracil, epirubicin, cyclophosphamide, 
 NS  not signifi cant between the trastuzumab and non-trastuzumab groups,  TCH  docetaxel, carboplatin, trastuzumab × 52 
weeks,  NA  not applicable 
  a In favor of trastuzumab 
  b Patients received chemotherapy of choice, but 94 % had anthracycline-based chemotherapy 
  c Cochrane review that includes locally advanced breast cancer  
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6 months of trastuzumab, it nevertheless yielded 
signifi cantly longer disease-free survival than the 
6 months regimen. PHARE recommended that 
despite the higher cardiac events, 12 months of 
adjuvant trastuzumab should remain the standard 
of care. Impact on overall survival was not 
reported since the primary endpoint of the study 
was disease-free survival [ 164 ]. 

 An area of controversy is the use of trastu-
zumab for small tumors (<1 cm). With the excep-
tion of the BCIRG-006 trial, the other large 
clinical trials had excluded patients with 
tumors < 1 cm. Although small HER-2-positive 
tumors have been shown to portend a poorer out-
come than HER-2-negative tumors [ 165 ], there is 
limited evidence to support the routine use of 
trastuzumab in this subset of tumors. Given the 
uncertainties of the absolute benefi t and potential 
cardiotoxicities associated with trastuzumab for 
patients with small tumors, the National 
Comprehensive Cancer Network (NCCN) rec-
ommends adjuvant chemotherapy, with or with-
out trastuzumab for women with lymph 
node-negative tumors that are 0.6–1 cm in size 
and for smaller tumors that have ≤ 2 mm axillary 
lymph node metastases (pN1mi) [ 145 ]. 

 Currently, there are no data to support the use 
of adjuvant trastuzumab in combination with 
endocrine therapy alone for women with 
ER-positive, HER-2-positive breast cancer. Such 
patients should generally be treated with adju-
vant chemotherapy, trastuzumab, and endocrine 
therapy.   

    Neoadjuvant Chemotherapy 

 Historically, preoperative or neoadjuvant chemo-
therapy was reserved for patients with locally 
advanced breast cancer. Encouraging results in a 
select group of patients prompted the fi rst clinical 
trial, the NSABP B-18, to evaluate the role of 
neoadjuvant chemotherapy (Adriamycin & 
Cyclophosphamide or AC) for patients with 
EBC. A subsequent trial, NSABP B27, investi-
gated the role of AC followed by taxane in the 
neoadjuvant setting and found that this regimen 
doubled the rate of pathologic complete response 

(pCR), a surrogate for a good outcome, from 
13.7 % as seen with the AC regimen to 26.1 % as 
seen with the AC + taxane regimen [ 166 ]. 

 The advantage with the neoadjuvant approach 
is that it downstages the tumor, allowing for a 
modest increase in the breast conservation ther-
apy (BCT) rate from 7 to 12 % [ 167 ,  168 ]. Of 
note, the rate of BCT did not increase with the 
addition of docetaxel [ 166 ]. Additionally, neoad-
juvant therapy facilitates monitoring of tumor 
response to allow for adjustment of dose or 
switching to another effective drug regimen in 
cases of drug resistance. However, neoadjuvant 
chemotherapy has not been shown to improve OS 
over adjuvant systemic therapy, and although it is 
an acceptable option in select patients with EBC, 
postoperative adjuvant systemic therapy remains 
the standard of care for the majority of patients 
with EBC. Neoadjuvant approach is generally 
employed for those with tumors ≥ 2 cm and for 
locally advanced breast cancer. 

 Multiple clinical trials have used pCR as a sur-
rogate for long-term outcomes [ 105 ,  169 ,  170 ]. 
Historically, novel drugs for breast cancer gener-
ally had to be approved in the metastatic setting 
followed by adjuvant clinical trials before they 
can be approved by the FDA. Such a process can 
take years or even decades before a potential drug 
can be approved. In May 2012, the FDA pro-
posed an accelerated approval process based on 
pCR as an endpoint in high-risk breast cancer. 
Whether this translates to an improved long-term 
outcome remains to be proven [ 105 ]. Interpreting 
the literature about the impact of neoadjuvant 
therapy on pCR can be diffi cult since the stan-
dardized defi nition of pCR is lacking. For some, 
no pathologic residual tumor in the breast tumor 
is considered pCR, while for others, pCR 
included the breast tumor and axillary nodes. 
Still, others included the presence of focal inva-
sive cancer or noninvasive residual tumor (i.e., 
DCIS) as pCR, while others consider pCR as 
having a complete absence of both invasive and 
noninvasive component [ 105 ]. Minckwitz et al. 
recently analyzed a large pool of over 6,000 
women from seven randomized clinical trials and 
found that by defi ning pCR as having no invasive 
or in situ residuals in breast and nodes, they can 
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identify those with favorable and unfavorable 
outcomes. Additionally, pCR is a suitable surro-
gate marker for patients with highly proliferative 
lesions such as ER-negative, HER-2 positive, and 
TNBC [ 105 ]. It had no prognostic value in 
patients with subtype luminal A (ER-positive 
and/or PR-positive, HER-2 negative, grade 1 or 
2) tumors or subtype luminal B/HER-2-positive 
tumors (ER-positive and/or PR-positive, HER-2 
positive, all grades). The role of neoadjuvant 
endocrine therapy is not as well defi ned as that 
for neoadjuvant chemotherapy. Outside of a clin-
ical trial, neoadjuvant endocrine therapy should 
not be used in young women [ 171 ]. 

 A recent randomized phase III trial, the 
Neoadjuvant Study of Sequential Epirubicin 
with Cyclophosphamide and Paclitaxel With or 
Without Gemcitabine (Neo-tAnGo), found that 
although adding gemcitabine did not improve 
overall survival, giving taxanes before standard 
anthracycline chemotherapy resulted in a signifi -
cantly higher pCR than the standard anthracycline 
fi rst sequence (20 % versus 15 %,  p  = 0.03) [ 172 ].  

    Neoadjuvant Target-Specifi c Therapy 
(Dual Inhibition of HER-2 Receptors) 

 Although trastuzumab is effective against HER-2 
positive tumors, not all patients derive equal 
benefi t from it due to intrinsic or acquired resis-
tance to HER-2 blockade [ 173 ]. Dual inhibition 
of the HER-2 receptor with a humanized mono-
clonal antibody (trastuzumab) with another 
humanized monoclonal antibody targeting a 
 different epitope of HER-2 (pertuzumab or 
Perjeta®) or a tyrosine kinase inhibitor (lapa-
tinib or Tykerb®) was found to be effective in 
the advanced setting [ 174 ]. This then sets the 
stage for its clinical testing in high-risk early 
stage breast cancer patients [ 175 – 180 ]. The clin-
ical trials on dual inhibitors used pathologic 
complete response (pCR) as their endpoint, 
which the FDA defi nes as the absence of inva-
sive cancer in the breast and lymph nodes. Such 
a metric is now considered as an acceptable sur-
rogate endpoint of treatment effi cacy based on 

data that found improved outcomes among 
patients who achieved a pCR  status [ 181 ]. 

 Results from multiple phase 2 and 3 clinical 
trials demonstrated the superiority of a dual 
HER-2 inhibition for patients with HER-2- 
positive, high-risk early breast cancer [ 175 – 180 ] 
(Table  4.16 ). In the Neoadjuvant Study of 
Pertuzumab and Herceptin in an Early Regimen 
Evaluation (NeoSphere) trial of 417 patients with 
operable breast cancer (>2 cm), LABC, or IBC, 
dual inhibition with trastuzumab and pertuzumab 
resulted in a 39 % of patients achieving pCR ver-
sus 21 % in the trastuzumab arm ( P  = 0.0063) 
[ 176 ]. Of note, all patients received docetaxel as 
standard chemotherapy, and the majority of 
patients (61 %) had operable breast cancer. The 
most common grade 3 or higher toxicities in the 
docetaxel, trastuzumab, and pertuzumab group 
were neutropenia (44.9 %), febrile neutropenia 
(8.4 %), leukopenia (4.7 %), and diarrhea (5.6 %).

   The TRYPHAENA (Trastuzumab plus 
Pertuzumab in Neoadjuvant HER2-Positive Breast 
Cancer) trial was a phase 2 trial that randomized 
225 patients with operable, LABC, or IBC with a 
primary goal of assessing the cardiac tolerability of 
neoadjuvant trastuzumab and pertuzumab given 
along with anthracycline- containing or anthracy-
cline-free standard chemotherapy regimen. The 
investigators found that the combination of pertu-
zumab and trastuzumab, along with standard che-
motherapy regimen resulted in low rates of 
symptomatic left ventricular systolic dysfunction as 
well as high pCR rates (57–66 %) [ 180 ]. 

 Based on the results of the NeoSphere and 
TRYPHAENA trials, the FDA recently granted 
an accelerated approval of pertuzumab (Perjeta®) 
to be used in combination with trastuzumab 
(Herceptin®) and chemotherapy in the neoadju-
vant setting for patients with HER-2-positive 
tumors who have early breast cancer, locally 
advanced breast cancer, or infl ammatory breast 
cancer. Permanent approval is possible with addi-
tional future confi rmatory trials. Pertuzumab is 
the fi rst one of its kind to be approved in the neo-
adjuvant setting for breast cancer patients. 

 Targeted therapies are generally administered 
over a 1-year period, although it remains to be 
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   Table 4.16    Selected trials on neoadjuvant treatment with dual inhibitors against HER-2 receptors   

 Trials/author/year/ref  N 
 Types 
of trial  Criteria a   Groups  Results 

 NeoSphere  417  Phase 2  Operable ≈ 61 %   Group A : TH + D  pCR: Group A: 21.5 % 
 Gianni/2012 [ 176 ]  LABC ≈ 32 %   Group B : P + TH + D  Group B: 39.3 % 

 IBC ≈ 7 %   Group C : P + TH   P  = 0.0141 
  Group D : P + D   Combination of 

trastuzumab, pertuzumab, 
and docetaxel yielded 
highest pCR rate  

 TRYPHAENA  225  Phase 2  Operable ≈ 69 %   Arm A : 
ECF + TH + P × 
3 → D + TH + P × 3 
(concurrent 
treatment) 

 pCR: Group A: 61.6 % 
 Schneeweiss/2013 [ 180 ]  LABC ≈ 25 %  Group B: 57.3 % 

 IBC ≈ 6 %  Group C: 66.2 % 

  Arm B : ECF × 
3 → D + TH + P × 3 

  Combination of 
trastuzumab, pertuzumab, 
and standard 
chemotherapy had low 
rates of symptomatic 
LVSD  

  Arm C : D C 
TH + P × 6 

 CHER-LOB  121  Phase 2  Stage IIA ≈ 31 %   Arm A : C + TH  pCR: Arm A: 25 % 
 Guarneri/2012 [ 177 ]  Stage IIB ≈ 51 %   Arm B : C + L  Arm B: 26.3 % 

 Stage IIIA ≈ 18 %   Arm C : C + TH + L  Arm C: 46.7 % 
  P  = 0.019 

 C: paclitaxel → ECF   Combination of 
trastuzumab, pertuzumab, 
and standard 
chemotherapy yielded 
highest pCR rate  

 NeoALTTO  154  Phase 3  N0/N1 ≈ 84 %   Arm A : C + TH  pCR: Group A: 29.5 % 
 Baselga/2012 [ 178 ]  Excluded IBC   Arm B : C + L  Group B: 24.7 % 

  Arm C : C + TH + L  Group C: 51.3 % 
 C: paclitaxel   P  = 0.0001 between Group 

A & C 
  Combination of 
trastuzumab, lapatinib, 
and standard 
chemotherapy yielded 
highest pCR rate  

 GeparQuinto, GBG 44  620  Phase 3  Operable ≈ 83 %   Group 1 : C + TH   Chemotherapy with 
lapatinib was inferior 
to chemotherapy with 
trastuzumab  

 Untch/2012 [ 179 ]  LABC/
IBC ≈ 17 % 

  Group 2 : C + L 

   NeoSphere  Neoadjuvant Study of Pertuzumab and Herceptin in an Early Regimen Evaluation,  TRYPHAENA  
Trastuzumab plus Pertuzumab in Neoadjuvant HER2-Positive Breast Cancer,  CHER-LOB  Chemotherapy, Herceptin 
and Lapatinib in Operable Breast cancer,  NeoALTTO  Neoadjuvant Lapatinib and/or Trastuzumab Treatment 
Optimisation,  GBG  German Breast Group;  LABC  locally advanced breast cancer,  IBC  infl ammatory breast cancer,  pCR : 
pathologic complete response,  T  taxol,  TH  trastuzumab,  L  lapatinib,  P  pertuzumab,  ECF  epirubicin, cyclophosphamide, 
fl uorouracil,  C  carboplatin,  D  docetaxel,  LVSD  left ventricular systolic dysfunction 
  a Percentages were based on averages of the group  
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seen what the optimum duration should be. Given 
the encouraging results of the dual inhibitors in 
the neoadjuvant setting, it is natural to conjecture 
its use in the adjuvant setting. The next set of 
clinical trials will evaluate the combination of 
pertuzumab, trastuzumab, and standard chemo-
therapy (APHINITY;NCT01358877) or combi-
nation of lapatinib, trastuzumab, and standard 
chemotherapy (ALLTO;NCT00490139) in the 
adjuvant setting. The ALLTO trial has already 
fi nished recruitment, while the APHINITY trial 
is ongoing, expecting to accrue nearly 5,000 
patients with HER-2-positive breast cancer. 

 In summary, neoadjuvant therapy is generally 
reserved for those with locally advanced breast 
cancer or tumors > 2 cm. However, in light of the 
improved pathologic complete response rates in 
patients with specifi c subtypes, an argument can 
be made that, following diagnosis of breast can-
cer, defi nitive surgery should be performed only 
after receptor status of the tumor is known. This 
will allow identifi cation of patients who may 
benefi t from a neoadjuvant approach to therapy.   

    Other Considerations 

    Treatment of Elderly Patients 
with Early ER (+) Breast Cancer 

 In general, standard treatment that would nor-
mally be offered to younger women should not 
be withheld for older women who are medically 
fi t. However, for women age 70 years or older 
with clinical Stage I (T1N0M0) and ER-positive 
tumor, a lumpectomy and a standard course of 
tamoxifen can be adequate treatment [ 182 ]. 
Hughes et al. recently reported the 12.6 years 
median follow-up results of CALGB 9343 and 
found that women with the above criteria who 
were treated with lumpectomy and tamoxifen 
alone had no signifi cant differences in time to 
mastectomy, time to distant metastasis, breast 
cancer-specifi c survival, or OS compared to those 
who had lumpectomy, tamoxifen, and radiation 
[ 182 ]. The 10-year OS was 67 % for the irradia-
tion group and 66 % in the nonirradiated group 
[ 182 ]. However, there was a signifi cant differ-

ence in the incidence of locoregional recurrence 
(LRR) and ipsilateral breast recurrence (IBTR); 
at 10 years, LRR was 8 % lower in the radiation 
group, and IBTR was 7 % lower in the radiation 
group. 

 Axillary lymph node dissection (ALND) was 
allowed but not encouraged. Of those who did 
have an ALND, the axillary recurrence rate was 
0 %. Of those who did not have an ALND, the 
recurrence rate was 0 for the irradiation group 
and 3 % for the nonirradiated group. Of the 636 
women studied, only 3 % died of breast cancer, 
whereas 49 % died of other causes. What this 
implies is that in this population of elderly 
women, survival is dictated by competing comor-
bidities rather than by breast cancer treatments. 
Similar results were also noted in other trials, 
despite the eligibility criteria being slightly dif-
ferent among them [ 32 ,  183 – 185 ].  

    Invasive Lobular Carcinoma (ILC) 

 A special attention is given to the surgical man-
agement of invasive lobular carcinoma (ILC). It 
is well recognized that ILC infi ltrative growth 
patterns tend to be discontinuous and that there is 
a higher incidence of margin positivity and intra-
surgical conversion to mastectomy [ 186 ]. 
Because of these features, there is a bias toward a 
more aggressive surgery such as a mastectomy 
and axillary lymph node dissection. However, if a 
clear margin can be achieved, patients with ILC 
can be effectively treated with BCT as well as 
with SLNBx [ 187 ].  

    Triple-Negative Breast Cancer (TNBC) 

 A little more than a decade ago, Perou et al. pub-
lished a seminal article, outlining a novel method 
of classifying breast cancers based on genetic 
profi ling [ 96 ]. Among the different subtypes of 
breast cancer, basal-like cancer is one of the most 
biologically aggressive [ 97 ,  188 ].    Triple-negative 
breast cancer (TNBC) is the lexicon often used 
by clinicians to describe these tumors that lack 
ER, PR, and HER-2 expressions. They represent 
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approximately 17–37 % of all breast cancers and 
tend to be high grade [ 97 ]. TNBC are more com-
mon in younger and premenopausal African- 
American women, although outcome does not 
appear to be race/ethnicity dependent [ 189 ,  190 ]. 

 Surgical, radiation treatment, and chemother-
apeutic options (neoadjuvant and adjuvant) for 
patients with TNBC are similar to the other sub-
types [ 191 ,  192 ]. Unlike other subtypes, there are 
no target-specifi c treatments for patients with 
TNBC, other than chemotherapy (mainly anthra-
cycline and taxanes). Despite their poor progno-
sis, TNBCs tend to be more sensitive to 
chemotherapy than the other subtypes [ 103 ,  192 ]. 
This has often been referred to as the “triple- 
negative paradox” [ 192 ]. 

 Impairment of the BRCA1 pathway [ 193 ] has 
been implicated in TNBC, and because of this, 
platinum-based chemotherapy and other DNA- 
damaging agents have been investigated as poten-
tial novel therapy. One of the DNA-damaging 
agents being investigated is the poly(ADP-ribose) 
polymerase (PARP) inhibitors (iniparib, olaparib, 
veliparib) [ 194 ]. In general, damaged DNA is 
repaired by two mechanisms: (1) base excision 
repair (repairs single-stranded DNA breaks) and 
(2) homologous recombination (repairs double- 
stranded DNA breaks). In patients with BRCA 
mutations (i.e., TNBC), the homologous recom-
bination repair mechanism is compromised in 
tumor cells but not in somatic cells. Thus, tumor 
cells depend on the base excision repair mecha-
nism, which requires PARP. When a PARP 
 inhibitor is introduced, tumor cells lose their abil-
ity to repair DNA, giving rise to synthetic lethal-
ity [ 195 ] (Fig.  4.11 ). Although there are several 
PARP inhibitors currently being investigated 
[ 196 ,  197 ], none has yet demonstrated any sig-
nifi cant impact to warrant wide clinical use.

       Axillary Lymph Node Metastases 
Without Known Primary (Occult 
Breast Cancer) 

 On occasion, a woman may present with a palpa-
ble axillary mass that is biopsy-proven to be ade-
nocarcinoma or poorly differentiated carcinoma 

and an undetectable primary breast tumor. In such 
a case, a diagnosis of an occult breast cancer 
(OBC) should be entertained. OBC represents 
0.1–1.0 % of all breast cancers [ 198 ] and is con-
sidered as Stage II breast cancer (T0N1/2M0) 
according to the AJCC staging system [ 15 ]. Other 
primaries that involve the axilla include lung can-
cer, thyroid cancer, gastrointestinal cancers, mela-
nomas, lymphoma, uterine, ovarian, sweat gland, 
sarcomas, and nonmelanoma skin cancers [ 199 ]. 
   Confi rmation of an axillary metastasis can be 
achieved either with an FNA, core needle biopsy, 
or ultrasound-guided biopsy. 

 A complete breast examination and a mam-
mography should be performed as the initial 
work-up since up to 20 % of non-palpable occult 
lesions can be detected on a mammogram [ 200 ]. 
Histologic confi rmation of the mammographi-
cally abnormal breast lesion should be per-
formed. In the case when the biopsy is negative 
for cancer or when the mammogram does not 
reveal an abnormality, a breast MRI should be 
performed. Breast MRI can detect a primary 
breast cancer in approximately 75 % of women in 
such a situation [ 201 ,  202 ]. A chest and abdomi-
nal CT scan is also recommended as part of the 
work-up [ 145 ]. 

 Certain markers such as ER/PR, mammaglo-
bin, BRST2, CEA, CK7, ER/PR, and CA-125 are 
positive for breast cancer, while TTF-1 is nega-
tive for breast cancer but positive for lung cancer. 
Positivity on any one marker might not be suffi -
cient to help clinch the diagnosis (i.e., ER/PR 
positivity can also be seen in gynecologic, stom-
ach, and lung cancer), but rather, it is a constella-
tion of positive markers that helps make the 
diagnosis. 

 If after completing the above work-up and the 
primary is still not found on the breast or else-
where, the patient is then deemed as having an 
OBC; 65 % of the time, the primary source is the 
ipsilateral breast [ 203 ,  204 ]. Optimal treatment 
for OBC is controversial, although all patients 
should undergo an axillary node dissection. 
Whether one chooses to perform a mastectomy 
(MRM) or whole-breast irradiation (WBI) as 
defi nitive treatment is still an area of debate. In a 
series of 45 patients with OBC, Vlastos et al. 
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compared mastectomy with WBI and found no 
signifi cant differences in locoregional recurrence 
(15 % versus 13 %), distant metastases (31 % 
versus 22 %), or 5-year survival (75 % versus 
79 %) [ 205 ]. Thus, patients with OBC have an 
option of an MRM or WBI and ALND. 

 Adjuvant therapy for patients with OBC 
should follow guidelines similar to patients with 
Stage II breast cancer. Five-year overall survival 
depends on the nodal status; for those with N1 
disease (1–3 positive nodes), it is 87 %, and for 
those with 4 or more positive lymph nodes, it is 
halved (42 %) [ 205 ].  

    Paget’s Disease of the Breast 

 Paget’s disease of the breast is a rare disease that 
involves the skin of the nipple/areolar complex. 
It is different from Paget’s disease of the vulva, 

penis, and bone. Patients typically present with 
complaints of itchy, scaly, eczematous, crusty, 
fl aky, or thickened skin on or around the nipple/
areolar complex. These nonspecifi c symptoms 
are commonly seen in benign conditions, and as 
a result, the diagnosis of Paget’s disease of the 
breast may be delayed. Diagnosis is made by a 
full thickness biopsy of the skin that demon-
strates Paget cells in the epidermis. 

 Paget’s disease of the breast is almost always 
associated with an underlying breast pathology 
(92–100 %), which can either be DCIS or inva-
sive breast cancer [ 206 – 208 ]. Therefore, these 
patients should undergo a work-up to search for 
an underlying malignancy. Two-thirds of patients 
will have the disease within the central quadrant 
of the breast, and approximately 50 % of patients 
will have an associated palpable breast mass 
[ 209 ]; palpable masses tend to be invasive while 
non-palpable ones tend to be DCIS. When an 

  Fig. 4.11    Synthetic lethality: damaged DNAs are 
repaired by several major pathways. The base excision 
repair (BER) pathway uses the poly(ADP-ribose) poly-
merases (PARP) proteins to repair single-strand breaks. 
The homologous recombination (HR) pathway repairs 
double-strand breaks. In BRCA defi cient tumors, the HR 

pathway is defective, leaving the tumor cells to use the 
BER as an alternative pathway for DNA repair ( a ). When 
PARP inhibitors are given, the BER pathway is now com-
promised, leading to unrepaired damaged DNA and ulti-
mately to tumor cell death ( b ) (Courtesy of Quyen D. Chu, 
MD, MBA, FACS)       
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abnormality is not detected on a mammogram or 
ultrasound, it is reasonable to order a breast MRI 
to look for an occult primary [ 210 ]. 

 Management remains controversial since there 
is no level 1 data that specifi cally address local 
management of Paget’s disease. Historically, a 
mastectomy with or without a lymph node dissec-
tion was recommended since the incidence of 
multicentric (36 %) and multifocal in situ and 
invasive carcinomas identifi ed in mastectomy 
specimens is high and local excision alone 
resulted in a recurrence rate that can be as high as 
40 % [ 211 ]. However, as mentioned in the early 
part of the chapter, randomized trials on the surgi-
cal treatment of early breast cancer clearly dem-
onstrated equivalent outcomes between a 
mastectomy and BCT. This implies that BCT 
should also be a viable option for patients with 
Paget’s disease limited to the central segment of 
the breast. It is recommended that if BCT is enter-
tained, the nipple/areolar complex should be com-
pletely excised along with the underlying breast 
tissue (central mastectomy). Whole-breast irradi-
ation should also be ensued. Sentinel lymph node 
biopsy should be performed in all patients under-
going mastectomy, those with invasive cancer 
undergoing central mastectomy, and those with 
DCIS undergoing central mastectomy who is sus-
pected to have an occult invasive component. 

 The outcome is similar to that of women with 
other types of breast cancer. However, those with 
an underlying palpable breast tumor tend to have 
a poorer prognosis that those who do not [ 212 ].  

    Male Breast Cancer 

 Male breast cancer is rare, occurring in less than 
1 % of all breast cancers [ 213 ,  214 ]. For 2013, it is 
estimated that there are 2,240 new cases and 410 
deaths in the United States. The median age of onset 
is 67, which is 5–10 years older than female breast 
cancer [ 215 ]. Although BRCA1 mutation can occur 
in men with breast cancer, BRCA 2 mutations are 
more common, with 4–16 % of men with breast 
cancer being carriers of such a mutation. Invasive 
ductal carcinoma is the most common tumor pathol-
ogy; however, LCIS has not been reported. 

 Because of its rarity, most of the clinical 
 decision for male breast cancer is an extrapola-
tion of studies for female breast cancer. Thus, 
male breast cancer shares many resembling char-
acteristics with female breast cancers such as 
sharing identical AJCC/TNM staging system, 
having analogous prognostic factors such as 
tumor size and lymph node status, affording sim-
ilar surgical and adjuvant treatment options, and 
possessing comparable overall survival stage per 
stage of disease. 

 Unlike female breast cancer, almost all male 
breast cancers are hormone receptor-positive; 
approximately 90 % express estrogen receptor 
and 81 % express progesterone receptor [ 213 ]. 
Consequently, hormonal therapy is a viable ther-
apy, although compliance can be a problem. In a 
large retrospective study examining tamoxifen- 
related side effects among male breast cancer, it 
was found that almost 21 % of patients discontin-
ued the medication due to weight gain (22 %), 
sexual dysfunction/loss of libido (22 %), hot 
fl ashes (13 %), neurocognitive defects (9 %), and 
thromboembolic events (9 %) [ 216 ].  

    Chemoprevention 

 The fi nding that tamoxifen had signifi cantly 
reduced the incidence of contralateral breast can-
cer prompted the NSABP to perform a preventive 
trial in women without personal history of breast 
cancer but were deemed to be at high risk of 
developing cancer. The defi nition of high risk 
varies among the studies, but in general, they 
include women ages ≥ 60 years, Gail 5-year risk 
score ≥ 1.66 %, and those with a history of hav-
ing atypical ductal hyperplasia, lobular hyperpla-
sia, or lobular carcinoma in situ [ 217 – 220 ]. 

 NSABP P-1 trial demonstrated that tamoxifen 
reduces the cumulative incidence of both invasive 
and noninvasive breast cancer by 50 % in high- 
risk premenopausal and postmenopausal women 
[ 217 ]. Because of the concerns of developing 
endometrial cancers and the side effects associ-
ated with tamoxifen, NSABP subsequently per-
formed the Study of Tamoxifen And Raloxifene 
(STAR) trial, a trial that directly compares 
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tamoxifen with raloxifene (a second-generation 
SERM) [ 218 ]. 

 Similar to tamoxifen, raloxifene reduces the 
incidence of invasive breast cancer, although the 
magnitude was less than tamoxifen (38 % versus 
50 %;  P  = 0.01). The initial results of the STAR 
trial showed raloxifene to be less effective than 
tamoxifen at reducing the incidence of noninva-
sive breast cancer [ 218 ], but the latest update 
found no signifi cant difference between the two 
agents in this area [ 221 ]. Raloxifene had a better 
safety profi le than tamoxifen; the incidence of 
uterine cancer, thromboembolic events, and cata-
ract development was signifi cantly lower in the 
raloxifene group [ 221 ] (Table  4.17 ).

   Despite the positive benefi ts of tamoxifen and 
raloxifene, compliance has been poor due to their 
serious toxic effects [ 222 ]. Because of this, the 
AIs were tested and found to be an acceptable 
alternative to the SERMs [ 219 ,  220 ]. Sponsored 
by the National Cancer Institute of Canada, the 
MAP.3 trial randomized over 4,500 postmeno-
pausal women to either 5 years of exemestane or 
placebo. At a median follow-up of 35 months, 
those that took exemestane for approximately 
5 years had a 65 % relative reduction in the 
annual incidence of invasive breast cancer com-
pared to placebo ( P  = 0.002). There were no seri-
ous toxic effects with exemestane (Table  4.17 ). 

 The International Breast Cancer Interventional 
Study II (IBIS-II) recently reported their results 
of anastrozole on 3,864 postmenopausal women 
who were considered to be at high risk of devel-
oping breast cancer and found similar results as 
the MAP.3 trial [ 220 ]. However, patients taking 
anastrozole experienced a higher frequency of 
musculoskeletal and vasomotor symptoms, 
hypertension, and gynecologic adverse events 
(vaginal or uterine prolapsed and vaginal pruri-
tus) compared to placebo. 

 The American Society of Clinical Oncology 
(ASCO) Clinical Practice Guideline recently 
updated its key recommendations that included 
exemestane, along with tamoxifen and raloxi-
fene, as an option for chemoprevention [ 223 ] 
(Table  4.18 ). Given the more recent data from the 
IBIS-II, it is conceivable that future ASCO rec-
ommendations will include anastrozole.

   Despite a signifi cant reduction in the inci-
dence of invasive breast cancer, none of the 
four preventive trials demonstrated any signifi -
cant reduction in mortality. Perhaps this fact, 
combined with the potential toxicity associated 
with the medication, may be one of the reasons 
why chemoprevention has not been widely 
embraced [ 224 ]. 

  Salient Points 
•     Early Breast Cancer includes a subset of N(+) 

patients (T1-2N1).  
•   The Gail model is used to assess a woman’s 

lifetime risk of developing breast cancer. Such 
assessment is useful for counseling at-risk 
patients regarding the risks and benefi ts of 
chemopreventive therapy (tamoxifen, raloxi-
fene, or AIs).  

•   Regardless of breast cancer histologic sub-
types, treatment is generally the same.  

•   Screening breast MRI should be used in high- 
risk patients, mainly those with BRCA1/2 
mutations, Li-Fraumeni syndrome or Cowden 
syndrome, 1st-degree relative with BRCA1/2 
mutation, history to radiation to the chest at a 
young age, or lifetime risk ≥20 %.  

•   Avoid excisional biopsy as the initial diagnos-
tic tool. Instead, consider FNA and CNB.  

•   The role of accelerated partial breast irradia-
tion is still being defi ned.  

•   A negative margin is defi ned as no tumor at 
the inked surgical margin, irrespective of the 
distance from the nearest tumor cell.  

•   SLNBx can be performed for any patient with 
clinically negative node.  

•   IHC is not necessary to assess SLNs.  
•   SLNBx can be performed in patients with 

multicentric disease and those with DCIS who 
opted for a mastectomy.  

•   For those with positive sentinel lymph nodes, 
an axillary lymph node dissection can be 
avoided as long as all of the following criteria 
are met:
•    Tumor ≤ 5 cm  
•   ≤2 positive sentinel lymph nodes  
•      Breast conservation therapy patients who 

will receive external beam radiation and 
adjuvant systemic therapy     
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•   The role of SLNBx for those undergoing neo-
adjuvant chemotherapy remains debatable.  

•      For locoregional control options for patients 
with EBC, see Fig.  4.12 .

•      Systemic treatment includes chemotherapy, 
hormonal therapy, and/or biologic therapy.  

•   AC has better outcome than CMF as adjuvant 
chemotherapy.  

•   Addition of taxanes improves outcome, but 
mainly for N(+) disease.  

•   Systemic therapy may not be benefi cial to all 
patients: prognostic indices can help decide who 
will benefi t from chemotherapy. These include 
Adjuvant!Online, Nottingham Prognostic Index, 
St. Gallen guidelines, Oncotype DX®, 
MammaPrint®, and Mammostrat®.  

•   Adjuvant hormonal therapy (tamoxifen or AI) 
improves outcome; combination of hormonal 
therapy and chemotherapy further improves 
outcome compared to either alone.  

    Table 4.17    Selected chemoprevention clinical trials   

 Trials/year/reference  # Patients 
 Study 
design 

 Median 
follow-up 
(months)  Criteria for high risk  Outcome 

 NSABP P-1 (2005)/
Fisher [ 217 ] 

 13,388  T versus P 
× 5 years 

 74  Age ≥ 60 years  Tamoxifen reduces invasive 
BC by 43 % 

 Gail score > 1.66 %  Tamoxifen reduces 
osteoporotic fractures by 32 % 

 Atypia/LCIS  Tamoxifen increases risk 
of stroke, DVT, and cataracts 

 NSABP P2 (2006)/
Vogel [ 218 ,  221 ] 

 19,490  R versus T 
× 5 years 

 81  Gail score >1.66 %  Raloxifene reduces invasive 
BC by 38 %, while tamoxifen 
reduces it by 50 % 

 LCIS  Tamoxifen was superior in 
reducing breast cancer risk 
 Raloxifene was superior in 
reducing endometrial cancer, 
thromboembolic events, and 
cataracts 

 NCIC CTG MAP.3 
(2011)/Goss [ 219 ] 

 4,560  E versus P 
× 5 years 

 35  Age ≥ 60 years  Exemestane reduces invasive 
BC by 65 %  Gail score >1.66 % 

 Atypia/LCIS/lobular 
hyperplasia 

 No differences between E and 
P in incidence of skeletal 
fractures, cardiovascular 
events, other cancers, 
or treatment-related deaths 

 DCIS with 
mastectomy 

 IBIS-II (2013)/
Cuzick [ 220 ] 

 3,864  A versus P 
× 5 years 

 60  Family history  Anastrozole reduces invasive 
BC by 50 %  Atypia/LCIS 

 Breast density  Signifi cantly more vasomotor 
symptoms, musculoskeletal 
aches and pains, and 
hypertension in anastrozole 
group 

   NSABP  National Surgical Adjuvant Breast and Bowel Project,  NCIC CTG MAP.3  National Cancer Institute of Canada, 
MAP.3,  IBIS  International Breast Cancer Intervention Study,  T  tamoxifen,  R  raloxifene,  E  exemestane,  A  anastrozole, 
 P  placebo,  BC  breast cancer,  DVT  deep venous thrombosis,  LCIS  lobular carcinoma in situ,  DCIS  ductal carcinoma in situ  

   Table 4.18    Selected summary of the American Society 
of Clinical Oncology chemoprevention recommendations   

  Premenopausal women  
  Tamoxifen × 5 years 
  Postmenopausal women  
  Tamoxifen × 5 years 
  Raloxifene × 5 years 
  Exemestane × 5 years 
  Anastrozole × 5 years (not listed by ASCO but recent 
data demonstrated its effi cacy)  

  Based on data from Ref. [ 223 ]  
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•   Tamoxifen increases risk of endometrial can-
cer and thromboembolic events. AIs increase 
risk of bone loss and can only be used in 
women with no ovarian function.  

•   5 years of tamoxifen followed by 5 years of an 
AI improves DFS but not OS.  

•   10 years of tamoxifen is better than 5 years.  
•   For ER(+) LN(−) patients, the decision to con-

sider additional chemotherapy is being 
addressed by the use of genetic profi ling plat-
forms such as the Oncotype DX® and 
MammaPrint®.
•    Oncotype DX is a 21-gene platform that 

uses RS to group patients into three groups: 
low risk, intermediate risk, and high risk.  

•   MammaPrint uses the 70-gene signature 
and groups patients into low risk and high 
risk.  

•   Low-risk group can potentially avoid 
chemotherapy.  

•   TAILORx trial will address what to do with 
the Oncotype DX intermediate-risk group.  

•   RxPONDER trial evaluates whether che-
motherapy is needed in ER(+), LN(+) 
patients with low RS.     

•   1 year of Herceptin is indicated for HER-2- 
positive tumors.  

•   Neoadjuvant chemotherapy is appropriate in 
select patients.
•    pCR is a surrogate marker of long-term 

outcomes.  

•   Taxanes given before standard anthracy-
cline chemotherapy is better than standard 
anthracycline fi rst therapy.     

•   Dual inhibition of HER-2-positive tumors 
(Herceptin + pertuzumab or lapatinib) 
improves outcomes compared to Herceptin 
alone.  

•   Women > 70 years old can undergo lumpec-
tomy and tamoxifen (without SLNBx or irra-
diation) if they meet the following criteria:
•    Tumor ≤ 2 cm  
•   ER (+)     

•   TNBC is aggressive tumor that lacks target- 
specifi c therapy.  

•   Options for treating occult breast cancer 
include:
•    MRM  
•   Breast irradiation and axillary lymph node 

dissection     
•   There are fi ve intrinsic subtypes: (1) luminal 

A, (2) luminal B, (3) HER-2 positive, (4) 
basal-like or TNBC, and (5) normal-like.  

•   Overview treatment of patients with EBC (see 
Fig.  4.13 ).

        Questions 
     1.    A 55-year-old woman has a 1.5 cm suspicious 

breast mass without evidence of lymphade-
nopathy. She underwent a core needle biopsy 
of this mass that confi rmed an invasive adeno-
carcinoma. The next step in management is:
    A.    Lumpectomy and sentinel lymph node 

biopsy   
   B.     Mastectomy   
   C.     Radiation   
   D.     Chemotherapy   
   E.     Hormonal therapy       

   2.    A 65-year-old woman had a lumpectomy for 
a 4 cm breast cancer with negative margins. 
She has 1 out of 2 positive sentinel lymph 
nodes. Which of the following is an accept-
able option?
    A.     Observation   
   B.    Adjuvant systemic therapy and whole- 

breast irradiation   
   C.    Radiation alone   
   D.    Chemotherapy followed by mastectomy   

  Fig. 4.12    Locoregional options for patients with EBC       
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   E.    Mastectomy       
   3.    A 75-year-old woman with a 1.8 cm breast 

cancer that was excised with a negative mar-
gin. She has no clinical lymphadenopathy. 
Which of the following statements is true?
    A.    Given her age, observation is 

appropriate.   
   B.    Hormonal therapy alone is adequate, 

regardless of other factors.   
   C.    Chemotherapy should be offered, regard-

less of other factors.   
   D.    Hormonal therapy alone is appropriate if 

her tumor is ER(+).   
   E.    Modifi ed radical mastectomy and radia-

tion therapy.       
   4.    A 35-year-old woman presented with a 

1.9 cm breast mass that demonstrated an 
invasive ductal carcinoma. She is otherwise 
asymptomatic. The patient elected to 
undergo a mastectomy. In addition to the 
mastectomy, the patient will need:
    A.    CT scan of abdomen to rule out liver 

involvement   
   B.    Radiation therapy alone   
   C.    Mastectomy alone   
   D.    Axillary lymph node dissection and 

radiation   
   E.    Sentinel lymph node biopsy       

   5.    A 55-year-old woman with a 3.5 cm breast 
cancer elected to undergo a mastectomy and a 

sentinel lymph node biopsy. One of two lymph 
nodes was involved. Her tumor is HER-2 nega-
tive. The next step in management is:
    A.    Radiation   
   B.    Chemoradiation therapy   
   C.    Systemic therapy that includes 1 year of 

Herceptin   
   D.    Axillary lymph node dissection   
   E.    Observation       

   6.    A 32-year-old woman presented with a 
1.2 cm breast cancer with involved margins 
following a lumpectomy. Which of the fol-
lowing is the best option?
    A.    Re-excision to negative margins, radia-

tion therapy, and sentinel lymph node 
biopsy   

   B.    Re-excision to negative margins, radia-
tion therapy and axillary lymph node 
dissection   

   C.    Mastectomy and axillary lymph node 
dissection   

   D.    Mastectomy and sentinel lymph node 
biopsy   

   E.    Re-excision to negative margins alone       
   7.    All of the following statements are true 

EXCEPT:
    A.    Adjuvant tamoxifen can be given for 

10 years.   
   B.    Adjuvant aromatase inhibitors (AIs) can 

be given for 10 years.   

  Fig. 4.13    Overview 
treatment of patients with 
EBC       

 

4 Early Breast Cancers



104

   C.    10 years of adjuvant tamoxifen yields 
better outcome than 5 years of 
tamoxifen.   

   D.    AIs can be given for 5 years after 5 years 
of tamoxifen.   

   E.    AIs can be given 2 or 3 years after tamox-
ifen for a total of 5 years of endocrine 
therapy.       

   8.    A 45-year-old woman presented with a 
1.8 cm breast cancer with involved margins. 
She has palpable axillary lymphadenopathy. 
Which is the best treatment option?
    A.    Re-excision to negative margins and sen-

tinel lymph node biopsy   
   B.    Mastectomy with sentinel lymph node 

biopsy   
   C.    Re-excision to negative margins with 

axillary lymph node dissection   
   D.    Mastectomy alone   
   E.    Re-excision to negative margins alone       

   9.    A 65-year-old woman presented with a pal-
pable axillary lymphadenopathy. A mammo-
gram and other diagnostic work-ups 
searching for a primary source were unhelp-
ful. All of the following statements are true 
EXCEPT:
    A.    Whole-breast irradiation and axillary 

lymph node dissection.   
   B.    MRM.   
   C.    Over 60 % has an occult breast primary 

cancer.   
   D.    She is considered to have Stage III breast 

cancer.   
   E.    TTF-1 is positive for lung primary but 

negative for breast primary.       
   10.    A 60-year-old woman presented with a 

3.0 cm invasive lobular carcinoma (ILC). 
Palpable. All of the following statements are 
true EXCEPT:
    A.    A mastectomy is recommended because 

of the histology.   
   B.    ILC has a tendency to be discontinuous 

resulting in a higher incidence of margin 
positivity.   

   C.    Breast-conserving therapy is an option.   
   D.    Sentinel lymph node biopsy is an option.   
   E.    Systemic therapy regimen is the same as 

for invasive ductal carcinoma.          

  Answers 
     1.    A   
   2.    B   
   3.    D   
   4.    E   
   5.    D   
   6.    A   
   7.    B   
   8.    C   
   9.    D   
   10.    A           
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         Learning Objectives 
 After reading this chapter, you should be able to:
•    Recognize what constitutes locally advanced 

breast cancer (LABC).  
•   Understand how to evaluate and manage 

patients with LABC.  
•   Know the difference between infl ammatory 

breast cancer (IBC) and noninfl ammatory locally 
advanced breast cancer (non-IBC LABC).  

•   Be cognizant of the multimodality approach 
to treating patients with LABC (neoadjuvant 
systemic therapy, surgery, and radiation).  

•   Appreciate the positive implication of a 
 pathologic complete response (pCR) follow-
ing neoadjuvant chemotherapy.     

    Introduction 

 As mentioned in the previous chapter (Chap.   4    , 
Early Breast Cancer), the majority of women in 
the United States with breast cancer (60–70 %) 
present with early-stage disease (Stage I/II). 
Unfortunately, in developing nations, up to 70 % 
of women have advanced stage breast cancer upon 
presentation (Stage III/IV) [ 1 ]. Such high inci-
dence of advanced stage breast cancer is also seen 
in the underserved population of the United States. 

 Locally advanced breast cancer (LABC) repre-
sents a heterogeneous group of diseases with vari-
able clinical presentations. It is associated with a 
50 % or greater increased risk for distant recurrent 
disease compared to early breast cancer [ 2 ]. LABC 
encompasses two broad categories of patients: 
infl ammatory breast cancer (IBC) and non-IBC 
LABC. The former is characterized by a rapid onset 
of symptoms and signs such as diffuse erythema and 
edema (peau d’orange) of the breast, often without a 
clinically evident underlying breast mass (Fig.  5.1 ) 
while the latter is often typifi ed by a large, ulcerative, 
and fungating breast mass that is a consequence of a 
long- standing, neglected breast cancer (Fig.  5.2a ). 
Although both have a high incidence of developing 
distant disease, they, by defi nition, have no evidence 
of metastases (M0) at the time of diagnosis. Thus 
they are considered as stage 3 breast cancer.

    Despite their advanced stage at presentation, a 
considerable percentage of patients with LABC can 
be cured, and thus, treating physicians should aim 
for a curative intent when caring for these patients.  
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    Clinical Presentation 

    Infl ammatory Breast Cancer (IBC) 

 Infl ammatory breast cancer (IBC) (T4d in the 
American Joint Committee on Cancer staging 
system) represents the most aggressive variant of 
breast cancer, accounting for approximately 
1–5 % of all breast cancers in the United States. 
Clinically, patients present with a  rapid  onset of 
breast tenderness, erythema, edema, pain, skin 
thickening, and breast swelling. Nipple retraction 
can occur when the central portion of the breast is 
involved (Fig.  5.2b ). Nearly 55–85 % of patients 
with IBC have axillary lymph node involvement 
at presentation and about 30 % have distant dis-
ease at the time of diagnosis [ 3 ]. The clinical pic-
ture is caused by tumor blockage of the lymphatic 
channels. Such presentation can be mistaken for 
mastitis or breast abscess (Fig.  5.3 ), which can 
contribute to a delay in diagnosis and treatment. 
In general, mastitis occurs almost exclusively in 
lactating women. A trial of antibiotics for 1 week 
with a close follow-up is a reasonable approach 
for those that present with a low clinical suspi-
cion for IBC. However, failure to have a complete 
resolution of signs and symptoms should prompt 
the clinician to proceed with further investigation 
to rule out IBC.

   The diagnosis of IBC is primarily clinical with 
histologic confi rmation of invasive carcinoma [ 4 ]. 

Histologically, IBC is diagnosed by showing evi-
dence of tumor cells in the dermal lymphatic 
channels, although this pathognomonic fi nding is 
not necessarily a prerequisite for its diagnosis; 
dermal lymphatic invasion is found in only 
approximately 60 % of patients with IBC [ 5 ]. 

 Our understanding of the behavior of IBC is 
limited due to the rare incidence of IBC and our 
lack of having a clear defi nition of IBC. In 2008, 
an international panel of experts convened and 
developed criteria for IBC, and they are as fol-
lows: (1) a rapid onset of breast erythema, edema 
and/or peau d’orange, and/or warm breast, with or 
without an underlying palpable mass; (2) duration 
of history of no more than 6 months; (3) erythema 
occupying at least one-third of the breast; (4) and 
histologic confi rmation of invasive carcinoma [ 6 ].  

    Non-IBC Locally Advanced Breast 
Cancer (Non-IBC LABC) 

 Non-IBC LABC includes large tumors (>5 cm or 
T3), tumors of any size that involve skin and/or 
chest wall (cT4a-c or Stage IIIB), tumors with 
fi xed or matted axillary lymph nodes or tumors 
clinically detected in the ipsilateral internal mam-
mary nodes without involvement of axillary 
lymph nodes (N2), and tumors that involve ipsi-
lateral infraclavicular, supraclavicular, or internal 
mammary lymph nodes with axillary lymph 
nodes involvement (cN3 or Stage IIIC). 

  Fig. 5.1    Infl ammatory breast cancer: Note the swollen breast, erythema, skin thickening, and peau d’orange. (Courtesy 
of Quyen D. Chu, MD, MBA, FACS)       
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 On occasion, women with non-IBC LABC 
can present with an infl ammatory recurrence of 
the chest wall following a mastectomy, but such a 
presentation is considered as secondary IBC. This 
is different than primary IBC. 

 Although IBC and non-IBC LABC are grouped 
together under the LABC category, they neverthe-
less represent two distinct biologic entities [ 7 – 9 ]. 
In contrast to non-IBC LABC, there is a higher 
incidence of IBC in African-American women; 

  Fig. 5.2    ( a ): Pictures of patients with non-IBC LABC. ( b ): A patient with non-IBC LABC who presents with nipple 
retraction. (Courtesy of Quyen D. Chu, MD, MBA, FACS)       

 

5 Locally Advanced Breast Cancer (LABC)



116

affected women with IBC tend to be younger and 
have a high body mass index. Biologically, IBC 
possesses lower ER expression (up to 80 % of 
IBCs have ER-negative and/or PR-negative tumors 
[ 10 ]), high nuclear grade, high mitotic index, 
increased tumor expression of E-cadherin, and 
higher HER-2 expression (up to 50 % of IBC 
tumors) [ 11 – 13 ]. Furthermore, IBC has a poorer 
prognosis compared to non-IBC LABC and has the 
propensity for distant soft- tissue, brain, and bone 
metastases [ 4 ,  7 ,  8 ,  14 ]; patients with IBC have a 
43 % increased risk of death from breast cancer 
compared to patients with non-IBC LABC [ 8 ].   

    Diagnosis and Staging 

 The initial tests for women with LABC are the 
same as for those with early breast cancer. A 
bilateral mammogram is often the fi rst imaging 
study to be done to detect synchronous lesions in 
the ipsilateral and contralateral breast (Fig.  5.4 ). 
For patients who present with a large, fungating 
neglected breast carcinoma, an ipsilateral mam-
mogram, which requires compression, may cause 
unnecessary discomfort for the patient. In such a 
situation, an ipsilateral mammogram can be 
avoided since a signifi cant percentage of these 
patients may not be candidates for BCT. However, 
when a signifi cant response is observed following 
neoadjuvant therapy and the patient is a candidate 

for BCT, a post-chemotherapy mammogram, 
ultrasound, or MRI should be performed.

   For patients with non-IBC LABC, a mammo-
graphic abnormality such as a mass will be obvi-
ous. For those with IBC, a mass may not be 
present in up to 40 % of patients. The most com-
mon mammographic fi ndings for patients with 
IBC are signs of infl ammation, which include 
skin and trabecular thickening and diffuse opac-
ity (Fig.  5.5 ). Ultrasound is a useful adjunct to 
mammography. Besides showing marked skin 
thickening and edema of the subcutaneous plane, 
evidenced by diffuse hyperechogenicity and 
architectural distorting with marked posterior 
acoustic shadowing [ 15 ], ultrasound can help 
with assessing nodal involvement. Ultrasound- 
guided biopsy of enlarged lymph nodes can be 
done. It is reported that ultrasound can detect up 
to 93 % of ipsilateral axillary nodal involvement 
and up to 50 % of infraclavicular, supraclavicular, 
and internal mammary nodal involvement [ 16 ].

   The role of MRI in patients who clearly have 
non-IBC LABC is not well characterized. It is 
probably not necessary, especially for those who 
will require a mastectomy. However, MRI does 
have a role when evaluating response to induc-
tion chemotherapy in patients with non-IBC 
LABC (please see subsequent section below). 
For patients with IBC, MRI may be the most 
accurate test for detecting a primary breast lesion 
since imaging features seen in mammograms are 
not specifi c for IBC [ 17 ] (Fig.  5.6 ).

   For the majority of patients, a core needle 
biopsy is all that is necessary to establish a diag-
nosis for patients with IBC and non-IBC LABC; 
often, suffi cient material from the FNA is 
available to perform assays for hormone and 
HER-2 receptors according to the American 
Society of Clinical Oncology/College of American 
Pathologists guidelines [ 18 – 21 ]. However, if there 
is insuffi cient material to establish a  diagnosis or 
obtain receptor statuses, an incisional biopsy may 
be required. For those with palpable axillary 
lymph nodes, an FNA can also be performed to 
confi rm evidence of nodal disease. For patients 
with IBC, preferably two punch biopsies (Fig. 2.3 
of Chap.   2    ) are needed to evaluate for evidence of 
tumor emboli in the dermal lymphatic channels 

  Fig. 5.3    A patient with a breast abscess that mimics IBC. 
An incision and drainage was performed and a biopsy of 
the skin and underlying tissue excluded the diagnosis of 
cancer. (Courtesy of Quyen D. Chu, MD, MBA, FACS)       
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  Fig. 5.4    A 60-year-old Caucasian woman with a nonin-
fl ammatory locally advanced right breast cancer ( a ). 
Because of the extent of disease, she was not able to toler-
ate a right mammogram. However, a right breast ultra-
sound demonstrated a solid, hypoechoic mass with 

irregular borders and posterior acoustic shadowing ( b ). 
Her left mammogram demonstrated a synchronous breast 
cancer with an apparent nodal disease ( c ). (Courtesy of 
Quyen D. Chu, MD, MBA, FACS)       

  Fig. 5.5    Mammogram of a patient with IBC showing skin thickening and a breast mass ( left ) in contrast to the normal 
breast ( right ) (Courtesy of Stacy Lee, MD, Louisiana State University Health Sciences Center Shreveport)       
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and confi rm the diagnosis of carcinoma (Fig.  5.7 ). 
This is helpful to confi rm IBC and also in a situa-
tion when a core biopsy is inconclusive.

   Because patients with LABC are at an 
increased risk of having concurrent distant dis-

ease, a metastatic work-up is often performed, 
which can include chest X-rays, bone scans, liver 
ultrasounds, abdominal CT scans, PET/CT scans, 
and MRI’s, with the intent of identifying patients 
who have incurable disease and would receive 

  Fig. 5.6    A 48-year-old woman presenting with a three-
month history of left breast heaviness. MLO view shows 
pleomorphic calcifi cations with associated trabecular and 
skin thickening suspicious for infl ammatory breast cancer 
( a ). Axial T1-weightedf fat-suppression post contrast image 

shows a large area of confl uent enhancement with overlying 
skin thickening suspicious for malignancy ( b ). A core biopsy 
confi rmed high-grade invasive ductal cancer and ductal car-
cinoma in situ (Courtesy of Priscilla Slanetz, MD, Beth 
Israel Deaconess Medical Center, Harvard Medical School)       

  Fig. 5.7    Hematoxylin and eosin stain of an IBC specimen demonstrating dermal tumor emboli in the lymphovascular 
spaces. (Courtesy of Quyen D. Chu, MD, MBA, FACS)       
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palliative therapy only [ 22 ]. The National 
Comprehensive Cancer Network (NCCN) guide-
lines recommend a metastatic work-up for patients 
with T3N1 disease (Stage IIIA), yet for those with 
N2/N3 disease, a metastatic work-up is consid-
ered optional [ 23 ]. Chu et al. recently evaluated 
256 patients with N2/N3 diseases and demon-
strated that T stage is a useful barometer to select 
patients who might require additional metastatic 
work-up. For patients with T0, T1, or T2 diseases, 
the incidence of Stage IV disease was 0 %, 0 %, 
and 6 %, respectively. However, this incidence 
increases with higher T stage; 22 % for T3 and 
36 % for T4 tumors [ 22 ]. Thus, the authors rec-
ommend a routine metastatic work-up for patients 
with N2/N3 diseases who have T3/T4 tumors. 
Further validation is needed to confi rm such fi nd-
ings. A panel of international experts recommend 
that all patients with IBC should undergo a meta-
static work-up with a CT and a bone scan [ 6 ]. 

 The use of [ 18 ] F-FDG PET scan is considered 
optional in the work-up of patients with LABC (cat-
egory 2B in NCCN guidelines) [ 23 ]. It is useful in 

situations where standard imaging studies are 
equivocal or suspicious [ 23 ]. PET/CT outperforms 
bone scanning such that a positive result on a PET/
CT precludes the need to pursue a bone scan [ 24 ]. 
PET scan can also detect additional distant lesions 
that were not seen on conventional imaging [ 24 ] 
(Fig.  5.8 ). A prospective study evaluating 117 
patients with LABC who underwent conventional 
imaging methods as well as PET/CT found that 
PET/CT outperformed conventional imaging meth-
ods. PET/CT revealed unsuspected lymph node 
involvement in 32 additional patients that were 
missed by conventional imaging modalities. In 
addition, distant metastases were detected in 43 
patients using PET/CT versus 28 patients with con-
ventional imaging modalities. PET/CT altered the 
stage of 61 patients (52 %), which impacted the rec-
ommended treatment for the patients [ 24 ]. Whether 
PET/CT impacts overall survival remains unknown.

   Staging can be performed using the American 
Joint Committee on Cancer (AJCC) TNM stag-
ing system, 7th edition [ 25 ] (Table   4.2     of Chap.   4    , 
Early Breast Cancer).  

  Fig. 5.8    PET/CT scan showing a  left  locally advanced breast cancer that has widespread distant metastases. (Courtesy 
of Quyen D. Chu, MD, MBA, FACS)       
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    Treatment Overview: Multimodality 
Approach 

 Historically, outcome with single modality for 
patients with LABC has been dismal. When 
treated with radiation ± chemotherapy, radiation 
plus surgery, or combined chemoradiation ther-
apy plus surgery, the 5-years DFS was 6 %, 24 %, 
and 40 %, respectively [ 26 ]. Untreated IBC can 
lead to the demise of more than 90 % of patients 
within 1 year. More recent data demonstrated that 
multimodality therapy comprising of chemother-
apy, target-specifi c therapy, surgery, and radia-
tion resulted in 5-years overall survival that can 
reach greater than 60 % [ 27 ]. 

 Unlike early breast cancer, there is a paucity of 
phase three clinical trials on LABC. Additionally, 
many trials evaluating LABC grouped IBC and 
non-IBC LABC together, treating them as one 
disease rather than as distinct entity. Furthermore, 
randomized trials of neoadjuvant therapy often 
include a mix bag of patients that included patients 
with large operable breast cancer as well as those 
with IBC and/or non-IBC LABC. Finally, the 
duration of treatment and sequence of agents is 
undefi ned for patients with LABC. Regardless of 
these limitations, there are some general princi-
ples that currently hold true when managing 
patients with LABC. For one, neoadjuvant che-
motherapy (NAC) comprising of anthracyclines 
(i.e., Adriamycin, epirubicin) and taxanes (i.e., 
paclitaxel, docetaxel) is used for both IBC and 
non- IBC LABC. Conventional wisdom dictates 
that concomitant HER-2-targeted therapy (trastu-
zumab) with anthracyclines should be avoided 
due to cardiotoxicity. If trastuzumab is to be used 
for those with HER-2-positive tumors, a non- 
anthracycline regimen of docetaxel and carbopla-
tin has been recommended. However, recent data 
suggest that combination of trastuzumab and 
anthracycline is relatively safe and effective [ 28 ] 
(see section below). If trastuzumab is to be used, 
it should be given in conjunction with neoadju-
vant chemotherapy and continued postoperatively 
for a total of 1 year. 

 Four to six cycles of preoperative systemic 
therapy should be considered over a course of 

4–6 months before surgery [ 6 ]. For patients with 
IBC who had a clinical response (partial or com-
plete) with neoadjuvant therapy, a modifi ed radi-
cal mastectomy (MRM) should be performed, 
followed by postoperative radiation and hor-
monal therapy, if indicated [ 23 ]. Breast conserv-
ing therapy (BCT) is an option for patients with 
non-IBC LABC who had a clinical response. 
However, for those who did not respond to neo-
adjuvant therapy, taxane should be administered 
for those that are taxane naïve, and radiation 
should be offered prior to an MRM (Fig.  5.9 ). 
Local control rates when surgery is performed 
following neoadjuvant therapy for nonresponders, 
partial responders, and complete responders are 
33 %, 68 %, and 89 %, respectively [ 29 ]. Although 
controversial, a delay in reconstruction in patients 
with LABC should be considered. However, 
some patients may strongly desire immediate 
reconstruction. Skin-sparing mastectomy is con-
traindicated in patients with IBC.

   In general, adjuvant chemotherapy (i.e., che-
motherapy following surgery) is not necessary if 
the patient had completed her scheduled NAC 
regimen. Surgery in the form BCT is an option 
for select patients with non-IBC LABC, while it 
is contraindicated for those with IBC. Although 
there are occasional reports of success with BCT 
in patients with IBC, BCT should only be per-
formed in a clinical trial. 

 Radiation is an integral part of managing 
patients with LABC, irrespective of the degree of 
tumor response to NAC. Radiation fi elds should 
encompass supraclavicular and internal mam-
mary lymph nodes for patients. Figure  5.9  shows 
an algorithm for the diagnosis and treatment of 
patients with LABC. 

    cCR and pCR Defi nition 

 Patients undergoing NAC are followed closely to 
evaluate their response to therapy. Clinical 
assessment of response to therapy relies on pal-
pating the lesion to determine whether the 
 primary tumor has decreased in size and if so, 
whether it is a partial clinical response (residual 
palpable mass) or a complete clinical response 
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(cCR; no palpable mass). Although a cCR can be 
achieved, this does not necessary mean that there 
is an absence of residual tumor on the fi nal patho-
logic specimen; it is possible for a tumor to 
achieve a cCR but not a pathologic complete 
response (pCR) (i.e., on pathologic sectioning, 

viable tumor cells are seen; this is referred to as 
achieving partial pathologic response or pPR). 
However, if there is no residual tumor seen under 
the microscope, the patient is deemed to have a 
pathologic complete response or pCR. Conversely, 
a patient may have an abnormality as seen on 

  Fig. 5.9    Algorithm for the diagnosis and treatment of patients with LABC. (Courtesy of Quyen D. Chu, MD, MBA, FACS)       
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imaging or clinical exam following neoadjuvant 
therapy, yet has pCR. This can occur in a third of 
patients. What this means is that regardless of the 
sensitivity of imaging and clinical examination 
following NAC, a surgical specimen is still 
needed for determining the fi nal pathologic 
response status. 

 The rates of cCR and pCR vary among the 
series and are dependent on the regimen used. In 
general, about 27 % of patients will achieve cCR 
and 10–26 % for pCR [ 30 ,  31 ]. pCR rate for 
anthracycline is less than 15 %, but this rate 
increases to 33 % with the addition of taxane 
and can reach up to 55 % with the addition of 
trastuzumab [ 32 ]. 

 Standardized defi nition of pCR is lacking; 
pCR can mean (1) no pathologic residual tumor 
in the breast tumor, (2) no invasive component in 
the breast and axillary nodes, (3) complete 
absence of invasive and noninvasive component 
(DCIS), or (4) acceptable to have presence of 
focal invasive cancer or noninvasive residual 
tumor (i.e., DCIS) in the fi nal specimen [ 33 ]. The 
American Society of Clinical Oncology guide-
lines defi ne pCR as total disappearance of malig-
nant cells, both in the breast and axillary lymph 
nodes [ 34 ]. 

 pCR is a surrogate marker for long-term out-
comes [ 31 ,  33 – 35 ]. Patients who achieve pCR 
have more favorable outcomes than those who do 
not. This is applicable for patients with IBC as 
well as noninfl ammatory LABC. In a study of 61 
patients with IBC by Hennessy et al, the 5-year 
DFS was 78.6 % for those who had pCR, but 
dropped to 25.4 % for those with residual dis-
ease. Similarly, the 5-year OS was 82.5 % in the 
pCR group while it was 37.1 % in those with 
residual disease [ 36 ]. A recent meta-analysis of 
12 randomized controlled trials of neoadjuvant 
systemic therapy demonstrated that pCR from 
both the breast and the lymph nodes was associ-
ated with improved event-free survival 
(HR = 0.48;  P  < 0.001) and overall survival 
(HR = 0.36;  P  < 0.001) [ 31 ]. Elevated Ki-67, a 
marker of proliferation, before NAC was found to 
be an independent predictor of pCR in LABC 
[ 37 ,  38 ]. pCR is accepted by the FDA as an end-
point for approving novel medication for patients 

with high-risk tumors. Whether pCR translates to 
an improved long-term outcome will need to be 
proven by randomized trials [ 33 ]. 

 pCR status is a paradox; the more aggressive 
subtypes (i.e., triple-negative breast cancer or 
TNBC and HER-2+/nonluminal) tend to carry a 
poorer prognosis compared to the less aggressive 
subtypes (i.e., luminal A and B), yet they are 
more likely to achieve pCR status. In fact, a 
greater pCR rate is seen not only in the TNBC 
and HER-2+ tumors but also in those that are ER 
negative, poorly differentiated, and highly prolif-
erative [ 31 ,  33 ]. Cortazar et al. found that pCR 
rates range between 7 and 16 % in hormone 
receptor-positive (HR+) tumors (i.e., less aggres-
sive types), 18–30 % in HR+/HER2+ tumors, 
31–50 % in HR-/HER2+ tumors, and 34 % in 
TNBC [ 31 ]. 

 Although pCR is a useful prognostic marker 
for the more aggressive subtypes (i.e., TNBC and 
HER-2+), it may not play such an important role 
in the more favorable subtypes. For instance, 
because of the excellent prognosis that is often 
associated with luminal A subtype, pCR status 
has very little or no impact on outcome. 
Conversely, for patients with the aggressive sub-
types such as TNBC or HER-2+/nonluminal, 
pCR is highly prognostic; those that achieved 
pCR in these subgroups have outcome similar to 
those that have the luminal A subtype [ 33 ]. 

 For patients who achieved pCR following 
neoadjuvant chemotherapy, whether postmastec-
tomy radiotherapy (PMRT) should be given 
remains an area of intense investigation. In a 
study of 106 patients (84 % had LABC) who 
achieved a pCR (no evidence of invasive carci-
noma in the breast or axillary lymph nodes), the 
10-year local-regional recurrence (LRR) rates 
with and without PMRT were 7.3 % and 33.3 %, 
respectively ( P  = .04). PMRT was associated with 
improved disease-specifi c and OS, even in those 
who achieved pCR [ 39 ]. However, in another 
study of 134 patients with Stage II–III breast can-
cer, PMRT did not have an impact on LRR or OS 
in those who achieved pathologically negative 
LNs following neoadjuvant chemotherapy [ 40 ]. 
Despite these compelling data, most clinicians 
would opt for PMRT for patients with LABC. 
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 A multidisciplinary panel of expert, under the 
auspice of the National Cancer Institute (NCI), 
recommends PMRT following neoadjuvant che-
motherapy for patients presenting with clinical 
Stage III disease or those with positive lymph 
nodes after neoadjuvant therapy. As an aside, for 
those who initially present with Stage II disease 
who achieved pCR following neoadjuvant ther-
apy, there is limited data to support PMRT rou-
tine use [ 41 ]. National Surgical Adjuvant Breast 
and Bowel Project (NSABP) B-18 and B-27 tri-
als showed that the 8-year risk of locoregional 
recurrence (LRR) after a mastectomy for patients 
who initially present with clinical Stage II dis-
ease is less than 10 % for those with negative LNs 
after preoperative chemotherapy [ 41 ].  

    Neoadjuvant Chemotherapy (NAC) 

 The two major goals of treating patients with 
LABC are to obtain locoregional control and 
eradicate occult systemic disease. Central to 
such goals is neoadjuvant chemotherapy. 

Neoadjuvant chemotherapy, also referred to as 
preoperative chemotherapy, induction chemo-
therapy, or primary chemotherapy, allows down-
sizing and downstaging of large inoperable 
primary tumors so that they can become opera-
ble. NAC also increases BCT rate, provides 
insight to the effectiveness of the chemothera-
peutic regimen, answers research questions, and 
allows earlier treatment of micrometastatic 
 disease (Fig.  5.10a, b ).

   The theoretical disadvantages associated with 
the NAC approach is that the initial tumor size 
and number of involved lymph nodes may not be 
accurately assessed. Because of bulky disease, 
NAC will have to treat a much greater disease 
burden. There is also a concern of an increased 
risk for surgical complications and drug resis-
tance. Because surgery is performed later, there is 
a potential delay in curative local therapy should 
the patient not respond to NAC [ 42 – 44 ]. Despite 
these disadvantages, the advantages with the neo-
adjuvant approach appear to outweigh the risks. 
Regardless, there are no signifi cant differences in 
OS or disease progression between patients 

  Fig. 5.10    A patient with a partial response to neoadju-
vant chemotherapy ( a ,  b ). Another patient who had a 
minimal response after optimal NAC and radiation ther-
apy ( c ,  d ). The patient underwent a successful modifi ed 

radical  mastectomy without the need for a skin or tissue 
fl ap. This was accomplished using the “Mercedes-Benz” 
closure ( c ). (Courtesy of Quyen D. Chu, MD, MBA, 
FACS)       
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undergoing NAC or adjuvant chemotherapy [ 45 ]. 
These facts were demonstrated in the NSABP 
B18 (4 cycles of Adriamycin and cyclophospha-
mide (AC) before versus after surgery) and 
NSABP-B27 (similar regimen as B-18, except 
taxane was added) trials and confi rmed by a 
meta-analysis of nine randomized studies [ 45 ]. It 
should be noted that since there is no phase III 
data comparing NAC with adjuvant chemother-
apy in patients with LABC, the assumption that 
NAC is comparable to adjuvant chemotherapy is 
based on retrospective studies [ 46 ] as well as on 
data extrapolated from operable breast cancer. 

 Most clinicians caring for patients with LABC 
would opt for the NAC approach rather than the 
adjuvant, and thus, NAC has become the standard 
of care for patients with LABC. Up to 90 % of 
patients undergoing NAC achieved major objec-
tive responses and downstaging. Following NAC, 
surgery alone, radiotherapy alone, or a combina-
tion of both modalities has been reported for non- 
IBC LABC patients. For patients with IBC, an 
MRM is the surgery of choice. Surgical options 
for non-IBC LABC include an MRM or a 
lumpectomy, axillary lymph node dissection, and 
postoperative radiotherapy. Patients who do not 
want the NAC approach and have resectable dis-
ease should undergo surgery (usually an MRM) 
followed by adjuvant chemoradiation therapy. 

 All patients undergoing NAC should have a 
fi ducial clip, marker, or small coil inserted inside 
the tumor prior to completion of NAC. This is 
especially important because up to 30 % of 
patients undergoing NAC will have pCR, with 
the implication that there may not be any detect-
able or palpable disease to help guide the surgeon 
when he/she proceeds with excision. A marker 
may not be necessary for patients with IBC since 
the majority of them will receive an MRM. 

 For patients with LABC, multiple studies 
demonstrated that anthracycline-containing regi-
men resulted in superior response rate over non- 
anthracycline regimen [ 47 ]. The addition of a 
taxane to systemic anthracycline-based regimen 
further refi ned the neoadjuvant strategy [ 48 – 51 ] 
(Table  5.1 ). NSABP-B27 enrolled 2,411 patients 
with operable breast cancer that included clinical 
T1–3, N1, M0 to preoperative AC followed by 

surgery, AC + docetaxel followed by surgery, or 
AC followed by surgery, followed by docetaxel . 
The study demonstrated that the addition of 
docetaxel to the conventional AC regimen in the 
preoperative setting nearly doubled the percent-
age of patients achieving a pCR from 13.7 % to 
26.1 % ( P  < 0.001) and increased the percentage 
of patients achieving a cCR from 40.1 % to 
63.6 % ( P  < 0.001) [ 48 ]. Although disease-free 
survival (DFS) was improved, overall survival 
(OS) was not with the addition of docetaxel. The 
Aberdeen Breast Group also reported similar 
results in a phase III trials of 162 patients with 
LABC [ 50 ]. The pCR was 34 % in the docetaxel 
group versus 16 % ( P  = 0.04) in the cyclophos-
phamide, vincristine, doxorubicin, prednisolone 
(CVAP) group, and the cCR was 94 % in the 
docetaxel group versus 66 % in the CVAP group 
( P  = 0.001). Interesting, unlike NSABP B-27, the 
Aberdeen group demonstrated an improved OS 
with the addition of docetaxel [ 50 ].

   In a retrospective analysis of 240 patients with 
IBC, those who were treated with 5-fl uorouracil, 
Adriamycin, cyclophosphamide (FAC) followed 
by paclitaxel had an objective response rate of 
84 % vs 74 % in those with FAC alone. 
Additionally, the pCR was 25 % for those that 
received paclitaxel vs 10 % for those with FAC 
alone. The addition of paclitaxel resulted in an 
improvement in median OS and progression-free 
survival as compared to FAC alone [ 51 ]. 

 Dose-dense chemotherapy (administration of 
a full dose of drugs over a shorter time period 
than standard) data for LABC are encouraging, 
but is still relegated as investigational and not 
recommended outside the confi nes of a clinical 
trial.  

    Neoadjuvant Endocrine 
Therapy (NET)  

 The role of neoadjuvant endocrine therapy (NET) 
is not as well defi ned as that for NAC. Retrospective 
data suggest that NET may be just as effective as 
neoadjuvant chemotherapy in terms of achieving 
clinical response and rate of breast conservation 
[ 52 ]. A phase III trial comparing neoadjuvant 

Q.D. Chu et al.
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chemotherapy versus tamoxifen and GnRHa in 
women with hormone receptor-positive, HER-2- 
negative, lymph node-positive, primary breast 
cancer in premenopausal women (NEST trial; 
NCT01622361) is being conducted and is 
expected to be completed in 2016 [ 53 ]. 

 Preliminary studies suggest that neoadjuvant 
aromatase inhibitors (AIs) may be more effective 
than tamoxifen in decreasing tumor size and 
increasing breast conservation rate [ 54 – 58 ] 
(Table  5.2 ). Whether anastrozole, exemestane, or 
letrozole is the preferred neoadjuvant AI might 
not make much of a difference since American 
College of Surgeons Oncology Group (ACOSOG) 
Z1031 trial found that the response rates among 
the three agents were equivalent [ 59 ]. Recall that 
AIs are only effective in women without func-
tioning ovaries (i.e., postmenopausal women) 
(see Chap.   4    , Early Breast Cancer for more thor-
ough explanation). Most of the NET trials were 
done on postmenopausal women [ 55 – 57 ,  60 ], 
except for one, which treated premenopausal 
patients with goserelin to suppress their ovarian 
function [ 58 ]. Of the fi ve selected trials, only one 
did not fi nd any signifi cant difference in response 
rate or breast conservation rate between anastro-
zole and tamoxifen [ 58 ]. Outside of a clinical 
trial, neoadjuvant endocrine therapy should not 
be used in young women [ 61 ]. Hormonal therapy 
should only be restricted to patients with hor-
mone receptor-positive tumors.

   Although 35–50 % of patients with hormone 
receptor-positive breast cancer respond to NET, 
pCR occurs only in less than 5 % of patients. 
Because pCR occurs less frequently with NET 
and may not be an important proxy of long-term 
benefi t, other parameters such as clinical response 
and proliferation rate, as measured by Ki-67 
labeling index, may be more relevant surrogates 
of long-term benefi t [ 62 ]. However, further vali-
dation studies are needed before these parameters 
can be accepted in the oncology community. 

 The average duration of treatment of NET is 
between 3 and 4 months [ 52 ]. Because NET is 
less toxic than neoadjuvant chemotherapy and 
that it can be given over a long period of time (up 
to 24 months [ 54 ]), NET may be a suitable 
approach for those who are considered unfi t for 
chemotherapy or surgery (i.e., elderlies) [ 54 ,  63 ].  

    HER-2 Target-Specifi c Agents 

 As mentioned in this chapter, overexpression of 
HER-2 is associated with a high recurrence 
and low survival in patients with breast cancer. 
Patients with IBC are known to have an increased 
incidence of HER-2 overexpression [ 11 ]. The 
Neoadjuvant Herceptin (NOAH) trial was a phase 
III trial that evaluates the effi cacy of adding 
trastuzumab (Herceptin®) to conventional che-
motherapy in 235 patient with HER-2+ IBC or 

   Table 5.2    Selected clinical trials comparing neoadjuvant aromatase inhibitors with tamoxifen   

 Authors (Yr)  N  Menopause status  Response rate  BCT rate 

 Ellis 2001 [ 55 ]  324  Postmenopausal  Letrozole  Tamoxifen  Letrozole  Tamoxifen 
 60 %  41 %   P  = 0.004  48 %  36 %   P  = 0.036 

 Eiermann 2001 [ 57 ]  337  Postmenopausal  Letrozole  Tamoxifen  Letrozole  Tamoxifen 
 55 %  36 %   P  < 0.001  45 %  35 %   P  = 0.022 

 Smith 2005 [ 60 ]  330  Postmenopausal  Anastrozole  Tamoxifen  Anastrozole  Tamoxifen 
  IMPACT trial   58 %  22 %   P  = 0.18  44 %  31 %   P  = 0.23 
 Cataliotti 2006 [ 56 ]  451  Premenopausal  Anastrozole  Tamoxifen  Anastrozole  Tamoxifen 
  PROACT trial   39.5 %  35.4 % b    P  = 0.03  43 %  30.8 %   P  = 0.04 

 50.0 %  46.2 % c    P  = 0.04 
 Masuda 2012 [ 58 ] a   204  Premenopausal  Anastrozole  Tamoxifen  N/A 

 70.4 %  50.5 % c    P  = 0.004 

   BCT  breast conserving therapy,  IMPACT  immediate preoperative anastrozole, tamoxifen, or combined with tamoxifen 
  PROACT  preoperative “Arimidex” compared to tamoxifen 
  a All patients received goserelin to suppress ovarian function 
  b Based on ultrasound measurement 
  c Based on caliper measurements,  N/A  not available  

Q.D. Chu et al.

http://dx.doi.org/10.1007/978-1-4939-1423-4_4


127

non-IBC LABC [ 28 ]. Patients were randomized 
to receive either neoadjuvant chemotherapy with 
trastuzumab followed by adjuvant trastuzumab or 
neoadjuvant chemotherapy alone. Chemotherapy 
consisted of doxorubicin, paclitaxel, cyclophos-
phamide, methotrexate, and fl uorouracil. The 
trastuzumab group had signifi cantly improved 
3-year event-free survival (EFS; 71 % vs 56 %, 
HR = 0.56;  p  = 0.013) [ 28 ]. The most recent 
update with a median follow-up of 5.4 years con-
fi rmed signifi cant improvement in EFS 
( p  = 0.016), breast cancer-specifi c survival 
( p  = 0.023), and a strong trend toward improved 
OS ( p  = 0.055) [ 64 ]. 

 Besides demonstrating the superiority of 
trastuzumab over standard regimen, NOAH also 
showed that combination of trastuzumab with an 
anthracycline, which historically results in a 
27 % risk of cardiotoxicity [ 65 ], is relatively safe. 
Only two patients (2 %) had reversible conges-
tive heart failure but remained alive at the time of 
the fi nal report. Trastuzumab should be given for 
1 year. Whether combination of trastuzumab and 
anthracycline becomes standard of care will not 
be known until some distant future. 

 Combination of lapatinib and paclitaxel as neo-
adjuvant systemic therapy for IBC patients with 
HER-2 overexpression demonstrated a 78.6 % 
clinical response rate and a 18.2 % pCR rate [ 66 ]. 
Further studies are needed to validate the above 
results before it can become a routine practice.  

    Dual Inhibition of HER-2 Receptors 
in the Neoadjuvant Setting 

 The role of targeting HER-2-positive tumors using 
two inhibitors has been elucidated in Chap.   4    , 
Early Breast Cancer (see Table   4.16    ). This section 
will summarize the fi ndings from the selected 
clinical trials as they relate to patients with LABC. 

 There are fi ve reported clinical trials on the 
role of dual inhibitors against HER-2 receptors. 
Most demonstrated a signifi cant rate of pCR with 
dual inhibitors [ 67 – 71 ]. Besides trastuzumab 
(Herceptin®), pertuzumab (Perjeta®), which, 
like trastuzumab, is a humanized monoclonal 
antibody but targets a different epitope of HER-
2, and lapatinib (Tykerb®), a tyrosine kinase 

inhibitor, have been tested in combination with 
trastuzumab [ 67 – 71 ]. Combination of trastu-
zumab with pertuzumab plus standard chemo-
therapy regimen had resulted in a signifi cantly 
high pCR rate (45.8–66 %) [ 67 ,  68 ] and low inci-
dence of left ventricular systolic dysfunction 
[ 67 ]. Similarly, combination of trastuzumab and 
lapatinib demonstrated high pCR rates, ranging 
from 46.7 to 62.0 % [ 69 ,  70 ,  72 ]. To put things in 
perspective, historic pCR is around 15–20 % 
with conventional chemotherapy; thus, a pCR 
rate of nearly 50–60 % with the addition of dual 
inhibition of HER-2 to standard chemotherapy 
is a testament of progress made in the fi eld of 
breast cancer. 

 Combination of trastuzumab and pertuzumab 
is the fi rst neoadjuvant regimen for breast cancer 
that received FDA-accelerated approval. 
Permanent approval will require future confi rma-
tory trials. It should be noted that although LABC 
were included in many of these trials, it repre-
sents the minority since the majority of patients 
had operable, early breast cancer (60–84 %). 
Additionally, these excellent outcomes were only 
seen in those with HER-2-positive tumors, a sub-
set of breast cancers that make up of only 20 % of 
all breast cancers.  

    Other Target-Specifi c Therapy 

 Bevacizumab (Avastin ® , Genentech/Roche), a 
recombinant humanized monoclonal anti-VEGF 
antibody; everolimus, an inhibitor of mammalian 
target of rapamycin (mTOR); trastuzumab, an 
inhibitor of HER-2 receptor; and lapatinib, an 
inhibitor of HER-2 receptor tyrosine kinase, have 
all been tested in combination with current 
 chemotherapy to evaluate the feasibility, safety, 
and effi cacy in the neoadjuvant setting [ 73 – 79 ]. 
Most of the studies, however, are small phase II 
clinical trials.  

    Monitoring Response to Neoadjuvant 
Chemotherapy 

 Compared to clinical assessment, ultrasound, and 
mammography, MRI is superior at assessing 

5 Locally Advanced Breast Cancer (LABC)
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response to NAC [ 80 ]. The purpose of using MRI 
for patients who are undergoing NAC is two-
folds: (1) assess tumor response during treat-
ment, and (2) detect residual disease after 
treatment. Assessment of tumor response during 
treatment is generally done before the comple-
tion of the chemotherapy regimen and occurs 
after the fi rst cycle(s) of NAC. 

 Because tumor shrinkage occurs late in the 
course of chemotherapy, physical exam alone to 
assess tumor response during the early course of 
chemotherapy is unreliable. However, tumor vas-
cularity decreases early in responsive tumors and 
because contrast enhancement on MRI is related 
to tumor vascularity, a reduction in the degree of 
enhancement on breast MRI is a reliable metric 
to gauge tumor sensitivity to chemotherapy. 

 One of the arguments for using MRI during 
treatment is to identify responders from nonre-
sponders so that clinicians can switch chemother-
apeutic regimen for those who are the 
nonresponders. While this appears to be a sound 
argument, current data do not seem to support it 
[ 81 ]. Large randomized trials such as the NSABP 
B-27 and Aberdeen trial found that those patients 
who did not respond well to anthracycline-based 
regimen did not do well with the addition of 
taxane- based regimen [ 48 ,  50 ]. Furthermore, the 
GeparTrio trial reported that the rate of pCR 
among the nonresponders who were switched to 
an alternative chemotherapy regimen did not 
improve after the switch [ 49 ,  82 ]. Thus, the 
advantage of using MRI during treatment should 
be to (1) identify those who are the responders so 
that current therapy can be continued and (2) 
identify the nonresponders so as to avoid unnec-
essary toxicity and costs associated with the inef-
fective chemotherapy regimen; this latter group 
of patients could then be offered early surgery. 

 Although MRI is a good predictor of pCR in 
all tumor subtypes, it is more accurate in deter-
mining the actual pathologic size and residual 
disease in patients with HER-2+ and TNBC than 
the luminal subtypes [ 83 ,  84 ]. MRI shows a high 
false-negative detection rate of pCR for non- 
palpable IBC (21 %) [ 85 ]. In addition, it was not 
very accurate in determining the fi nal tumor size 
following NAC [ 14 ]. MRI is suboptimal at detect-

ing multiple islands of small residual invasive 
cancers that are distributed over a large region of 
the breast. Perhaps, this is one of the reasons why 
breast conserving therapy (BCT) is contraindi-
cated in women with IBC. The role of using PET/
CT to monitor response remains an area of inves-
tigation [ 86 ].  

    Surgery 

 Surgery is an integral component of therapy, irre-
spective of whether or not the patient achieved a 
complete clinical response. Surgery can be per-
formed within 2–6 weeks of completing the last 
cycle of chemotherapy. BCT is a feasible option 
for select patients with non-IBC LABC. With 
neoadjuvant therapy, up to 25 % of patients with 
LABC can be successfully treated with 
BCT. Criteria for BCT following NAC include 
(1) complete resolution of skin edema, (2) suffi -
cient reduction in tumor size, (3) no evidence of 
multicentricity (more than 2 lesions on different 
breast quadrants), (4) absence of extensive suspi-
cious microcalcifi cations, and (5) lack of exten-
sive intramammary lymphatic invasion. When 
these criteria are met, local recurrence rate and 
10-year OS following BCT are equivalent to 
those with early, operable breast cancer [ 87 ]. 
Even with BCT, an axillary lymph node dissec-
tion should be part of the operation for the major-
ity of patients with LABC because recent data 
demonstrated the uncertainty of performing a 
SLNBx for those with clinically positive lymph 
nodes [ 88 ,  89 ] (Table   4.10    , Chap.   4    , Early Breast 
Cancer). A mastectomy should be considered for 
those with persistent positive margins after repeat 
margin resection, those with multicentric disease 
or evidence of extensive DCIS or microcalcifi ca-
tions, tumors fi xated to the skin or chest wall, and 
contraindications to radiation, such as collagen 
vascular disease [ 90 ]. Again, it should be reiter-
ated that patients with IBC should undergo a 
modifi ed radical mastectomy (MRM). 

 As mentioned earlier, a patient who achieved a 
complete clinical response following NAC might 
still harbor residual disease. Unfortunately, this 
will not be known without a pathologic evaluation. 
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Thus, even with a complete clinical response, an 
MRM or an excision of an abnormality as detected 
either on post-neoadjuvant radiologic studies or 
clinical exam is a must. For those with non-IBC 
LABC who have no evidence of any abnormality 
following NAC, a needle- guided localization tech-
nique that helps excise a 2 cm tissue surrounding 
the radiologic marker is recommended to assess 
for residual disease (i.e., assessment for pCR). Of 
note, the marker should generally be placed under 
ultrasound or mammographic guidance after sev-
eral cycles of NAC when the tumor has shrunken 
to approximately 2 cm in size. Because NAC does 
not necessarily result in a uniform effect through-
out the breast, placing the marker prior to NAC 
might result in it being located asymmetrically 
away from the epicenter of the tumor following 
NAC [ 91 ,  92 ]. 

 On occasions, a persistent large mass will 
remain even after optimal NAC (Fig.  5.10c, d ). 
In such a situation, a split thickness skin graft or 
rotational fl ap to cover the chest wall defect fol-
lowing a mastectomy is an option. Alternatively, 
the incision can be placed such that it can be 
closed without the need for a graft by using what 
we termed as the “Mercedes-Benz” closure 
(Figs.  5.10b  and  5.11 ).

   For patients with IBC, optimal outcome 
depends on whether or not pCR was achieved. For 
patients who had minimal or no response to NAC, 
a mastectomy will not have an impact on survival. 
Almost 90 % of such patients will develop distant 
metastases after a mastectomy. However, for 
those who had only partial response to NAC, sur-
gery appeared to have helped some of the patients; 
the percentage of patients who developed distant 

  Fig. 5.11    Placement of incision and extent of a mastec-
tomy for patients who had residual tumor following 
NAC. These incisions can be performed without the need 
for a skin or tissue fl ap.  Solid line  around the  red area  

represents recommended incision for the mastectomy. 
 Dotted lines  represent extent of breast tissue to be 
removed. (Courtesy of Quyen D. Chu, MD, MBA, FACS)       
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metastasis dropped from 69 to 47 % when surgery 
was performed in these patients [ 93 ]. In perform-
ing a mastectomy, the surgeon should strive to 
achieve negative surgical margins. 

 For the nonresponders, second-line chemo-
therapy or radiation therapy should precede sur-
gery. Palliative resections can provide 
symptomatic relief from a boggy tumor or for 
those whose wounds are a challenge to manage. 
In such situations, the aid from plastic and 
 reconstructive colleagues will be benefi cial in 
planning the operation.  

    Sentinel Lymph Node Biopsy 
for Patients Undergoing Neoadjuvant 
Chemotherapy 

 The role of sentinel lymph node biopsy (SLNBx) 
for patients undergoing neoadjuvant chemother-
apy has been discussed in Chap.   4    , Early Breast 
Cancer (see Table   4.10    ). This section will briefl y 
reiterate the fi ndings. In general, SLNBx is not a 
viable option for patients with clinically involved 
lymph nodes (cN+) who will undergo neoadju-
vant chemotherapy [ 88 ,  89 ]. This is irrespective 
of whether or not the node was downstaged fol-
lowing neoadjuvant therapy. In the ACOSOG 
Z1071 trial of patients who initially had cN + dis-
ease, the false-negative rate (FNR) was 12.6 % in 
those who had 2 or more sentinel lymph nodes 
retrieved after neoadjuvant chemotherapy. In the 
Sentinel Neoadjuvant (SENTINA) trial, the FNR 
was 18 % in those who initially had cN + disease 
but was converted to cN- after neoadjuvant che-
motherapy [ 89 ]. Thus, SLNBx after neoadjuvant 
therapy for those with cN + disease is not recom-
mended at this point. 

 For those who initially have a clinically nega-
tive axilla (cN-), a sentinel node before neoadju-
vant therapy can be all that is needed to assess the 
axilla if the SLNBx is negative. However, if the 
results are positive, such a patient should undergo 
an axillary lymph node dissection following neo-
adjuvant therapy because the FNR is unaccept-
ably high with a subsequent SLNBx (>50 %) 
[ 89 ]. SLNBx should not be entertained for 
patients with IBC, irrespective of whether or not 
they presented initially with nodal involvement.  

    Postmastectomy Radiation Therapy 

 As mentioned previously, there are no DFS or OS 
differences between neoadjuvant and adjuvant 
chemotherapy [ 94 ]. Thus, there are instances 
when a patient received an appropriate modifi ed 
radical mastectomy prior to chemotherapy for an 
operable breast cancer and is found to have 
advanced nodal disease (i.e., N2). Given her risk 
of recurrence even with optimal systemic adjuvant 
therapy, the patient may benefi t from postopera-
tive radiation (PMRT). PMRT, in the appropriate 
setting, can result in an absolute reduction 
in locoregional recurrence by 20–27 % and 
increase overall survival (OS) by 8–9 % [ 95 – 98 ] . 

 Postmastectomy radiotherapy (PMRT) was 
commonly employed to reduce locoregional fail-
ure (LRF) in the pre-chemotherapy era [ 99 – 102 ]. 
Although PMRT imparted a signifi cant two-third 
reduction in LRF, studies such as the Early Breast 
Cancer Trialists’ Collaborative Group (EBCTCG) 
that performed a meta-analysis of 36 randomized 
trials failed to demonstrate an OS advantage [ 99 , 
 103 ]. Such a lack of survival advantage combined 
with the advent of effective systemic chemother-
apy in the late 1970s resulted in the decline in the 
use of PMRT. 

 However, with the advent of systemic therapy, 
a subset of patients with high-risk breast cancer 
had extended survival and recurred local- 
regionally, which facilitated the reemergence of 
PMRT [ 95 – 98 ,  104 – 107 ]. Evidence of an overall 
survival advantage with PMRT in high-risk breast 
cancer patients was provided in 1997 by the 
British Columbia Group (BCG) [ 95 ,  96 ] and the 
Danish Breast Cancer Cooperative Group 
(DBCCG) [ 97 ,  98 ] (Table  5.3 ).

   In the British Columbia trial, 318 premeno-
pausal women with node-positive breast cancer 
who had a mastectomy were randomly assigned 
to receive CMF alone or CMF plus PMRT [ 95 ]. 
Approximately a third of the patients had four 
or more involved lymph nodes. Their 20-year 
follow- up (a median follow-up of 249 months) 
demonstrated a statistically signifi cant reduction 
in the crude risk of isolated LRF from 26 to 10 % 
(RR = 0.36;  p  = 0.002), improved breast cancer- 
specifi c survival from 38 to 53 % (RR = 0.67;  p  = 
0.008), and a statistically signifi cantly improved 
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OS from 37 to 47 % (RR = 0.73;  p  = 0.03) in the 
PMRT group [ 96 ]. 

 The DBCCG conducted two concurrent trials 
to evaluate the role of PMRT in high-risk patients. 
The 82b trial studied premenopausal women for 
which 85 % of enrollees had ≥4 involved lymph 
nodes, while the 82c trial evaluated postmeno-
pausal women with 33 % of enrollees having ≥4 
involved lymph nodes [ 97 ,  98 ]. Both 82b and 82c 
trials each demonstrated an absolute 9 % overall 
survival advantage with PMRT and a signifi cant 
absolute 23 % (82b trial) and 27 % (82c trial) 
reduction in LRF with PMRT (Table  5.3 ). 

 One of the critiques about the BCG and DBCG 
trials is the low number of axillary lymph nodes 
that were retrieved when compared with the other 
four large clinical trials that had excluded PMRT 
for high-risk patients [ 104 – 107 ]. The median 
numbers of lymph nodes retrieved in the BCG 
and DBCG trials were 11 and 7, respectively, 
whereas the median numbers of lymph nodes 
reported by the four large trials were between 15 
and 17 [ 104 – 107 ]. Consequently, the 10-year 
cumulative rates of LRF in patients with 1–3 
involved lymph nodes were 30 to 33 % in the 
BCG and DBCG trials, respectively, versus 13 to 
19 % observed in the four large trials. For those 
with ≥4 involved lymph nodes, the 10-year 
cumulative rates of LRF were 42 to 46 % in the 
BCG and DBCG trials, versus 24 to 35 % in the 
four large trials [ 104 ]. 

 Consensus statements from the National 
Institutes of Health Consensus Panel on Adjuvant 
Therapy of Operable Breast Cancer, the American 
Society of Therapeutic Radiology and Oncology, 
the American College of Radiology, the American 
Society of Clinical Oncology, and the Health 
Canada recommended PMRT for patients with 
four or more positive axillary nodes [ 108 ]. 
Although there is insuffi cient evidence for PMRT 
in patients with 1–3 positive nodes, it is reason-
able to consider it in such patients who also have 
large tumors, extranodal extension, or inadequate 
axillary node dissections. The decision for PMRT 
should rest upon sound clinical judgment. 

 For patients with IBC and non-IBC LABC 
who underwent neoadjuvant chemotherapy fol-
lowed by a mastectomy, PMRT should be given, 
regardless of response, as recommended by a 
panel of multidisciplinary experts [ 41 ].  

    Impact of Molecular Subtypes 
on Response to Postmastectomy 
Radiation for Patients with LABC 

 Molecular subtyping of breast cancer has led to 
the classifi cation of breast cancer into 5 distinct 
subtypes: (1) luminal A, (2) luminal B, (3) HER-2 
enriched (HER-2 positive), (4) normal-like, 
and (5) basal-like or often referred to as the 
 triple- negative breast cancer (TNBC) [ 109 ,  110 ]. 

    Table 5.3    Randomized trials demonstrating signifi cant advantages with postmastectomy radiotherapy (PMRT)   

 Trials [Ref]  # pts 
 % ≥ 
4LN’s 

 Median 
follow-up 

 LRF  DFS  OS 

 Control  PMRT  Control  PMRT  Control  PMRT 

 British Columbia 
[ 95 ,  96 ] a  

 318  35 %  249 mo  26 % c   10 % 
( p  = 0.002) 

 25 % c   35 % 
( p  = 0.009) 

 37 % c   47 % 
( p  = 0.03) 

 Danish 82b [ 97 ] b  
(premenopausal) 

 1,708  85 %  114 mo  32 % d   9 % 
( p  < 0.001) 

 34 % d   48 % 
( p  < 0.001) 

 45 % d   54 % 
( p  < 0.001) 

 Danish 82c [ 98 ] b  
(postmenopausal) 

 1,375  33 %  123 mo  35 % e   8 % 
( p  < 0.001) 

 24 % e   36 % 
( p  < 0.001) 

 36 % e   45 % 
( p  = 0.03) 

  Modifi ed from Ref. [ 94 ]. With permission from Elsevier 
 Legend: 
  LRF  locoregional failure,  DFS  disease-free survival,  OS  overall survival 
  a 20-year follow-up results 
  b 10-year follow-up results 
  c CMF 6 or 12 months 
  d CMF 9 cycles 
  e Tamoxifen 30 mg × 1 year  
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The basal-like and HER-2-positive subtypes are 
considered to be the most aggressive subtypes, 
while luminal A is the least aggressive; luminal B 
subtype carries an intermediate outcome. 

 Data from the Danish trials, DBCG 82b and 
DBCG 82c, were evaluated to assess the impact 
of breast cancer subtypes on PMRT response 
[ 111 ]. Using tissue microarray sections to stain 
tumors from 1,000 patients for ER, PR receptor 
statuses (Rec), and HER-2 expressions, Kyndi 
et al. constructed four subgroups that resemble 
their respective subtypes – (1) Rec+/HER-2- 
[luminal A], (2) Rec+/HER-2+ [luminal B], (3) 
Rec-/HER-2- [TNBC], and (4) Rec-/HER-2+ 
[HER-2+] – and found that OS after PMRT was 
seen only among patients with good prognostic 
markers such as hormone receptor-positive and 
HER-2-negative tumors [ 111 ]. Those with hor-
mone receptor-negative tumors (i.e., TNBC) and 
HER-2-positive tumors had no survival advan-
tage with PMRT. 

 Although these provocative data will need to be 
validated, they nevertheless reveal some interesting 
idea, mainly, that it may be possible in the future to 
select patients who will or will not benefi t from 
PMRT based on biologic subtyping of their tumors.  

    Prognostic Factors 

 Prognostic factors for patients with LABC are 
very similar to those with early-stage breast can-
cer and poor prognosis include higher T stage 
(extent of tumor involvement), advanced N stage, 
high proliferation index (Ki-67), ER/PR tumors, 
and high grade [ 112 ]. In addition, response to 
NAC is an independent predictor of survival. As 
mentioned previously, those who achieved pCR 
have signifi cant improvement in DFS and OS 
compared to those who did not achieve pCR.  

    Summary 

 LABC consists of two separate entities: infl amma-
tory breast cancer (IBC) and non-IBC locally 
advanced breast cancer (non-IBC LABC). IBC is 
the most aggressive form of breast cancer. Patients 

with IBC present with a rapid onset of symptom 
and the affected breast has a typical peau d’orange 
appearance. Patients with non- IBC LABC typi-
cally presents with a neglected breast cancer that 
has grown and festered, involving the skin, under-
lying muscle, and occupying a large portion of the 
breast. Nodal involvement is common in patients 
with LABC. Management is multimodality and 
generally involves neoadjuvant systemic therapy 
such as anthracycline and taxane, trastuzumab for 
HER-2-positive tumors, and endocrine therapy 
(preferably an aromatase inhibitor) for hormone-
positive tumors. Neoadjuvant endocrine therapy is 
an option, although its use has not been well estab-
lished as NAC. Sentinel lymph node is contraindi-
cated in patients with IBC and should be viewed 
with caution for patients with LABC. A modifi ed 
radical mastectomy is the surgery of choice 
for patients with IBC as well as for the majority of 
patients with non-IBC LABC. However, in well 
select patients with non-IBC LABC, breast con-
serving therapy is a viable option. Complete 
pathologic response (pCR) following NAC pre-
dicts outcome for patients with LABC. 

  Salient Points 
•     LABC comprises of infl ammatory breast cancer 

(IBC) and non-IBC LABC.  
•   IBC presents with a rapid onset (≤6 months) 

of breast swelling, tenderness erythema, and 
skin thickening (peau d’orange) which can be 
mistaken for a breast infection.  

•   Tumor emboli in the dermal lymphatics, along 
with clinical suspicion, is pathognomonic of 
IBC, although the presence of tumor emboli is 
not a prerequisite for diagnosis.  

•   Multimodality such as neoadjuvant systemic 
therapy, surgery, and radiation is the preferred 
approach for both IBC and non-IBC LABC.  

•   Neoadjuvant chemotherapy (NAC) comprises 
of anthracyclines and taxanes.  

•   Trastuzumab for 1 year is recommended for 
patients with HER-2-positive tumors, but it 
should be used cautiously when combined 
with an anthracycline to avoid cardiotoxicity. 
However, recent data suggest that combina-
tion of trastuzumab and anthracycline can be 
safely used together.  
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•   Breast conserving therapy is an option for 
patients with non-IBC LABC, but not for 
patients with IBC.  

•   Sentinel node biopsy is contraindicated in 
IBC as well as in the majority of patients with 
non-IBC LABC.  

•   MRI during NAC is a useful modality to gauge 
for response during treatment.  

•   A modifi ed radical mastectomy should be the 
surgery of choice for patients with IBC.  

•   Pathologic complete response (pCR) is a 
prognostic marker; those who achieved pCR 
tend to have better disease-free and overall 
survival compared to those who do not.  

•   pCR rate is higher among proliferative and 
poorly differentiated tumors and ER-negative, 
HER-2-positive, and triple-negative breast 
cancers.  

•   Neoadjuvant endocrine therapy (NET) is 
emerging as a potential option for select 
patients with endocrine-positive tumors.  

•   Aromatase inhibitors may be more effec-
tive than tamoxifen for hormone-positive 
tumors.  

•   Combination of trastuzumab and pertuzumab 
(dual inhibition of HER-2 receptors) is the 
fi rst neoadjuvant regimen that received FDA- 
accelerated approval.     

  Questions 
     1.    Which one of the following responses is the 

characteristic of the diagnosis of locally 
advanced breast cancer (LABC)?
    A.    LABC is a homogenous type of breast 

cancer with a common clinical presenta-
tion that includes a large palpable mass 
and palpable axillary lymph nodes.   

   B.    LABC is the most frequent form of breast 
cancer in countries that lack routine 
breast cancer screening.   

   C.    LABC is rare (<5 %) in countries where 
breast cancer screening is common.   

   D.    LABC includes infl ammatory and nonin-
fl ammatory breast cancer, which repre-
sents one distinct biologic entity.   

   E.    B and C.       

   2.    What clinical signs are consistent with 
infl ammatory breast cancer (IBC)?
    A.    Rapid onset of symptoms and signs 

(<6 months) including breast pain/
tenderness, diffuse erythema extending 
over at least one-third of the breast, peau 
d’orange of the skin, and a breast mass 
that may or may not be palpable.   

   B.    Rapid onset of symptoms and signs 
including breast pain/tenderness, diffuse 
erythema over the entire breast, peau 
d’orange of the skin, and an ulcerated 
breast mass.   

   C.    Slow onset of symptoms and signs 
including breast pain, diffuse erythema, 
peau d’orange of the skin, and an ill- 
defi ned breast mass.   

   D.    A large, ulcerative, painful breast mass 
with erythema along the ulcer margins.   

   E.    A large, ulcerative, non-painful breast mass 
with erythema along the ulcer margins.       

   3.    Which of the following statement(s) is/are 
true regarding IBC?
    A.    IBC is the most aggressive form of breast 

cancer and is primarily a clinical diagnosis 
with histologic confi rmation of malignancy.   

   B.    Axillary node involvement is present in 
approximately 45 % of patients at 
presentation.   

   C.    Lymphatic channels of the skin are 
obstructed by infl ammatory cellular 
debris, resulting in the erythematous skin 
changes.   

   D.    A, B, and C.   
   E.    A and C.       

   4.    The pathognomonic fi nding for patients with 
IBC is:
    A.    Dermal lymphatic channels encased by 

tumor cells   
   B.    Dermal lymphatic channels obstructed 

by tumor cells   
   C.    Identifi ed in all patients with IBC   
   D.    Identifi ed in less than 10 % of patients 

with clinically suspicious IBC   
   E.    An obstruction of dermal lymphatic chan-

nels with infl ammatory cellular debris.       
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   5.    Management of patients with LABC includes:
    A.    Pretreatment evaluation that includes 

mammograms and radiographic studies 
to assess for metastatic disease, including 
a bone scan and an abdominal CT scan.   

   B.    Pretreatment core needle biopsy of the 
breast lesion to obtain suffi cient tissue 
for diagnosis as well as hormone recep-
tors and HER-2 receptor analysis.   

   C.    MRI of the breast is mandatory to 
assess tumor response to neoadjuvant 
chemoradiotherapy.   

   D.    A, B, and C.   
   E.    A and B.       

   6.    The initial treatment of patients with LABC 
(IBC and non-IBC) is:
    A.    Modifi ed radical mastectomy   
   B.    Breast conservation therapy (partial 

 mastectomy with radiation therapy) for 
patients with cancers < 5 cm   

   C.    Radiation treatments to the breast, axil-
lary, supraclavicular, and infraclavicular 
lymph nodes   

   D.    Systemic therapy that includes 4–6 cycles 
of anthracyclines (such as Adriamycin) 
and taxanes (such as paclitaxel)   

   E.    Systemic therapy, such as tamoxifen, 
Arimidex or exemestane, for patients 
who are estrogen or progesterone recep-
tor positive       

   7.    Surgical management, such as a mastectomy 
or partial mastectomy, of patients with LABC:
    A.    Is never indicated as the prognosis is too 

poor for a benefi t   
   B.    Is indicated only if the patient had a com-

plete response to systemic therapy   
   C.    Provides a 75 % local control rate when 

there is a complete response to neoadju-
vant systemic therapy   

   D.    Has a 68 % local control rate when there 
is a partial response to neoadjuvant sys-
temic therapy   

   E.    Should routinely include immediate 
reconstruction for patients undergoing a 
modifi ed radical mastectomy       

   8.    Following neoadjuvant chemotherapy, radia-
tion therapy is administered:
    A.    Only when there is no response to 

 systemic therapy   
   B.    In advance of systemic therapy   
   C.    Following either a mastectomy or partial 

mastectomy   
   D.    Only following a partial mastectomy   
   E.    To axillary lymph nodes if positive for 

metastatic disease       
   9.    The major goals of neoadjuvant systemic 

therapy include:
    A.    Obtain locoregional control.   
   B.    Eradicate occult systemic disease.   
   C.    Avoid a mastectomy or a partial 

mastectomy.   
   D.    A, B, and C.   
   E.    A and B.       

   10.    Neoadjuvant chemotherapy can:
    A.    Downsize the primary tumor so that it is 

operable.   
   B.    Increase the rate of eligible patients for a 

partial mastectomy versus a total 
mastectomy.   

   C.    Obscure the accuracy of the total number 
of axillary nodes involved with meta-
static disease.   

   D.    Increase the risk of postoperative surgical 
complications.   

   E.    All of the above.          

  Answers 
     1.    B   
   2.    A   
   3.    A   
   4.    B   
   5.    E   
   6.    D   
   7.    D   
   8.    C   
   9.    E   
   10.    E           
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         Learning Objectives 
 After reading this chapter, you should be able to:
•    Learn how to recognize patients who may 

 harbor BRCA1/2 mutations  
•   Appreciate the lifetime risk of developing 

breast cancer and ovarian cancer for those 
with BRCA1/2 mutations  

•   Know the management options for patients 
with BRCA1/2 mutations  

•   Understand the role of prophylactic mastec-
tomy and prophylactic bilateral oophorectomy 
in patients with BRCA1/2 mutations     

    Introduction 

 Familial cancer predisposition syndromes, such as 
BRCA1 and BRCA2, are increasingly recognized 
as a genetically unique subset of diseases. A devel-
oping understanding of molecular genetics, along 
with advances in genetic testing technologies, 

has allowed for the identifi cation of underlying 
causative genetic mutations that confer a dramati-
cally increased risk for cancer. Consequently, there 
are distinct issues of diagnosis, management, and 
multidisciplinary support for those at risk of inher-
ited cancer syndromes and those already diag-
nosed with the predisposing gene mutation. 
Inherited autosomal dominant gene mutations 
account for 5–10 % of all cases of breast cancer 
[ 1 ]. Among these highly penetrant genes are 
BRCA1, BRCA2, TP53, and PTEN. By far, the 
most common inherited breast cancer predisposi-
tion syndromes are associated with the BRCA1 
and BRCA2 genes. While breast cancer syndromes 
caused by mutations in TP53 and PTEN are sig-
nifi cant and deserve to be acknowledged, they are 
rare and will not be discussed within this chapter.  

    Incidence of Cancer in BRCA1 
and BRCA2 Mutation Carriers 

 A range of breast cancer risk estimates appear in 
the literature related to BRCA1 and BRCA2 
mutations. Early studies suggested BRCA1 
mutations to confer a lifetime risk of breast can-
cer as high as 87 %, while the risk conferred by 
BRCA2 was quoted as 84 %. Because these stud-
ies included only families with signifi cant num-
bers of cancer diagnoses, they may have been 
biased toward highly penetrant gene variants [ 2 , 
 3 ]. Since that time, a large meta-analysis by Chen 
et al. showed the risk of breast cancer conferred 
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by BRCA1 to be between 57 % and 65 %, while 
the risk conferred by BRCA2 was 45 % and 49 % 
[ 4 ]. In patients with a known BRCA mutation 
already diagnosed with breast cancer, the risk of 
a second breast cancer has been reported to be 
3 % per year [ 5 ]. In terms of ovarian cancer, the 
risk conferred by BRCA1 and BRCA2 mutations 
was 40 % and 18 %, respectively [ 4 ].  

    Tumor Profi les of BRCA1- and 
BRCA2-Associated Cancers 

 Specifi c tumor characteristics have been associ-
ated with mutations in the BRCA1 and BRCA2 
genes. Patients found to have mutations of 
BRCA1 are likely to have breast cancers that are 
estrogen receptor negative, progesterone receptor 
negative, and Her-2/neu negative, also known as 
“triple-negative” breast cancers. They are more 
commonly high grade when compared to the 
general population of breast cancer patients, and 
they are frequently diagnosed at a young age, in 
the third or fourth decade of life. Medullary car-
cinoma of the breast, while representing only 
2 % of breast cancers in the general population, 
has been observed in up to 13 % of BRCA1 
mutation carriers [ 6 – 8 ]. 

 In contrast, BRCA2-associated breast cancers 
more closely resemble tumor profi les of sporadic 
breast cancer and are most often invasive ductal 
carcinomas. BRCA2 mutation carriers more often 
have estrogen receptor-positive breast cancer, 
although in general the tumor characteristics are 
less distinct than BRCA1-associated cancers [ 9 ]. 
These tumors are diagnosed at a slightly older age 
than those associated with BRCA1 mutations. 

 As mentioned, BRCA1 and BRCA2 muta-
tions both confer risk for other cancers in addi-
tion to breast cancer. Most notably, those with 
mutations of BRCA1 have a 40 % lifetime risk of 
ovarian cancer, which is generally epithelial in 
origin and high grade and diagnosed at an 
advanced stage, with an average age at diagnosis 
of 38. Cancers of the fallopian tube and primary 
peritoneal cancers may also be observed. Women 
with BRCA2 mutations have an 18 % lifetime 
risk of ovarian cancer, along with fallopian tube 

and primary peritoneal cancers, typically diag-
nosed after 50 years of age [ 10 ]. Additionally, 
BRCA1 mutation carriers are at increased risk 
for pancreas and prostate cancers, while BRCA2 
carriers are at increased risk for pancreas, pros-
tate, and colon cancers [ 9 ,  11 ,  12 ].  

    Genetics 

 BRCA1 and BRCA2 are tumor suppressor genes, 
with a proposed role in coding for proteins 
involved in DNA repair. Specifi c identifi ed muta-
tions in these two genes have been associated with 
dramatically increased risk for breast cancer and 
other cancers. Over 1,000 specifi c gene mutations 
have been identifi ed to date; the majority of these 
mutations lead to truncated forms of their respec-
tive proteins. Largely they are deletions, duplica-
tions, frameshift, or nonsense mutations [ 13 ]. 
Classically, a “two-hit” hypothesis was thought to 
be required for the development of cancer in the 
setting of autosomal dominantly inherited suscep-
tibility mutations. This hypothesis means that an 
inherited mutation in one gene allele must be 
accompanied by a loss of the corresponding wild-
type allele in order to cause a cancer phenotype. 
In BRCA1- and BRCA2- associated cancers, there 
are confl icting data as to whether the “two-hit” 
hypothesis applies. Some studies have supported 
the idea that loss of the wild-type allele is neces-
sary to cause cancer, while other studies have 
refuted that concept [ 14 – 18 ]. 

 Because BRCA1 and BRCA2 mutations are 
inherited in an autosomal dominant fashion, car-
riers will pass the mutation to approximately 
50 % of their offspring. While the genes are con-
sidered to be highly penetrant, the cancer risk 
conferred may be variable, even within families 
that harbor the same mutation [ 19 ]. The extent to 
which environmental or other genetic factors 
play a role in disease expression is unknown. 

 The BRCA1 gene is found on chromosome 
17q11. It contains 22 coding exons and spans 
approximately 100 kilobases of DNA. Its mes-
senger RNA is 7.8 kilobases. It encodes a pro-
tein that contains 1,863 amino acids and is 
thought to function in regulating transcription, 
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cell cycle control, and DNA damage repair 
 pathways [ 20 – 25 ]. 

 The BRCA2 gene is found on 13q12–13. 
It contains 26 coding exons and encodes a pro-
tein that contains 3,418 amino acids but currently 
has an unknown biologic function. Although its 
role in the normal cell is yet to be completely 
defi ned, the BRCA2 protein is thought to func-
tion in a similar way to the BRCA1 protein, in 
regulating the cell cycle and participating in 
DNA damage repair. 

 Persons of Ashkenazi Jewish heritage deserve 
special mention. Mutations of BRCA1 and 
BRCA2 are found with higher frequency in this 
ethnic population than in the general population. 
Several “founder mutations” have been identifi ed 
in Ashkenazi Jewish individuals with breast can-
cer – in BRCA1, the most common mutations in 
this cohort are 185delAG and 5382insC. These 
specifi c variants account for nearly all of the 
BRCA1 mutations identifi ed in this group. 
185delAG and 5382insC are found at an inci-
dence 10 times higher in the Ashkenazi Jewish 
population than that in the non-Jewish popula-
tion. 185delAG in particular is found in 1 % of 
Ashkenazi Jewish women and underlies approxi-
mately 20 % of breast cancers diagnosed before 
the age of 40 in that population [ 26 ]. 6174delT is 
a founder mutation of the BRCA2 gene also pres-
ent with high frequency in this group, with a 
described prevalence of 1.2 %. While many 
Ashkenazi Jewish women with breast cancer will 
be found to have one of these three specifi c 
founder mutations, some will have another 
BRCA1 or BRCA2 mutation; therefore, full 
sequencing of the BRCA1 and BRCA2 may be 
necessary for diagnosis [ 23 ,  27 ]. In Icelandic and 
Finnish populations, an identifi ed founder muta-
tion of the BRCA2 gene is 999del5. 

 It is important to distinguish autosomal domi-
nant familial genetic syndromes from a family 
history of sporadic breast cancer. Approximately 
23 % of patients with breast cancer will have a 
family history of the disease, but the majority of 
these will not be associated with the highly pen-
etrant genes [ 28 ]. Rather, most cases of breast 
cancer in which there is a reported family history 
are thought to be due to mutations with low pen-

etrance that are largely unidentifi ed and confer an 
unknown degree of increased risk. BRCA1 and 
BRCA2 single-gene mutations, along with the 
other rare single-gene mutations, are a distinct 
category of risk for the development of breast 
cancer. Therefore, while a strong family history 
may suggest the need for further investigation, it 
is statistically more likely that a single-gene vari-
ant will not be discovered. This fact has implica-
tions for screening and management, as discussed 
later in this chapter.  

    Screening and Diagnosis 

 Screening recommendations for BRCA1 and 
BRCA2 have been proposed by several organiza-
tions. The American Society of Clinical Oncology 
(ASCO) suggests that three criteria be met when 
selecting candidates for genetic testing related to 
breast cancer genetic syndromes. First, the patient 
should have a personal or family history sugges-
tive of an inherited highly penetrant genetic syn-
drome. Second, the test must be performed under 
conditions where it can be interpreted adequately. 
And third, the test should be performed only if its 
results will inform the management of the patient 
or his or her family members [ 29 ] (Table  6.1 ). 
The National Comprehensive Cancer Network 
has published guidelines for genetic counseling 
referrals in regard to genetic breast cancer risk. 
Some of these include personal or family history 
of early-onset breast cancer (defi ned as age 
<50 years at diagnosis); personal or family his-
tory of ovarian, fallopian tube, or primary perito-
neal cancers; persons with two or more primary 
breast cancers; family history of breast cancer 
and an additional diagnosis of thyroid cancer, 

   Table 6.1    ASCO recommendations for genetic counseling 
and testing   

 The individual has personal or family history features 
suggestive of genetic cancer susceptibility 
 The genetic test can be adequately interpreted 
 The test results will aid in the management of the patient 
or his/her family members 

  Based on data from Ref. [ 29 ]  
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 sarcoma, adrenocortical carcinoma, endometrial 
cancer, pancreatic cancer, brain cancer, gastric 
cancer, leukemia, or lymphoma on the same side 
of the family; men with breast cancer; and 
Ashkenazi Jewish ethnicity [ 30 ,  31 ]. Any consid-
eration of genetic testing for hereditary cancer 
syndromes requires thoughtful patient education 
and referral to a certifi ed genetic counselor.

   The American Society of Breast Surgeons 
position statement on BRCA genetic testing 
 suggests that any of the following features 
should prompt education and referral to genetic 
counseling [ 32 ]:
•    Breast cancer diagnosed before the age of 50  
•   Two primary breast cancers in the same person  
•   A family history of breast cancer diagnosed 

before the age of 50  
•   Breast cancer in a man  
•   Personal or family history of ovarian cancer  
•   Personal or family diagnosis of breast cancer 

in the setting of Ashkenazi Jewish heritage  
•   A known BRCA1 or BRCA2 mutation within 

the family  
•   Triple-negative breast cancer diagnosed 

before the age of 60  
•   Pancreatic cancer associated with family his-

tory of breast or ovarian cancer    
 Statistical models intended to provide a likeli-

hood of having an underlying BRCA1 or BRCA2 
mutation have been developed and incorporate 
the personal and family history variables 
described above. Available models include 
BRCAPRO and the Breast and Ovarian Analysis 
of Disease Incidence and Carrier Estimation 
Algorithm [ 33 ,  34 ]. 

 A detailed and comprehensive family history 
should be obtained by the clinician considering 
genetic testing for any patient. In regard to testing 
for BRCA1 and BRCA2 breast cancer syndromes, 
it must be recognized that these genes carry not 
only increased risk for breast cancer, but for other 
cancers as well. As such, a three- generation family 
history is recommended, which should elicit 
details about any cancers diagnosed in relatives, 
with particular attention to cancers of the breast, 
ovaries, endometrium, thyroid, adrenal, pancreas, 
brain, or soft tissues. Furthermore, as BRCA1 and 
BRCA2 are autosomal dominant and may be 
inherited from either parent, both maternal and 

paternal family histories should be thoroughly 
obtained. When possible, other important details 
to collect in the family history include age at diag-
nosis of cancer, risk reduction variables including 
chemoprevention or prophylactic operations, 
exposure to carcinogens, hormone and reproduc-
tive history, and previous breast biopsies. As these 
details are sophisticated, verifi cation from medical 
records is recommended, whenever possible [ 35 ]. 

 There are several factors that may render the 
family history less informative. A small family 
size, or a low number of the susceptible gender 
for gender-specifi c cancers, may decrease sensi-
tivity to detect genetic predisposition syndromes. 
Furthermore, prophylactic operations that remove 
the susceptible organs create uncertainty as to 
whether cancer would have developed in that 
family member. Deaths at an early age, before the 
age of onset of inherited cancer syndromes, may 
limit the utility of the family history. If any of 
these factors is present, the probability of BRCA1 
or BRCA2 mutation may be underestimated [ 36 ]. 

 When the decision has been made to pursue 
genetic testing based on the available personal 
and family history, the recommended strategy is 
to test a family member who has already been 
diagnosed with cancer. This recommendation 
follows from the fact that a negative test in an 
unaffected person is rather inconclusive. It would 
remain unknown whether a gene mutation exists 
in the family, as the tested unaffected person may 
simply have not inherited the gene that is indeed 
present in other family members. Additionally, 
those who undergo full BRCA1 and BRCA2 
gene sequencing may have a result indicating a 
variant of unknown signifi cance, which indicates 
a DNA mutation that may or may not confer 
increased cancer risk. 

 Furthermore, if an already diagnosed person is 
tested, and a mutation is revealed, it allows subse-
quent family members to be tested only for the 
specifi c gene mutation already identifi ed as the 
culprit within the family; therefore, it saves addi-
tional family members from full genetic sequenc-
ing of BRCA1 and BRCA2. In high-risk ethnic 
populations, such as Ashkenazi Jewish, Icelandic, 
and Finnish, who in general harbor increased 
 frequency of specifi c founder mutations, an 
accepted strategy is to fi rst test the individual 
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specifi cally for the founder mutation. If the initial 
test is negative, proceeding to full sequencing of the 
BRCA1 and BRCA2 genes is then recommended. 

 There are several possible outcomes of genetic 
testing for BRCA1 or BRCA2 mutations. First, a 
test may indicate the existence of a known muta-
tion causing abnormal function of the BRCA1 or 
BRCA2 protein. This result indicates an increased 
risk of breast, ovarian, and other cancers, as dis-
cussed previously. Patients with this result should 
then be managed according to guidelines for 
those with increased risk, which will include sur-
veillance, chemoprevention, or prophylactic 
operations. A negative result, indicating no iden-
tifi ed mutation of BRCA1 or BRCA2, must be 
interpreted in the context of personal and family 
history. In a patient with a known gene mutation 
in the family, a negative result for that specifi c 
mutation will mean that the patient has not inher-
ited the trait; his or her risk for cancer is then con-
sidered to be equivalent to the general population 
and is based on factors recognized to be associ-
ated with cancers in established risk estimation 
models. In a patient already diagnosed with can-
cer, a negative result may have one of several 
interpretations. It may indicate that a gene muta-
tion is not present within the family, or that a 
mutation does exist, but cannot be identifi ed with 
current sequencing technology. It is also possible 
that a BRCA mutation may exist within a family, 
while a tested individual with cancer has a spo-
radic form of cancer. Finally, genetic testing for 
BRCA gene mutations may have an indetermi-
nate result. That is, there may be small mutations, 
located in non-critical gene domains, that have 
unknown consequences for the functional pro-
tein. This result confers an unknown cancer risk. 

 In those already diagnosed with cancer and 
suspected of having a genetic predisposition syn-
drome, testing should be considered before defi n-
itive treatment plans have been decided, 
according to the patient’s preferences. The result 
of the genetic test may inform the decisions 
regarding treatment options. For example, a 
woman may use the information to decide 
whether to pursue breast conservation or mastec-
tomy on the affected side and may additionally 
consider contralateral prophylactic mastectomy 
based on the results of the genetic testing. 

However, some patients may elect to proceed 
with treatment for the primary cancer without 
genetic testing results. 

 The implication of genetic testing for heredi-
tary cancer on health insurance coverage has 
been a concern of patients and may contribute to 
anxiety surrounding the test. In general, genetic 
test results are protected from disclosure to health 
insurance providers. It is illegal in the United 
States to deny insurance coverage based on 
genetic testing results and similarly illegal to 
consider genetic information as a preexisting 
condition, owing to protections set forth in the 
Health Insurance Portability and Accountability 
Act (HIPAA) of 1996. Furthermore, the federal 
Genetic Information Nondiscrimination Act 
(GINA) of 2008 prohibits discrimination based 
on genetic test results. Patients can generally be 
reassured that there is little risk to future health 
insurance coverage based on genetic testing 
results alone; however, insurance providers may 
inquire about cancer diagnoses within the family 
and the individual. 

 For many years, a company known as Myriad 
Genetics held patents making it the exclusive 
provider of BRCA1 and BRCA2 genetic testing 
in the United States. The tests were costly, at up 
to $4,000, which may have restricted access for 
some patients. In 2013, the Supreme Court issued 
a ruling in  Association for Molecular Pathology 
v. Myriad Genetics ,  Inc.,  which changed the land-
scape of genetic testing, not only for BRCA1 and 
BRCA2 but with broad implications for cancer 
diagnostics in general. In essence, the court jus-
tices determined that human genes are not eligi-
ble for patents. Their decision was based upon 
the premise that DNA sequences are naturally 
occurring, and merely sequencing a naturally 
occurring phenomenon is not adequately inven-
tive to deserve a patent. Consequently, the patent 
held by Myriad, which provides a result by com-
paring an individual’s isolated BRCA1 and 
BRCA2 sequences to reference sequences, was 
invalidated. Since that decision, a number of 
competitors have entered the market and will 
offer BRCA1 and BRCA2 diagnostic genetic 
testing. This competition in the market will lead 
to lower prices for these tests and may improve 
access for certain patients [ 37 ,  38 ].  

6 BRCA1 and BRCA2 in Breast Cancer and Ovarian Cancer



146

    Genetic Counseling 

 Referral for genetic testing must be preceded by 
detailed counseling and informed consent. In par-
ticular, the American Society of Breast Surgeons 
recommends a discussion of several relevant issues. 
Patients must understand the possible outcomes, 
which may include positive, negative, and inconclu-
sive results. It is important to understand that these 
results will have different implications for different 
patients. For example, those with a family history of 
a known BRCA gene mutation can interpret nega-
tive results as essentially eliminating the possibility 
of a genetic predisposition syndrome, while those 
without previously identifi ed mutation within the 
family should understand that a negative result will 
not defi nitively exclude the possibility of a mutation 
that is not detectable but may be clinically signifi -
cant. The possibility of an indeterminate result must 
also be discussed. Patients should be educated as to 
the cancer risks associated with mutations in 
BRCA1 and BRCA2, along with medical and sur-
gical management options. These options will 
include increased surveillance, chemoprevention, 
and prophylactic operations. There must also be an 
understanding that the result of genetic testing will 
have implications for the patient and for his or her 
family. A discussion of disclosure of genetic infor-
mation to family, and possible testing of family 
members if the result is positive, should occur 
before testing is pursued. 

 In general, any consideration of genetic test-
ing for cancer susceptibility genes should be 
done with the guidance of certifi ed genetic coun-
selors. The    critical elements of genetic counsel-
ing, as defi ned by the National Society of Genetic 
Counselors, are (1) to discuss the risks, benefi ts, 
and limitations of genetic counseling (including 
details about sensitivity, specifi city, inconclusive 
results, and results of unknown clinical signifi -
cance), (2) to discuss cancer prevention and man-
agement, (3) to discuss psychosocial support, and 
(4) to provide information tailored to each 
patient’s level of understanding [ 39 ,  40 ]. 

 In order to provide the most benefi cial genetic 
counseling, providers must have a detailed under-
standing of the patient’s demographic and educa-

tional background. An assessment of the 
psychological and emotional state of the patient 
is also critical. In particular, it is valuable to 
understand the emotional well-being of the 
patient by assessing for symptoms of anxiety and 
depression and inquiring about mental health his-
tory. The emotional response to cancer diagnoses 
within the family can help identify patients who 
may experience more distress with results of 
genetic testing. Understanding the coping skills 
and strategies of the individual may similarly 
provide important data. Any concerns about the 
psychological health of the patient may warrant 
involvement of a mental health professional as 
part of the multidisciplinary team caring for the 
unique set of individuals considering testing for 
genetic predisposition syndromes [ 39 ]. 

 In    younger patients with BRCA1 or BRCA2 
gene mutations, issues of reproductive options 
may become a concern. Genetic counselors can 
provide advice and support related to reproduc-
tive options, should potential parents choose to 
limit their risk of passing a deleterious mutation 
to their children. Reproductive technologies, 
such as preimplantation diagnosis, are available 
as an option to concerned individuals [ 41 ].  

    Management Options for Patients 
with BRCA1/2 Mutations 

 Management of women with BRAC1 or BRCA2 
mutations is based upon vigilant screening and 
preventive measures such as chemoprevention or 
prophylactic operations. 

    Vigilant Screening Recommendations 

 Screening guidelines are published by the National 
Comprehensive Cancer Network [ 31 ]. These 
guidelines apply to individuals with a known per-
sonal or family mutation of BRCA1 or BRCA2. 
Notably, individuals who have not undergone 
genetic testing but who have a family member 
with a known BRCA1 or BRCA2 mutation should 
be managed according to the guidelines for 
patients with a confi rmed genetic mutation. 
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That is, even the suspicion that the patient may 
harbor a deleterious mutation of BRCA1 or 
BRCA2 is enough to pursue management as if the 
patient has the confi rmed syndrome. 

    Screening for Breast Cancer 
 In patients with known or suspected BRCA1 or 
BRCA2 mutations, screening should begin at age 
25 or earlier based upon the earliest age at diag-
nosis within the family. Breast awareness and 
self-exam should be taught and patients instructed 
to perform breast self-exam every month. Clinical 
breast examination is recommended every 6–12 
months starting at age 25 or individualized based 
on the earliest age of onset in the family. Patients 
should also be counseled regarding the risk and 
benefi ts of prophylactic mastectomy, prophylac-
tic bilateral salpingo-oophorectomy, and chemo-
prevention options for breast and ovarian cancers 
(Table  6.2 ) [ 31 ]. Mammography and breast mag-
netic resonance imaging (MRI) are indicated 
yearly [ 30 ].

   The use of MRI as a screening test remains 
somewhat controversial. MRI is useful among 
younger women with dense breasts, who are par-
ticularly at risk in the setting of BRCA1 and 
BRCA2 mutations, which cause cancers at a 
younger age; in this population, the test is more 
sensitive to detect breast cancer than mammogra-
phy, ultrasound, or clinical breast exam [ 42 ,  43 ]. 
The American Cancer Society does endorse 
breast MRI as a screening test in those with a 
genetic predisposition syndrome, since the sensi-
tivity of mammography may be as low as 33 % in 

these younger women with dense breasts [ 44 , 
 45 ]. A study of alternating mammography and 
breast MRI every 6 months among 73 patients 
with BRCA1 or BRCA2 mutations showed that 
12 of 13 cancers identifi ed on MRI were not seen 
on the preceding mammogram 6 months earlier 
[ 46 ]. Additionally, the prospectively studied effi -
cacy of a screening protocol that includes yearly 
breast MRI showed the strategy to have high sen-
sitivity to detect cancers at an early stage, with 
excellent long-term survival outcomes [ 47 ]. 
However, it must be acknowledged that MRI may 
detect benign lesions that cannot be easily distin-
guished from invasive cancer by this modality. 
Therefore, MRI may lead to additional biopsies if 
used as a screening tool. 

 Guidelines for men with BRCA1 or BRCA2 
mutations are similar to those for women; they 
include monthly breast self-exam, semiannual 
clinical breast exam, and mammography if gyne-
comastia is present. Screening for prostate cancer 
should follow population guidelines, which rec-
ommend yearly digital rectal examination and 
prostate-specifi c antigen (PSA) serology.  

    Screening for Ovarian Cancer 
 Regarding the increased risk of ovarian cancers 
in women carrying mutations of BRCA1 or 
BRCA2, twice yearly pelvic examinations should 
be performed starting at age 30 or 5–10 years 
before the earliest age of fi rst diagnosis of  ovarian 
cancer. Along with biannual pelvic examination, 
CA-125 serology and transvaginal ultrasound 
should be performed (Table  6.3 ) [ 31 ]. However, 
because early detection is often diffi cult despite 
screening, and because of the poor progno-
sis associated with advanced ovarian cancer,    Table 6.2    Vigilant screening for breast cancer in 

BRCA1/2 mutation carriers   

 Breast awareness starting at age 18 years 
 Starting at age 25 years, clinical breast exam every 
6–12 months 
 Annual mammography and breast MRI starting at age 
25 years or individualized based on the earliest age 
of onset in the family 
 Discuss risk-reducing mastectomy 
 Recommend prophylactic bilateral salpingo-oophorectomy 
 Consider chemoprevention options for breast and ovarian 
cancers 

  Based on data from Ref. [ 31 ]  

   Table 6.3    Vigilant screening for ovarian cancer in 
BRAC1/2 mutation carriers in those who have not elected 
prophylactic bilateral salpingo-oophorectomy   

 Every 6 months, starting at age 30 years or 5–10 years 
before the earliest age of fi rst diagnosis of ovarian cancer 
in the family 

 Pelvic examination 
 Transvaginal ultrasound 
 Serum CA-125 

  Based on data from Ref. [ 31 ]  
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 prophylactic bilateral salpingo- oophorectomy is 
the recommended management strategy for these 
patients, as addressed later in this chapter.

        Chemoprophylaxis 

 Chemoprophylaxis has been studied in the con-
text of BRCA1 and BRCA2 mutations. In women 
with a personal history of breast cancer, tamoxi-
fen has been shown to reduce contralateral breast 
cancer risk by 50 % in BRCA1 and BRCA2 muta-
tion carriers. Interestingly, such risk reduction 
occurs regardless of the tumor’s receptor status, 
especially given that BRCA1-associated breast 
cancers are more often estrogen receptor negative 
[ 48 – 50 ]. Of note, although chemoprophylaxis for 
BRCA1 and BRCA2 mutation carriers has been 
shown to potentially reduce the risk of developing 
contralateral breast cancer, it has not been shown 
to signifi cantly reduce overall mortality. 

 Oral contraceptives may have some protective 
effect for ovarian cancer in BRCA1- and BRCA2- 
positive patients; some studies have suggested a 
risk reduction as high as 60 % with oral contra-
ceptive use of 6 years duration [ 51 ].  

    Prophylactic Surgery 

 Contemplation of prophylactic operations for 
breast and ovarian cancers is of particular impor-
tance among individuals carrying mutations of 
BRCA1 and BRCA2. Prophylactic operations 
are highly effective in preventing cancer; how-
ever, surgical prevention may be considered 
aggressive and is associated with medical and 
psychosocial considerations. 

 The available options are prophylactic bilat-
eral, or risk-reducing, mastectomy in patients 
with no cancer diagnosis [ 52 – 55 ], therapeutic 
mastectomy with contralateral prophylactic mas-
tectomy in those with a cancer diagnosis [ 5 ,  56 ], 
and fi nally, prophylactic bilateral salpingo- 
oophorectomy (PBSO) performed alone or in 
addition to mastectomy in patients with or with-
out cancer [ 53 ,  57 – 60 ]. Regardless, there is a lack 

of data to suggest an overall survival advantage 
with prophylactic bilateral mastectomy for 
BRCA1 and BRCA2 mutation carriers, whereas 
there are data that demonstrate a survival advan-
tage with PBSO [ 53 ]. 

    Impact of Prophylactic Bilateral 
Mastectomy for BRCA1 and BRCA2 
Carriers 
 Prophylactic bilateral mastectomy signifi cantly 
reduces the risk of developing breast cancer in 
BRCA1 and BRCA2 mutation carriers [ 52 – 55 ] 
(Table  6.4 ). The Prevention and Observation of 
Surgical Endpoints (PROSE) study is an often- 
quoted examination of the risk reduction afforded 
by prophylactic bilateral mastectomy. The study 
prospectively followed 105 BRCA1 or BRCA2 
carriers who elected to have prophylactic bilat-
eral mastectomy and compared these to 378 
matched BRCA1 or BRCA2 carriers who did not 
choose prophylactic bilateral mastectomy. Mean 
follow-up was 6.4 years. Breast cancer was ulti-
mately diagnosed in only two women who had 
prophylactic bilateral mastectomy (1.9 %), while 
184 women in the conservatively managed group 
developed breast cancer (48.7 %). The experi-
mental design of this study accounted for prophy-
lactic salpingo-oophorectomy as well. The 
authors conclude that prophylactic bilateral mas-
tectomy provides a relative risk reduction of 
90 % in women who have ovaries and of 95 % in 
women who have also undergone bilateral 
salpingo- oophorectomy. The absolute risk reduc-
tion was 46.8 % [ 55 ].

   Another long-term study of 26 women with 
BRCA1 or BRCA2 mutation who underwent 
prophylactic bilateral mastectomy showed no 
incidence of breast cancer after an average of 
13.4 years of follow-up [ 54 ]. While the magni-
tude of risk reduction afforded by prophylactic 
bilateral mastectomy is dramatic, there have been 
no randomized clinical trials to further defi ne the 
effi cacy, utility, and risk when compared with 
more conservative management of high-risk 
patients. Therefore, consideration of prophylactic 
bilateral mastectomy remains a largely personal 
and often diffi cult decision for the patient. 

M.R. Cassidy and J.E. Méndez



149

 Domchek et al. estimated the risk and mortal-
ity reduction following prophylactic surgery by 
analyzing data from a prospective, multicenter 
cohort study of 2,482 women with BRCA1 or 
BRCA2 mutation [ 53 ]. For women who had pro-
phylactic mastectomy, either with or without pro-
phylactic salpingo-oophorectomy, the number of 
breast cancer events observed during the 3 years 
of prospective follow-up was zero. In contrast, 
for women who did not undergo a prophylactic 
mastectomy, the incidence of developing breast 
cancer was 8.1 % in those who had prophylactic 
salpingo-oophorectomy and 5.1 % in those who 
did not [ 53 ]. Thus, this confi rms that prophylactic 
bilateral mastectomy was associated with a 
decreased risk of breast cancer in BRCA1 and 
BRCA2 mutation carriers. 

 Despite the risk reduction afforded by prophy-
lactic bilateral mastectomy, there are no prospec-
tively collected data to determine whether the 
decreased incidence of breast cancer is associated 
with improved overall survival. Several studies 
have used theoretical modeling to study long-
term survival associated with prophylactic bilat-
eral mastectomy and with prophylactic bilateral 
salpingo-oophorectomy. These models suggest 

increases in survival of 2.9–5.3 additional life 
years with prophylactic bilateral mastectomy, 
and 0.3–1.7 years with prophylactic bilateral 
salpingo- oophorectomy, when the prophylactic 
procedures are performed at the age of 30 years 
[ 61 ,  62 ]. Notably, the survival benefi t of the pro-
phylactic procedures decreases when performed 
later in life; in these models, there were negligi-
ble years gained from prophylactic operations 
after the age of 60 years. 

 Psychological and quality of life concerns are 
essential considerations when discussing prophy-
lactic bilateral mastectomy. Studies have shown 
that most women are content with the decision to 
undergo prophylactic surgery, and satisfaction 
rates as high as 95 % have been reported [ 63 ]. 
Dissatisfaction, although rare, was more  common 
when a physician’s advice was the motivating 
factor to pursue prophylactic surgery, rather than 
the initiative of the patient [ 64 ]. Sources of anxi-
ety in dissatisfi ed women were related to cos-
metic outcome, reconstruction outcome, body 
image and sexuality, and fear of developing can-
cer despite the prophylactic operation. Quality of 
life seems to be similar when comparing women 
who have undergone prophylactic mastectomy 

   Table 6.4    Selected series of impact of prophylactic bilateral mastectomy for BRCA1/2 mutation carriers   

 Authors, year, ref.   N   Results  Conclusions 

 Meijers-Heijboer, 2001 [ 52 ]  139  Incidence of breast cancer  Prophylactic mastectomy 
reduces incidence of breast 
cancer 

  0 % : prophylactic group 
  2.5 % : surveillance group 

 Hartmann, 2001[ 54 ]  26  Incidence of breast cancer  Breast cancer risk reduction in 
prophylactic group:  90 – 100 %    0 % : prophylactic group 

 Rebbeck, 2004 (PROSE) [ 55 ]  483  Incidence of breast cancer 
  1.9 % : prophylactic group 
  49 % : surveillance group 

 Breast cancer risk reduction in 
prophylactic group:  90 %  
 No impact on OS 

 Domchek, 2010 [ 53 ]  2,482  Incidence of breast cancer  Prophylactic mastectomy 
reduces incidence of breast 
cancer 

  0 % : prophylactic group a  
  5.8 – 8.1 % : surveillance group b  

  Courtesy of Quyen D. Chu, MD, MBA, FACS 
  PROSE  Prevention and Observation of Surgical Endpoints 
  OS  overall survival 
  a Incidence was zero for those who did and those who did not have prior or concurrent prophylactic salpingo- 
oophorectomy (PSO) 
  b Incidence was 8.1 % for those who have prior or concurrent PSO and 5.8 % for those who did not have prior or con-
current PSO  
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and those at high risk of breast cancer who have 
not elected prophylactic surgery. Poorer quality 
of life in the study subjects was self-reported and 
appeared unrelated to issues surrounding prophy-
lactic mastectomy, with issues of depression and 
poor general health being the most important 
contributors [ 65 ].  

   Impact of Contralateral Prophylactic 
Mastectomy in Women with History 
of Invasive Breast Cancer 
 Women with a diagnosis of unilateral breast can-
cer in the setting of BRCA1 or BRCA2 gene 
mutations may elect to have contralateral prophy-
lactic mastectomy. Studies have shown risk 
reduction for breast cancer to be similar to that 
afforded by bilateral prophylactic mastectomy [ 5 , 
 56 ] (Table  6.5 ). One study that compared BRCA1 
and BRCA2 mutation carriers with stage I–IIIa 
breast cancer who underwent contralateral mas-
tectomy to those who opted for surveillance alone 
reported a 91 % risk reduction in the contralateral 
prophylactic mastectomy group [ 56 ]. However, 
no long-term survival benefi t was evident in the 
contralateral prophylactic mastectomy group; 
rather, a survival benefi t was demonstrated from 
bilateral salpingo-oophorectomy. The mean fol-
low- up time was 3.5 years and the authors 
believed that longer follow-up is needed to have a 
better understanding of the effect of contralateral 
prophylactic mastectomy on contralateral breast 
cancer-specifi c survival.

    Another study of BRCA1 and BRCA2 muta-
tion carriers with stage I–II breast cancer who 

were followed for an average of 9.2 years showed 
that only one cancer developed among 146 
women who underwent contralateral prophylac-
tic mastectomy; this translates to a rate of 0.7 % 
for developing contralateral breast cancer. This 
was in contrast to a rate of 28.8 % for developing 
contralateral breast cancer in women who did not 
undergo contralateral prophylactic mastectomy, 
with 97 cancer recurrences among this group of 
336 women [ 5 ]. 

 Long-term satisfaction with contralateral pro-
phylactic mastectomy is reported to be high [ 66 ]. 
Contralateral prophylactic mastectomy is consid-
ered to be cost-effective in women younger than 
70 years of age when compared with screening, 
based upon evidence from a study that employed 
a Markov model analysis [ 67 ]. 

 Options for prophylactic mastectomy, whether 
bilateral or contralateral, include traditional total 
mastectomy, skin-sparing mastectomy, or nipple- 
sparing or subcutaneous mastectomy. Total or 
simple mastectomy generally entails the removal 
of the breast, along with the nipple-areolar com-
plex and a signifi cant amount of skin overlying 
the breast tissue (Fig.  6.1 ). In a skin-sparing mas-
tectomy, a small portion of the skin including the 
nipple-areolar complex is removed along with 
the underlying breast tissue while leaving behind 
a signifi cant amount of skin for reconstruction 
(Figs.  6.2 ,  6.3 , and  6.4 ). In the nipple-sparing 
mastectomy, the entire skin overlying the breast 
including the nipple-areolar complex is preserved 
while the breast tissue underneath the skin is 
removed (Fig.  6.2 ).

   Table 6.5    Selected series of impact of contralateral mastectomy for BRCA1/2 mutation carriers with personal history 
of breast cancer   

 Authors, year, ref.   N   Results  Conclusions 

 Metcalfe, 2004 [ 5 ]  491  Incidence of developing 
contralateral breast cancer 

 CPM signifi cantly reduces risk of developing 
contralateral breast cancer 

 0.7 %: CPM group 
 28.8 :  surveillance group 

 van Sprundel, 2005 [ 56 ]  148  Overall survival  CPM signifi cantly reduces risk of developing 
contralateral breast cancer by 91 %, irrespective 
of the effect of prophylactic oophorectomy 

 94 %: CPM group 
 77 %: surveillance group 

 No differences in the overall survival between 
CPM and surveillance groups 

  Courtesy of Quyen D. Chu, MD, MBA, FACS 
  CPM  contralateral prophylactic mastectomy  
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      Both total mastectomy and skin-sparing mas-
tectomy are acceptable options since they have 
similar oncologic outcome, although the latter 
tend to result in a better cosmetic outcome [ 68 ]. 
The question of whether or not nipple-sparing 
mastectomy is safe and appropriate as prophy-
laxis in those with genetic predisposition syn-
dromes is currently debated. A study of 
mastectomy specimens from BRCA1 and 
BRCA2 mutation carriers showed that premalig-
nant or malignant lesions of the nipple-areolar 
complex occurred in 10 % of therapeutic mastec-
tomy specimens, but in none of the prophylactic 
mastectomy specimens. These fi ndings suggest 
that nipple-sparing mastectomy may be safe to 
perform as a prophylactic procedure; however, 
long-term outcomes are unknown and further 
research is needed [ 69 ]. 

 The question of whether or not to perform 
sentinel lymph node biopsy at the time of pro-
phylactic mastectomy is controversial. 3.5–5 % 
of all prophylactic mastectomy specimens con-
tain occult invasive cancers [ 70 ,  71 ]. Once mas-
tectomy is complete, and the opportunity to 
perform sentinel lymph node biopsy is lost. If 
sentinel lymph node biopsy is not performed dur-
ing the prophylactic mastectomy and occult can-
cer is discovered, the only option remaining for 
axillary lymph node sampling is complete axil-

lary lymph node dissection, with its attendant 
morbidities. Some authors have argued in favor 
of routine axillary lymph node biopsy at the time 
of prophylactic mastectomy [ 70 ], while others 
have suggested the procedure to be of little value 
in this setting [ 72 ]. Preoperative breast MRI may 
be a useful adjunct to identify occult cancers 
before proceeding with prophylactic mastectomy 
and may help select patients in whom sentinel 
lymph node biopsy should be performed [ 73 ]. 

 Certainly, prophylactic mastectomy does 
afford a dramatic benefi t in breast cancer preven-
tion; it must be emphasized that even this aggres-
sive treatment does not entirely eliminate the 
possibility of future breast cancer. Mastectomy 
cannot eliminate every breast tissue cell within the 
body, and any remaining breast tissue will contain 
the germline mutation in BRCA1 and BRCA2 
carriers. There are many published accounts of 
breast cancer following prophylactic mastectomy 
[ 74 – 77 ]. This fact underlies the importance of 
continued vigilance even after risk-reducing sur-
gery in BRCA1 and BRCA2 mutation carriers. At 
this time there are no generally accepted best 
practice guidelines for routine screening in these 
patients after prophylactic mastectomy; however, 
routine follow-up with clinical examination at 
least yearly is a prudent strategy [ 78 ]. 

 The morbidity of bilateral prophylactic mastec-
tomy is increased with immediate reconstruction. 
Commonly reported complications include pain, 
seroma, and infection. Reoperations are largely 
related to complications of reconstruction [ 79 ,  80 ].  

   Impact of Prophylactic Bilateral 
Salpingo-Oophorectomy (PBSO) 
 Prophylactic bilateral salpingo-oophorectomy 
(PBSO) is recommended for women with 
BRCA1 or BRCA2 mutations since there is a 
lack of effi cacy in screening for ovarian cancer. 
The operation should be performed between the 
ages of 35 and 40 or at the conclusion of child-
bearing. Notably, PBSO reduces the risk of ovar-
ian cancer by 96 %, irrespective of whether or not 
the patient has a personal history of breast cancer 
[ 53 ,  57 – 60 ] (Table  6.6 ). PBSO alone can provide 
up to 50 % breast cancer risk reduction in the set-
ting of BRCA1 or BRCA2 mutations; such 

  Fig. 6.1    Total or simple mastectomy:  Dotted lines  repre-
sent the extent of breast tissue to be removed.  Solid red  
area represents the classic mastectomy incision, which 
incorporates the nipple-areolar complex and a portion of 
skin over the breast (Courtesy of Quyen D. Chu, MD, 
MBA, FACS)       
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reduction is generally observed in younger, pre-
menopausal women [ 10 ,  60 ]. However, PBSO 
does not appear to reduce the risk of second diag-
nosis of primary breast cancer in patients with a 
personal history of breast cancer [ 53 ] (Table  6.6 ).

   Additionally, a Markov model analysis of 
 various prevention strategies has suggested that 
bilateral salpingo-oophorectomy may be 
 associated with increased survival of 2.6 years. 
The addition of tamoxifen chemoprevention to 
bilateral salpingo-oophorectomy increased sur-
vival benefi t to 4.6 years, almost as much as com-
bined bilateral salpingo-oophorectomy and 
bilateral prophylactic mastectomy, which added 

4.9 years of survival in this model [ 62 ]. Short-
term hormone replacement in women who 
undergo bilateral salpingo-oophorectomy is con-
troversial, but studies show a protective advan-
tage of the operation even when hormone 
replacement therapy is used [ 81 ,  82 ]. 

 In a study of 2,482 patients, Domchek et al. 
found that PBSO lowers all-cause mortality, 
 irrespective of whether or not the patient has a 
personal history of breast cancer; however, such 
impact was observed mainly in women with 
BRCA1 mutation, although the lack of benefi t in 
BRCA2 may be due to fewer BRCA2 partici-
pants and fewer events observed in the study [ 53 ].    

  Fig. 6.2    Possible    incisions for skin-sparing mastectomy 
(SSM) and nipple-sparing mastectomy (NSM) (Reprinted 
from Max Dieterich, Bernd Gerber. Patient selection and 

technical considerations in nipple-sparing and areola-
sparing mastectomy. Current Breast Cancer Reports 
2011;3(2): 79–87. from Springer Verlag)       
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  Fig. 6.3    Techniques of a skin-sparing mastectomy. The 
nipple-areola complex and the underlying breast tissue are 
included in the specimen. Skin fl aps are elevated circum-
ferentially above the breast tissue (Modifi ed from Toth B, 

Daane S, Tenna S. Skin-sparing mastectomy with imme-
diate breast reconstruction: a 10-year, single surgeon 
review of 105 consecutive patients. Eur J Plast Surg 
2002;25:156–9. With permission from Springer Verlag)       

  Fig. 6.4    Breast tissue is dissected away from the chest 
wall (Modifi ed from Toth B, Daane S, Tenna S. Skin-
sparing mastectomy with immediate breast reconstruc-

tion: a 10-year, single surgeon review of 105 consecutive 
patients. Eur J Plast Surg 2002;25:156–9. With permis-
sion from Springer Verlag)       
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    Trends in Utilization of Prophylactic 
Mastectomy 

 Rates of prophylactic mastectomy have increased 
over time in the United States [ 83 ]. In BRCA1 
and BRCA2 mutation carriers, prophylactic bilat-
eral salpingo-oophorectomy seems to be a more 
common choice than prophylactic mastectomy. 
However, an international analysis of prophylac-
tic mastectomy suggests that there is a wide 
 variation in patient acceptance of prophylactic 

mastectomy in different countries; the United 
States had the highest rate of bilateral prophylac-
tic mastectomy among the countries studied, at 
36.3 %. The lowest rate of bilateral prophylactic 
mastectomy was observed in Poland, at 2.7 % 
[ 84 ]. The reasons for the variation in acceptance 
of prophylactic surgery are unknown; however, 
the authors postulate that differences in the 
healthcare systems, with different access to 
care, may account for some of this variation. 
Differences in physician recommendations may 
also contribute to variation among countries. 

    Table 6.6    Impact of prophylactic bilateral salpingo-oophorectomy (PBSO) for BRCA1/2 mutation carriers   

 Authors, year, ref.   N   Results  Conclusions 

 Kauff, 2002 [ 60 ]  170  Proportion who are disease-free 
from breast or gynecologic cancers 

 PBSO decreases risk of breast and gynecologic 
cancers 

 94 %: PBSO group 
 69 %: surveillance group 

 Eisen, 2005 [ 57 ]  3,305  Breast cancer risk reduction 
following oophorectomy 

 Oophorectomy signifi cantly reduces risk of 
developing breast cancer for BRCA1/2 carriers 

 BRCA1: 56 %  Risk reduction is higher if oophorectomy was 
performed before age 40  BRCA2: 46 % 

 Finch, 2006 [ 58 ]  1,828  Incidence of gynecologic cancers  PBSO reduces risk of ovarian and fallopian 
tube cancers by 80 % 

 0.22 %: PBSO group  Substantial risk for peritoneal cancer remains 
following PBSO  1.0 %: surveillance group 

 Kauff, 2008 [ 59 ]  1,079  Risk reduction following PBSO  PBSO signifi cantly reduces gynecologic 
cancers in BRCA1 carriers and breast cancers 
in BRCA2 carriers 

 85 % for BRCA1-associated 
gynecologic cancers 

 PBSO did not signifi cantly impact on BRCA1-
associated breast cancer or BRCA2- associated 
gynecologic cancers  72 % for BRCA2-associated 

breast cancers 
 Domchek, 2010 [ 53 ]  2,482  Incidence of ovarian cancer with 

no personal history of breast cancer 
 Reduces risk of ovarian cancer 
 Reduces risk of breast cancer a  

  1.3 % : PBSO group 
  5.8 % : surveillance group 
 Incidence of ovarian cancer with 
personal history of breast cancer 

 Reduces risk of ovarian cancer 

  1 % : PBSO group  Does not reduce risk of second diagnosis 
of primary breast cancer 

  6 % : surveillance group 
 Incidence of second diagnosis 
of primary breast cancer 
  11.1 % : PSO group 
  13.7 % : surveillance group 

  Courtesy of Quyen D. Chu, MD, MBA, FACS 
  PBSO  prophylactic bilateral salpingo-oophorectomy 
  a Breast cancer risk reduction was observed in women age < 50 years, but not in those age > 50 years  
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 Data from single institution studies have 
shown recent dramatic increases in women 
choosing both therapeutic and prophylactic mas-
tectomies, regardless of BRCA status. In regard 
to prophylactic mastectomy, one study docu-
mented an increase of contralateral prophylactic 
mastectomy from 6.5 % in 1998 to 16.1 % in 
2007, not accounting for BRCA status [ 85 ]. 
Carriers of the BRCA mutation are more likely 
than others to undergo prophylactic mastectomy 
[ 86 ]. Patient factors associated with increased uti-
lization of prophylactic mastectomy are advanced 
education, younger age, and family history. 
Interestingly, increased rates of prophylactic 
mastectomy have been observed if the surgeon is 
a woman [ 87 ]. Another contributing factor may 
be the patient’s perception of her own risk. The 
phenomenon of risk overestimation has been 
described, and many women will perceive their 
breast cancer risk as being higher than objective 
measures would indicate [ 88 ]. Similarly, women 
diagnosed with breast cancer will overestimate 
their risk of contralateral breast cancer [ 89 ]. The 
extent to which risk overestimation contributes to 
the use of prophylactic mastectomy is not known. 
Certainly, the decision to undergo prophylactic 
surgery is a complicated psychological experi-
ence, and many factors may contribute. Physicians 
and genetic counselors play an essential role in 
providing patients with the many complex details 
surrounding their diagnosis and risk, so that they 
may make an informed decision.  

    BRCA1 and BRCA2 in Men 

 As BRCA1 and BRCA2 are autosomal dominant 
genes, men may be carriers of gene mutations. 
This fact is signifi cant both for the man who car-
ries a BRCA gene mutation and for his family. In 
particular, fathers may pass BRCA gene muta-
tions to their daughters. As in women, BRCA1 
and BRCA2 mutations in men confer an increased 
risk of breast cancer. Men of Ashkenazi Jewish 
heritage are more likely to have mutations in 
these genes [ 26 ]. Although breast cancer is rare in 
general among men, a BRCA1 mutation confers 
a 1.8 % risk of breast cancer by age 80, compared 

with 0.12 % of men in the general population. 
BRCA2 mutations confer an even higher risk of 
breast cancer in men, with an 8.3 % chance of 
breast cancer by age 70 [ 90 ]. Additionally, when 
investigated by age group, the relative risk of 
male breast cancer among mutation carriers com-
pared to the general population is highest at ages 
30–40, indicating that BRCA1 and BRCA2 
mutations are risk factors for cancer earlier in 
life, similar to women who carry the mutation. 
Guidelines for men with BRCA1 or BRCA2 
mutations are similar to those for women and 
include monthly breast self-exam, semiannual 
clinical breast exam, and mammography if gyne-
comastia is present. BRCA1 and BRCA2 gene 
mutations also confer increased risk for prostate, 
pancreas, and colon cancers among men, a fact 
that has implications for screening as well.  

    Summary 

 BRCA1 and BRCA2 mutations cause familial 
predisposition syndromes that dramatically 
increase risk for breast cancer and ovarian cancer 
in women. Men with the mutations are also at 
risk for breast cancer, prostate cancer, and other 
cancers such as pancreatic and colon cancers. 
Diagnosis of a genetic predisposition syndrome 
includes detailed family history along with 
genetic testing and counseling in the appropriate 
settings. Patients must understand the implica-
tions of genetic testing, along with the possible 
outcomes and consequences of each. Management 
of those with BRCA1 or BRCA2 mutations 
includes increased surveillance or prophylactic 
operations, based on the preferences of the 
patient. Prophylactic procedures are very effec-
tive at reducing cancer risk, but do not entirely 
eliminate the risk of subsequent cancer. The 
unique needs of a patient with genetic predisposi-
tion syndromes are best met in the context of a 
multidisciplinary care team. 

  Salient Points 
•     BRCA1 and BRCA2 gene mutations confer 

increased risk for breast cancer and ovarian 
cancer.  
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•   Genetic counseling and genetic testing play an 
important role in the management of these 
patients.  

•   Patients with known gene mutations or sus-
pected gene mutations must be vigilantly 
screened and may consider prophylactic 
operations.  

•   Screening for breast cancer in mutation carri-
ers will generally include yearly mammogra-
phy and yearly breast MRI (typically 
alternating every 6 months) starting at age 25 
or earlier based on family history.  

•   Screening for ovarian cancer includes bian-
nual pelvic examination, CA-125 serology, 
and transvaginal ultrasound beginning at age 
30 or 5–10 years before the earliest age of fi rst 
diagnosis of ovarian cancer within the family; 
despite screening, early detection is diffi cult.  

•   For women with inherited BRCA1 or BRCA2 
mutations, prophylactic mastectomy and 
salpingo- oophorectomy are effective at reduc-
ing the risk of breast and ovarian cancers.  

•   Skin-sparing mastectomy (the entire breast 
and nipple-areola complex is removed except 
for the dermis overlying the breast) is safe.  

•   Chemoprophylaxis (tamoxifen) potentially 
reduces the risk of contralateral breast cancer in 
women with BRCA1 and BRCA2 mutations.  

•   Salpingo-oophorectomy decreases risk of 
both breast cancer and ovarian cancer in 
BRCA1 and BRCA2 mutation carriers with 
and without a prior history of breast cancer.  

•   Salpingo-oophorectomy reduces risk of breast 
cancer mortality in BRCA1 and BRCA2 
mutation carriers who have no prior history of 
breast cancer.  

•   Salpingo-oophorectomy has not been shown 
to reduce risk of breast cancer mortality in 
BRCA1 and BRCA2 mutation carriers who 
have prior history of breast cancer.  

•   Bilateral prophylactic mastectomy in BRCA1 
and BRCA2 mutation carriers reduces the 
relative risk of breast cancer by 90 %.  

•   Although prophylactic mastectomy reduces 
risk of breast cancer in patients with inherited 
BRCA1 and BRCA2 mutations, it has not 
been shown to signifi cantly reduce mortality.  

•   Prophylactic salpingo-oophorectomy reduces:
 –    Risk of ovarian and fallopian tube cancers  
 –   Breast cancer  
 –   All-cause mortality (breast cancer-specifi c 

mortality and ovarian cancer-specifi c 
mortality)        

  Questions 
     1.    In regard to breast cancer profi les of women 

with BRCA1 and BRCA2 mutations, which 
of the following statements is correct?
    A.    Women with BRCA1-associated breast 

cancer have a similar rate of triple- negative 
breast cancers when compared to the gen-
eral population.   

   B.    Women with BRCA2-associated breast 
cancer have an increased incidence of 
triple- negative breast cancers when com-
pared to the general population.   

   C.    Women with BRCA1-associated breast 
cancer are more likely to have triple- 
negative cancers when compared to the 
general population   

   D.    Women with BRCA1-associated breast 
cancer have a similar rate of medullary 
carcinoma when compared to the general 
population.       

   2.    The American Society of Breast Surgeons 
 recommends referral to a genetic counselor 
for hereditary breast cancer risk assessment 
and testing for patients with any of the follow-
ing characteristics, EXCEPT   :
    A.    Breast cancer diagnosed before age 50   
   B.    Two primary breast cancers in the same 

person   
   C.    Personal or family history of ovarian 

cancer   
   D.    Personal or family history of endometrial 

cancer   
   E.    Triple-negative breast cancer before the 

age 60    
      3.    Of the following statements regarding BRCA1 

and BRCA2 gene mutations, all of the follow-
ing are true, EXCEPT   :
    A.    BRCA1 and BRCA2 gene mutations are 

inherited in an autosomal dominant 
fashion.   
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   B.    There may be variable penetrance of the 
gene mutation.   

   C.    Ashkenazi Jewish, Finnish, and Icelandic 
populations harbor founder mutations 
which place them at higher risk of a 
BRCA1 or BRCA2 mutation than the gen-
eral population.   

   D.    BRCA1 and BRCA2 gene mutations confer 
a risk of breast cancer that exceeds 90 %.   

   E.    The protein encoded by the BRCA1 gene 
plays a role in transcription, cell cycle con-
trol, and DNA damage repair pathways.    

      4.    Which of the following statements regarding 
genetic testing for BRCA1 and BRCA2 muta-
tions is correct?
    A.    The test result may be positive, negative, 

or inconclusive.   
   B.    Full gene sequencing should always be 

performed, even in patients with a family 
member who carries a known gene 
mutation.   

   C.    Genetic testing does not require informed 
consent.   

   D.    Genetic testing results do not change man-
agement options for women already diag-
nosed with breast cancer.   

   E.    Insurance companies may consider 
genetic test results and deny insurance 
coverage based on such information.       

   5.    The role of the genetic counselor for patients 
suspected of harboring a BRCA mutation 
is to:
    A.    Arrange cancer screening for the patient   
   B.    Discuss the risks, benefi ts, and limitations 

of genetic testing; provide information 
and support   

   C.    Make management decisions on behalf of 
the patient   

   D.    Disclose genetic testing results to the 
patient’s employer and insurer       

   6.    Which of the following is true regarding 
screening for breast cancer in patients sus-
pected or confi rmed to carry BRCA1 or 
BRCA2 mutations?
    A.    Yearly mammography alone should be 

performed beginning at age 40.   
   B.    There is no role for breast MRI as a screen-

ing tool.   

   C.    Yearly mammography along with yearly 
breast MRI is recommended as the pre-
ferred screening strategy.   

   D.    Yearly breast ultrasound is preferred over 
mammography for screening in younger 
women with dense breasts.       

   7.    Which of the following statements about che-
moprophylaxis for BRCA1 and BRCA2 
mutation carriers is true?
    A.    There is no role for chemoprophylaxis in 

the management of patients with BRCA1 
or BRCA2 mutations.   

   B.    Oral contraceptives do not reduce the risk 
of ovarian cancer in patients with BRCA1 
or BRCA2 mutations.   

   C.    Tamoxifen reduces the risk of breast can-
cer recurrence in patients with BRCA1 or 
BRCA2 mutations.   

   D.    Tamoxifen has no role in  chemoprophylaxis 
for BRCA1 mutation carriers, since their 
tumors are more likely to be estrogen 
receptor negative.       

   8.    Bilateral prophylactic mastectomy
    A.    Signifi cantly improves overall survival 

among BRCA1 and BRCA2 mutation 
carriers   

   B.    Signifi cantly decreases the risk of breast 
cancer among BRCA1 and BRCA2 muta-
tion carriers   

   C.    Is associated with high rates of 
dissatisfaction   

   D.    Totally eliminates the chances of breast 
cancer in the future       

   9.    Prophylactic salpingo-oophorectomy
    A.    Is unnecessary because adequate clinical 

screening options for ovarian cancer are 
available for BRCA1 and BRCA2 muta-
tion carriers   

   B.    Has no role in the prevention of breast 
cancer among BRCA1 and BRCA2 muta-
tion carriers   

   C.    Has not been demonstrated to reduce the 
risk of ovarian cancer in high-risk 
populations   

   D.    Signifi cantly reduces the risk of both breast 
cancer and ovarian cancer among BRCA1 
and BRCA2 carriers, with better protec-
tion when performed at a younger age          
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  Answers 
     1.    C   
   2.    D   
   3.    D   
   4.    A   
   5.    B   
   6.    C   
   7.    C   
   8.    B   
   9.    D          
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         Learning Objectives 

 After reading this chapter, you should be able to:
•    Describe the evaluation and workup of patients 

with pregnancy-associated breast cancer  
•   Identify the therapeutic modalities that are 

contraindicated in pregnancy-associated breast 
cancer  

•   Select the appropriate options for local, 
regional, and systemic therapy for  pregnancy-
associated breast cancer     

    Background/Epidemiology 

 The management of breast cancer that arises during 
pregnancy presents unique challenges for the physi-
cian. Pregnancy-associated breast cancer (PABC) 
is defi ned as breast cancer that is either diagnosed 
during pregnancy or within the fi rst postpartum year. 
Breast cancer occurs in about 1.3 cases per 10,000 
live births [ 1 ]. Approximately 0.2–3.8 % of breast 
cancers in women under the age of 50 are diagnosed 
during pregnancy; this number increases to 10–20 % 
in women 30 years of age or younger [ 2 ]. 

 Due to physiologic changes during pregnancy, 
including enlargement and engorgement of the 
breast, there is often a delay in diagnosis of breast 
cancer that is estimated at 5–10 months [ 3 ]. This 
delay is thought to be the primary cause for the 
advanced stage at which PABC often presents. In 
spite of this, a recent large cohort study revealed 
no difference in overall or disease-free survival 
for PABC when compared to nonpregnant patients 
with breast cancer, after adjusting for known 
prognostic factors [ 4 ]. 

 This chapter will highlight some of the issues 
regarding the management of PABC and outline 
the appropriate treatment strategy for PABC. 
A suggested treatment algorithm for PABC is 
shown in Fig.  7.1 .

       Imaging 

 Mammography is not contraindicated in preg-
nancy and can still be obtained with proper 
abdominal shielding for fetal protection. 
Exposure to the fetus from mammography is esti-
mated at 0.004 Gy, signifi cantly lower than the 
recommended limit of 0.05 Gy [ 2 ,  3 ,  5 ]. However, 
the sensitivity of mammography is decreased in 
the pregnant breast, to about 70 % [ 2 ,  3 ]. Because 
of this, ultrasound is generally the fi rst modality 
utilized for evaluation of a breast mass. If the 
mass has suspicious features on ultrasound, bilat-
eral mammograms should be obtained. 
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 Breast magnetic resonance imaging (MRI) 
has not been widely utilized in PABC, due to 
concerns regarding gadolinium contrast, which 
has been shown to cross the placenta and is 
 associated with fetal abnormalities in animal 
studies [ 2 ,  3 ].  

    Biopsy 

 Biopsy of suspicious lesions should be per-
formed. Fine-needle aspiration (FNA) cytology 
is more diffi cult to interpret in pregnancy due to 

  Fig. 7.1    Algorithm for management of pregnancy-associated breast cancer (Courtesy of Roger H. Kim, MD, FACS and 
Quyen D. Chu, MD, MBA, FACS)       
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physiologic changes in the breast that mimic 
atypia [ 2 ,  3 ]. For this reason, the pathologist 
should be informed of the pregnancy or lactation 
status of patients who undergo FNA. Core needle 
biopsy can be obtained safely under local anes-
thesia during pregnancy. Excisional biopsy may 
also be performed under local anesthesia for tis-
sue diagnosis.  

    Surgery 

 Surgery for breast cancer can be safely performed 
at any stage of pregnancy. There are multiple 
reports that demonstrate there is no increase in 
fetal abnormalities for pregnant patients under-
going general anesthesia [ 6 ,  7 ]. The miscarriage 
rates for pregnant patients undergoing non- 
obstetric surgery are 5.8 % overall and 10.5 % 
during the fi rst trimester, which are roughly 
equivalent to the background miscarriage rate for 
all recognized pregnancies not undergoing sur-
gery [ 8 ,  9 ]. Both mastectomy and breast- 
conservation therapy are options for PABC. Breast 
conservation can be safely considered if adjuvant 
radiation therapy will not be delayed beyond 12 
weeks. If necessary, neoadjuvant chemotherapy 
can be given during pregnancy to allow breast- 
conservation therapy to be done later in  pregnancy 
or after delivery. 

 Axillary staging in PABC is generally per-
formed with axillary lymph node dissection 
(ALND), rather than sentinel lymph node biopsy 
(SLNB). The safety concern with SLNB is two-
fold: fetal radiation exposure from the use of 
Tc-99m for lymphoscintigraphy and the use of 
blue dye. The potential fetal exposure from 
Tc-99m has been calculated to be no more than 
0.043 Gy and falls under the recommended limit 
[ 10 ]. However, the use of lymphazurin blue is 
contraindicated due to its unknown fetal effects 
as well as the risk of anaphylaxis, which increases 
the risk of fetal harm. Methylene blue is also con-
traindicated in pregnancy due to its known terato-
genic effects [ 11 ]. In addition, the sensitivity and 
specifi city of SLNB in PABC has not yet been 
established. There are some small series that have 

demonstrated safety and accuracy of SLNB in 
PABC [ 11 ,  12 ]. The role of SLNB in PABC 
should be considered investigational at this time.  

    Radiation 

 The indications for adjuvant radiation therapy 
remain the same in PABC as in the nonpregnant 
patient. However, it is advisable that radiation 
should be given after delivery for women with 
PABC. During the fi rst 8 weeks of gestation, fetal 
doses greater than 0.05 Gy have been shown to 
cause malformations, intrauterine growth retar-
dation, and mental retardation. Fetal exposure 
during the fi rst trimester has been measured at 
0.038 Gy [ 13 ], but the risk of spontaneous abor-
tion is considered to be too high for safe adminis-
tration of radiation therapy. During the second 
and third trimesters, fetal exposure levels increase 
due to the rising fetal position in the abdomen; 
fetal exposure in late gestation has been esti-
mated at up to 2 Gy [ 13 ]. In addition, external 
shielding does not protect the fetus from internal 
scatter from within the mother’s body. 

 Because radiation can be given 12 weeks or 
less after breast-conservation therapy, it remains 
a viable option for women who are diagnosed 
with PABC in the late second or third trimester. 
Additionally, women with PABC who are under-
going neoadjuvant treatment during the fi rst and 
early second trimesters might also be candidate 
for breast-conservation therapy because the tim-
ing may make it safe to delay radiation until after 
delivery. The dilemma of giving radiation ther-
apy to patients with PABC is for the subset of 
patients who are in their fi rst and second trimes-
ter who are not undergoing neoadjuvant therapy. 
There is a paucity of data on the safety of admin-
istering radiation in this subset of patients. An 
international expert panel released a consensus 
statement in 2010, which states that radiotherapy 
is a relatively safe treatment option during the 
fi rst and second trimester, although such decision 
should be made after a thorough discussion of the 
available data between the patient, her family 
members, and the health-care team [ 14 ].  
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    Systemic Therapy 

 First trimester chemotherapy in PABC is contra-
indicated due to the risk of fetal malformations of 
up to 19 % [ 14 ,  15 ]. This risk drops during the 
second and third trimesters to 1.3 %, which is no 
different than the risk for fetuses without chemo-
therapy exposure. However, methotrexate carries 
high risk of teratogenesis and spontaneous abor-
tion and is therefore contraindicated in pregnancy 
[ 15 ]. The CMF (cyclophosphamide, methotrex-
ate, and 5-fl uorouracil) regimen is often modifi ed 
to CAF (cyclophosphamide, adriamycin, and 
5-fl uorouracil) because of this. There is limited 
data on the use of taxanes (paclitaxel and 
docetaxel) during pregnancy. At the present time, 
their use is limited to postdelivery. 

 There are several reports of anhydramnios 
with the use of trastuzumab (Herceptin), along 
with reversible renal failure in one fetus [ 3 ,  4 ]. 
The administration of trastuzumab in PABC is 
recommended only in the postpartum period. 

 Hormone therapy with tamoxifen is contrain-
dicated in PABC due to reports of up to 20 % 
risk of fetal malformations [ 16 ]. Tamoxifen has 
also been associated with vaginal bleeding and 
spontaneous abortion. Tamoxifen, if indicated, 
should be delayed until postdelivery. Aromatase 
inhibitors are not indicated in premenopausal 
women and therefore have no role in the treat-
ment of PABC. 

 Regardless of the type of systemic therapy pro-
tocol selected for PABC, its administration should 
be discontinued approximately 3 weeks prior to 
labor, to allow for correction of myelosuppression 
in both the mother and the fetus [ 3 ,  4 ].  

    Termination of Pregnancy 

 Elective abortion has not been shown to improve 
prognosis in PABC [ 17 ]. Termination of preg-
nancy can be considered for advanced PABC pre-
senting during the fi rst trimester, especially in 
cases where survival may be expected to be 
shorter than the duration of the pregnancy [ 5 ]. 

  Salient Points 
•     Ultrasound is the imaging modality of 

fi rst choice for a breast mass during 
pregnancy.  

•   Surgery can be performed during any trimes-
ter of pregnancy.  

•   Breast conservation is generally not recom-
mended during the fi rst trimester.  

•   Breast conservation is an option if adjuvant 
radiation will not be delayed beyond 12 
weeks.  

•   Axillary staging is generally performed with 
axillary lymph node dissection.  

•   Chemotherapy is contraindicated during the 
fi rst trimester.  

•   The following are contraindicated during 
pregnancy:
 –    Methotrexate  
 –   Taxanes  
 –   Trastuzumab  
 –   Tamoxifen  
 –   Aromatase inhibitors  
 –   Sentinel lymph node biopsy (relative 

contraindication)         

    Questions 
     1.    A 35-year-old woman in her 16th week of an 

uncomplicated pregnancy presents with a new 
left breast mass during a routine prenatal visit. 
On physical examination, there is a 3 cm pal-
pable mass, at the 4 o’clock position of the left 
breast. There are no palpable lymph nodes in 
the left axilla. The most appropriate next step 
of management is:
    A.    Diagnostic mammography   
   B.    Breast ultrasound   
   C.    Excisional biopsy of the mass   
   D.    Observation until third trimester   
   E.    Breast MRI       

   2.    A 33-year-old woman in her 19th week of an 
uncomplicated pregnancy develops a right 
breast mass that measures 2 cm, at the 2 
o’clock position. Imaging reveals a suspicious 
mass in the same area and is categorized as 
   BIRADS 4. There are no palpable lymph 
nodes in the right axilla. The most appropriate 
next step of management is:
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    A.    Modifi ed radical mastectomy (MRM)   
   B.    Observation until postpartum   
   C.    Core needle biopsy of the mass   
   D.    Excisional biopsy of the mass   
   E.    Partial mastectomy (PM) and sentinel 

lymph node biopsy (SLNB)    
      3.    A 30-year-old woman in her 10th week of 

an uncomplicated pregnancy presents with a 
new 2 cm right breast mass that is biopsy-
proven infi ltrating ductal carcinoma. There 
are no palpable lymph nodes in the axilla. 
Imaging reveals no other lesions in either 
breast. The most appropriate next step of 
 management is:
    A.    MRM   
   B.    Neoadjuvant chemotherapy, followed by 

MRM   
   C.    Neoadjuvant chemotherapy, followed by 

PM + axillary lymph node dissection 
(ALND)   

   D.    PM followed by external beam radiation 
(XRT)   

   E.    PM + SLNB, followed by adjuvant 
chemotherapy       

   4.    A 34-year-old woman in her 20th week of an 
uncomplicated pregnancy develops an infi l-
trating ductal carcinoma of the left breast that 
is 3.5 cm in size. There are no other lesions in 
either breast on imaging. There is a palpable 
lymph node in the left axilla. She is interested 
in preserving her breast. The most appropriate 
next step of management is:
    A.    MRM   
   B.    MRM followed by XRT   
   C.    Termination of pregnancy   
   D.    SLNB   
   E.    Neoadjuvant chemotherapy       

   5.    A 35-year-old woman who developed left 
breast cancer during pregnancy has been 
treated with PM + ALND. The tumor size was 
2.3 cm; surgical margins were negative; 2/15 
lymph nodes were involved with tumor. The 
tumor was ER+/PR+/Her-2-. She is now in 
her 30th week of pregnancy. The fetus is doing 
well. The most appropriate sequence of adju-
vant therapy is:

 A.  XRT  CMF  Tamoxifen 
 B.  Tamoxifen  AC + T  XRT 
 C.  XRT  Tamoxifen  CAF 
 D.  CAF  XRT  Tamoxifen 
 E.  AC + T  XRT  Tamoxifen 

     XRT: external beam radiation   
   CMF: cyclophosphamide + methotrexate + 5-FU   
   CAF: cyclophosphamide + adriamycin + 5-FU   
   AC + T: adriamycin + cyclophosphamide +
paclitaxel       

   6.    For the patient from question #5, which of the 
following is the most appropriate management?
    A.    Early induction of labor.   
   B.    Termination of pregnancy.   
   C.    Cessation of chemotherapy 3 weeks prior 

to labor.   
   D.    Cesarean section should be performed 

instead of vaginal delivery.   
   E.    Number of cycles of chemotherapy should 

be halved during pregnancy.       
   7.    Regarding the use of sentinel lymph node biopsy 

during pregnancy, which of the following is true?
    A.    Sentinel lymph node biopsy is 

contraindicated.   
   B.    The accuracy of sentinel lymph node 

biopsy during pregnancy is unknown.   
   C.    Lymphazurin blue is safe.   
   D.    Methylene blue is safe.   
   E.    Technetium-99m is contraindicated.       

   8.    Which of the following adjuvant therapies is 
safe during pregnancy?
    A.    Tamoxifen   
   B.    Methotrexate   
   C.    Paclitaxel   
   D.    Trastuzumab   
   E.    Cyclophosphamide         

  Answer Key 
     1.    B.   
   2.    C.   
   3.    A.   
   4.    E.   
   5.    D.   
   6.    C.   
   7.    B.   
   8.    E.          
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         Learning Objectives 

 After reading this chapter, you should be able to:
•    Understand the epidemiologic trends  
•   Appreciate the importance of anatomy, 

workup, and proper staging  
•   Gain knowledge of the available treatment 

modalities for patients with esophageal cancer     

    Background 

 Esophageal cancer is a very aggressive disease 
with a 5-year relative survival rate of 19 % and an 
overall case fatality rate of 90 % [ 1 ,  2 ]. It is esti-
mated that in 2012, there will be 17,460 new 
cases diagnosed with 15,070 deaths from esopha-

geal cancer [ 1 ]. The disease affects mostly males 
(13,950 male vs. 3,510 female) and is the seventh 
leading cause of cancer death among all males 
and fi fth among males between 40 and 79 [ 1 ]. 
The two major histologic variants of esophageal 
cancer are adenocarcinoma and squamous cell 
carcinoma, and it has been recognized that these 
represent two distinct disease entities [ 3 ]. 

 The incidence of adenocarcinoma has dramati-
cally risen over the past two to three decades in the 
United States because among white males, the 
incidence of esophageal adenocarcinoma has 
increased 463 % from the 1970s to 2000s [ 4 ] with 
a white to black ratio of 3:1 [ 5 ]. In contradistinc-
tion, squamous cell carcinoma has a higher predi-
lection in the black population with a black to 
white ratio of 5:6 [ 5 ]. The predominant risk factors 
besides race and gender for the development of the 
two diseases also differ. A history of gastroesopha-
geal refl ux disease (GERD), Barrett’s esophagus, 
and obesity contribute to the development of ade-
nocarcinoma, which most often occurs in the lower 
third of the esophagus and gastroesophageal junc-
tion (GEJ), while a history of smoking and alcohol 
use are more closely associated with the develop-
ment of squamous cell carcinoma that mostly 
effects the upper third and middle esophagus [ 6 ]. 
Other risks factors for the development of esopha-
geal cancer include nitrate consumption, diet (high 
calorie, high fat, low intake of raw vegetables and 
fruit), tylosis, Plummer-Vinson syndrome, achala-
sia, caustic injuries, previous malignancy, and pre-
vious irradiation [ 2 ,  7 ].  

        J.  H.   Park ,  M.D.      
     Radiation Oncology ,  University of Kansas 
Medical Center ,   3901 Rainbow Blvd ,  Mailstop 4033 , 
 Kansas City ,  KS   66160 ,  USA   
 e-mail: jpark320@gmail.com   

    P.  J.   DiPasco ,  M.D.      •    M.  F.   Al-Kasspooles ,  M.D.      (*) 
  Department of General Surgery, Section of Surgical 
Oncology ,  University of Kansas Medical Center , 
  3901 Rainbow Blvd ,  Mailstop 2005 ,  Kansas City , 
 KS   66160 ,  USA   
 e-mail: pdipasco@kumc.edu; 
mal-kasspooles@kumc.edu   

    J.  C.   Baranda ,  M.D.      
  Internal Medicine ,  University of Kansas 
Medical Center ,   2330 Shawnee Mission Parkway , 
 Westwood ,  KS   66205 ,  USA   
 e-mail: jbaranda@kumc.edu  

 8      Esophageal Cancer 

           John     H.     Park      ,     Peter     J.     DiPasco      ,     Joaquina     C.     Baranda      , 
and     Mazin     F.     Al-Kasspooles     

mailto:jbaranda@kumc.edu
mailto:mal-kasspooles@kumc.edu
mailto:pdipasco@kumc.edu
mailto:jpark320@gmail.com


172

    Anatomy and Pathology 

 The esophagus is a hollow viscous organ that 
starts in the neck at the cricopharyngeus muscle, 
traverses the thorax, and ends at the GEJ. Tumors 
whose midpoint is in the lower thoracic esopha-
gus, GEJ, or within the proximal 5 cm of the 
stomach that extend into the esophagus or GEJ 
are now classifi ed as esophageal tumors [ 8 ,  9 ]. 
The esophagus is further subdivided into the cer-
vical (15–18 cm from the incisors), upper thoracic 
(18–24 cm), middle thoracic (24–32 cm), and 
lower thoracic (32–40 cm) esophagus. Knowledge 
of the lymphatic drainage patterns for each sec-
tion is important in order to properly treat and 
stage the patients. The cervical esophagus drains 
to the neck and supraclavicular nodes. The upper 
thoracic esophagus drains to the nodes on the 
innominate artery and ligamentum arteriosum, 
paraesophageal, and paratracheal nodes. The mid-
dle thoracic esophagus drains to the tracheobron-
chial, paraesophageal, and pulmonary hilar nodes. 
The lower thoracic esophagus drains to the para-
esophageal and diaphragmatic nodes. Finally, the 
GEJ drains to the nodes on left gastric, celiac, 
common hepatic, and splenic arteries, as well as 
the paracardiac and lesser curvature nodes. 

 The surface of the esophageal wall is covered 
with an epithelial layer followed by the basement 
membrane, lamina propria, muscularis mucosae, 
submucosa, muscularis propria, and adventitia. 
Since the esophagus lacks a true serosa, tumors are 
able to spread to adjacent organs without having to 
traverse an anatomic barrier. Adjacent structures at 
risk to direct extension include the lung, bronchi, 
heart, pericardium, corresponding pleuras, dia-
phragm, mediastinum, aorta, trachea, vertebral 
bodies, and the recurrent laryngeal nerve. 

 Squamous cell carcinoma arises from a back-
ground of chronic esophagitis, usually from 
chronic irritation from smoking and alcohol use, 
which in turn leads to increased epithelial cell 
turnover, dysplasia, the development of carci-
noma in situ, and fi nally invasive malignancy [ 3 ]. 
Molecular genetic underpinnings include altera-
tions of p53 and p16 and CpG island methylation 
at CDKN2A/p16INK4a [ 10 ]. The pathogenesis 

of adenocarcinoma is closely tied with those 
patients whose chronic GERD causes Barrett’s 
metaplasia, also called intestinal metaplasia, 
because the squamous epithelium of the esopha-
gus is gradually replaced by columnar cells con-
taining goblet cells [ 11 ]. This in turn leads to 
dysplasia and invasive malignancy [ 3 ]. Patients 
with GERD have 7.7 times the risk of developing 
esophageal adenocarcinoma, and those with 
longstanding GERD and severe symptoms have 
43.5 times the risk [ 12 ]. Likewise, those with 
Barrett’s esophagus have 30–60 times the risk of 
developing esophageal adenocarcinoma [ 13 ]. 
Molecular genetics of adenocarcinoma include 
the loss of heterozygosity of Rb, p53, and 
CDKN2A/p16INK4a [ 10 ].  

    Staging 

 The American Joint Committee on Cancer 
(AJCC) TNM classifi cation and stage groupings 
are directly related to prognosis and are updated 
as new and emerging data arises [ 14 ,  15 ]. 

 Recent changes from the 6th the 7th edition of 
the AJCC TNM tumor classifi cation include sepa-
rate staging for squamous cell carcinoma and ade-
nocarcinoma (refl ecting that they are distinct 
entities), T4 staging subclassifi ed into resectable 
versus unresectable, the inclusion of tumor loca-
tion and grade, downgrading celiac nodes to 
regional nodes [ 16 ], and that the number of lymph 
nodes is more prognostic than if they are regional 
[ 17 – 21 ] (Table  8.1 ). Stage groupings for squa-
mous cell carcinoma and adenocarcinoma of the 
esophagus are different and are shown in Table  8.1 . 
Figures  8.1  and  8.2  show examples of early stage 
and locally advanced cancers, respectively.

     The overall survival by the previous staging 
system (as long-term follow up is currently 
unavailable for the current staging system) is 
approximately as follows: [ 22 ]
•    Stage 0: 100 %  
•   Stage I: 30–40 %  
•   Stage IIA: 30–40 %  
•   Stage IIB: 10–30 %  
•   Stage III: 10–15 %  
•   Stage IV: 0–5 %    
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    Table 8.1    American Joint Committee on Cancer (AJCC) 
TNM staging for esophageal carcinomas (7th edition)   

 Primary tumor (T)* 

  TX   Primary tumor cannot be assessed 

  T0   No evidence of primary tumor 

  Tis   High-grade dysplasia** 

  T1   Tumor invades lamina propria, muscularis mucosae, 
or submucosa 

  T1a   Tumor invades lamina propria or muscularis mucosae 

  T1b   Tumor invades submucosa 

  T2   Tumor invades muscularis propria 

  T3   Tumor invades adventitia 

  T4   Tumor invades adjacent structures 

  T4a   Resectable tumor invading pleura, pericardium, or 
diaphragm 

  T4b   Unresectable tumor invading other adjacent structures 
such as aorta, vertebral body, trachea, etc. 

 *At least maximal dimension of the tumor must be recorded 
and multiple tumors require the T(m) suffi x 
 **High-grade dysplasia includes all noninvasive neoplastic 
epithelial that was formerly called carcinoma in situ, a 
diagnosis that is no longer used for columnar mucosae 
anywhere in the GIT 

 Regional lymph nodes (N)* 

 NX  Regional lymph nodes cannot be assessed 

 N0  No regional lymph nodes metastasis 

 N1  Metastasis in 1–2 regional lymph nodes 

 N2  Metastasis in 3–6 regional lymph nodes 

 N3  Metastasis in ≥7 regional lymph nodes 

 *Number must be recorded for the total number of regional 
nodes sampled and total number of reported with metastases 

 Distant metastasis (M) 

 M0  No distant metastasis 

 M1  Distant metastasis 

    Adapted with permission from AJCC: Esophagus and 
Esophagogastric Junction. In: Compton C, Byrd D, 
Garcia-Aguilar J, Kurtzman S, Olawaiye A, Washington M, 
eds.: AJCC Cancer Staging Atlas. 2nd ed. New York, NY: 
Springer, 2012, pp 129 

 Anatomic stage/prognostic groups 

 Squamous cell carcinoma* 

 Stage  T  N  M  Grade  Tumor location** 

 0  Tis (HGD)  N0  M0  1, X  Any 

 IA  T1  N0  M0  1, X  Any 
 IB  T1  N0  M0  2–3  Any 

 T2-3  N0  M0  1, X  Lower, X 
 IIA  T2-3  N0  M0  1, X  Upper, middle 

 T2-3  N0  M0  2–3  Lower, X 
 IIB  T2-3  N0  M0  2–3  Upper, middle 

 T1-2  N1  M0  Any  Any 
 IIIA  T1-2  N2  M0  Any  Any 

 T3  N1  M0  Any  Any 
 T4a  N0  M0  Any  Any 

(continued)

Table 8.1 (continued)

 IIIB  T3  N2  M0  Any  Any 
 IIIC  T4a  N1-2  M0  Any  Any 

 T4b  Any  M0  Any  Any 
 Any  N3  M0  Any  Any 

 IV  Any  Any  M1  Any  Any 

 *Or mixed histology including a squamous component or NOS 
 **Location of primary cancer site is defi ned by the position of 
the upper (proximal) edge of the tumor in the esophagus 

 Adenocarcinoma 

 Stage  T  N  M  Grade 

 0  Tis (HGD)  N0  M0  1, X 
 IA  T1  N0  M0  1–2, X 
 IB  T1  N0  M0  3 

 T2  N0  M0  1–2, X 
 IIA  T2  N0  M0  3 
 IIB  T3  N0  M0  Any 

 T1-2  N1  M0  Any 
 IIIA  T1-2  N2  M0  Any 

 T3  N1  M0  Any 
 T4a  N0  M0  Any 

 IIIB  T3  N2  M0  Any 
 IIIC  T4a  N1-2  M0  Any 

 T4b  Any  M0  Any 
 Any  N3  M0  Any 

 IV  Any  Any  M1  Any 

  Fig. 8.1    An early stage distal esophageal adenocarci-
noma contained within the adventitia       
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 Overall prognosis can also be thought in terms 
of localized, regional, or distant disease with 
5-year relative survival rates of 37 %, 18 %, and 
3 %, respectively [ 23 ].  

    Clinical Presentation 

 The most common symptoms on presentation 
include progressive dysphagia from solids to liq-
uids and weight loss. These often come on slow 
and indolently, and patients often present late in 
their disease. Association of symptoms with 
more locally advanced disease includes hoarse-
ness from recurrent laryngeal nerve involvement, 
chest pain from thoracic and mediastinal inva-
sion, back pain from vertebral body invasion, and 
dyspnea from tracheoesophageal or broncho-
esophageal fi stula formation.  

    Workup 

 Historically, patients received a barium swallow 
with plain fi lms (esophagography) to detect the 
presence of an esophageal mass. Nowadays, 
additional confi rmatory tests include esophago-
gastroduodenoscopy (EGD) for direct visualization 

of the upper GI tract and determination of the 
extent of longitudinal spread and biopsy confi r-
mation (Fig.  8.3 ). This is then followed by an 
endoscopic ultrasound (EUS) with a fi ne needle 
aspiration (FNA). EUS is the ideal imaging 
modality to assess depth of tumor invasion with a 
T-stage sensitivity of 81–90 % and specifi city of 
about 99 % and an N-stage sensitivity of 96.7 % 
and specifi city of 95.5 % with FNA [ 24 ]. 
Additional tests include a computed tomography 
(CT) scan and an integrated positron emission 
tomography and CT scan (PET/CT).

   CT scans allows anatomic visualization of the 
extent of spread, lymphadenopathy, and relations 
with adjacent structures that assists surgeons in 
determining feasibility and extent of resection, as 
well as assists radiation oncologists in determin-
ing the extent of their treatment fi elds. CT detec-
tion of nodal metastases has an accuracy rate of 
68–96 %, sensitivity rate of 8–75 %, and specifi c-
ity rate of 77–94 % [ 25 ]. These rates are variable 
because they depend on the location of the nodal 
groups. For example, the sensitivity rate for 
detecting cervical paraesophageal nodes is 75 %, 
whereas it is 8 % for lesser curvature nodes. 

 PET/CT scans allow the visualization of 
 metabolic activity to enhance identifi cation 
of distant metastases and can change patient 

  Fig. 8.2    A locally 
advanced gastroesophageal 
junction lesion with 
involvement of the lesser 
curvature of the stomach       
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management up to 20 % of the cases [ 26 ]. PET/
CT sensitivity to detect locoregional metastases 
is 51 % with a specifi city of 84 %, and its sensitiv-
ity for detecting distant metastases is 67 % with a 
specifi city of 97 % [ 26 ]. Pre- and post-treatment 
standardized uptake values (SUV) from PET may 
also have prognostic signifi cance [ 27 ]. Additional 
workup for tumors above the carina without evi-
dence of metastatic disease includes bronchos-
copy and optional laparoscopy for GEJ tumors 
without evidence of metastatic disease [ 9 ].  

    Treatment 

 A multimodality approach is essential for the 
treatment of esophageal cancer, as treatment 
options vary widely according to stage. Table  8.2  
demonstrates basic outline of treatment 
recommendations.

   For carcinoma in situ (high-grade dysplasia) 
or lesions limited to the lamina propria and mus-
cularis mucosa (Tis–T1a), a superfi cial approach 
is an option since these lesions have a low risk of 
spread and a cancer mortality of only 5 %. 
However, invasion into the  submucosa  dramati-
cally increases the risk of spread and has a mor-
tality risk of 40 %; hence superfi cial treatments 
are recommended only for stages Tis–T1a. 

 The three main superfi cial approaches include 
endoscopic mucosal resection (EMR), photody-
namic therapy (PDT), and radiofrequency abla-
tion (RFA). EMR involves a submucosal injection 
of fl uid to separate the lesion from the muscular 
layer of the esophagus to allow complete resec-
tion of the lesion [ 2 ]. Photodynamic therapy 
(PDT) uses monochromatic light to excite a 
 photosensitizing agent that is selectively concen-
trated into malignant tissues causing the produc-
tion of superoxide and hydroxyl radicals that lead 
to apoptosis, necrosis, vascular occlusion, and 
activation of the immune response [ 28 ]. RFA 
involves the use of ablation catheters inside a 
cylindrical balloon that is placed adjacent to 
lesions to ablate tissues using heat via an electri-
cal current [ 2 ,  11 ]. Since RFA heating requires an 

  Fig. 8.3    An endoscopic 
picture of a distal esopha-
geal adenocarcinoma 
(Courtesy of Quyen D. Chu, 
MD, MBA, FACS)       

   Table 8.2    Treatment recommendations by stage   

 Stage  Treatment 

 Tis–T1a  Endoscopic mucosal resection, 
photodynamic therapy, radiofrequency 
ablation, or esophagectomy alone 

 T1b  Esophagectomy alone 
 T2–T4, node 
positive 

 Neoadjuvant chemoradiation followed by 
esophagectomy 

 Distant 
metastasis 

 Palliative chemotherapy, radiation, or 
chemoradiation, esophageal dilation and 
stenting 
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electrically conductive path, it results in heating 
of tissues just next to the catheter [ 29 ]. 

 A study by the University of Pennsylvania 
found that the sensitivity, specifi city, and positive 
and negative predictive values of preoperative 
EUS for submucosal invasion were 100 %, 94 %, 
83 %, and 100 %, respectively [ 30 ]. An Italian 
study found lower rates of accuracy with sensitiv-
ity, specifi city, and positive and negative predic-
tive values of 88 %, 63 %, 67 %, and 86 %, 
respectively; however, the authors still conclude 
that EUS is an extremely useful tool when con-
sidering nonsurgical treatment options [ 31 ]. 

 A prospective single institutional study was 
performed examining the role of EMR for muco-
sal lesions showing high-grade dysplasia or early 
cancer in Barrett’s esophagus after diagnosis by 
EUS [ 32 ]. EUS was able to accurately diagnose 
85 % of the lesions (1 patient overstaged and 6 
understaged). A meta-analysis of the staging 
accuracy of esophageal cancer by EUS found the 
sensitivity and specifi city for T1 lesions to be 
81.6 % and 99.4 %, respectively [ 24 ]. These stud-
ies provide further support that EMR is an accept-
able treatment option after diagnosis by 
EUS. Nevertheless, the incidence of occult ade-
nocarcinoma in high-grade dysplasia has been 
reported to be as high as 40 %, and if the lesion 
has characteristics that are worrisome for a predi-
lection for lymph node metastases such as lym-
phovascular space invasion, neural invasion, 
tumor size > 2 cm, or multifocality, an esophagec-
tomy, especially in the era of minimally invasive 
techniques, still warrants consideration [ 33 – 35 ]. 
The morbidity from such a procedure for early 
stage disease is acceptable as the University of 
Pittsburgh’s review of their T1 esophagectomy 
patients found that on their Gastroesophageal 
Refl ux Disease-Health Related Quality of Life 
(GERD-HRQOL) questionnaire, 89 % and 
10.6 % of patients had excellent and satisfactory 
HRQOL scores, respectively [ 35 ].  

    Surgery 

 After clinical staging is completed, treatment of 
esophageal cancers is relegated to three broad 
categories: immediate surgical therapy, surgical 

therapy following chemotherapy with or without 
radiation therapy, and nonsurgical management. 
Esophageal precancerous lesions such as high- 
grade dysplasia or very early cancers can be 
treated with the aforementioned strategies, but 
are also candidates for immediate resection. For 
the majority of esophageal cancers, however, 
advanced stage at diagnosis will mandate neoad-
juvant treatment followed by surgical resection. 
In the lattermost category are the metastatic and 
unresectable cancers (i.e., those that locally 
invade vital structures such as the aorta or tra-
cheobronchial tree) – these are not offered surgi-
cal resection, but rather offered palliative 
chemoradiotherapy. As the esophagus traverses 
both the thoracic and the abdominal cavities, 
there are understandably several approaches to 
facilitate its removal. Despite these variations, a 
few constants hold true which follow below. 

 In concordance with all other solid organ 
resections for malignancy, a minimum number of 
lymph nodes retrieved are recommended to con-
stitute adequate diagnostic and therapeutic bene-
fi t. Based upon consensus statement by the 
National Comprehensive Cancer Network’s 
esophageal cancer work group, this number has 
been established at 15 nodes [ 36 ]. For upper and 
middle esophageal lesions, this mainly comprises 
the adventitial tissue surrounding the esophagus 
within the posterior mediastinum. For distal 
esophageal lesions, this represents paraesopha-
geal nodes from the hiatal region and those along 
the course of the left gastric artery. In regard to 
surgical margins, obtaining a longitudinal esoph-
ageal margin is generally attainable considering 
the generous length of the organ; for upper third 
or low cervical tumors, however, this can some-
times require a partial or total laryngectomy with 
pharyngogastric reconstruction. It should be men-
tioned though that historically, due to poor func-
tion and survival outcomes, many experts feel 
that defi nitive chemoradiation therapy is more 
appropriate for proximal esophageal cancers. 

 The gastric margin, conversely, can become 
a concern in particular with lesions found at 
the gastroesophageal junction, which is an 
area frequently involved in western series [ 37 ]. 
In this situation, obtaining a comfortable margin 
of (preferably) fi ve centimeters sometimes 
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cannot be achieved while still preserving enough 
proximal stomach to fashion a suitable conduit 
for esophageal reconstruction (Figs.  8.4  and  8.5 ). 

In that instance, an alternate conduit is required 
such as colon or jejunum in selected circum-
stances (Fig.  8.6 ).

     All patients undergoing esophageal resection 
will have several days of nil per os (NPO) status, 
and this period can increase substantially if there 
are any untoward complications such as anasto-
motic leak. Therefore, enteral access by routine 
placement of a jejunal feeding tube is highly rec-
ommended. This tube remains in place for 
roughly 1 month after surgery and is removed 
once the patient has demonstrated that adequate 
caloric intake and stabilization of postoperative 
weight loss can be achieved by oral diet alone. 
Another distinct advantage of a routine jejunos-
tomy tube placement is that if the patient devel-
ops troubles with oral nutrition in the future, 
whether due to stricture, recurrence, or simply 
failure to thrive, the jejunostomy site can be per-
cutaneously cannulated by an interventional radi-
ologist and immediate enteral feedings can 
commence without diffi culties [ 38 ]. In our prac-
tice, we have found this to be of great use even 
years after the initial surgery. For those patients 
who are plagued by continued weight loss or 
radiation-induced esophagitis preventing oral 
nutrition during the neoadjuvant phase of their 
treatment, it is sometimes necessary to have enteral 
access placed before esophagectomy. For these 
purposes, we have found either percutaneously 

  Fig. 8.4    Resecting the distal lesion of the esophagus and 
creating a gastric conduit. The stomach is mobilized after 
ligating all vessels supplying the stomach except for the 
right gastroepiploic vessel. Note that the lymph nodes 
along the lesser curvature are included in the specimen 
(Reprinted from Ref. [ 40 ]. With permission from Elsevier)       

  Fig. 8.5    A reconstructed 
esophagus using a gastric 
conduit       
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placed gastrostomy tubes by interventional radi-
ology or traditional surgical jejunostomy tube 
placement to be superior to percutaneous endos-
copy gastrostomy (PEG) tubes. The benefi t of the 
former preferred tube is that the footprint of a 
14–16 French Cook-type catheter on the gastric 
wall is considerably smaller than the common 
20–24 French PEG-style tube. A small catheter 
gastrostomy can be easily oversewn and imbri-
cated frequently with one or two sutures, whereas 
the PEG style tubes often produce a more pro-
nounced disfi gurement of the gastric wall and can 
jeopardize the creation of a gastric tube. 

 Aside from these technical considerations of 
esophagectomy, there is an overarching concept 
that can differentiate overall success of surgical 
management: volume. In a recent meta-analysis 
comprising nearly 28,000 patients, the overall 
surgical mortality signifi cantly decreased in pro-
portion to the number of esophagectomy cases 
performed by the given institution per year [ 39 ]. 
Undoubtedly, as the expertise of the surgeon, sur-
gical team, and postoperative care team increases, 
so does patient safety. One major aspect of this 
relationship is likely related to the resources avail-
able in high-volume centers in the arena of rescue 
therapies for postoperative complications. After a 
surgery of this magnitude, regardless of the 

approach, several signifi cant complications can 
arise that require adjunctive procedures to rem-
edy, such as percutaneous drain placements, com-
plex endoscopic interventions, and  sophisticated 
cardiopulmonary team care. Furthermore, the 
aptitude of experienced nursing personnel in 
identifying these potential complications in an 
early phase may allow more swift resolution 
before progression. In a center where only a small 
number of these cases occur annually, these 
resources may not have the level of expertise or 
readiness to rescue an ailing patient who is rap-
idly deteriorating.  

    Esophagectomy Techniques 

    Transhiatal 

 As its name implies, a transhiatal esophagectomy 
is constituted by dissecting the middle and distal 
thirds of the esophagus through the diaphrag-
matic hiatus without the need for thoracotomy 
(Fig.  8.7 ) [ 40 ]. A cervical exposure is used to dis-
sect the proximal third and complete the dissec-
tion in continuity with the abdominal approach. 
A long gastric tube is created and then drawn 
through the posterior mediastinum until it reaches 

  Fig. 8.6     Colonic interpo-
sition using the right colon . 
Blood supply is based on 
the inferior mesenteric 
artery (Courtesy of Quyen 
D. Chu, MD, MBA, FACS)       
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the skin level of the neck. An anastomosis 
between the cervical esophagus and this neo- 
esophagus is then created. Tumors located any-
where along the entire length of the esophagus to 
the gastric cardia can be resected equally with 
adequate margins. Advantages of this technique 
include the avoidance of entering the thorax, lower 
mortality from a leak at the cervical anastomosis, 
compared to a leak in the thorax from a transtho-
racic approach and the ability to remove the entire 
length of the esophagus when the consideration of 
 long-segment Barrett’s or margins is of concern. 
Without a thoracotomy, the pulmonary complica-
tions often plaguing esophageal resection are gen-
erally mitigated, which has been substantiated in 
the literature by a decreased length of ICU stay 

for the transhiatal technique [ 41 ]. Cervical anas-
tomoses are created outside the radiated fi eld of 
the mediastinum, and leaks in this locale gener-
ally will fi stulize to the cervical skin without even 
fever or abscess formation. Near uniform closure 
of these fi stulas will follow with cessation of oral 
intake alone, in great contrast to the 4–10 % need 
for reoperation that follows a thoracic duct leak. 
Disadvantages to this technique include the lim-
ited ability to dissect middle esophageal tumors, 
a questionable  completeness of radical lymphad-
enectomy in the posterior mediastinum, thoracic 
duct leak at the level of the left neck, higher anas-
tomotic leak rate compared to the transthoracic 
approach, and the increased risk of inadvertent 
injury to the tracheobronchial tree or azygos vein 

  Fig. 8.7    Transhiatal esophagectomy technique. ( a ) The 
esophagus is bluntly dissected away from the surrounding 
structure with the fi ngers, taking care to not injure the 
membranous portion of the trachea. A left neck incision is 
also made to further mobilize the cervical esophagus. 

Care is taken to avoid injury to the left recurrent laryngeal 
nerve. ( b ) A cervical esophagogastrostomy anastomosis is 
performed in the left neck (Reprinted from Ref. [ 40 ]. With 
permission from Elsevier)       
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during blunt dissection of the proximal esophagus. 
Additionally, in the absence of direct visualiza-
tion, the recurrent laryngeal nerves are at 
increased risk of injury when compared to 
 esophagectomy via thoracotomy. A jejunal 
feeding tube is placed in all patients to bolster 
 nutritional intake.

       Transthoracic 

 Arguably the most commonly employed method 
of esophagectomy, resection via a right thoracot-
omy and laparotomy (Ivor-Lewis) remains the 
gold standard method of resecting any esopha-
geal tumor of the middle and distal third as well 
as those extending to the gastric cardia [ 40 ,  42 ] 
(Fig.  8.8 ). Unlike a transhiatal approach, the 
advantage of direct dissection of the posterior 

mediastinum and the peri-esophageal tissue 
allows a more deliberate and thorough lymphad-
enectomy. The esophagus is divided at or above 
the level of the azygos vein, and a gastric tube 
similar to that created in the transhiatal procedure 
is anastomosed at that location. Advantages also 
include the ability to carefully preserve the mem-
branous portions of the tracheobronchial tree and 
lower locoregional recurrences when compared 
to transhiatal esophagectomy. Disadvantages 
include the severe morbidity and mortality asso-
ciated with anastomotic leak into the thorax or 
mediastinum, thoracic duct leak, an overall 
higher incidence of pulmonary complications, 
and the occasional necessity to expand to a 
cervical exposure if a proximal margin cannot 
be cleared [ 42 ]. This final addition constitutes 
a so- called “three-fi eld” esophagectomy (i.e., 
McKeown), effectively combining the  advantages 

  Fig. 8.8    ( a ) An Ivor-Lewis approach includes an abdomi-
nal and a right thoracic incision (Courtesy of Thuy-Tien 
Chu). ( b ) The azygos vein is ligated, the thoracic esopha-

gus is mobilized, and the mediastinal lymph nodes are 
retrieved (Reprinted from Ref. [ 40 ]. With permission from 
Elsevier)       
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of both approaches. Perhaps counterintuitively, 
however, the safety profi le of this third resection 
technique is actually inferior to either prior 
method, likely due to its application in only the 
most challenging tumors from a surgical stand-
point. Again, as in all types of esophagectomy, a 
feeding jejunostomy is placed in all patients.

   On occasion, a left thoracotomy instead of a 
right thoracotomy is performed for GEJ and can-
cer involving the cardia of the stomach. In such a 
situation, esophagogastric anastomosis is per-
formed just superior to the inferior pulmonary 
veins. The disadvantage with this approach is the 
presence of the aortic arch, which limits the sur-
geon’s ability to perform a higher anastomosis, 
although some have advocated tunneling the con-
duit behind the aortic arch. The left thoracotomy 
approach is not as widely performed as the other 
approaches, and it is mentioned here only for 
completeness.   

    Minimally Invasive Techniques 

 As with the adaptation of many oncologic resec-
tions from traditional open approaches to mini-
mally invasive methods, esophagectomy has been 
well documented in the literature as a feasible 
and oncologically sound undertaking [ 43 ,  44 ]. 
Preserving the steps and general architecture of 
the original operation, minimally invasive esoph-
agectomy (MIE) can be performed with or with-
out thoracoscopic dissection of the intrathoracic 
esophagus. Though no prospective randomized 
trials to compare MIE and open techniques exist, 
several series have indicated that MIE is safe and 
effective, allowing an oncologically sound resec-
tion (evidenced by extent of lymphadenectomy 
and margin clearance) with a comparably safe 
risk profi le when compared to historical stan-
dards [ 45 ]. Similar to the advantages afforded by 
minimally invasive techniques employed in other 
operations, decreased postoperative pain, faster 
return of bowel function, and improved cosmesis 
have been achieved in comparison to the tradi-
tional open methods [ 45 ]. This is especially true 
in the avoidance of thoracotomy provided by 
 thoracoscopic resection and reconstruction.  

    Extent of Lymphadenectomy 

 Completeness of lymphadenectomy has been long 
considered the obligate partner to the successful 
resection of primary tumors, and this concept has 
been the subject of some scrutiny over the preced-
ing years. With the refi nement of neoadjuvant 
therapies, there has been a general sense of devalu-
ation placed upon radical lymphadenectomies so 
prevalent in historical view. Driving this scrutiny is 
the inherent difference between the operative 
approaches in regard to emphasis placed on acces-
sibility to lymph nodes; several studies have 
indicated that the transthoracic approach allows a 
more thorough lymphadenectomy, and indeed, the 
number of lymph nodes retrieved is often higher 
compared to the transhiatal approach. Surgeons 
who endorse the transhiatal approach despite the 
reproducibly lower number of lymph nodes har-
vested submit the supporting literature that long-
term outcome is not infl uenced by the number of 
nodes removed at surgery [ 46 ,  47 ].  

    Alternate Methods 
of Reconstruction 

 Occasionally, either due to tumor- or anatomic- 
related considerations, the stomach is not a suit-
able candidate for esophageal reconstruction. In 
these instances, the most commonly employed 
conduit is an interposition of a segment of the 
colon either in the posterior mediastinum or the 
anterior mediastinum [ 48 ,  49 ] (Figs.  8.6  and  8.9 ). 
Similarly, an isolated jejunal segment can also be 
used to provide the necessary hollow viscus to 
reconstitute the upper digestive tract. In the case 
of the former, special preparation in the preopera-
tive phase is required to verify the integrity of the 
colon for eventual use. Colonoscopy to ensure 
the absence of neoplasms and mesenteric angiog-
raphy to evaluate the vascular infl ow of the future 
pedicle are necessary steps if such a reconstruc-
tion is planned. As for the former, several tech-
niques of improving the vascular supply of what 
is often a free graft have been described. These 
often involve augmenting arterial infl ow to the 
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intestinal mesentery by direct arterial anastomo-
sis to the common carotid artery. Though quality 
of life is somewhat limited by these alternate 
reconstruction techniques, they do offer a prefer-
able alternative to lifelong intestinal discontinu-
ity and the presence of a cervical esophagostomy 
or “spit fi stula.”

       Radiation 

 The rationale for radiation therapy is for the 
defi nitive management for unresectable cases or 
to sterilize microscopic disease near the primary 
tumor and in regional lymph nodes as part of a 
neoadjuvant regimen. The use of chemoradiation 
for nonsurgical candidates was established by the 
Radiation Therapy Oncology Group (RTOG) 
8501 trial where radiation alone was compared to 

concurrent chemoradiation [ 50 ]. The trial showed 
a dismal 5-year overall survival rate of 0 % ver-
sus 27 % for the concurrent arm. 

 Given the relatively low defi nitive radiation 
dose, several trials have investigated the role of 
radiation dose escalation to improve outcomes. 
The intergroup 0213 trial randomized patients to 
receive 64.8 Gy versus 50.4 Gy [ 51 ]. The results 
of this trial found no signifi cant difference 
between the two arms in median survival (13.0 
vs. 18.1 months), 2-year overall survival (31 % 
vs. 40 %), or locoregional failure (56 % vs. 
52 %). This trial has been criticized as 7 of the 11 
treatment-related deaths occurred prior to receiv-
ing 50.4 Gy. 

 RTOG 9207 was a phase I/II study of concur-
rent chemotherapy followed by a brachytherapy 
boost [ 52 ]. Brachytherapy is a radiation tech-
nique that uses a point source of radioactive 

  Fig. 8.9    Technique of using the right colon as an alternative conduit (Reprinted from Ref. [ 49 ]. With permission from 
Wolters Kluwer Health)       
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material that is brought close to the tumor. These 
sources have a limited range and are often used to 
deliver high conformal doses while sparing nor-
mal tissues. Unfortunately, a 12 % incidence of 
fi stula formation was found from this technique 
and thus has not been readily adopted. Although 
efforts to dose escalate radiation have failed, it is 
important to note that approximately a quarter of 
unresectable patients can be cured with defi nitive 
chemoradiation. 

 For surgical candidates, there is some contro-
versy regarding the benefi t of neoadjuvant 
chemoradiation over surgery alone as several 
clinical trials failed to demonstrate an advantage 
with the neoadjuvant approach (Univ. of 
Michigan [ 53 ], European Organisation for 
Research and Treatment of Cancer (EORTC) 
[ 54 ], Univ. of Ulsan in Korea [ 55 ], and the com-
bined Trans Tasman Radiation Oncology Group 
(TROG) and Australasian Gastro-Intestinal Trials 
Group (AGITG [ 56 ])). In contradistinction, an 
older study by Walsh et al. at St. James Hospital 
(Ireland) found an advantage with chemoradia-
tion [ 57 ], and several recent studies including the 
Cancer and Leukemia Group B (CALGB) 9781 
[ 58 ], the Chemoradiotherapy for Oesophageal 
Cancer Followed by Surgery Study (CROSS) 
trial [ 59 ], as well as a meta-analysis [ 60 ] found a 
signifi cant survival advantage to trimodality 
therapy. 

 The CROSS trial was a landmark trial that 
randomized 366 patients to neoadjuvant carbopl-
atin and paclitaxel with radiation therapy versus 
surgery alone. Seventy-fi ve percent of these 
patients had adenocarcinoma. The results showed 
that the trimodality approach signifi cantly dou-
bled median survival from 24.0 to 49.4 months 
with a 5-year overall survival of 47 % in the tri-
modality group versus 34 % in the surgery-alone 
group (p = 0.003). Trimodality approach is now 
the preferred treatment for locally advanced 
esophageal cancers at many centers. 

 There also have been several trials examining 
the role of surgery in the context of chemoradia-
tion. A German trial from the University Clinic of 
Tubingen randomized high-risk esophageal can-
cer patients, after receiving induction chemother-
apy, to either concurrent chemoradiation followed 

by surgery or to chemoradiation alone [ 61 ]. 
The Fédération Francophone de Cancérologie 
Digestive (FFCD) in France also performed a 
similar trial where all patients initially received 
chemoradiation and where responders were ran-
domized to surgery [ 62 ]. The results from both 
trials found no difference in overall survival and 
an increase in treatment- related mortality in the 
surgery groups. It is important to note that both 
trials showed local control benefi ts to the surgery 
arm. The German trial found a 2-year progres-
sion free survival benefi t of 76.5 % in the surgery 
arm versus 64.3 % in the chemoradiation alone 
arm, while the FFCD trial found a 2-year locore-
gional control benefi t of 66 % in favor of surgery 
versus 56 % in the nonsurgical arm. 

 Histology was also a factor in the two studies. 
All patients in the German trial and 89 % of 
patients in the FFCD trial had squamous cell car-
cinomas (SCC). Such histology is not what is 
generally observed in the United States since 
most US patients have adenocarcinoma. 
Furthermore, SCCs tend to respond better to 
chemoradiation than adenocarcinomas; in the 
CROSS trial, patients who had SCC had a com-
plete response rate of 49 % compared to 23 % in 
the adenocarcinoma group [ 59 ]. The German 
trial also hinted at a late nonsignifi cant survival 
benefi t after 3 years for the surgery arm. The 
FFCD trial may not have shown a survival benefi t 
in the surgery arm because they only randomized 
patients who responded to chemoradiation. It is 
important to remember that approximately half 
of the patients undergoing defi nitive chemoradia-
tion will fail locally, further highlighting the need 
for surgical intervention [ 51 ]. 

 GEJ tumors are now treated similarly with 
neoadjuvant chemotherapy and radiation fol-
lowed surgical resection, especially in the United 
States; however, other treatment strategies for 
GEJ and distal esophageal tumors include peri-
operative (neoadjuvant and adjuvant) chemother-
apy based on the Medical Research Council 
Adjuvant Gastric Infusional Chemotherapy 
(MAGIC) trial that showed a benefi t to this regi-
men over surgery alone [ 63 ]. This will be 
expounded in more detail in the chemotherapy 
section. In the past, some have also treated GEJ 
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tumors postoperatively with 5-FU and leucovorin 
before, during, and after radiation based on the 
Intergroup 0116 that found a benefi t to postoper-
ative chemoradiation versus surgery alone [ 64 ]. 

 Cervical esophageal cancer is treated simi-
larly to a primary squamous cell carcinoma of the 
head and neck. Primary surgical resection for 
cervical esophageal cancer has been done histori-
cally, but the outcomes are poor and patients 
often require adjuvant chemoradiation [ 65 – 67 ]. 
More institutions are moving toward defi nitive 
chemoradiation for organ preservation, as the 
hypopharynx, larynx, and esophagus must be 
removed using a pharyngo-laryngo- 
esophagectomy and defi nitive chemoradiation 
has similar effi cacy in comparison to those 
patients receiving surgical resection [ 65 – 67 ]. 

 The current standard chemoradiation regimen 
consists of 50.4 Gy in 1.8 Gy fractions concur-
rently with a fl uoropyrimidine or taxane-based 
regimen for defi nitive and neoadjuvant chemora-
diation patients. Radiation therapy is delivered 
daily Monday through Friday. Prior to treatment, 
the esophageal tumor is contoured on a CT scan 
and typically a 5 cm longitudinal margin with a 
1–2 cm radial margin is used to encompass not 
only the tumor, but microscopic spread and to 
account for daily organ motion and patient setup 
errors. In addition, normal structures such as the 
heart, lungs, liver, and spinal cord are also con-
toured. This creates a 3D model that is placed 
into an advanced computer algorithm that allows 
the radiation oncologist to see the dose to the tar-
get, while minimizing dose to surrounding nor-
mal structures. Typically three to four radiation 
fi elds are used to encompass the target volume. 
Variations in treatment planning include treating 
the initial volume at risk to 45 Gy followed by a 
reduced fi eld to the gross disease only to 50.4 Gy. 
Given the distribution of esophageal lymphatics, 
paraesophageal lymph nodes will naturally be 
included when targeting the primary disease with 
a margin. Tumors proximal to the carina also 
have the bilateral supraclavicular nodes treated, 
whereas for distal and GEJ tumors, the celiac 
axis nodes are included in the radiation portal. 
A typical AP fi eld can be seen in Fig.  8.10 .

       Chemotherapy 

 The preceding sections discussed the role of local 
regional therapies for esophageal cancer in 
patients without evidence of distant metastasis. 
The goal of primary therapy is for cure. Adjuvant 
therapy is given in addition to primary treatment 
with the aim of reducing recurrence and improv-
ing cure rate. Neoadjuvant therapy is adjuvant 
therapy administered prior to the established or 
standard therapy. With the exception of early 
esophageal cancer (Tis and T1 disease), the cure 
rates are low with surgery alone. Sixty-fi ve to 
eighty percent of patients who undergo surgery 
for esophageal cancer will fail in distant sites 
such as the liver, lung, bone, retroperitoneum, 
and brain. For these reasons, chemotherapy has 
been incorporated in the treatment of localized 
disease. The rationale for the use of systemic 
cytotoxic agents in this disease is twofold. One is 
to control micrometastasis and secondly to poten-
tiate the therapeutic effects of radiation therapy. 
Defi nitive therapy using systemic chemotherapy 

  Fig. 8.10    A typical anterior posterior (AP) fi eld for radia-
tion therapy: the heart is in red, kidneys in magenta, and 
the planning treatment volume (PTV) in cyan       
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concurrently given with radiation therapy is a 
reasonable treatment option for patients who 
have localized or locally advanced disease who 
have comorbidities precluding surgical resection 
of their esophageal cancer as described previ-
ously. The goal in the treatment of advanced 
esophageal cancer is for palliation of symptoms 
as well as prolongation of life. Chemotherapy is 
an effective form of palliation in advanced esoph-
ageal cancer. In this section, we will discuss the 
data on the role of chemotherapy in localized, 
locally advanced, and metastatic esophageal 
cancer.  

    Localized/Resectable Disease: 
Neoadjuvant Therapy 

 Complete pathologic response is associated with 
better outcome. A number of randomized clinical 
trials address the benefi t of neoadjuvant chemo-
therapy prior to surgery versus surgery alone in 
patients with localized esophageal cancer 
(Table  8.3 ) [ 68 ,  69 ,  63 ]. These trials were associ-
ated with low complete pathologic response rates. 
Four trials fail to show benefi t while three showed 
improvement in survival associated with neoadju-
vant chemotherapy. Among the three trials shown 
in Table  8.3 , it is the MAGIC trial reported by 
Cunningham that is perhaps cited the most [ 63 ]. 

The patients who received perioperative chemo-
therapy (three preoperative and three postopera-
tive cycles of intravenous epirubicin, cisplatin   , 
and fl uorouracil or ECF) had higher overall sur-
vival rate with a hazard ratio of 0.75 compared to 
the surgery-alone arm. The 5-year survival rate 
(36 % vs. 23 %) was statistically signifi cantly bet-
ter in favor of the perioperative arm. It is impor-
tant to note, however, that 62 % of the patients 
had adenocarcinoma and almost three- quarters 
had gastric cancer. A meta-analysis was per-
formed using 11 trials comparing surgery alone to 
neoadjuvant chemotherapy followed by surgery 
in esophageal and GE junction tumors [ 70 ]. The 
results suggest an absolute survival benefi t of 5 % 
in 2 years in favor of the neoadjuvant chemother-
apy followed by the surgery group.

   Several randomized clinical trials and meta- 
analyses have demonstrated the benefi t of a tri-
modality approach in improving survival 
compared to surgery alone. Neoadjuvant treat-
ment with chemotherapy and radiation is associ-
ated with a complete pathologic response rate of 
16–40 % [ 53 ,  56 – 59 ,  71 ,  72 ]. Combined chemo-
therapy and radiation therapy, given before sur-
gery, is also associated with an improvement 
in local control compared to surgery alone. 
Table  8.4  demonstrates selected trials of neoadju-
vant combined chemotherapy and radiation fol-
lowed by surgery versus surgery alone.

    Table 8.3    Selected phase III randomized trials of neoadjuvant chemotherapy followed by surgery in esophageal 
cancer   

 Study/year  Phase   N   Histology  Location  Treatment  pCR (%) 
 Median 
survival (mos) 

 Kelsen [ 68 ] 1998  III  440  Squamous: 46 %  Esophagus: N/A  5FU/Cis x 3  3  CT/S: 14.9 
 Adenoca: 54 %  GEJ: N/A  S: 16.1 

  P  = 0.53 
 MRC [ 69 ] 2002  III  100  Squamous: 31 %  Esophagus: 90 %  5FU/Cis x 2  4  CT/S: 16.8 

 Adenoca: 66 %  Cardia: 10 %  S: 13.3 
  P  = 0.004 

 Cunningham [ 63 ] or 
MAGIC trial 2006 

 III  503  Squamous: 37 %  Esophagus:15 %  ECF  0  5-years survival 
 Adenoca: 62 %  GEJ: 11 %  CT/S: 36 % 

 Stomach: 74 %  S: 23 % 
  P  = 0.009 

   pCR  pathologic complete response,  Adenoca  adenocarcinoma,  GEJ  gastroesophageal junction,  5FU  5-fl uorouracil,  Cis  
cisplatin,  CT  chemotherapy,  XRT  radiation therapy,  S  surgery,  mos  months,  ECF  epirubicin, cisplatin, 5-fl uorouracil, 
 MAGIC  Medical Research Council Adjuvant Gastric Infusional Chemotherapy,  MRC  Medical Research Council,  N/A  
not available  
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       Metastatic Disease 

 The goal of therapy for advanced disease is pri-
marily for palliation although there may be 
potential for prolongation in life with therapy. 
The most common symptoms which need pallia-
tion are malignant dysphagia and poor nutrition. 
Endoscopic palliation with esophageal dilation 
and stent placement as well as PEG tube place-
ment may improve the quality of life of these 
patients. Treatment options include endoscopic 
ablation (laser, cryotherapy, and PDT), dilation, 
and surgery; however, the most commonly used 
approaches are endoluminal stenting and radia-
tion +/− chemotherapy [ 73 ]. Careful patient 
selection is imperative, but because of the favor-
able response rate, full doses of concurrent 
chemoradiation are often used given the poor 
quality of life and nutritional status of these 
patients [ 74 ]. 

 As in systemic therapy for localized disease, 
there is not just one standard but a number of 
standard chemotherapy regimens that may be 
used in patients with metastatic esophageal can-
cer. Combination therapy is generally associated 
with a better chance of benefi t compared to a 
single agent; however, for elderly patients and 
those with a poor performance status, single 
agent chemotherapy or best supportive care are 
appropriate alternatives. The list below repre-
sents a sample of chemotherapeutic regimens 
used in advanced disease:
•    Trastuzumab, capecitabine, cisplatin (for 

HER2/neu + tumors)  
•   FOLFOX6 or 7 (oxaliplatin, 5FU/LV)  
•   FOLFIRI (irinotecan, 5FU/LV)  
•   DCF/mDCF (docetaxel, cisplatin, 5FU)  
•   EOX (epirubicin, oxaliplatin, capecitabine)  
•   ECF (epirubicin, cisplatin, 5FU)  
•   ECX (epirubicin, cisplatin, capecitabine)  
•   Irinotecan, cisplatin  
•   Paclitaxel, carboplatin  
•   Paclitaxel, cisplatin  
•   Docetaxel, irinotecan    

 The combination of epirubicin, cisplatin, 
and 5-fl uorouracil is a standard chemotherapy 

regimen that is also used in the advanced disease 
of the GEJ and the stomach. Cisplatin is associ-
ated with signifi cant side effects such as emesis, 
nephrotoxicity, and neuropathy. These side 
effects can be ameliorated when oxaliplatin is 
used instead of cisplatin. 5-fl uorouracil (5-FU) is 
given as continuous infusion requiring central 
venous access. Because of potential complica-
tions associated with central venous access 
(thrombosis, infection), an oral substitute such as 
capecitabine appears to be an attractive alterna-
tive to 5-FU. In an effort to determine the non- 
inferiority of oxaliplatin to cisplatin and of 
capecitabine, an oral fl uoropyrimidine alternative 
to 5-FU, the investigators of the Randomized 
ECF for Advanced and Locally Advanced 
Esophagogastric Cancer 2 (REAL-2) trial 
enrolled more than a 1,000 patients and showed 
that capecitabine and oxaliplatin are just as effec-
tive as fl uorouracil and cisplatin, respectively, in 
patients with previously untreated, unresectable, 
or metastatic esophagogastric cancer [ 75 ]. 

 Given that approximately 22 % of patients 
with gastroesophageal junction (GEJ) and gastric 
cancer have HER-2 overexpression, a clinical 
trial to assess the effi cacy of trastuzumab, a 
monoclonal antibody against human epidermal 
growth factor receptor 2, against HER-2 positive 
GEJ and gastric tumors would appear to be the 
next logical step [ 76 ]. In fact, this was the case. 
The Trastuzumab for Gastric or Gastro- 
Oesophageal Junction Cancer (ToGA) trial con-
ducted an open-label, international, phase III, 
randomized controlled trial in 122 centers in 24 
countries. In this trial, 594 patients with inopera-
ble locally advanced, recurrent, or metastatic 
HER-2 positive gastric or GEJ tumors were 
randomly assigned to receive capecitabine 
plus cisplatin with or without trastuzumab [ 77 ]. 
Of note, 17–20 % were GEJ tumors while 80 % 
were gastric cancer. The addition of trastuzumab 
to chemotherapy was associated with improve-
ment of median overall survival of 13.8 months 
compared with 11.1 months in those assigned to 
chemotherapy alone. The rates of overall grade 3 
or 4 adverse and cardiac adverse events were not 
different between the two groups. 
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 Although there are some improvements in the 
outcome of patients with esophageal cancer, 
therapy remains unsatisfactory. Survival remains 
dismal particularly for those patients with unre-
sectable and metastatic disease. We continue to 
treat patients empirically without much informa-
tion as to prognostic and predictive factors that 
may help personalize their therapy. The 
Southwest Oncology group has a trial that is 
actively enrolling patients seeking to assign 
patients into therapy based on biologic markers 
and predictors or response. Novel agents target-
ing proteins in signal transduction are currently 
being tested either as single agent or in combina-
tion with conventional cytotoxic drugs in order to 
identify improved and effective therapy for 
advanced esophageal and GEJ cancers. 

  Salient Points 
•     There has been an epidemiologic shift in the 

past two to three decades as most cases of 
esophageal cancer are now adenocarcinoma 
instead of squamous cell carcinoma.  

•   Esophageal squamous cell carcinoma and 
adenocarcinoma represent two distinct 
diseases.  

•   Smoking and alcohol use are closely tied with 
squamous cell carcinoma, whereas obesity, 
GERD, and Barrett’s esophagus are associated 
with adenocarcinoma.  

•   The basic divisions of the esophagus include 
the cervical, thoracic (divided into upper, mid-
dle, and lower thirds), and the gastroesopha-
geal junction.  

•   The esophagus lacks a serosa; thus tumors do 
not have an anatomic barrier inhibiting spread 
to adjacent structures.  

•   Recent staging changes include separate stag-
ing for squamous cell carcinoma and adeno-
carcinoma, T4 subclassifi cation, inclusion of 
tumor location and grade, celiac nodes as 
regional disease (for lower esophageal 
tumors), and N stage based on the number of 
positive nodes.  

•   Symptoms often come on slow and indolently, 
and patients often present late in their disease.  

•   Imaging techniques work in conjunction to 
accurately stage the patient and direct therapy 

including the type and extent of surgical 
resection and radiation fi eld planning.  

•   Lesions limited to the lamina propria (Tis) and 
muscularis mucosa (T1a) have limited poten-
tial for spread and low cancer mortality of 
5 %, but with invasion into the submucosa, the 
risk of spread increases and mortality rises to 
40 %. This is the rationale behind the use of 
EMR, PDT, and ablation for Tis and T1a, but 
not T1b lesions.  

•   High volume centers have signifi cantly 
decreased surgical mortality.  

•   A transhiatal esophagectomy is constituted by 
dissecting the middle and distal thirds of the 
esophagus through the diaphragmatic hiatus 
without the need for thoracotomy.  

•   Advantages of a transhiatal esophagectomy 
technique include the avoidance of entering 
the thorax, improved safety of a cervical anas-
tomosis, and the ability to remove the entire 
length of the esophagus when the consider-
ation of long-segment Barrett’s or margins is 
of concern.  

•   Disadvantages to a transhiatal esophagectomy 
include the limited ability to dissect middle 
esophageal tumors, a questionable completeness 
of radical lymphadenectomy in the posterior 
mediastinum, and the increased risk of inadver-
tent injury to the tracheobronchial tree during 
blunt dissection of the proximal esophagus.  

•   A transthoracic esophagectomy via a right 
thoracotomy and laparotomy remains the gold 
standard method of resecting any esophageal 
tumor of the middle and distal thirds as well as 
those extending to the gastric cardia.  

•   Advantages to a transthoracic esophagectomy 
include a more deliberate and thorough 
lymphadenectomy, preservation of the mem-
branous portions of the tracheobronchial tree, 
and lower locoregional recurrences.  

•   Disadvantages to a transthoracic esophagec-
tomy include the severe morbidity and mortal-
ity associated with anastomotic leak into the 
thorax or mediastinum, an overall higher inci-
dence of pulmonary complications, and the 
occasional necessity to expand to a cervical 
exposure if a proximal margin cannot be 
cleared.  
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•   Minimally invasive techniques are now com-
monly employed methods of esophagectomy 
and is safe and effective with a comparably 
safe risk profi le when compared to historical 
standards.  

•   There is a controversy regarding trimodality 
therapy, but recent studies and a meta-analysis 
support the use of neoadjuvant chemoradia-
tion versus surgery alone.  

•   GEJ tumors can be treated with neoadjuvant 
chemoradiation or perioperative chemotherapy.  

•   Cervical esophageal tumors are often treated 
with defi nitive chemoradiation for organ 
preservation.  

•   The supraclavicular fossae are included in the 
radiation fi eld for tumors above the carina, 
and the celiac axis is covered for distal and 
GEJ tumors, given the pattern of lymphatic 
drainage.  

•   The backbone of chemotherapy consists of 
fl uoropyrimidine or taxane-based regimens.  

•   There is a shift toward less toxic and more 
convenient alternative chemotherapy agents in 
oxaliplatin and capecitabine (oral form of 
5-FU) over cisplatin and 5-FU.  

•   Biomarkers and their targeted agents play an 
important role in the modern era of cancer 
treatment. The use of trastuzumab in combi-
nation with chemotherapy for HER2-positive 
GEJ tumors is now the preferred treatment for 
metastatic disease.  

•   Although a patient may have metastatic dis-
ease, the palliation of malignant dysphagia is 
important and can be aggressively treated with 
full dose concurrent chemoradiation.     

  Questions 
     1.    In the United States, the preferred treatment 

regimen for resectable stage II–III esophageal 
cancer:
    A.    Surgery alone   
   B.    Concurrent chemoradiation   
   C.    Surgery followed by concurrent 

chemoradiation   
   D.    Neoadjuvant chemoradiation followed by 

surgery   
   E.    Neoadjuvant chemotherapy followed by 

surgery and maintenance trastuzumab       

   2.    A 68-year-old male with stage T4N0M0 
unresectable esophageal cancer is seen by you 
in consultation. The recommended treatment is:
    A.    Chemotherapy followed by radiation ther-

apy alone   
   B.    Chemotherapy followed by concurrent 

chemoradiation   
   C.    Dose-escalated radiation using external 

beam or brachytherapy   
   D.    Concurrent chemoradiation to standard 

doses   
   E.    Chemotherapy alone       

   3.    Adenocarcinoma and squamous cell carci-
noma of the esophagus represent:
    A.    One disease with the same etiologic fac-

tors and treatments   
   B.    A strong case can be made that they repre-

sent different diseases, but with the same 
treatment options   

   C.    A strong case can be made that they repre-
sent different diseases, with different 
treatment options   

   D.    Etiologic factors and epidemiologic trends 
have not been clearly identifi ed for esoph-
ageal cancer       

   4.    A 55-year-old obese female with a recent 
diagnosis of a clinical T2 adenocarcinoma of 
the gastroesophageal junction is found to have 
a single left supraclavicular lymph node with 
an SUV of 7.6 on PET/CT. What is her nodal 
stage?
    A.    N0   
   B.    N1   
   C.    N2   
   D.    N3   
   E.    The supraclavicular lymph node repre-

sents metastatic disease       
   5.    A 75-year-old male with asymptomatic meta-

static adenocarcinoma is scheduled to undergo 
chemotherapy with cisplatin and continuous 
infusion 5-FU. He asks if there are any other 
therapies he should be considering and you 
recommend:
    A.    Trastuzumab, a monoclonal antibody 

against HER2/neu   
   B.    Cetuximab, a monoclonal antibody against 

EGFR   
   C.    Everolimus, an mTOR inhibitor   
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   D.    Bevacizumab, a monoclonal antibody 
against VEGF   

   E.    Neoadjuvant concurrent chemoradiation 
followed by esophagectomy to optimize 
local control       

   6.    The lymphatic drainage of the esophagus is 
listed correctly below EXCEPT:
    A.    The cervical esophagus drains to the neck 

and supraclavicular nodes   
   B.    The upper thoracic esophagus drains to 

the nodes on the innominate artery and 
ligamentum arteriosum, paraesophageal, 
and paratracheal nodes   

   C.    The middle thoracic drains to the tracheo-
bronchial, paraesophageal, and pulmonary 
hilar nodes   

   D.    The lower thoracic esophagus drains to 
the paraesophageal, diaphragmatic, and 
pancreaticoduodenal nodes   

   E.    GEJ drains to the nodes on the left gastric, 
celiac, common hepatic, and splenic arter-
ies, as well as the paracardiac and lesser 
curvature nodes       

   7.    Which of the following is NOT an ideal 
method for enteral access for nutrition?
    A.    Percutaneously placed gastrostomy tubes 

by interventional radiology   
   B.    Traditional surgical jejunostomy tube 

placement   
   C.    Using the traditional 20–24 French PEG- 

style tube   
   D.    Using a 14–16 French Cook-type catheter       

   8.    Advantages of a transhiatal esophagectomy 
include all the following EXCEPT:
    A.    Avoidance of a thoracotomy   
   B.    Improved safety of a cervical anastomosis   
   C.    Decreased pulmonary complications   
   D.    Completeness of lymphadenectomy       

   9.    Which of the following surgical techniques 
can be technically challenging when resecting 
a cT3N1 squamous cell carcinoma of the 
esophagus measured at 24 cm from the 
incisors?
    A.    Transhiatal esophagectomy   
   B.    Transthoracic esophagectomy   
   C.    Three-fi eld esophagectomy   
   D.    Ivor-Lewis esophagectomy          

  Answers 
     1.    D   
   2.    D   
   3.    C   
   4.    B   
   5.    A   
   6.    D   
   7.    C   
   8.    D   
   9.    A          
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         Learning Objectives 
 After reading this chapter, you should be able to:
•    Recognize what constitutes early gastric 

cancer  
•   Understand how staging dictates treatment 

and prognosis of gastric cancer  
•   Know the surgical options for patients with 

gastric cancer  
•   Appreciate the impact of adjuvant chemora-

diotherapy and perioperative chemotherapy 
for “curative” surgery  

•   Select options for local, regional, and sys-
temic control of the disease     

    Background 

 Gastric cancer is one of the leading causes of can-
cer death worldwide, second only to lung cancer. 
Despite the decreasing incidence of gastric cancer 

due to changes in diet and food preparation, 
p rognosis is still poor with overall 5-year survival 
rates ranging from 5 to 15 % in the USA and other 
Western countries. In Japan where gastric cancer is 
endemic, the introduction of mass screening in the 
1970s has led to early diagnosis with dramatic 
improvement in the 5-year survival rate. In the 
USA however, stomach cancer still occurs at more 
advanced stages. It is diagnosed more frequently in 
men with an incidence ratio of approximately 2:1 
and a peak incidence in the seventh decade in men, 
with a slightly later peak incidence in women [ 1 ]. 

 Advances in nonoperative staging techni-
ques including endoscopic ultrasound (EUS) have 
enabled more accurate staging of gastric cancer 
which is critical to distinguish locoregional (or oper-
able) from distant (non-operable) disease. Similar to 
many other cancers, staging at the time of diagnosis 
highly impacts both the treatment plan and progno-
sis for patients. Because early gastric cancer is often 
asymptomatic or causes vague, nonspecifi c symp-
toms, such as pain unrelieved by eating and weight 
loss, most patients are diagnosed with advanced dis-
ease. Even after a “curative” gastrectomy, up to 
80 % of patients may experience disease recurrence 
and require treatment beyond surgery.  

    Pathology 

 Malignant gastric neoplasms are comprised of 
 several histologic subtypes including adenocarci-
noma, lymphoma, carcinoid tumors, gastrointestinal 
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stromal tumors, and leiomyosarcoma. Approxi-
mately 95 % of all malignant gastric tumors are 
adenocarcinomas. Further discussion in this chap-
ter will focus on this histology. 

 There are two classifi cations, the World Health 
Organization (WHO) and the Lauren classifi ca-
tion. WHO classifi es gastric cancer into four 
types: papillary, tubular, mucinous, and signet 
ring cell. The Lauren classifi cation divides gas-
tric carcinoma into the intestinal and diffuse 
 subtypes [ 2 ]. These variants differ in pathologic, 
epidemiologic, etiologic, and prognostic fea-
tures. The intestinal subtype is usually found in 
the distal stomach, more common in elderly and 
found in conjunction with atrophic gastritis. 
Diffuse adenocarcinoma is mostly found in the 
cardia (but can arise in any part of the stomach), 
occurs more frequently in young patients without 
any predisposing condition, and prognosis is 
worse. Hereditary diffuse gastric cancer has 
been associated with germline mutations in the 
E-cadherin ( CDH1 ) gene and/or hypermethyl-
ation in both inherited and sporadic forms; pro-
phylactic gastrectomy should be considered for 
young adults harboring this mutation [ 3 ,  4 ]. 

  H. pylori  infection has been linked to both 
intestinal and diffuse subtypes of adenocarci-
noma, conferring a three times greater risk of 
gastric cancer, regardless of age, sex, or race [ 5 ]. 
The treatment principles for the two histologic 
subtypes are the same and dictated by the tumor 
node metastases (TNM) staging at time of diag-
nosis as well as pathologic staging after surgery. 

 Human epidermal growth factor receptor-2 
(HER-2) overexpression is observed in up to 23 % 
of patients with gastric cancer [ 6 ,  7 ]. However, 
its clinical signifi cance in resectable cancer is 
unknown. The current recommendation is to 
obtain HER-2 expression for those with meta-
static disease, but not for resectable disease [ 8 ].  

    Diagnosis and Staging 

 Abdominal pain, early satiety, nausea, vomiting, 
bloating, anorexia, and weight loss are the most 
common clinical symptoms in gastric cancer. 
Anemia, from occult gastrointestinal bleeding, may 
also be a presenting feature prompting a diagno stic 
esophagogastroduodenoscopy (EGD) (Fig.  9.1 ). 

  Fig. 9.1    EGD picture of a 51-year-old man with a large gastric fundus adenocarcinoma (Courtesy of Quyen D. Chu, MD, 
MBA, FACS)       
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Ascites and bowel obstruction secondary to 
 peritoneal metastases are clinical indicators of 
advanced stage disease where the goal of therapy is 
typically palliative. Similarly, the presence of pal-
pable lymph nodes in the left supraclavicular basin 
(Virchow’s node), in the left axillary region (Irish 
node), or in the periumbilical area (Sister Mary 
Joseph node) essentially precludes a curative 
attempt at surgery. The clinical evaluation in gastric 
cancer must also include pelvic and rectal examina-
tion to exclude the presence of ovarian metasta-
ses (Krukenberg’s tumor) and cul-de-sac metastases 
(Blumer’s shelf), respectively.

   While an EGD confi rms the pathologic diag-
nosis in most cases, it is important to recognize 
cases that may lack an obvious mucosal compo-
nent. These tumors often result in poor gastric 
distensibility ( linitis plastica ) secondary to dif-
fuse submucosal infi ltration and require deeper 
biopsies for diagnosis. Typical staging studies 
include contrast-enhanced computed tomogra-
phy (CT) of the chest, abdomen, and pelvis 
(Fig.  9.2 ). While this modality provides excellent 
defi nition of nodal and visceral metastases, it has 
low sensitivity for identifying metastases to the 
peritoneum. The presence of distant metastases 

on CT imaging essentially precludes the need 
for any additional staging procedures. For those 
patients with radiographically localized disease, 
EUS can provide useful information about the 
depth of invasion, especially in early gastric can-
cer [ 9 ]. Its role in predicting nodal involvement, 
however, is less reliable, especially when the 
nodal stations are further away from the probe.

   The role of 18-fl uoro-deoxyglucose positron 
emission tomography (FDG-PET) in the staging 
of gastric cancer is evolving (Fig.  9.3 ). While it 
can serve as an adjunct to CT imaging in the detec-
tion of occult metastatic disease [ 10 ], its use as a 
stand-alone staging tool is limited by a high false-
negative rate in tumors of low metabolic uptake 
and those that have a low expression of  SLC2A1 , a 
transmembrane transporter of FDG [ 11 ,  12 ].

   A diagnostic laparoscopy (DL) with lavage to 
exclude peritoneal metastases is utilized at many 
institutions prior to surgery with curative intent 
or the delivery of planned neoadjuvant therapy. 
A positive laparoscopy, including positive cytol-
ogy from washings, is considered as M1 disease, 
which portends a poor prognosis and alters the 
treatment plan in a substantial number of patients, 
including avoidance of a laparotomy [ 13 ,  14 ]. 

  Fig. 9.2    CT scan of the same gentleman who has a large gastric fundus adenocarcinoma. There was no evidence of 
nodal disease on CT scan (Courtesy of Quyen D. Chu, MD, MBA, FACS)       
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DL is useful in situations where the patient is at 
risk of harboring distant disease (i.e., T3 or N1 
disease identifi ed on preoperative imaging). 
However, DL is limited in detecting disease in 
the perigastric lymph nodes as well as small 
intraparenchymal liver metastases. 

 Adenocarcinoma of the gastroesophageal 
junction (GEJ) has been considered as either 
esophageal or gastric cancer. In 1987, Siewert 
et al. classifi ed these tumors into three types [ 15 ]. 
Type 1 tumors are those with the epicenter 
1–5 cm proximal to the GEJ (adenocarcinoma 
of the distal esophagus), type II are those with 

 epicenter 1 cm proximal to the GEJ and 2 cm 
 distal to GEJ (true cardiac cancer), and type III 
are those with the epicenter 2–5 cm distal to the 
GEJ (inferior cardiac cancer) (Fig.  9.4 ).

   There are two staging systems that are widely 
used in clinical practice and research, the 
American Joint Committee on Cancer (AJCC/
TNM) staging system according to the 7th edi-
tion (Table  9.1 ) and the Japanese staging system. 
The Japanese staging system is based on the 
 anatomic involvement of the nodal stations [ 17 ]. 
The AJCC/TNM staging directly affects the poten-
tial success of an R0 resection [ 8 ].

  Fig. 9.3    PET/CT of the same gentleman who has a large 
gastric fundus adenocarcinoma. There was evidence of 
markedly intense FDG uptake in an area of gastric fundus 
extending to greater curvature consistent with aggressive 
neoplasm. There was no evidence of locoregional or dis-
tant disease. The patient underwent a total gastrectomy 
and splenectomy (due to tumor extending into the splenic 

hilum) with a D2 dissection. Final pathology demon-
strated a moderately differentiated T4 adenocarcinoma 
(9 cm maximal diameter) with 11 out of 26 positive lymph 
nodes. The closest margin was 5 cm from the tumor. 
Adjuvant chemoradiation was given (Courtesy of Quyen 
D. Chu, MD, MBA, FACS)       
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   In 2010, the AJCC made three important 
changes to the staging of gastric cancer. First, 
only tumors arising more than 5 cm distal to the 
gastroesophageal junction (GEJ) would be staged 
as gastric cancers; those at the GEJ and those 
within 5 cm of the GEJ with involvement of the 
GEJ (Siewert types I–III GEJ tumors) would 
be classifi ed and staged as esophageal carcinoma. 
Siewert type III is considered gastric cancer only 
if the esophagus is not infi ltrated. Secondly, the 
T3 category was changed from “ invading the 
serosa ” to “ invading through the muscle into 
the subserosal connective tissue. ” Tumors invad-
ing the serosa are now classifi ed as T4 along with 
invasion into adjacent structures. This second 
change was implemented in an effort to align the 
staging of gastric cancers with tumors of the rest 
of the gastrointestinal tract (esophagus, small and 
large intestine). Thirdly, the T1 stage was subdi-
vided into T1a (lamina propria or muscularis 
mucosa confi ned) and T1b (submucosal involve-
ment) for data collection purposes [ 18 ]. 

 Superior outcomes among the Japanese 
 surgeons have been attributed to many reasons, 
one of which is the Will Rogers phenomenon. 

   Table 9.1    American Joint Committee on Cancer (AJCC) 
TNM staging for stomach carcinomas (7th edition)   

 Primary tumor (T) 

 TX  Primary tumor cannot be assessed 
 T0  No evidence of primary tumor 
 Tis  Carcinoma in situ: intraepithelial tumor without 

invasion of the lamina propria 
 T1  Tumor invades lamina propria, muscularis 

mucosae, or submucosa 
 T1a  Tumor invades lamina propria or muscularis 

mucosae 
 T1b  Tumor invades submucosa 
 T2  Tumor invades muscularis propria* 
 T3  Tumor penetrates subserosal connective tissue 

without invasion of visceral peritoneum or 
adjacent structures ** ,  *** 

 T4  Tumor invades serosa (visceral peritoneum) or 
adjacent structures** ,  *** 

 T4a  Tumor invades serosa (visceral peritoneum) 
 T4b  Tumor invades adjacent structures 

 *Note: A tumor may penetrate the muscularis propria 
with extension into the gastrocolic or gastrohepatic 
ligaments, or into the greater or lesser omentum, 
without perforation of the visceral peritoneum covering 
these structures. In this case, the tumor is classifi ed T3. 
If there is perforation of the visceral peritoneum 
covering the gastric ligaments or the omentum, the 
tumor should be classifi ed T4 
 **The adjacent structures of the stomach include the 
spleen, transverse colon, liver, diaphragm, pancreas, 
abdominal wall, adrenal gland, kidney, small intestine, 
and retroperitoneum 
 ***Intramural extension to the duodenum or esophagus 
is classifi ed by the depth of the greatest invasion in any 
of these sites, including the stomach 

 Anatomic stage/prognostic groups 

 Group  T  N  M 
 Stage 0  Tis  N0  M0 
 Stage IA  T1  N0  M0 
 Stage IB  T2  N0  M0 

 T1  N1  M0 
 Stage IIA  T3  N0  M0 

 T2  N1  M0 
 T1  N2  M0 

 Stage IIB  T4a  N0  M0 
 T3  N1  M0 
 T2  N2  M0 
 T1  N3  M0 

 Stage IIIA  T4a  N1  M0 
 T3  N2  M0 
 T2  N3  M0 

(continued)

  Fig. 9.4     Siewert classifi cation of adenocarcinoma of the 
gastroesophageal junction : type I (esophageal adenocar-
cinoma) is from 5 to 1 cm above the Z line, type II (cardia 
cancer) is from 1 cm over to 2 cm below the Z line, and 
type III is from 2 cm below to 5 cm below the Z line 
(Courtesy of Quyen D. Chu, MD, MBA, FACS)       
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Will Rogers was a comedian who was believed to 
have made a comment about the plight of people 
during the 1930s Great Depression. He com-
mented that “when the Okies left Oklahoma and 
moved to California, they raised the average 
intelligence level in both states.” How this applies 
to gastric staging is that when Japanese surgeons 
perform extended nodal dissection, they tend to 
more accurately stage their patients than sur-
geons from the USA, the majority of whom do 
not perform extended node dissection and there-
fore potentially understage their patients. Thus, 
patients who are stage II cancers in the USA may 
actually be stage III (stage migration), which 
may account for a lower survival in the USA than 
the Japanese data, stage for stage. This phenom-
enon is referred to as stage migration and sug-

gests that the differences in outcomes between 
the two groups of surgeons were not due to more 
surgery (i.e., more extensive nodal dissection), 
but rather due to more accurate staging.  

    Treatment of Early Gastric Cancer 
and Local Control 

 Tumors confi ned to the mucosa and submucosa 
(T1) are referred to as  early gastric cancers  
(EGC) regardless of lymph node status. Overall, 
these patients do very well, experiencing cure 
rates exceeding 80–90 % after surgery alone. The 
number of lymph node metastasis is an important 
prognostic factor. In a report from Japan, the 
5-year survival rate was intimately linked to 
nodal disease burden, which decreases from 
85 % for N0 disease to 61 % for N1 involvement, 
31 % for N2 disease, 10 % for N3 disease, and 
only 2 % for N4 disease [ 19 ]. 

 Despite the changes in incidence, screening, 
and diagnosis, the paradigm that guides operative 
management for gastric cancer has not changed 
over the last century – complete surgical resection 
is the only potentially curative treatment for local-
ized disease. An important change occurred in the 
early 1990s when reports from large series from 
Japan showed the effi cacy of using local resection 
techniques such as an endoscopic mucosal resec-
tion (EMR) without a lymphadenectomy or gas-
trectomy for a select group of patients who were at 
very low risk of having nodal metastases. The pro-
posed selection criteria include: (1) the tumor is 
small (≤3 cm in diameter), (2) well differentiated 
and without lymphovascular invasion, and (3) 
superfi cially elevated and/or depressed but without 
ulceration or defi nitive submucosal invasion [ 20 , 
 21 ]. Given the low likelihood of identifying such 
lesions in a Western population, its applicability to 
this cohort appears to be limited. Furthermore, 
long-term outcome with EMR is lacking. Thus, 
EMR should only be performed under the auspice 
of a clinical trial or be limited to medical centers 
that are highly experienced with such a technique. 

 If the tumor has spread into the submucosa, 
the incidence of lymph node metastasis increases, 

Table 9.1 (continued)

 Anatomic stage/prognostic groups 

 Group  T  N  M 

 Stage IIIB  T4b  N0  M0 
 T4b  N1  M0 
 T4a  N2  M0 
 T3  N3  M0 

 Stage IIIC  T4b  N2  M0 
 T4b  N3  M0 
 T4a  N3  M0 

 Stage IV  Any T  Any N  M1 

 Regional lymph nodes (N)† 

 NX  Regional lymph nodes cannot be assessed 
 N0  No regional lymph nodes metastasis* 
 N1  Metastasis in 1–2 regional lymph nodes 
 N2  Metastasis in 3–6 regional lymph nodes 
 N3  Metastasis in ≥ 7 regional lymph nodes 
 N3a  Metastasis in 7–15 regional lymph nodes 
 N3b  Metastasis in ≥ 16 regional lymph nodes 

 †Retropancreatic, para-aortic, portal, retroperitoneal, 
and mesenteric nodes are considered M1-disease. 
 *A designation of pN0 should be used if all examined 
lymph nodes are negative, regardless of the total 
number removed and examined. 

 Distant metastasis (M) 

 M0  No distant metastasis 
 M1  Distant metastasis 

  Adapted from Compton et al. [ 16 ]. With permission from 
Springer Verlag  
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and more defi nitive surgery (i.e., gastrectomy) 
must be performed to ensure an R0 resection. 
A subject of great controversy in the past was 
whether all gastric cancer patients should have a 
total gastrectomy or a subtotal gastrectomy. Two 
prospective randomized trials, one from France 
and a second from Italy conducted over two 
decades ago, concluded the following: both proce-
dures have similar 5-year survival rates, but a sub-
total gastrectomy is a technically easier operation, 
is associated with less perioperative morbidity and 
mortality, allows for better postoperative nutri-
tional status and quality of life, and hence is 
 preferred over total gastrectomy, when feasible 
[ 22 ,  23 ]. Therefore, our current practice is to 

 perform a subtotal gastrectomy for tumors of the 
distal stomach and body (Fig.  9.5a–b ), depending 
on the tumor size and margin status and a total gas-
trectomy for most cancers of the proximal stom-
ach and large tumors in the fundus. A Billroth II 
gastrojejunostomy (BII) is the preferred method of 
reconstruction with a caveat that the afferent limb 
should not be longer than 25 cm in order to avoid 
the acute afferent loop syndrome (ALS), a poten-
tially serious condition that usually requires emer-
gent surgical intervention (Fig.  9.5a ).

   As an aside, patients who underwent a subtotal 
gastrectomy with a BII reconstruction may have a 
number of gastric motility disorders postopera-
tively. Two worth mentioning include gastroparesis 

  Fig. 9.5     Partial gastrectomy with a Billroth II (BII) gastro-
jejunostomy reconstruction.  The “classic” BII gastrojejunos-
tomy reconstruction is shown in Panel B. Panel C represents 
a BII gastrojejunostomy with a Braun enteroenterostomy 
( a ). Afferent loop syndrome may occur if the afferent limb is 
made too long (>25 cm). In some instances, a patient may 
have prolonged gastroparesis following a subtotal gastrec-

tomy and a BII reconstruction. A Braun enteroenterostomy 
can be used to address these complications and should be 
created approximately 25 cm distal to the BII gastrojejunos-
tomy to divert contents of the afferent limb (bile) from the 
stomach. Figure  9.5b  shows a large distal gastric adenocarci-
noma that was resected with negative margins (( a ,  b ): 
Courtesy of Quyen D. Chu, MD, MBA, FACS)       
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and afferent loop syndrome. Symptoms for both 
include upper abdominal pain, nausea and vomit-
ing, early satiety, and anorexia, although ALS tends 
to present with an acute abdomen. Patients are 
unable to tolerate per oral intake and require long-
term nasogastric tube resulting in a prolonged post-
operative recovery time and hospital stays. The 
causes of postoperative gastroparesis are unclear 
but may be related to damage of the gastric electri-
cal pacemaker, gastrointestinal dysfunction, and 
vagus resection following subtotal gastrectomy [ 24 ]. 
As mentioned above, ALS is due to an obstruction 
of the afferent limb and is mainly due to technical 
errors (i.e., creation of a long afferent limb), but 
also due to twisting or kinking of the afferent limb 
or swelling at the anastomosis of the afferent limb 
to the stomach. Regardless, the solution to the 
above two conditions is to create a Braun entero-
enterostomy (Fig.  9.5a ), either at the time of the 
initial operation or when these complications 
occur. The Braun enteroenterostomy helps to 
divert contents of the afferent limb (bile) to the 
distal bowel. 

 For cancers in the proximal stomach, a total 
gastrectomy with a Roux-en-Y reconstruction is 
performed (Fig.  9.6 ), although a subtotal gastrec-
tomy can still be considered if a negative margin 
can be achieved. The distance between the esoph-
agojejunostomy anastomoses and the jejunojeju-
nostomy anastomoses should be 40–60 cm in 
order to avoid symptomatic bile refl ux.

   For the majority of gastric cancers, 5 cm is 
considered a safe proximal margin. The presence 
of a microscopic positive margin should be man-
aged in the context of the extent of disease being 
treated. In patients without signifi cant lymph 
node metastasis (≤5 positive lymph nodes out 
of 15 pathologically examined), survival is sig-
nifi cantly decreased by leaving a positive margin. 
However, if patients that have fi ve or more 
 positive lymph nodes, the presence of a positive 
 margin will have little infl uence on disease-
related survival [ 25 ]. This brings us to our next 
consideration in the operative management of 
gastric tumors – regional control and the extent 
of lymph node resection.  

  Fig. 9.6     Total gastrectomy with a Roux-En-Y esophagoje-
junostomy reconstruction.  Note that the proximal jejunal 
“Y” limb should be anastomosed to the distal jejunal “Roux” 

limb approximately 40–60 cm from the esophagojejunos-
tomy anastomoses to avoid symptomatic bile refl ux 
(Courtesy of Quyen D. Chu, MD, MBA, FACS)       
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    Regional Control 

 In order to accurately depict a tumor as N0 within 
the AJCC/TNM classifi cation, a minimum of 15 
lymph nodes is required to be examined by 
pathology. The Japanese Research Society for the 
Study of Gastric Cancer has defi ned a standard 
for the extent of lymph node dissection and 
labeled them D1-4 (Fig.  9.7 ). D-dissection should 
be distinguished from R-resection; D-dissection 
describes the extent of lymphadenectomy, while 
R-resection describes the degree of residual 
tumor left behind after resection. An R0 resection 
is a complete resection without evidence of gross 
or microscopic disease; an R1 is one that has no 
gross disease, but has evidence of microscopic 
residual disease, and an R2 is one that has gross 
residual disease.

   A D1 dissection includes a subtotal or total 
gastrectomy and removal of only the perigastric 
nodes along the lesser and greater curvature of 
the stomach (Stations 1–6). A D2 dissection adds 

the removal of nodes along the left gastric artery, 
common hepatic artery, celiac trunk, and splenic 
artery and hilum (Stations 7–12). With some 
proximal T4 tumors, resection of the spleen and 
pancreatic tail is necessary to achieve adequate 
nodal clearance along the splenic artery and 
hilum, but in most cases the spleen and distal 
pancreas can and should be preserved (Fig.  9.8 ). 
Given the distinction between D-dissection and 
R-resection, one can see how it is possible to 
have an R1 resection (microscopic disease) with 
a D2 dissection.

   Prophylactic distal pancreatectomy and sple-
nectomy should not be routinely performed; a 
splenectomy should only be done when the hilum 
is involved. D3 and D4 resections involve resect-
ing more distant and periaortic nodes, and recent 
data has shown that this extent of lymphadenec-
tomy does not improve survival over a D2 dissec-
tion [ 26 ,  27 ]. 

 Just as total gastrectomy (in comparison to 
subtotal) is associated with greater postoperative 
morbidity and mortality, so can a more extensive 

  Fig. 9.7     Gastric cancer nodal stations : station  1  right 
paracardial; station  2  left paracardial; station  3  lesser cur-
vature of the stomach, along left and right gastric arteries; 
station  4  greater curvature of the stomach, along left and 
right gastroepiploic arteries and short gastric arteries; sta-
tion  5  suprapyloric, along right gastric artery; station  6  
infrapyloric, along right gastroepiploic artery; station  7  
trunk of left gastric artery; station  8  common hepatic 

artery; station  9  celiac artery; station  10  splenic hilum; 
station  11  splenic artery; station  12  hepatoduodenal liga-
ment, along proper hepatic artery, common bile duct, and 
portal vein; station  13  posterior surface of pancreatic 
head; station  14  superior mesenteric vein; station  15  mid-
dle colic vessels; station  16  para-aortic. D1 dissection: 
stations 1–6; D2 dissection: stations 1–12 (Courtesy of 
Quyen D. Chu, MD, MBA, FACS)       
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lymph node dissection [ 25 ]. A randomized Dutch 
trial of 1,078 patients with gastric cancer (711 
patients treated with curative intent), for which 
the majority had pathologic T1 to T3 tumors, 
found no long-term overall survival benefi t from 
an extended D2 versus conventional D1 lymph 
node dissection. It was thought that the higher 
postoperative mortality rate associated with a D2 
dissection likely offsets the long-term survival 
advantage with a D2 dissection [ 28 ]. In the fi nal 
report from this landmark trial, which was exem-
plifi ed by the rigorous quality control including 
training of Dutch surgeons by an expert counter-
part from Japan in performing a D2 dissection, 
the overall survival for patients undergoing a D1 
dissection was 30 % at 11 years compared to 
35 % for those who underwent a D2 dissection 
( P  = 0.53) [ 26 ]. However, when the investigators 
stratifi ed patients postoperatively by lymph node 
stage, those with N2 disease who had a D2 resec-
tion had a statistically signifi cant improvement in 
11-year survival rates of 21 % compared with 
0 % in the D1 group. At a median follow-up of 15 
years, there was a lower locoregional recurrence 
rate in the D2 lymphadenectomy group than the 
D1 group, though this group had a higher rate of 

postoperative morbidity, mortality, and reoperation 
[ 29 ]. A meta-analysis of 12 randomized trials 
comparing D1 and D2 demonstrated no signifi -
cant difference in OS (HR = 0.92, 95 % CI, 0.77–
1.10,  P  = 0.36), but a subgroup analysis of patients 
who underwent a D2 dissection without a sple-
nectomy and/or pancreatectomy demonstrated a 
trend towards OS benefi t [ 30 ]. Therefore, D2 
resection is a reasonable approach when the like-
lihood of the patient having locally advanced 
nodal disease exists. In Japan, a D2 dissection 
is considered a routine practice. However, D2 
should only be performed by experienced and 
trained surgeons. To complete the operation, a 
feeding jejunostomy should be considered for 
postoperative feeding. 

 Laparoscopic techniques have become an inte-
gral part of surgical practice over the past several 
decades. For gastric cancer, multiple retrospec-
tive studies have reported the advantages of lapa-
roscopic gastrectomy (LG) over open gastrectomy 
(OG) [ 31 – 34 ]. A recent meta-analysis of 15 non-
randomized comparative studies has also shown 
that although LG had a longer operative time 
than OG, it was associated with lower intraopera-
tive blood loss, overall complication rate, fewer 

  Fig. 9.8    Intraoperative picture of a modifi ed D2 dissec-
tion for distal gastric cancer. The distal pancreas and 
spleen were preserved.  LGA  left gastric artery,  CA  celiac 

axis,  SA  splenic artery,  CHA  common hepatic artery,  PV  
portal vein,  PHA  proper hepatic artery,  GDA  gastroduode-
nal artery (Courtesy of Quyen D. Chu, MD, MBA, FACS)       
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wound-related complications, quicker recovery 
of gastrointestinal motility with shorter time to 
fi rst fl atus and oral intake, and shorter hospital 
stay [ 34 ]. A randomized prospective trial com-
paring laparoscopic assisted with open subtotal 
gastrectomy reported that LG had a signifi cantly 
lower blood loss (229 ± 144 ml versus 391 ± 136 ml; 
 P  < 0.001), shorter time to resumption of oral 
intake (5.1 ± 0.5 days versus 7.4 ± 2 days; 
 P  < 0.001), and earlier discharge from hospital 
(10.3 ± 3.6 days versus 14.5 ± 4.6 days;  P  < 0.001) 
[ 35 ] (Table  9.2 ).

   Laparoscopic subtotal gastrectomy appears to 
offer similar oncologic outcomes as open subtotal 
gastrectomy as reported in multiple retros pective 
studies [ 34 ,  41 – 44 ] as well as in six randomized 
controlled trials [ 35 – 40 ] (Table  9.2 ). As an aside, 
there are no clinical trials comparing laparoscopic 
total gastrectomy with open total gastrectomy. 
Unfortunately, most of these clinical trials had 
small number of patients; the highly quoted study 
by Huscher et al. reported only 59 patients [ 35 ]. 
To address the concern of insuffi cient power, the 
Korean Laparoscopic Gastrointestinal Surgery 
Study (KLASS) Group is conducting a large, mul-
ticenter phase III trial of 1,415 patients from 12 
institutions to compare overall survival, disease 
survival, morbidity, mortality, quality of life, 
infl ammatory and immune responses, and cost-
effectiveness between laparoscopic distal gastrec-
tomy and open distal gastrectomy on early stage 
gastric cancer (cT1N0M0-cT2aN0M0) (Clinical 
Trials.gov ID: NCT00452751) [ 40 ]. A separate trial 
comparing laparoscopic surgery with open surgery 
in advanced gastric cancer is also underway 
(KLASS 02). Results of these studies will not be 
available until the distant future. 

 LG is an option for early distal gastric cancer, 
but should only be performed by surgeons who 
are adept and competent with the technique.  

    Distant Control 

    Adjuvant Chemoradiation Therapy 

 Despite curative attempts with surgery, many 
patients with gastric cancer experience disease 
recurrence, both locoregionally and at distant sites. 

Patients with serosal involvement or  diffuse/ signet 
ring cell histology have a high risk of peritoneal 
relapse [ 45 ,  46 ]. Postoperative nomograms have 
attempted to defi ne a group who is at risk of 
relapse following surgery [ 47 ,  48 ]. The patterns 
of failure have led to extensive efforts to incorpo-
rate multimodality therapy such as chemotherapy 
and radiation in the management of resectable 
gastric cancer. Permutations of trials using exclu-
sively postoperative therapy (adjuvant), preoper-
ative treatment (neoadjuvant), or a combination 
thereof (perioperative) have resulted in the evolu-
tion of geographical paradigms of management 
across continents. A summary of the major trials 
in this regard is outlined in Table  9.3 . In general, 
options for patients with resectable gastric cancer 
include (1)  adjuvant chemoradiation therapy , 
(2)  perioperative chemotherapy  ( ECF ,  followed 
by surgery ,  followed by ECF ), or (3)  adjuvant 
chemotherapy such as oral S - 1  ( tegafur ,  a 5 - FU 
prodrug plus gimeracil and oteracil )  or 
capecitabine and oxaliplatin . Studies conducted 
throughout the 1990s that compare surgery alone 
versus surgery plus either adjuvant chemotherapy 
alone (older agent) or radiation therapy alone 
have yielded disappointing results. However, 
recent data with newer agents (S-1, capecitabine 
and oxaliplatin) rekindled interest in the role of 
adjuvant chemotherapy alone.

   Based on small studies demonstrating benefi t 
to postoperative radiotherapy with or without 
5-fl uorouracil (5-FU) + leucovorin (LV) and the 
effi cacy of this strategy as defi nitive treatment of 
locally advanced, unresectable gastric cancer, 
Macdonald et al. initiated a large randomized 
trial comparing adjuvant 5-FU-based chemora-
diation (CRT) to surgery alone in 556 patients 
who had undergone resection of stage Ib–IV 
(M0) gastric cancer (based on the 1988 AJCC 
staging). In this landmark Intergroup 0116 (INT 
0116) study, which was initiated in 1991 and 
reported in 2001, the median overall survival 
(OS) improved from 27 months in the surgery 
alone group to 36 months in the surgery plus CRT 
cohort (HR for death 1.35, 95 % CI 1.09, 1.66; 
 p  = 0.005) [ 49 ]. The corresponding 3-year surviv-
als were 41 % and 50 %, respectively. An updated 
analysis of this data with more than 10 years of 
follow-up validated the benefi t of adjuvant CRT, 
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demonstrating similar and signifi cant hazard 
ratios for relapse and survival as the original 
analysis [ 58 ]. 

 The initial valid criticisms of the INT 0116 
trial include a low percentage of patients (10 %) 
who had the recommended D2 dissection (54 % 
received less than the recommended D2 dissec-
tion), which could possibly contribute to the infe-
rior survivorship in the surgery-only arm, and 
that postoperative CRT was simply used to com-
pensate for an inadequate operation. However, 
the updated analysis found that this was not to be 
the case; among patients in the CRT group, there 
was no survival differences based on the extent of 
nodal dissection. INT 0116 established postop-
erative 5-FU-based CRT as the standard of care 
in the USA for resectable gastric cancer. This is 
a category 1 recommendation in the guidelines 
of the National Comprehensive Cancer Network 
(NCCN) for gastric cancer patients with patho-
logic T3 or T4 disease or any node-positive 
 disease provided no preoperative therapy was 
administered [ 8 ]. 

 Although 5-FU and leucovorin (LV) was 
effective, the successor to the INT 0116, CALGB 
80101, questioned whether more intensive adju-
vant combination chemotherapy ECF (epirubi-
cin, cisplatin, infusion 5-FU) can replace 5-FU 
and LV. The studied population was similar to 
that of INT 0116. Preliminary results reported in 
2011 found that among the 546 patients who 
were accrued over 6 years, there was no differ-
ence in the median disease-free survival (DFS) 
(30 months for 5-FU + RT versus 28 months for 
ECF + RT; HR 1.00, 95 % CI 0.79, 1.27, p = 0.99) 
or OS (37 months for 5-FU + RT versus 38 
months for ECF + RT; HR 1.03, 95 % CI 0.8, 
1.34,  p  = 0.80) between the two groups [ 53 ]. 
Remarkably, the 3-year OS in the control arm of 
this trial (50 %) was identical to the 5-FU + RT 
arm of INT 0116, thus reaffi rming the real-world 
validity of the results from these trials. Of note, 
patients in the 5-FU arm experienced greater 
grade 4 toxicity (40 % versus 26 %,  p  < 0.001). 

 Capecitabine, an oral prodrug of 5-FU, is 
commonly used as an oral alternative to intrave-
nous 5-FU in gastrointestinal cancer without 
compromising the effi cacy and with a toxicity 

profi le that mimics continuous infusion 5-FU. 
In the ARTIST (Adjuvant Chemoradiation Ther-
apy in Stomach Cancer) trial from Korea, the effi -
cacy of adding radiation to adjuvant chemotherapy 
was evaluated against adjuvant chemotherapy alone. 
Adjuvant capecitabine plus cisplatin (XP) for six 
cycles (chemotherapy only arm) was compared 
to four cycles of this regimen plus capecitabine-
based CRT sandwiched in between (XP plus RT) 
[ 55 ]. Eligibility included patients with pathologic 
stage II or higher gastric cancer who had under-
gone at least a D2 gastric dissection with curative 
intent. A D1 dissection, the presence of micro-
scopically positive margins, and distant nodal 
involvement (beyond the N2 echelon) were 
exclusion criteria. Although there was no signifi -
cant difference in the 3-year DFS between the 
two arms at a median follow-up of 53.2 months 
(78.2 % in the XP + RT arm versus 74.2 % in the 
XP only arm;  p  = 0.0862), and the patterns of 
relapse (locoregional and systemic) were similar 
between the two arms, there was a survival differ-
ence among node-positive patients, a population 
that made up approximately 87 % of the study 
population; the 3-year DFS for the XP + RT group 
was 77.5 % compared to 72.3 % for XP alone 
( p  = 0.0365) [ 55 ]. At the time of reporting, OS 
was not analyzed secondary to lack of adequate 
events. Thus, adjuvant CRT was effective even 
among patients who had adequate nodal clear-
ance (D2 dissection). Based on this subset analy-
sis of the ARTIST trial, the proposed ARTIST-2 
trial will compare postoperative adjuvant chemo-
therapy alone with adjuvant chemoradiotherapy 
in patients with node-positive gastric cancer.   

    Adjuvant Chemotherapy Alone 

 While radiation appears to be an integral compo-
nent of adjuvant therapy in gastric cancer in 
North America, a contrasting adjuvant paradigm 
without this modality exists in Japan. In 2007, the 
largest adjuvant trial to date was reported by the 
Japanese ACTS-GC (Adjuvant Chemotherapy 
Trial of TS-1 for Gastric Cancer) investigators. 
These trialists compared 12 months of oral S-1 
alone in 529 patients following D2 dissection for 
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stage II and III gastric cancer. An interim analysis 
demonstrated survival benefi t for the S-1- treated 
patients at 3 years (80.1 % versus 70.1 %) which 
was subsequently confi rmed at 5 years as well 
(71.7 % versus 61.1 %; HR, 0.669; 95 % CI, 
0.540, 0.828) [ 51 ,  59 ]. While adjuvant S-1 is 
standard in Japan, its utility in a Western popula-
tion is not known, and it is not available for use in 
the USA except within the aegis of a clinical study. 

 More recently, combination capecitabine plus 
oxaliplatin (CAPOX) was studied in 1035 stage 
II–IIIb gastric cancer patients in East Asia (South 
Korea, China, and Taiwan) following D2 resec-
tion (Capecitabine and Oxaliplatin Adjuvant 
Study in Stomach Cancer trial or the CLASSIC 
trial) [ 56 ]. In this randomized trial, 520 patients 
received up to eight cycles of adjuvant CAPOX 
(oral capecitabine at 1,000 mg/m 2  twice daily on 
days 1–14, plus IV oxaliplatin at 130 mg/m 2  
on day one in a 21-day cycle), while 515 patients 
were scheduled to have surgery as a sole modal-
ity of treatment. In an intent-to-treat 3-year DFS 
analysis, CLASSIC showed superiority in the 
postoperative CAPOX (74 %, 95 % CI 69, 79) 
group compared to surgery alone (59 %, 95 % CI 
53, 64; HR 0.56, 95 % CI 0.44–0.72;  p  < 0.0001). 
In the 2013 update presented in abstract form, the 
5-year OS also favored the adjuvant chemother-
apy arm (78 % versus 69 %; HR 0.66, 95 % CI 
0.51, 0.85,  p  = 0.0029) [ 57 ]. It is important to 
note that nearly a third of patients assigned 
to chemotherapy were unable to complete all 
planned treatment with nearly all patients requir-
ing chemotherapy dose attenuation. Of note, 
patients in the above two studies had D2 dissec-
tion, a technique that is widely employed in Asia 
but not in the USA. Thus effi cacy of adjuvant 
chemotherapy alone among patients who had a 
D0 or D1 dissection remains uncertain. 

 The above trials of postoperative therapy in 
gastric cancer demonstrate the diverse options 
available for patients with resected disease. While 
transcontinental approaches differ, a  unifying 
theme has clearly emerged through these investi-
gations, mainly that surgery alone is inadequate 
therapy except in very early stage tumors. In addi-
tion, the delivery of postoperative chemotherapy 

and/or CRT is diffi cult, especially in the setting of 
nutritional compromise. This has led to the consid-
eration of giving systemic therapy up front prior to 
any planned surgery for localized gastric cancer. 
Many phase II trials in the 1980s showed that 
 neoadjuvant chemotherapy could be given safely 
 without increasing peri- or postoperative morbidity 
and mortality. Modern trials testing this approach 
are discussed in more detail in the next section.  

    Perioperative Chemotherapy 
in Gastric Cancer 

 A landmark trial published by the Medical 
Research Council Adjuvant Gastric Infusional 
Chemotherapy (MAGIC trial) in 2006 studied 
503 patients in the UK and reported the effi cacy 
of using perioperative chemotherapy in patients 
with gastric cancer. It compared preoperative 
chemotherapy, surgical resection, and postopera-
tive chemotherapy composed of epirubicin, cis-
platin, and fl uorouracil (ECF) to surgery alone 
and found 5-year OS of 36.3 % and 23.0 % 
( P  = 0.009) for the two groups, respectively [ 50 ]. 
Patients treated with ECF were found to have a 
statistically signifi cant decrease in the size of 
tumor resected, less advanced nodal disease, as 
well as a greater percentage of patients actually 
receiving the adjuvant treatment compared to his-
toric postoperative approaches. 

 Further evidence supporting the perioperative 
chemotherapy approach comes from the French 
collaborative groups, the Fédération Nationales des 
Centres de Lutte Contre le Cancer and Fédération 
Francophone de Cancérologie Digestive (FNCLCC/
FFCD) Collaborative Groups. FNCLCC/FFCD 
randomized 224 patients using perioperative cispla-
tin plus infusion 5-FU. The trial demonstrated 
improved outcomes compared to surgery alone 
[ 54 ]. The 5-year survival for the chemotherapy-
surgery group was 38 % compared to 24 % for sur-
gery alone (HR for death: 0.69; 95 % CI, 0.50–0.95; 
 P  = .02) [ 54 ]. However, the vast majority of patients 
on this trial had EGJ tumors (64 %) with only 
25 % having pure gastric cancers, refl ecting a 
 distinct change in the anatomic distribution of 
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 adenocarcinoma of the upper gastrointestinal tract. 
Regardless, the MAGIC and the French trials estab-
lished that perioperative chemotherapy is a viable 
option for patients with resectable gastric cancer 
who underwent a curative surgery with limited D0 
or D1 dissection. Whether perioperative chemo-
therapy is even necessary for patients who had a D2 
dissection is not known. 

 Unlike the MAGIC and the French trials 
that included adjuvant chemotherapy, EORTC 
(European Organization for Research and 
Treatment of Cancer) 40954 trial eliminated the 
adjuvant chemotherapy component and instead 
compared purely preoperative chemotherapy fol-
lowed by surgery versus surgery alone using cis-
platin and 5-FU/LV [ 52 ]. The 2-year OS for 
the neoadjuvant chemotherapy group (73 %) and 
 surgery alone group (70 %) was not statistically 
different ( P  = 0.47). Unfortunately, the trial was 
underpowered and was terminated early for poor 
accrual because only 144 of the intended 360 
patients were enrolled. 

 To summarize, both INT 0116 and MAGIC 
trials are acceptable approaches to patients with 
resectable non-metastatic gastric cancer. There 
are new phase III trials on the horizon. TOPGEAR 
(Trial of Preoperative Therapy for Gastric and 
Esophageal Junction Adenocarcinoma; NCT0 
1924819) trial will compare preoperative CRT 
with preoperative chemotherapy, while the 
CRITICS (ChemoRadiotherapy after Induction 
Chemotherapy in Cancer of the Stomach; 
NCT00407186) trial will compare adjuvant CRT 
with adjuvant chemotherapy; both arms will 
receive neoadjuvant chemotherapy. Additionally, 
a number of phase III trials are assessing the effi -
cacy of adding targeted agents like trastuzumab 
and bevacizumab to existing neoadjuvant 
chemotherapy. 

 Many phase II studies of neoadjuvant chemo-
therapy on locally advanced gastric cancer have 
demonstrated down-staging, but predicting 
response remains a clinical challenge. Neither 
current imaging nor molecular markers can 
 reliably predict response to chemotherapy in the 
early course of treatment for gastric cancer. Mea-
suring metabolic uptake on FDG-PET imaging 

has been studied in order to predict response and 
prognosticate in certain gastric cancers. Ott et al. 
conducted a study with 44 consecutive patients 
with locally advanced gastric carcinomas by 
FDG-PET before and 14 days after initiation of 
cisplatin-based polychemotherapy [ 60 ]. Tumors 
with a reduction of uptake by more than 35 % 
were considered to be “responders.” Patients with 
a metabolic response had a 2-year survival rate of 
90 % (median survival had not been reached), 
compared to 25 % in nonresponders (median sur-
vival for nonresponders was 18.9 months; 
 p  = 0.002). However, about 30 % of gastric tumors 
are not FDG avid and thus cannot be visualized, 
and this is mostly the case with the diffuse type 
with signet cells and mucinous content. Intere-
stingly, these tumors seem to be similar to nonre-
sponders, suggesting that the lack of uptake may 
infer that the tumors are biologically unfavorable 
[ 60 ,  61 ].  

    Palliative Treatment 

 The goal for treating patients who have stage IV 
disease or those who cannot tolerate surgery 
should be palliation that will optimize the 
patients’ quality of life. Surgical intervention 
should be reserved in patients who fulfi ll 
the “IHOP” criteria:  I ntractable pain, acute 
 H emorrhage,  O bstruction not amenable to non-
operative interventions, and  P erforation. Non-
life- threatening bleeding can be addressed with 
endoscopic tumor ablative techniques and 
 support with appropriate blood products. Endo-
luminal stenting is a viable option for tumors 
obstructing the GEJ tumor or those causing gas-
tric outlet obstruction (GOO). However, for 
well-fi t patients with a reasonable expectation of 
prolonged life who have GOO, a gastric bypass, 
either open or laparoscopic approach, is pre-
ferred over endoluminal stenting. Malnourished 
patients may require a feeding jejunostomy, 
which can be performed percutaneously (percu-
taneous endoscopic jejunostomy or PEJ) or as 
either open or laparoscopically with minimal 
surgical risk to the patients.  
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    Surveillance 

 Seventy-four percent of recurrences occurred within 
2 years after surgery, and less than 4 % occurred 
after 5 years following surgery [ 62 ]. Follow-up 
includes a complete history and physical examina-
tion every 3–6 months for 1–2 years, every 6–12 
months for 3–5 years, and then annually thereafter 
[ 8 ]. Routine imaging and laboratory values should 
be avoided unless patients have signs and symp-
toms that necessitate a workup. Vitamin B12 and 
iron defi ciency should be monitored and treated for 
patients who had a gastrectomy.  

    Summary 

 Over two decades of appropriately powered clini-
cal trials have now established several acceptable 
options for the management of locoregional gas-
tric carcinoma. While paradigms of perioperative 
therapy vary across continents, the emphasis on 
the multidisciplinary management of a patient 
with gastric cancer cannot be overstated. The 
North American clinicians prefer adjuvant CRT, 
and the UK and European clinicians use periop-
erative combination chemotherapy (ECF), while 
the Southeast Asian clinicians use adjuvant che-
motherapy (Japanese clinicians rely on adjuvant 
S1; South Korea, China, and Taiwan use capeci-
tabine and oxaliplatin). All are reasonable options 
for T3/T4 or node-positive patients with gastric 
cancer. As outlined previously, an underlying 
theme has emerged from these investigations. 
In 2014, surgery alone cannot be endorsed as a 
sole modality of therapy except in very early 
stage tumors. A multipronged approach with 
early involvement of the medical oncologist, 
radiation oncologist, and surgeon is essential if 
we are to build on the existing platform towards 
cure in resectable disease. On the other hand, the 
prognosis of advanced disease remains poor. 
Only a concerted effort in understanding the 
molecular biology of this disease will permit fur-
ther enhancements in the clinical arena. 

  Salient Points 
•     The prognosis of gastric cancer in Western 

countries is better than worldwide, but it is 
still very poor.  

•   In Western countries, poor prognosis is due to 
vague symptoms leading to advanced disease 
at presentation.  

•   H. pylori infection and chronic gastritis are the 
leading causes of gastric cancer.  

•   Hereditary diffuse gastric cancer is asso-
ciated with decreased intracellular adhe-
sion due to E-cadherin mutation and/or 
hypermethylation in both inherited and 
sporadic forms.  

•   There are two histologic classifi cations: WHO 
and Lauren classifi cation.  

•   HER-2 is overexpressed in up to 25 % of gas-
tric cancer. Its clinical signifi cance in resect-
able gastric cancer is unknown, but is useful in 
patients with metastatic disease.  

•   Endoscopic ultrasound is used for initial diag-
nosis and can stage depth of invasion but not 
extent of regional lymph node metastasis.  

•   Diagnostic laparoscopic is useful to rule out 
peritoneal metastases.  

•   Siewert classifi cation is used to classify GEJ 
tumors.
 –    Type I: epicenter 1–5 cm proximal to GEJ  
 –   Type II: epicenter 1 cm proximal to GEJ 

and 2 cm distal to GEJ  
 –   Type III: epicenter 2–5 cm distal to the GEJ     

•   Treatment options for local control include 
endoscopic mucosal resection and subtotal 
and total gastrectomy.  

•   Endoscopic mucosal resection (EMR) is gen-
erally done for tumors:
 –    Less than 3 cm in diameter  
 –   Well or moderately differentiated  
 –   Superfi cially elevated and/or depressed 

without ulceration or submucosal invasion  
 –   However, EMR should be regarded    as 

investigational at this point.     
•   Total gastrectomy should only be done for 

very proximal gastric tumors.  
•   5 cm is recommended gastric margin for sur-

gical resection.  
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•   R-resection nomenclature:
 –    R0: No residual gross or microscopic tumor 

left behind  
 –   R1: No gross tumor, but residual micro-

scopic tumor left behind  
 –   R2: Gross tumor left behind     

•   Recommended number of lymph nodes to be 
retrieved: 15  

•   Although D1 lymph node resection is consid-
ered the standard of care for regional control 
of most locally advanced tumors, a D2 resec-
tion may provide some benefi t for patients 
with T3 or T4 disease and those likely to have 
3 or more positive nodes.  

•   Prophylactic splenectomy and distal pancre-
atectomy are not recommended.  

•   D2 should only be done by well-trained surgeons.  
•   Six clinical trials compared laparoscopic gas-

trectomy (LG) with open gastrectomy (OG) 
for distal gastric cancer.
 –    LG had longer operative time.  
 –   LG: lower EBL, complication rate, quicker 

GI recovery, shorter length of hospital stay.  
 –   LG appears to offer similar oncologic out-

comes as OG.  
 –   KLASS trial of over 1,400 patients might 

be able to defi nitively answer the question 
of whe ther LG is oncologically equivalent 
to OG.     

•   Recurrence both locally and distally occurs in 
up to 80 % of patients, and thus most patients 
are offered:
 –     Adjuvant chemoradiation therapy  (INT 

0116 or    Macdonald trial)  
 –    Perioperative chemotherapy : 3 cycles 

ECF→> surgery→> 3 cycles ECF (MAGIC 
trial)  

 –    Adjuvant chemotherapy 
 –    (S-1): given in Japan, but is not available 

in the USA  
 –   Capecitabine and oxaliplatin: mainly in 

South Korea, China, and Taiwan        
•   FDG-PET can predict response and prognosis 

of gastric tumors.  
•   75 % of recurrences occur within the fi rst 

2 years following resection.  
•   30 % of gastric tumors do not uptake FDG and 

have a similarly poor prognosis to those that 
do not respond to chemotherapy.  

•   In select patients who have metastatic disease 
and gastric outlet obstruction but have good 
performance status, a gastric bypass, either 
done laparoscopically or open, is better than 
endoluminal stenting.  

•   Indications for surgical intervention in patients 
with metastatic disease are “IHOP”:
 –    Intractable pain  
 –   Hemorrhage  
 –   Obstruction  
 –   Perforation        

  Questions 
     1.    Which of the following tumors can be treated 

with EMR?
    A.    A 2 cm poorly differentiated tumor with-

out ulceration   
   B.    A 2.5 cm with ulceration and submucosal 

invasion   
   C.    A 3 cm moderately differentiated tumor 

that is superfi cially elevated   
   D.    A 2.5 cm moderately differentiated 

tumor with ulceration   
   E.    None of the above       

   2.    Which of the following is NOT true in 
 differentiating diffuse- and intestinal-type 
cancers?
    A.    Diffuse type is usually found in the  cardia 

but can arise anywhere in the stomach.   
   B.    Intestinal type carries a worse prognosis.   
   C.    H. pylori is linked to both intestinal and 

diffuse subtypes of cancers.   
   D.    Intestinal type is usually found in older 

patients and associated with atrophic 
gastritis.   

   E.    None of the above.       
   3.    What is the minimum number of lymph 

nodes needed for pathology in order to accu-
rately stage a tumor N0?
    A.    8   
   B.    10   
   C.    12   
   D.    15   
   E.    20       

   4.    Which of the following statements concern-
ing gastric adenocarcinoma is TRUE?
    A.    Predisposition is primarily genetic rather 

than environmental.   
   B.    Incidence peaks at age 40.   
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   C.    Approximately 40 % of patients present 
with an  early  lesion (no invasion of the 
muscularis propria).   

   D.     H. pylori , chronic gastritis, and gastric ade-
nomatous polyps are all risk factors for the 
development of gastric adeno carcinoma.   

   E.    Gastric cancer is more common in 
women than men.       

   5.    A 66-year-old male with a distant history of 
gastric ulcers comes to your offi ce complain-
ing of vague abdominal pain and a 5 pound 
weight loss over the last month. He takes 
over-the-counter Nexium which usually con-
trols his heartburn. What would your  initial  
work up entail?
    A.    Reassurance and follow-up in 6 months 

as long as he has no family history of 
gastric cancer    

    B.    Instruction to continue his PPI and avoid 
salted and chemically preserved foods 
with follow-up in 6 months   

   C.    Outpatient CT scan of the abdomen and 
pelvis with PO and IV contrast   

   D.    Outpatient EGD, endoscopic ultrasound 
with biopsy   

   E.    Noninvasive abdominal ultrasound to 
look for any obvious masses    

      6.    The most common cause of gastric outlet 
obstruction in adults is:
    A.    Hypertrophic pyloric stenosis   
   B.    Duodenal stricture secondary to peptic 

ulceration   
   C.    Gastric adenocarcinoma   
   D.    Gastric lymphoma   
   E.    Iatrogenic stricture after gastric bypass 

(weight loss) surgery       
   7.    For tumors of the distal stomach, a subtotal 

gastrectomy is preferred over total gastrec-
tomy for all of the following reasons EXCEPT:
    A.    Subtotal gastrectomy confers a signifi -

cantly better 5-year survival rate.   
   B.    Total gastrectomy is a technically more 

diffi cult surgery.   
   C.    Subtotal gastrectomy allows for a better 

nutritional status.   
   D.    There is less perioperative morbidity and 

mortality.   

   E.    Subtotal gastrectomy results in a better 
quality of life than total gastrectomy.       

   8.    A 61-year-old woman has a partial gastrectomy 
with a D2 dissection and is found to have a 
pathologic staging of T2N1M0 (Stage IIA). 
Which of the following is the best postopera-
tive management for this patient?
    A.    Screening endoscopy and CT abdomen 

pelvis every 6 months to check for 
recurrence.   

   B.    Chemotherapy before and after surgery 
or adjuvant chemoradiation therapy.   

   C.    Screening PET scan every 6 months 
to check for recurrence and/or distant 
metastasis.   

   D.    Postoperative radiation alone.   
   E.    The patient is considered cured since she 

had an extensive D2 dissection.       
   9.    A 48-year-old man was diagnosed with 

cT3N1 adenocarcinoma of the distal stom-
ach. Staging CT imaging did not reveal any 
evidence of distant metastases. A diagnostic 
laparoscopy confi rmed the absence of perito-
neal spread. Which of the following is the 
best treatment strategy for this patient?
    A.    D2 gastric resection followed by 5FU/

LV-based chemoradiation.   
   B.    Preoperative chemotherapy with epirubi-

cin, cisplatin, and 5-FU (ECF) X 3 cycles 
followed by surgery followed by 3 more 
cycles of ECF.   

   C.    D2 gastric resection followed by 1 year 
of oral S-1 where available.   

   D.    Enrollment in a clinical trial examining 
preoperative chemotherapy plus postop-
erative chemoradiation.   

   E.    All of the above are appropriate options.       
   10.    Which of the following is true regarding D2 

dissection in gastric cancer?
    A.    Removal of nodes along the lesser and 

greater curvatures of the stomach   
   B.    Removal of (a) plus para-aortic nodes   
   C.    Removal of (a) plus nodes along the left 

gastric artery, common hepatic artery, 
celiac trunk, and splenic artery and hilum   

   D.    Removal of (a) plus left supraclavicular 
nodes           
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    Answers 
     1.    C   
   2.    B   
   3.    D   
   4.    D   
   5.    D   
   6.    C   
   7.    A   
   8.    B   
   9.    E   
   10.    C         
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         Learning Objectives 
 After reading this chapter, the reader should be 
able to:
•    Identify the most common types of small 

bowel cancer  
•   Describe the demographics and risk factors 

associated with small bowel cancers  
•   Understand the current pathogenesis of small 

bowel cancers  
•   Describe the various diagnostic techniques for 

identifying small bowel cancers  
•   Counsel the patient about the surgical treat-

ments of small bowel cancers  
•   Apply knowledge to patient prognosis and basic 

chemotherapy regimens     

    Introduction 

 Historically, small intestine cancers were predom-
inately adenocarcinoma; however, carcinoid has 
eclipsed adenocarcinoma by a fourfold increased 
incidence to become the most frequently diag-
nosed subtype [ 1 ]. This chapter’s focus will be on 
the epidemiology, incidence, risk factors, treat-
ment, and staging of adenocarcinoma and lym-
phoma, as well as for the most common types of 
metastatic disease. A brief discussion about small 
bowel carcinoid and Gastrointestinal Stromal 
Tumors (GISTs) will be mentioned, but their 
treatment is covered in other chapters (Carcinoid 
Tumors, Chap.   26    ; GISTs, Chap.   28    ).  

    Epidemiology 

 Cancer of the small intestine comprises less than 
5 % of all gastrointestinal cancers. The American 
Cancer Society estimates 8,810 newly diagnosed 
cases and 1,170 deaths from small bowel cancer 
in 2013 [ 1 ]. A review by Bilimoria et al. of the 
National Cancer Data Base (NCDB, 1985–2005) 
and Surveillance Epidemiology and End Results 
(SEER, 1973–2004) of 67,843 patients has 
shown that the incidence of all primary small 
bowel cancers is on the rise [ 2 ]. The median age 
of diagnosis was 67 years old (interquartile range 
56–76 years) with a slight preponderance toward 
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men (54 %) compared to women (46 %) [ 1 ]. 
Although there is no racial preponderance for the 
development of small intestinal cancers, there 
seems to be a worse prognosis for African 
Americans, patients >55 years old, T4 tumors, 
distant metastasis, or poorly differentiated tumors. 

 A rising incidence rate has not been matched 
with an improved survival rate. An observed 
5-year survival was 64 % in carcinoid, 32.5 % in 
adenocarcinoma, 39 % in stromal tumors, and 
49.6 % lymphomas [ 2 ]. Small bowel adenocarci-
noma has an overall survival (OS) of 12 months 
when all stages were analyzed. 

 The distribution of cancers within the small 
bowel is most commonly in the proximal por-
tion for adenocarcinoma in the duodenum and 
jejunum. Duodenal small bowel adenocarci-
noma (SBA) carries an increased mortality risk. 
In small bowel lymphoma, the most common 
site is the ileum followed by the jejunum [ 2 ] 
(Table  10.1 ).

       Etiology and Pathogenesis 

 The small bowel comprises the majority of the 
gastrointestinal tract but has a very low cancer 
incidence. The low risk of developing SBA is 
likely due to a number of factors including rapid 
transit of contents, decreased amount of exposure 
of carcinogenic substances, high amount of lym-

phoid tissue, high amount of IgA secretion, rapid 
turnover of cells, and the alkaline nature of the 
small bowel contents [ 3 ,  4 ]. The most common 
modifi able risk factors appear to be cigarette 
smoking and alcohol consumption when com-
pared to nontobacco users and nondrinkers. 
There are some underlying conditions that may 
increase the risk of small bowel cancer. Patients 
with celiac disease and Crohn’s disease have an 
increased risk of both adenocarcinoma and lym-
phoma. Familial adenomatous polyposis (FAP) 
patients will have risk of duodenal and periam-
pullary adenocarcinoma. Patients with hereditary 
non-polyposis colorectal cancer (HNPCC) 
develop adenocarcinomas of the small intestine 
at younger ages than the general population. 

 The low incidence rate and lack of screening 
modalities have led to a delay in diagnosis and 
more advanced disease at the time of presentation. 
The primary presenting symptoms are nonspecifi c 
and include abdominal pain, gastrointestinal 
bleeding, jaundice, weight loss, abdominal dis-
tention, nausea, vomiting, and anemia. The non-
specifi city of the symptoms leads to a delay in 
diagnosis and treatment, ranging from 2 months to 
12 months [ 5 ]. For this reason, 30–50 % of small 
intestine cancers are associated with nodal or dis-
tal metastases at the time of presentation. The 
median survival time of patients diagnosed of 
small bowel cancer is 13–20 months with a 5-year 
OS ranging from 0 to 28 % for adenocarcinoma, 

       Table 10.1    Summary of the most common small bowel cancer characteristics   

 Type of cancer  Incidence rate  Common site  Risk factors  5-year survival 

 Carcinoid  37–44 %  Ileum (44 %)  MEN1 a   60–75 % 
 Adenocarcinoma  33–36 %  Duodenum (55 %), 

jejunum (30 %), 
ileum (11 %) 

 Crohn’s disease, 
celiac, FAP b  

 26–39 % 

 Lymphoma  15–17 %  Ileum (66 %), 
jejunum (20 %) 

 Celiac, AIDS c , 
EBV d  

 25–40 % 

 GIST e   7–9 %  Jejunum  40 % 
 Metastasis  Melanoma (42 %), breast 

(16 %), lung (12 %) 
 Melanoma in 
jejunum and ileum 

 Primary cancer  Solitary lesion with 
good prognosis 

   a  MEN  multiple endocrine neoplasia 
  b Familial adenomatous polyposis 
  c  AIDS  acquired immune defi ciency syndrome 
  d Epstein-Barr virus 
  e Gastrointestinal stromal tumor  
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14–30 % for lymphoma, and 60 % for carcinoid 
[ 5 ]. Several poor prognostic factors are 
age >75 years, duodenal site, TNM staging, nodal 
involvement, and positive surgical margins [ 6 ].  

    Diagnostic Tools 

 Historically, the diagnostic diffi culty of evaluating 
the small bowel adequately leads to delays in diag-
nosis and risk for more advanced disease. This has 
encouraged new innovation in the evaluation of 
small intestine cancers. The most appropriate 
diagnostic modality includes a combination of 
noninvasive imaging and endoscopy with biopsy 
capability. Barium enteroclysis was, historically, 
the most common imaging offered to evaluate the 
small bowel. This was time consuming, poorly tol-
erated by the patient, and still not able to accu-
rately depict mural and extramural extent of 
disease. Improvements in computed tomography 
(CT) and magnetic resonance imaging (MRI) 
modalities and improved small bowel enteroscopy 
with capsule endoscopy or double- balloon endos-
copy add to the surgeon’s armamentarium. 

 Computed topography and MRI enteroclysis 
are other modalities of imaging the small bowel. 
These radiographic modalities require the patient 
to fast the day prior to the study. The patient is 
asked to consume an oral agent to allow for opti-
mal small intestine distention prior to the study. 
The diagnostic yield for both CT and MRI is simi-
lar. The advantages of CT scanning include more 
hospitals are equipped with CT and the patient 
procedural time is much less. MR imaging avoids 
radiation and bowel distention can be monitored 
dynamically to achieve the best imaging. 

 Various endoscopic techniques are employed 
for evaluating small bowel tumors. Traditional 
endoscopy is the gold standard for evaluating the 
gastrointestinal tract because of its imaging, 
diagnostic, and potential therapeutic capabilities. 
Lesions in the small bowel proximal to the liga-
ment of Treitz are usually viewed and biopsied 
by conventional endoscopy. Push endoscopy is 
another endoscopic technique for evaluating the 
duodenum and 50–70 cm past the ligament of 
Treitz. More distal lesions are now visualized 

with the evolution of capsule endoscopy (CE) 
and double-balloon enteroscopy (DBE). With 
CE, the patient swallows the capsule and a signal 
is sent to a recording device that the patient wears 
on their belt. DBE, also known as push-and-pull 
enteroscopy, enables visualization of the entire 
small bowel. 

 Capsule endoscopy and DBE have opened 
new avenues for imaging small intestine cancers 
and as an alternative diagnostic option. The CE is 
a highly effective way to image the entire length 
of the small bowel but is limited to mucosal 
lesions and does not have biopsy capability. 
Double-balloon endoscopy is suggested if a sus-
picious lesion is identifi ed on CE to obtain tissue 
diagnosis. The disadvantage of DBE is that it 
requires specialized instruments and a gastroen-
terologist who is trained in performing the proce-
dure. Kopacova et al. reviewed a series of DBE of 
303 procedures in 179 patients in which 74 small 
bowel tumors were discovered. In this series CE 
preceded DBE in 21 patients. They were able to 
detect a suspicious lesion in 20 cases (one tumor 
missed by CE) [ 7 ].  

    Intestinal Neuroendocrine Tumors 
(Carcinoid Tumor) 

 The incidence of intestinal neuroendocrine 
tumors (iNETs), also known as carcinoid tumors, 
has increased signifi cantly over the past three 
decades. This section will focus on the small 
intestine manifestations of neuroendocrine tumors. 
Discussions of lung, appendiceal, pancreatic, 
rectal, and stomach tumors are located in other 
chapters of the book (Chap.   24    , Pancreatic 
Neuroendocrine Tumors (PNETs); Chap.   26    , 
Carcinoid Tumors). The reason for the increase 
in diagnosis is poorly understood but may be 
related to incidental fi ndings secondary to better 
imaging. Neuroendocrine tumors arise from the 
enterochromaffi n cells in the crypts of Lieberkuhn 
and produce vasoactive peptides, mainly sero-
tonin. These tumors cause a signifi cant desmo-
plastic reaction, causing obstructive symptoms or 
bowel ischemia if the mesenteric vessels are 
involved (Fig.  10.1 ; Table  10.1 ). Surgical resection 
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and lymphadenectomy is the mainstay of curative 
treatment. Somatostatin and somatostatin ana-
logs are key in the treatment of symptomatic or 
metastatic disease, but other chemotherapy 
agents have evolved. Overall prognosis of 
regional intestinal neuroendocrine tumors is 
60–75 % over 5 years [ 1 ].

   Neuroendocrine tumors often have an indo-
lent growth pattern compared to similar carcino-
mas, and early detection can lead to curative 
treatment. Most small intestine tumors are 
located within 60 cm of the ileocecal valve but 
may be present anywhere in the gastrointestinal 
tract. Conventional CT scans with oral and IV 
contrast are usually suffi cient to detect a primary 
lesion. However, carcinoids are characterized by 
a high potential to metastasize to other areas of 
the intestine or the small bowel mesentery. 
Synchronous tumor may be found in up to 40 % 
of patients at the time of laparotomy for the 

primary lesion. Midgut neuroendocrine tumors 
retain their expression of somatostatin receptors 
which bind octreotide. Somatostatin receptor 
scintigraphy with indium-111 pentetreotide has 
an 86–95 % sensitivity for detecting extrahepatic 
foci or distant metastases [ 8 ,  9 ]. Scintigraphy is 
indicated in patients for staging purposes and 
determination of receptor status. Somatostatin 
receptor (sst) expression, particularly sst2 recep-
tor, has been correlated with better response to 
analog therapy and confers a better prognosis[ 8 , 
 9 ]. Small bowel imaging with endoscopy and 
chest CT scan may be helpful preoperatively to 
further plan surgical resection and metastasis. 

 Patients with liver or lung metastasis are 
prone to the development of the carcinoid syn-
drome, a constellation of symptoms which 
includes fl ushing, diarrhea, and valvular heart 
disease. The carcinoid syndrome is caused by 
secretion of serotonin and other vasoactive 

  Fig. 10.1     Small bowel carcinoid : noncontrast CT shows a large intra-abdominal mesenteric-based mass ( a ). 
Intraoperative the lesion had signifi cant desmoplastic involvement of the small bowel mesentery ( b ,  c ). (Courtesy of 
Gazi B. Zibari, MD, FACS)       
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substances into the systemic circulation. Serum 
chromogranin A is produced by all neuroendo-
crine tumors and has 86 % specifi city and 68 % 
sensitivity. Twenty-four- hour urine collection for 
5- hydroxyindolacetic acid (5-HIAA), a common 
metabolite of serotonin, can be used in the diag-
nosis and postoperative follow-up. Patients with 
carcinoid syndrome should have a 2D echocar-
diogram prior to any surgical procedure to evalu-
ate cardiac function and valvular fi brosis [ 10 ]. 

 Surgery is the cornerstone in the treatment of 
neuroendocrine tumors, but the location of the 
tumor is critical in surgical planning. Jejunal and 
ileal regional disease is commonly treated with 
bowel resection and lymphadenectomy. The goal 
of the lymph node resection is to have >12 nodes 
present for evaluation. Cholecystectomy is indi-
cated during the initial surgical resection due to 
possible future long-term somatostatin analogue 
therapy and an increased risk of biliary symp-
toms. Duodenal tumors <10 mm and limited to the 
submucosal layer may undergo endoscopic sub-
mucosal dissection with low risk of perforation or 
bleeding [ 11 ]. Larger tumors (>10 mm) of the 
duodenum or involvement of the ampulla may 
require pancreaticoduodenectomy to obtain surgi-
cal margins (Fig.  10.2 ). These patients should be 
followed every 3–12 months with repeat 24 h 
urine 5-HIAA and chromogranin A tests with 
serial abdominal and pelvic CT scan [ 10 ].

   More aggressive surgical approaches in 
patients with metastatic disease have emerged 
over the past decade. In concordance with the 
most recent NCCN guidelines, cytoreductive 
 surgery may be indicated in patients with local 
symptoms; localized tumor metastasis or >90 % 
of tumor burden can be resected or ablated [ 12 ]. 
The United Kingdom and Ireland Neuroendocrine 
Tumor Society (UKI NETS) study conducted 
evaluated 360 patients with midgut neuroendo-
crine tumors with hepatic metastasis and found 
resection of primary lesion and metastasis had a 
median survival of 11.26 years compared to 
5.50 years in patients without surgical interven-
tion [ 13 ]. Hepatic radiofrequency ablation or 
arterial embolization can be considered for mul-
tifocal disease that is not amenable to surgical 

resection. Complete or partial response for 
symptomatic improvement, tumor markers, and 
imaging occurred in 70–100 %, 50–90 %, and 
30–50 % of patients, respectively [ 14 ]. 

 Medical treatment options for metastatic unre-
sectable iNETs have expanded in recent years but 
are not considered curative. The goal of medical 
therapy is antisecretory effects and antiprolif-
eration of the existing tumor. Of particular 
importance has been the development of soma-
tostatin-analogue therapies. Somatostatin ana-
logues were originally introduced for palliation 
of the carcinoid syndrome; however, recent clini-
cal trials have demonstrated that they can exert 
an inhibitory effect on tumor growth. Common 
 systemic chemotherapy regimens have been 
modeled after the PROMID ( P lacebo Controlled, 
Double-blinded, Prospective,  R andomized Study 
of the Effect of  O ctreotide LAR in the Control of 
Tumor Growth in Patients with Metastatic 
Neuroendocrine  MID gut tumors) study with 
octreotide long-acting release (LAR) and the 
 C ontrolled Study of  L anreotide  A ntiproliferative 
 R esponse in  NET  (CLARINET) trial. Current 
recommendations suggest fi rst-line agents of 
somatostatin analogues (SSA) of octreotide or 
lanreotide every 4 weeks for patients with low 
volume stable disease. If symptoms occur or 
worsen, the dose of SSA can be increased and 
alpha interferon or an mTOR inhibitor, everoli-
mus, may be added. Nonresponders to these 
agents may proceed to systemic chemotherapy 
with 5-fl urouracil, capecitabine, and oxaliplatin. 
Third-line therapy includes the antiangiogenic 
targeting agents sunitinib or bevacizumab, which 
have shown evidence of improving progression- 
free survival [ 12 ]. 

 Overall survival (OS) and progression-free 
survival (PFS) have improved in the past three 
decades with better surgical technique, under-
standing of tumor biology, and development of 
SSAs. The overall 5-year survival of an iNET is 
60–75 %. Progression-free survival at 5 and 10 
years for AJCC/UICC has been shown as 100 % 
stage I (5 years), 100 % stage II (5 years), 86 and 
63 % stage III, and 64 % and 19 % for stage IV 
disease [ 15 ]. Unfavorable prognostic factors 
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impacting survival include high mitotic rate, high 
Ki67, distant metastasis, and advanced age. 
Octreotide scintigraphy avidity suggests that 
even with hepatic metastasis, avid uptake of the 
nuclear marker has a better prognosis than those 
that had low or no uptake.  

    Adenocarcinoma 

 Small bowel adenocarcinoma (SBA) is the second 
most common type of cancer in the small intestine. 
This cancer has a tendency to present late in the 

  Fig. 10.2     Neuroendocrine tumor of the small bowel : a 
61-year-old man presented with nausea and vomiting; an 
upper endoscopy demonstrated a tight stricture at the sec-
ond portion of the duodenum. The CT scan of the abdo-
men demonstrated no mass or abnormality in the head of 
the pancreas or biliary system. He underwent a pancreati-
coduodenectomy and tight stricture that was caused by a 
neuroendocrine tumor of the duodenum  was found ( a ). 

H&E stain demonstrates “small blue cell tumors” that 
have scant, pink granular neoplasm, and round to oval 
stippled nucleus ( b ). The tumor stained positively for gas-
trin. CD31 immunostain highlights scattered vessels. 
Ki68 proliferation index was <2 % and was low grade, 
and the fi nal stage was pT1pN1. (Courtesy of Quyen D. 
Chu, MD, MBA, FACS)       
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course with 50 % of patients having advanced 
disease at the time of presentation. The adenocar-
cinoma sequence similar to colon cancer is thought 
to play a role but has not been fully elucidated yet. 
Patients may be at an increased risk due to a higher 
consumption of animal fat and protein in the 
Western diet or diagnosed with HNPCC, FAP, or 
Crohn’s disease. The duodenum is the most 
common site of involvement (55 %) followed by 
jejunum (18 %) and ileum (13 %) (Table  10.1 ). 
Ileal adenocarcinoma is increased in Crohn’s 
patients. Patients with periampullary tumors 
present with nausea, vomiting, and obstructive 
jaundice. Ampullary tumors are biologically and 
morphologically distinct and have a more favor-
able prognosis compared to pancreatic and bile 

duct cancers. Tumors in the jejunum and ileum 
commonly present with obstruction, weight loss, 
and frequently have lymph node involvement. 

 Surgery is the mainstay for curative treatment 
of patients with SBA (Fig.  10.3 ); unfortunately, 
many patients (32 %) have evidence of metastasis 
at the time of resection. Typically,  adenocarcinomas 
are staged according to the AJCC TMN staging 
system in Table  10.2  based on tumor invasion, 
node status, and metastasis. Lymph node status 
and distant    metastasis implicates a poorer progno-
sis and is associated with a decreased 5-year rela-
tive survival rate with localized disease 80.5 %, 
regional with lymph node involvement 68.5 %, 
and distant metastasis 41.5 %. The number of 
lymph nodes required for R0 resection was 

  Fig. 10.3    Small bowel adenocarcinoma. A 65-year-old 
woman presented with a duodenal obstructing mass. On 
CT there is evidence of a tumor partially occluding the 
duodenal lumen ( a ). On gross pathologic inspection fol-
lowing a pancreaticoduodenectomy, the mass is felt to 
arise from either the duodenal or the ampulla ( b ). Final 
pathology revealed both duodenal and ampullary dyspla-

sia with associated invasive adenocarcinoma. Although 
pathology favored ampullary adenocarcinoma, they could 
not defi nitely rule out a duodenal source. The photomicro-
graph of a separate patient demonstrates small bowel 
adenocarcinoma arising from a background of dysplasia 
( c ) (Courtesy of John F. Gibbs and Joyce Paterson)       
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reviewed by Gibbs in 2004; the current consensus 
of obtaining ≥10 lymph nodes is adequate without 
adding increase morbidity [ 16 ]. Factors that may 
predict a worse outcome are male sex, patients 
older than 55, tumor size, and poorly differenti-

ated tumor or with positive margins. In our review 
of 13 published papers from 2000 to 2011 patients 
with SBA, the effi cacy of adjuvant treatment after 
curative intent surgery did not improve overall 
survival. Table  10.3  displays the characteristics of 
the populations studied listed by the author and 
year [ 17 – 28 ]. In these papers curative surgery was 
either bowel resection including lymphadenec-
tomy or pancreaticoduodenectomy (Whipple pro-
cedure) with negative margins. Distant metastasis 
after surgical resection is the most common pat-
tern of relapse and adequate adjuvant therapy is 
needed. Table  10.4  shows 5-year OS and median 
survival time for patients with SBA.

      Review of adjuvant chemotherapy regimens 
for SBA is largely unimpressive with results 
from single institutions studies showing no sur-
vival benefi t. Gemcitabine, 5-fl uorouracil 
(5-FU), and platinum-based chemotherapy were 
the most commonly used treatments for 
SBA. Zaanan et al. reviewed a population of 93 
patients and found FOLFOX (5-FU, leucovorin 
LV, oxaliplatin) regimen to be superior to 
LV/5-FU [ 29 ]. Newer agents and combinations 
are being evaluated for improved treatment. 
Oxaliplatin and capecitabine and the cell surface 
endothelial growth receptor (EGFR) antibody 
drugs cetuximab and panitumumab have been 
effective in metastatic disease. One study 
reported an overall survival benefi t in preopera-
tive chemotherapy with postoperative radiation 
in duodenal adenocarcinoma, but this is not 
applicable to the entire bowel.  

    Gastrointestinal Stromal 
Tumors (GISTs) 

 Small bowel gastrointestinal stromal tumors 
(GISTs) are diagnosed in 7–9 % of patients, even 
though the stomach is the most common site 
affected. This section focuses on the small intesti-
nal manifestations of GIST with a more detailed 
discussion that can be found in Chap.   28    , 
Gastrointestinal Stromal Tumors (GISTs). These 
tumors arise from the interstitial cells of Cajal and 
are likely to be found in the jejunum (Table  10.1 ). 
Clinical presentation varies, depending on the 

   Table 10.2    American Joint Committee on Cancer (AJCC) 
TNM staging for small intestine cancer (7th edition)   

 Primary tumor (T) 

 TX  Primary tumor cannot be assessed 
 T0  No evidence of primary tumor 
 Tis  Carcinoma in situ 
 T1a  Tumor invades lamina propria 
 T1b  Tumor invades submucosa* 
 T2  Tumor invades muscularis propria 
 T3  Tumor invades through muscularis propria into 

the subserosa or into the nonperitonealized 
perimuscular tissue (mesentery or 
retroperitoneum) with extension 2 cm or less* 

 T4  Tumor perforates the visceral peritoneum or 
directly invades other organs or structures 
(include other loops of small intestine, 
mesentery, or retroperitoneum >2 cm, and 
abdominal wall by way of serosa; for duodenum 
only, invasion of pancreas or bile duct) 

 *The nonperitonealized perimuscular tissue is, for 
jejunum and ileum, part of the mesentery and, for 
duodenum in areas where serosa is lacking, part of the 
interface with the pancreas 

 Regional lymph nodes (N) 

 NX  Regional lymph nodes cannot be assessed 
 N0  No regional lymph node metastasis 
 N1  Metastases in 1–3 regional lymph nodes 
 N2  Metastases in ≥4 regional lymph nodes 

 Distant metastasis (M) 

 M0  No distant metastasis 
 M1  Distant metastasis 

 Anatomic stage/prognostic groups 

 Group  T  N  M 

 Stage 0  Tis  N0  M0 
 Stage I  T1-T2  N0  M0 
 Stage IIA  T3  N0  M0 
 Stage IIB  T4  N0  M0 
 Stage IIIA  Any T  N1  M0 
 Stage IIIB  Any T  N2  M0 
 Stage IV  Any T  Any N  M1 

  Adapted from Compton    et al. [ 34 ]. With permission from 
Springer Verlag  
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anatomical location of the tumor, but in general, 
signs and symptoms are nonspecifi c which can 
include abdominal pain, a palpable mass, or gas-
trointestinal bleeding (Fig.  10.4 ). Preoperative 
evaluation of GIST should include CT scan with 
contrast of the abdomen and pelvis. Biopsy of the 
lesion is critical in planning surgical resection ver-
sus preoperative chemotherapy. The GIST is a 
submucosal lesion, and some series have shown 
a low yield to biopsy, but multiple biopsies 
should be taken to “unroof” the mucosa. 

Immunohistochemistry of GIST tumors express-
ing a tyrosine receptor kinase (c-Kit or CD117) 
mutation and platelet-derived growth factor recep-
tor-alpha (PDGFRA) mutation is fundamental to 
the preoperative workup. Recent studies have 
shown the importance of genetic testing of the KIT 
mutation to determine expression of exon 9 or 
exon 11 within the tumor [ 30 ].

   Surgery with complete resection is the stan-
dard of care in patients with a primary tumor, but 
recurrence to the liver and peritoneum is seen in 

   Table 10.3    Characteristics of studies reviewed for small bowel adenocarcinoma   

 Author, year  N 

 Mean age 
range  Male % 

 Stage breakdown 

 I  II  III  IV  Grade defi nition 

 Ojha, A. 2000  33  57.5  64  I–III 24  IV 9  n/a 
 North, J. 2000  68  15–89  70  n/a  n/a 
 Fishman, P. 2006  113  58.2  59  30  41  32  Poor vs. well 
 Agarwal, S. 2007  64  17–87  57  1  14  21  n/a 
 Kelsey, C. 2007  32  32–77  72  3  18  2  1  Poor vs. mod and well 
 Chaiyasate, K. 2008  27  50–70  33  7  14  6  Poor vs. mod vs. well 
 Hong, S. 2009  53  26–84  55  4  12  15  22  n/a 
 Halfdanarson, T. 2010  491  24–97  62  40  143  138  171  Grade 1–2 vs. 3–4 
 Moon, Y. 2010  100  23–84  67  4  22  28  46  Poor and undiff vs. well 
 Han, S 2010  61  23–79  n/a  n/a  n/a 
 Overman, M. 2010  54  31–79  62  8  20  26  Poor vs. mod and well 
 Chung, W. 2011  30  30–90  n/a  3  5  9  14  Poor vs. non poor diff 
 Koo, D. 2011  52  26–79  59  8  20  24  Poor vs. mod vs. well diff 

   Table 10.4    Survival   

 5-year % survival by stage  Median OS for stage (months) 

 I  II  III  IV  I  II  III  IV 

 Ojha, A. 2000  n/a  All stages: 9 
 North, J. 2000  90  78  55  35  n/a 
 Fishman, P. 2006  n/a  All stages: 17 
 Agarwal, S. 2007  All stages: 21  –  –  –  5 
 Kelsey, C. 2007  All stages: 48  n/a 
 Chaiyasate, K. 2008  All stages: 30  –  78  36  10 
 Hong, S. 2009  n/a  –  –  –  4 
 Halfdanarson, T. 2010  78  44  25  2  137  46  25  11 
 Moon, Y. 2010  39  10  3  –  –  11  7 

 Han, S 2010  All stages: 16  n/a 
 Overman, M. 2010  100  87  59  –  n/a 
 Chung, W. 2011  n/a  n/a 
 Koo, D. 2011  100  81  28  –  n/a 
 Overall  12.23 (13.9–20.5) 
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as many of 50 % of patients [ 30 ]. The surgical 
goals should strive to achieve 1–2 cm negative 
margins without violating the pseudocapsule. 
There is no need to perform a lymphadenectomy 
since the risk of lymphatic spread is low. Patients 
who are on imatinib therapy can stop taking the 
medication just prior to surgery and can resume 
taking it when tolerating oral medications. 
However, sunitinib should be withheld for 1 week 
prior to a planned surgical resection. Many stud-
ies have reported the safety of laparoscopic resec-
tion with a low risk of tumor spillage, but the 
choice of the procedure should be decided based 

on a case-by-case basis and surgeon’s level of 
comfort. Duodenal GIST poses a dilemma in 
planning a large surgical resection [ 31 ]. 
Table  10.5  shows our experience with segment 
duodenectomy versus pancreaticoduodenectomy. 
Segmental duodenectomy is a reasonable option 
with lower morbidity depending on the location 
and similar survivability compared to pancreati-
coduodenectomy (Fig.  10.5 ; Table  10.5 ).

    The 5-year OS is approximately 40 % for 
all stages with median time to resection of 2 
years. Mitotic rate is the dominant pathologi-
cal predictor of outcome in patients treated 

  Fig. 10.4    Small bowel GIST presenting with deep pelvic 
pain with the CT revealing a solid lobulated echogenic 
mass is noted adjacent to the uterus measuring 

2.7 × 6.0 × 6.1 cm ( a ). The lesion was segmentally resected 
( b ) (Courtesy of John F. Gibbs)       
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with surgery alone [ 32 ]. Patients should be fol-
lowed up  postoperatively every 3–6 months with 
CT scan of the abdomen and pelvis for the fi rst 5 
years then annually. Imatinib therapy should be 
continued at the discretion of the surgeon, and 
resection is feasible for limited recurrence with 
or without therapy.  

    Lymphoma 

 Primary intestinal lymphomas comprise 30–40 % 
of the extranodal form of lymphoma comprising 
15–17 % of primary intestinal malignancy [ 33 ]. 

The most common site for lymphoma is the 
stomach followed by ileum, cecum, and then 
colon. These malignancies arise from the submu-
cosal lymphoid aggregates of the ileum and can 
cause obstruction or become a lead point for 
intussusception. Mucosa-associated lymphoid 
tissue (MALT) lymphoma and diffuse large 
B-cell lymphoma are the most common types of 
gastrointestinal malignancies. Small intestine 
non-Hodgkin’s lymphomas are diagnosed by evi-
dence of small intestine lesions without periph-
eral or mediastinal lymphadenopathy, normal 
white count, and without evidence of liver or 
splenic involvement. Enteropathy-associated 

  Fig. 10.5    Gastrointestinal stromal tumor (GIST) involving the fi rst and proximal second portion of the duodenal on CT 
( a ) and managed by segmental duodenectomy ( b ) (Courtesy of John F. Gibbs)       
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T cell lymphoma (EATL) commonly arises in the 
jejunum and ileum commonly and is seen in 
patients with celiac sprue [ 33 ]. Patients with 
AIDS may develop a diffuse B-cell lymphoma, 
and young patients are at risk for Burkitt’s lym-
phoma due to Epstein-Barr virus [ 33 ]. 

 Patients with lymphoma of the small intes-
tine are especially diffi cult to diagnose because 
of the periluminal disease and mesentery 
involvement. Tissue biopsy of the submucosa is 
important to establish diagnosis due to lack of 
mucosal involvement. Surgery may be required 
for biopsy confi rmation, localized disease, hem-
orrhage, perforation, obstruction, or refractory 
to chemotherapy (Fig.  10.6 ). Treatment is mainly 

chemotherapy based with variable responses 
depending on the type of the lymphoma. Concern 
for perforation during chemotherapy as the 
tumor lysis response occurs. Our institutional 
experience has shown that patients may need 
multiple operations during their chemotherapy. 
Radiation therapy is mainly used for local control 
of symptoms. In case of a surgical emergency, 
these patients will require a multidisciplinary 
team. Patients that typically have a poor progno-
sis are men, age older than 75, black, and 
Hispanic. Survival is specifi c for the types of 
lymphoma: EATL and anaplastic with 8–20 % 
5-year survival and MALT lymphoma with 
75–80 % eradication [ 33 ].

  Fig. 10.6     Lymphoma of the small bowel : a 58-year-old 
male presents with weight loss and abdominal complaints, 
and a CT scan demonstrated a mass arising from the jeju-
num ( a ). He underwent an exploratory laparotomy and 
was found to have a mass in the proximal jejunum for 
which a segmental resection was performed ( b ). Pathologic 

diagnosis of a diffuse large B-cell non-Hodgkin’s  lymphoma 
was made ( c ). Low-power view reveals small intestinal 
mucosa with necrosis of superfi cial epithelium. The mucosa 
and submucosa are diffusely infi ltrated with malignant 
small blue cells (Courtesy of Quyen D. Chu, MD, MBA, 
FACS)       
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       Metastatic Disease 

 Metastasis to the small bowel is commonly from 
melanoma, breast, or lung cancer. Patients typi-
cally present with small bowel obstruction or 
bleeding (Table  10.1 ). Melanoma is the most 
common type of cancer to involve the jejunum 
and ileum (Fig.  10.7 ). Approximately 50 % of 
melanoma will have synchronous distant metas-
tasis at the time of diagnosis. Surgical resection 
of metastatic lesions is the standard therapy, but 
gastrostomy and/or ostomy may be required to 
relieve obstruction for palliative purpose. There 
is no survival benefi t with systemic chemother-
apy for patients with metastatic melanoma.

       Conclusion 

 Small bowel malignancy has a relatively low but 
increasing incidence when compared with other 
forms of cancer. Each malignancy has a different 
prognosis, pattern of growth, and multiple treat-
ment options depending on the pathology. 
Metastatic disease is common at the time of diag-
nosis due to the vague abdominal symptoms or 
occult gastrointestinal bleeding. The surgeon 
should attempt to determine the tumor histology, 
if possible, prior to planning an operation. 
Emergent operation should be reserved for evi-
dence of perforation, unrelieved obstruction, or 
hemorrhage. Newer endoscopy and enteroscopy 
techniques are better at visualizing and retrieving 
biopsy samples in the distal small intestine. The 
combination of capsule endoscopy and double- 
balloon endoscopy has excellent results in dis-
covering small distal small bowel lesions. 

 The majority of small bowel malignancies are 
intestinal neuroendocrine tumors (carcinoid), 

adenocarcinoma, gastrointestinal stromal tumors, 
lymphoma, and metastatic melanoma. The inci-
dence of carcinoid tumor has surpassed adeno-
carcinoma in the past few years, but the reason 
for this is unclear. The overall survival of patients 
diagnosed with small bowel malignancy ranges 
from 40 to 60 %. Surgery remains the mainstay 
of curative therapy. Newer chemotherapy regi-
mens have improved survival of iNETs, lympho-
mas, and GISTs, but there is not an effective 
regimen for adenocarcinoma. Patients should be 
discussed in a multidisciplinary setting once 
diagnosed with small bowel malignancy for pos-
sible preoperative and/or postoperative chemo-
therapy. Patients will need frequent follow-up to 
detect tumor recurrence or metastasis. 

  Salient Points 
•     Vague abdominal pain, obstruction, and gas-

trointestinal bleeding are the most common 
signs of small bowel malignancy.  

•   Small bowel malignancy incidence is on the 
rise with intestinal neuroendocrine tumors 
most frequently diagnosed.  

•   Low rate of cancer in small intestine due to 
rapid transit time, secretion of IgA, high alka-
line nature of the succus, and high turnover of 
intestinal lining.  

•   Age >60, celiac disease, Crohn’s disease, and 
cigarette smoking are common risk factors for 
small bowel malignancies.  

•   Metastasis is common in 30 % of all small 
intestinal malignancy due to the vague symp-
tom and delay in diagnosis.  

•   Carcinoid tumors can metastasize to the liver 
and cause carcinoid syndrome with fl ushing, 
diarrhea, and wheezing.  

•   24 h urine testing for 5-HIAA, chromogranin 
A, and octreotide scanning are important for 
preoperative workup of carcinoid tumors.  

Fig. 10.7 (continued) small bowel, consistent with a 
small bowel obstruction ( a ). He underwent a segmental 
resection of the small bowel ( b ). Low power shows 
normal small intestinal mucosa ( left ) and a protruding 
tumor nodule ( right ) that has destroyed the mucosa and 
submucosa ( c ). High power reveals diffuse infi ltrating 
growth of malignant melanocytes. These cells are dis-

cohesive with rich eosinophilic cytoplasm, large nuclei, 
and prominent nucleoli. There is prominent nuclear 
pleomorphism, and many cells also contain dark-brown 
granular melanin pigments ( d ). The fi nal pathology 
was a metastatic melanoma ( c  and  d ) ( a - b : Courtesy of 
Quyen D. Chu, MD, MBA, FACS) ( c - d : Courtesy of 
Xin Gu, MD)       
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  Fig. 10.7     Malignant melanoma : a 68-year-old gentle-
man with a known history of malignant melanoma pre-

sented with a small bowel obstruction. CT scan 
demonstrated a right lower quadrant mass and dilated 
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•   Long-acting somatostatin and somatostatin 
analogs are fi rst-line therapy in metastatic car-
cinoid to control symptoms and reduce overall 
tumor growth.  

•   Small bowel adenocarcinoma mainly occurs 
in the duodenum and jejunum and requires 
full lymph node dissection at the of surgical 
resection.  

•   Chemotherapy for SBA follows the regimen 
for colorectal cancer, but new chemotherapies 
are being developed.  

•   GISTs do not require lymph node dissection 
but may need preoperative imatinib for tumor 
reduction prior to resection.  

•   GIST newer genetic testing for exon 9 and 
exon 11 has shown tumors more responsive to 
imatinib.  

•   Lymphoma of the small intestine should 
undergo chemotherapy fi rst unless surgery is 
needed for biopsy or rare localized disease.  

•   Metastatic disease is common for melanoma 
and breast cancer, and palliative operations 
should be done for obstruction and perforation.     

  Questions 
     1.    A 65-year-old man presents with GI bleeding 

to the emergency department (Hgb 6.8 mg/
dL) and is slightly tachycardic. After initial 
resuscitation and blood transfusion, the vital 
signs improve and repeat hemoglobin is 
8.6 mg/dL. Endoscopy revealed a 0.9 cm sub-
mucosal lesion noted in the third portion of 
the duodenum. Biopsy reveals carcinoid 
tumor and staging CT scan is negative for 
liver metastasis. The surgical plan should 
include?
    A.    Pancreaticoduodenectomy   
   B.    Endoscopic mucosal resection   
   C.    Duodenectomy with primary anastomosis   
   D.    LAR somatostatin therapy       

   2.    The factors that decrease the risk of malig-
nancy in the small bowel include:
    A.    Slow transit time   
   B.    Decreased IgA secretion   
   C.    High pH (alkaline) of contents   
   D.    Low amount of lymphoid tissue       

   3.    Small bowel malignancy is on the rise and the 
most frequently diagnosed cancer is:
    A.    Adenocarcinoma   
   B.    Lymphoma   
   C.    GIST   
   D.    Intestinal neuroendocrine tumors       

   4.    First-line chemotherapy in metastatic intesti-
nal neuroendocrine tumors is:
    A.    LAR somatostatin   
   B.    Interferon alpha   
   C.    Imatinib   
   D.    Sunitinib       

   5.    Carcinoid tumors have a better response to 
chemotherapy if they display:
    A.    Exon 9 mutation   
   B.    Expression of the sst2 receptor   
   C.    Decreased uptake of indium-111 pentet-

reotide scan      
   D.    Have a high Ki67       

   6.    An 86-year-old woman with a 3 cm GIST 
tumor of the third portion of the duodenum, 
and CT scan shows small lesion of the liver. 
The patient is having mild midepigastric pain 
and early satiety. The next step in the patient’s 
care would be:
    A.    Surgical resection of the lesion with 

lymphadenectomy   
   B.    Pancreaticoduodenectomy with postoper-

ative imatinib for liver metastasis   
   C.    Preoperative imatinib and follow-up for 

response for surgical planning   
   D.    Imatinib therapy alone and surgery for 

palliation as needed       
   7.    A 54-year-old woman presents with chronic 

abdominal pain and weight loss. CT scan 
shows thickening of the ileum and mesen-
tery with enlargement of para-aortic lymph 
nodes. Patient has a history of celiac disease 
and has been on a gluten-free diet for 10 
years. Biopsy of the nodes reveals small 
bowel lymphoma. The next surgical plan 
should be:
    A.    Ileocolonic resection with primary anasto-

mosis with postoperative chemotherapy   
   B.    Ileal resection for disease with full lymph 

node dissection   
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   C.    Radiation therapy preoperative   
   D.    Multidisciplinary evaluation with preop-

erative chemotherapy and surgical consult 
for complications       

   8.    A 48-year-old woman recently relocated from 
Florida presents with cramping abdominal 
pain, nausea, and vomiting. CT scan shows 
multiple areas of lesions involving the mesen-
tery of the small bowel concerning for meta-
static disease. The most common metastasis 
to small bowel is:
    A.    Breast   
   B.    Melanoma   
   C.    Lung   
   D.    Colorectal          

  Answer 
     1.    B   
   2.    C   
   3.    D   
   4.    A   
   5.    B   
   6.    C   
   7.    D   
   8.    B          
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Learning Objectives
After reading this chapter, you should know how 

to manage patients with:

A gallbladder polyp found on imaging

Gallbladder cancer incidentally found at 

pathologic review after a cholecystectomy for 

cholelithiasis

Gallbladder cancer suspected during chole-

cystectomy for cholelithiasis

A gallbladder and/or liver mass found on 

imaging suspicious for gallbladder cancer

 Background

Gallbladder cancer (GBC) is the most common 

biliary cancer: in the USA, each year about 6,000 

patients are newly diagnosed with GBC [1]. 

Historically, surgery for GBC was rare because 

patients typically presented with advanced dis-

ease when symptoms develop. Only 5 % of GBC 

patients underwent surgical resection in a series 

of MD Anderson between 1940 and 1976 [2]. 

Nowadays, GBC patients are often diagnosed at 

an early (asymptomatic) stage, typically on 

pathologic review after laparoscopic cholecys-

tectomy for cholelithiasis (i.e., incidental GBC). 

Also, surgical management of GBC improved 

with the introduction of ultrasound (US), com-

puted tomography (CT), and magnetic resonance 

imaging (MRI) to determine the extent of dis-

ease. Currently, a cholecystectomy with en bloc 

liver resection of segments 4b and 5 with lymph 

node dissection of the hepatoduodenal ligament 

is recommended for most medically fit patients 

with resectable GBC [3]. Improvements in both 

anesthesia and surgery have reduced the postop-

erative morbidity and mortality [4].

The focus of this chapter is the surgical man-

agement of GBC patients. We first discuss risk 

factors, anatomy, and staging of GBC. The core 

of this chapter is structured based on the patient’s 

presentation. The patient may present to the sur-

gical oncologist with:

A gallbladder polyp found on imaging (US, 

CT, or MRI)

Incidental GBC found at pathologic review after 

cholecystectomy, typically for cholelithiasis

Incidental GBC suspected during cholecystec-

tomy, typically for cholelithiasis

A gallbladder and/or liver mass found on 

imaging suspicious for GBC

Next, we describe the surgical procedures for 

GBC, postoperative care and complications, and 

adjuvant and palliative treatments. Because of the 

low incidence of GBC, no randomized controlled 

trials (RCTs) have been performed to evaluate 

surgical management. Guidelines are therefore 

based on anatomic studies, retrospective case 
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series, and registries. RCTs evaluating adjuvant 

and palliative treatments typically randomize 

patients with any biliary cancer: conclusions 

regarding GBC patients are drawn from subgroup 

analyses or based on the assumptions that biliary 

cancers are similar.

 Risk Factors

Chronic inflammation of the mucosa of the gall-

bladder is associated with GBC. GBC patients 

typically  have coexisting cholelithiasis (90 %). 

However, by contrast, only about 1 % of pati-

ents with cholelithiasis are diagnosed with 

GBC. Cholelithiasis may cause chronic inflam-

mation resulting in malignant transformation, or 

 cholelithiasis and GBC may share pathogenetic 

features. Less common causes of chronic 

inflammation are pancreaticobiliary maljunc-

tion (especially in Asia), typhoid infection, and 

biliary-enteric fistula. These causes of chronic 

inflammation confer increased risks of GBC up 

to 10-fold.

Geography is an important risk factor for 

GBC: while in the Western world the incidence is 

1–2 per 100,000, the incidence in India, Pakistan, 

Japan, Korea, and Ecuador is up to 20-fold higher 

[5]. In the USA, women are about twice as likely 

to develop GBC as men. Familial GBC is rare.

The progression of adenoma to carcinoma 

appears less important in the pathogenesis of 

GBC than in the pathogenesis of colorectal can-

cer. Adenomatous polyps are rare and typically 

do not harbor GBC unless very large; however, 

severe dysplasia is often found adjacent to GBC.

 Anatomy and Staging

Understanding guidelines and controversies for 

surgical management of GBC requires knowledge 

regarding the relation of the gallbladder to sur-

rounding structures, as well as patterns of lym-

phatic and venous drainage of the gallbladder. The 

gallbladder is located at the undersurface of seg-

ment 4b and segment 5 of the liver (Fig. 11.1a–c). 

In 60 % of GBC patients, the tumor is found in the 

fundus, 30 % in the body, and 10 % in the neck of 

the gallbladder [6]. Tumors in the gallbladder neck 

are more likely to involve the bile ducts because of 

the neck’s close proximity to the right hepatic duct 

and the biliary confluence [7].

The intraperitoneal portion of the gallbladder 

is covered with (visceral) peritoneum or serosa 

(Fig. 11.1d). If the cancer extends beyond the 

serosa of the gallbladder, it may involve surround-

ing organs such as the stomach, duodenum, pan-

creas, or transverse colon (Fig. 11.1c). The part of 

the gallbladder facing the liver has no peritoneal 

covering: only a layer of perimuscular connective 

tissue called the cystic plate separates the muscu-

laris of the gallbladder from the liver parenchyma 

(Fig. 11.1d). A simple cholecystectomy involves 

dissection between the muscularis of the gallblad-

der and the cystic plate. Consequently, if GBC is 

discovered at pathologic review after a simple 

cholecystectomy, the resection margin is likely 

involved, unless the tumor did not invade the mus-

cularis and is limited to the lamina propria (T1a).

GBC typically arises in the mucosa of the gall-

bladder, with adenocarcinoma or its variants (ade-

nosquamous, squamous) found in 98 % of all 

patients. Rare histologies of the gallbladder include 

neuroendocrine tumors, sarcomas, or metastatic 

diseases such as melanoma. The most common 

infiltrative subtype invades the entire gallbladder in 

the subserosal plane, followed by invasion of the 

liver and the porta hepatis. The nodular subtype 

forms a more circumscribed lesion; the papillary 

type forms polypoid lesions and is less invasive.

Dye studies have demonstrated the route of 

lymph flow from the gallbladder first to the cystic 

duct node and the nodes around the bile duct, 

then to nodes around the hepatic vessels and pos-

terior to the pancreas, and finally to the aortoca-

val nodes near the left renal vein (Fig. 11.2) [8]. 

In some patients, additional lymphatics are found 

connecting regional lymph nodes directly to aor-

tocaval nodes. Positive lymph nodes beyond the 

hepatoduodenal ligament (i.e., periaortic, perica-

val, superior mesenteric artery, and/or celiac 

artery lymph nodes) are considered stage IV dis-

ease since the seventh edition of the American 

Joint Committee on Cancer (AJCC) TNM clas-

sification for GBC [9].
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Although lymphatic spread is important for 

staging, spread to distant sites occurs mainly 

through hematogenous dissemination, either 

directly or associated with invasion into the liver 

parenchyma [10]. When indocyanine green is 

injected in the cystic artery of GBC patients, the 

dye extends up to 4 cm into the parenchyma of 

segments 4b and 5 of the liver [11]. In an immu-

nohistochemical study of liver resections for 

GBC, intrahepatic portal vein invasion was 

detected in more than half of the patients, up to 

12 mm beyond the border of direct invasion. 

Metastatic nodules were found in 26 % of GBC 

patients, on average 16 mm beyond the border of 

direct invasion [12].

Table 11.1 presents the AJCC seventh edition 

guideline for staging of GBC, which is based on 

the anatomical considerations described above, 

as well as prognostic research [9]. Figure 11.3a 

presents overall survival of more than 10,000 

patients with GBC diagnosed in the years 1989–

1996 [9]. These data are from the National Cancer 

Data Base. Figure 11.3b presents overall survival 

of patients with GBC who had surgery, stratified 

by T stage and N stage [13]. These data are from 

the Surveillance, Epidemiology, and End Results 

(SEER) program, representing 26 % of the US 

population for the period 1991–2005. Patients 

with metastatic disease and stage T4 at the time 

of surgery were excluded [13].

Fig. 11.1 (a) The gallbladder (green) is contiguous with 

segments 4b and 5 of the liver. Segment 1 (caudate lobe) 

is not shown. (b) Couinaud classification of the liver 

divides the liver into eight segments. (c) Illustration of the 

close relationship of the gallbladder to surrounding 

organs: the liver, duodenum, and transverse colon. 

Moreover, the cystic duct and neck of the gallbladder are 

in close proximity to the structures in the hepatoduodenal 

ligament: the common bile duct (green), portal vein 

(blue), and hepatic artery (red). (d) Layers of the gallblad-

der wall: the portion facing the liver is indicated in red, 

and the portion facing the peritoneal cavity is indicated in 

blue (Courtesy of Quyen D. Chu, MD, MBA, FACS)
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 Gallbladder Polyp on Imaging

Polypoid lesions and focal wall thickening of the 

gallbladder are found on ultrasound (US) in 

3–7 % of healthy adults [14–16]. Their incidence 

has increased with more frequent use and 

improved resolution of US. Only rarely do they 

cause symptoms by obstructing the gallbladder 

outlet. Although most of these lesions are benign, 

some are premalignant (adenomatous polyps), 

and rarely GBC is found. The risk of malignant 

transformation of gallbladder polyps, while pos-

sible, is extremely low for small lesions (<1 cm) 

and appears to be lower than previously reported 

for larger lesions (>1 cm). Additionally, it should 

be recognized that small polypoid lesions are 

very often nonneoplastic.

Ultrasound cannot reliably distinguish pre-

malignant polyps from pseudopolyps such as 

cholesterol polyps. The size of the polyp is an 

important predictor of malignancy. Based on a 

study in 1982, surgical resection has been rec-

ommended for polyps of at least 10 mm, because 

GBC was found only in polyps larger than 

12 mm [17]. More recent studies confirmed that 

malignancy is extremely rare, if found at all, in 

polyps smaller than 10 mm, except in patients 

with primary sclerosing cholangitis (PSC)  

[18–20]. Of all polyps found on US, 7–29 % are 

larger than 10 mm. Risk factors for malignancy 

of polyps other than size and PSC are age above 

50 years, Indian ethnic background, a sessile 

polyp, a single polyp, and the presence of gall-

stones [14, 19]. In patients with polyps smaller 

than 5 mm on US, no polyp or mass is found on 

pathologic examination in up to 83 %; for polyps 

larger than 20 mm, cancer may be present in up 

to 59 % [19]. Cholecystectomy for polyps of at 

least 10 mm remains a valid guideline based on 

recent series. In addition, cholecystectomy for 

polyps of more than 5 mm in patients with PSC 

appears justified, given the much higher risk of 

malignancy in that setting.

The resolution of conventional US is insufficient 

to distinguish the layers of the gallbladder wall 

(Fig. 11.1d). Therefore, US has a poor diagnos-

tic accuracy for detecting a polyp that harbors 

GBC invading into or just beyond the lamina 

propria. Although CT can detect invasion of 

the liver parenchyma (T3) and distant metasta-

ses, its diagnostic accuracy for depth of inva-

sion is also poor. Diagnostic accuracy for depth 

of invasion appears better for high-resolution 

US (63 %) and endoscopic ultrasound (56 %) 

[21]. In patients with a high likelihood of GBC 

Fig. 11.2 Regional lymphad-

enectomy for gallbladder cancer 

includes lymph nodes in porta 

hepatis, hepatoduodenal and 

gastrohepatic ligament, and 

retroduodenal regions

Lymph Node Stations for 
Gallbladder Cancer
1: Cystic duct lymph node
2: Common hepatic artery 
lymph node
3: Portocaval lymph nodes
4: Common bile duct lymph 
nodes (Courtesy of Quyen 
D. Chu, MD, MBA, FACS)
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(e.g., polyps larger than 15 mm), but no invasion 

on conventional US, a preoperative high-reso-

lution US or endoscopic US may alter surgical 

management.

A simple cholecystectomy is sufficient for 

polyps and early (i.e., T1a) GBC (see below). 

Cholecystectomy can be performed open or lapa-

roscopically. Bile spillage should be avoided 

because, if GBC cells are present in the bile, they 

can cause peritoneal or port-site metastases. The 

incidence of bile spillage during laparoscopic 

cholecystectomy for incidental GBC was about 

20 % in a Japanese series of 498 patients and was 

associated with a higher recurrence rate of 27 % 

versus 14 % if no spillage occurred [22]. Other 

series showed that port-site or incisional recur-

rences occurred at least twice as often in laparo-

scopic versus open cholecystectomy for GBC 

[23, 24]. Even for in situ carcinoma, peritoneal 

dissemination has been described after gallblad-

der perforation [25]. A low threshold for conver-

sion to open cholecystectomy is therefore 

recommended. A bag should be used for laparo-

scopic removal of the gallbladder. For patients 

with an increased risk of malignancy (e.g., polyp 

larger than 15 mm), open cholecystectomy 

should be considered because of the increased 

risk of bile spillage and peritoneal dissemination 

with laparoscopic resection. A simple cholecys-

tectomy may not result in clear margins if GBC 

with invasion beyond the lamina propria is found. 

Frozen section of the gallbladder could be 

obtained to rule out GBC, if expertise is available 

for immediate liver resection (segments 4b and 5) 

and lymphadenectomy, but there is a high risk of 

sampling error in this setting. If the GBC is lim-

ited to the lamina propria (i.e., stage T1a), addi-

tional resection is not required [3].

Regarding polyps smaller than 10 mm that 

are not resected, the question arises whether 

follow- up is necessary. A study from 1962 

found no GBC during a 15-year follow-up of 

patients with gallbladder polyps [26]. In a 

recent study, a follow- up US was available for 

149 patients, 2–12 years after the initial US: 

increase in size was noted in only 1 polyp 

(from 3 to 5 mm, not clinically relevant), and 

two thirds of these small polyps were unde-

tected at follow-up [27]. In another recent 

series, growth was seen in 8 out of 143 patients 

during follow-up, but no cancer developed 

[18]. On the other hand, in a small series of 

Table 11.1 American Joint Committee on Cancer (AJCC) 

TNM staging for gallbladder cancer (seventh edition)

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1a Tumor invades lamina propria

T1b Tumor invades muscular layer

T2 Tumor invades perimuscular connective tissue; 

no extension beyond serosa or into liver

T3 Tumor perforates the serosa (visceral 

peritoneum) and/or directly invades the liver 

and/or one extrahepatic organ or structure*

T4 Tumor invades main portal vein or hepatic 

artery or invades two or more extrahepatic 

organs or structures*

*Extrahepatic organs or structures include the stomach, 

duodenum, colon, pancreas, omentum, and extrahepatic 

bile ducts

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastases to nodes along the cystic duct, 

common bile duct, hepatic artery, and/or portal 

vein

N2 Metastases to the periaortic, pericaval, superior 

mesenteric artery, and/or celiac artery lymph 

nodes

Distant metastasis (M)

M0 No distant metastasis

M1 Distant metastasis

Anatomic stage/prognostic groups

Group T N M

Stage 0 Tis N0 M0

Stage I T1 N0 M0

Stage II T2 N0 M0

Stage IIIA T3 N0 M0

Stage IIIB T1-3 N1 M0

Stage IVA T4 N0-1 M0

Stage IVB Any T N2 M0

Any T Any N M1

Adapted from Compton et al. [84]. With permission from 

Springer Verlag
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patients with gallbladder polyps, rapid growth 

was found on repeat US in the months before 

surgery in five patients who eventually had GBC 

demonstrated [28]. Because of the conflicting 

data, follow-up at 6- to 12-month intervals for 2 

years is generally recommended.

Several other gallbladder wall lesions can be 

found on imaging or during surgery. Calcification 

of the gallbladder wall, or porcelain gallbladder, 

appears to increase the risk of malignant transfor-

mation. However, the risk appears to be lower 

than was suggested based on older studies and 

also seems to be related to the nature of the calci-

fications (i.e., diffuse versus discontiguous or 

selective). In a number of studies, patients with 

diffuse calcification of the gallbladder had no 

GBC identified on histopathologic analysis [29–

31]. However, one study of more than 25,000 

resected gallbladders found GBC in 2 out of 27 

patients with selective mucosal calcification of 

the gallbladder wall [30]. Cholecystectomy for 

patients with selective mucosal calcification is 

therefore recommended.

Adenomyomatosis of the gallbladder is char-

acterized by focal thickening of the gallbladder 

wall with cystic-appearing spaces (Rokitansky- 

Aschoff sinuses) that are identified with high 

accuracy on US. Because these lesions are invari-

ably benign and asymptomatic, they need no sur-

gical management or follow-up [32].

Xanthogranulomatous cholecystitis is an 

uncommon inflammatory disease of the gallblad-

der with extensive fibrosis that can present with 

wall thickening, mass formation, and infiltration 

of the liver and other adjacent organs [33]. Typical 

findings on imaging include diffuse gallbladder 

wall thickening, hypo-attenuating intramural nod-

ules, continuous mucosal line enhancement, and 

the presence of gallstones [34]. However, accuracy 

of these findings is often insufficient to rule out 

GBC, and xanthogranulomatous cholecystitis is 

typically diagnosed at pathologic review after 

extended cholecystectomy (i.e., segment 4b and 5 

resection en bloc with gallbladder). In a series 

from India comprising 198 patients resected for  

presumed GBC, 16 % was found to have xantho-

granulomatous cholecystitis [35].

 Incidental Gallbladder Cancer  
at Pathologic Review

Incidental GBC is found on pathologic review of 

about 1 % of laparoscopic cholecystectomy spec-

imens [36–38]. These patients comprise about 

two thirds of all patients with potentially curable 

GBC. In most of these cases, the gallbladder is 

resected for presumed symptomatic cholelithia-

sis, and GBC was not suspected on preoperative 

imaging or during surgery. Many of these patients 

benefit from reoperation and definitive resection. 

Re-resection may be beneficial if residual cancer 

is limited to the liver bed, cystic stump, common 

bile duct, or lymph nodes in the absence of dis-

tant metastasis. A large Western study showed 

that 14 % of these incidental GBC patients had 

disseminated disease on re-exploration, and 73 % 

of re-resected patients had residual disease on 

final pathology [39, 40].

The probability of both distant metastases and 

local residual cancer increases with the depth of 

invasion (i.e., T stage). In a Japanese nationwide 

survey of 498 patients with incidentally found 

GBC, 34 % had stage T1a, 14 % T1b, 41 % T2, 

8 % T3, and 2 % T4 [22]. Table 11.2 presents the 

probability of residual disease in the liver or 

Table 11.2 Residual disease found at re-resection for incidental GBC

T stage

Number  

of patients

Percentage  

of all stages (%)

Residual disease – 

anya (%)

Residual disease –  

liver (%)

Residual disease –  

nodes (%)

T1 8 8 38 0 13

T2 67 68 57 10 31

T3 22 22 77 36 46

All stages 97 100 59 15 33

aAlso includes disease at the cystic duct margin and trocar sites (Reprinted from Pawlik et al. [41]. With permission 

from Springer Verlag)
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regional lymph nodes stratified by T stage, found 

in re-resected patients with incidental GBC [41]. 

In another large Western series, the median sur-

vival time was 15 months if residual disease was 

found (73 % of patients), compared with 72 

months if no residual disease was found [40].  

The National Comprehensive Cancer Network 

(NCCN) guideline recommends re-resection for 

non-metastatic patients with T1b to T3 GBC [3]. 

Appropriate re-resection should include, at a 

minimum, resection of the liver segments con-

tiguous with the gallbladder (segments 4b and 5) 

and regional lymphadenectomy, with selective 

bile duct resection (Fig. 11.2). The surgical pro-

cedures are described in more detail below.

Many studies have evaluated the benefit of a 

 re-resection in patients with pT1a and pT1b 

GBC. A systematic review of T1 GBC identified 

29 retrospective studies representing 1,266 

patients [42]. T1a GBC was found in 56 % of all 

T1 GBC patients, of whom 16 % underwent re- 

resection. T1b was found in 44 %, of whom 33 % 

underwent re-resection. Patients with T1a GBC 

had lymph node metastases in 2 % and patients 

with T1b in 11 %. Eight patients (1 %) with T1a 

GBC died of recurrence. Fifty-two patients (9 %) 

of all patients with T1b died of recurrence: 13 % 

recurred after simple cholecystectomy alone and 

3 % recurred after definitive re-resection. In a 

German prospective registry, 23 of 72 patients 

with T1b GBC underwent a re-resection [43], 

and this was associated with a 3-fold lower recur-

rence rate and a 5-year overall survival of 79 ver-

sus 42 months for simple cholecystectomy only 

(P = 0.03). In a study of more than 1,000 T1 GBC 

patients in the Surveillance, Epidemiology, and 

End Results (SEER) database, 80 % of both T1a 

and T1b patients underwent only a simple chole-

cystectomy [44]. For T1b patients, survival was 

better when combined with a liver resection and/

or lymphadenectomy; for T1a patients, survival 

was similar with more extensive surgery 

(Fig. 11.3c). The NCCN guideline therefore rec-

ommends re- resection after an incidentally found 

T1b GBC [3]. For T1a GBC, the recurrence rate 

of a simple cholecystectomy alone is similar to 

the postoperative mortality rate for re-resection 

(approximately 1.5 %) [42]. Re-resection after an 

incidentally found T1a GBC is, therefore, not 

recommended.

Patients with T2 and T3 GBC may appear more 

likely to benefit from re-resection, because they are 

more likely to harbor residual disease than T1 

GBC. However, they are also more likely to harbor 

occult distant metastatic disease, in which case 

 re-resection is of no benefit. Several studies have  

suggested a benefit of re-resection for both T2 and 

T3 GBCs, using data from the SEER cancer regis-

try [13, 45, 46]. In 781 patients with T2 GBC, the 

median survival time and the 5-year survival rate 

were 53 months and 37 %, respectively, after re-

resection compared with 16 months and 21 % after 

cholecystectomy alone (Fig. 11.3d). In 1,118 pati-

ents with T3 GBC, the median survival and the 

5-year survival rate were 11 months and 13 %, 

respectively, after re- resection compared with 8 

months and 8 % with cholecystectomy alone 

(Fig. 11.3d) [13]. The benefit of re-resection per-

sisted in node-positive patients with T1b or T2 

tumors, but a benefit was not detected in node-pos-

itive patients with T3 tumors. In a German registry 

of 200 patients with incidental T2 GBC, 85 patients 

underwent re- resection, resulting in a 5-year sur-

vival of 55 % versus 35 % for patients subjected to 

a simple cholecystectomy [47]. In the same regis-

try, of the 85 patients with T3 GBC, 32 underwent 

re- resection, but this did not result in an obvious 

improvement in the 5-year survival, which was 

only 18 %. Single institution series are smaller than 

these registries, but also found better survival after 

re-resection, especially for T2 tumors [48, 49]. The 

survival benefit found in these nonrandomized 

studies could be at least partly due to selection bias. 

In other words, there may well have been a good 

reason to exclude certain patients from re-resection 

that is not reflected in or is impossible to assess in 

retrospective analyses. Re-resection after inciden-

tally found T2 and T3 GBCs is recommended, 

although the benefit is probably small for T3 GBC, 

and patients with node-positive T3 GBC may not 

benefit at all from re-resection. Unfortunately, 

nodal status is typically unknown after simple cho-

lecystectomy and may not be known with certainty 

until the final histological analysis is complete. 

Table 11.3 summarizes the management of GBC 

patients based on T stage.
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Fig. 11.3 (a) Overall survival of more than 10,000 

patients with GBC diagnosed in the years 1989–1996. 

Data from the National Cancer Data Base [9]. (b) Overall 

survival for patients with gallbladder cancer who had sur-

gery, stratified by T stage (p < 0.001) and N stage 

(P < 0.001). Data from the SEER database, representing 

26 % of the US population, for the period 1991–2005. 

Patients with metastatic disease and stage T4 at the time 

of surgery were excluded. (c) Overall survival in patients 

with stage T1a (n = 300) and T1b (n = 536) GBC, stratified 

by type of surgery. C + LN, cholecystectomy with any 

lymph node dissection; RC, radical (i.e., extended) chole-

cystectomy including liver resection and regional lymph 

node dissection. Data from the SEER database, represent-

ing 26 % of the US population, for the period 1988–2008. 

(d) Overall survival in patients with stage T2 and T3 

GBCs, further stratified by type of surgery. Radical, radi-

cal (i.e., extended) cholecystectomy including liver resec-

tion; simple, simple cholecystectomy [13]. Data from the 

SEER database, representing 26 % of the US population, 

for the period 1991–2005 ((a) Reprinted from Edge [9]. 

With permission from Springer Verlag. (b) Reprinted 

from Mayo et al. [13]. With permission from Springer 

Verlag. (c) Reprinted from Hari et al. [44]. With permis-

sion from John Wiley & Sons, Inc. (d) Reprinted from 

Mayo et al. [13]. With permission from Springer Verlag)
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Before embarking on re-resection, distant 

metastases should be ruled out using abdominal 

CT or MRI and imaging of the chest. Positron- 

emission tomography (PET) may be of some ben-

efit in avoiding futile surgery by detecting 

metastatic disease not found on cross-sectional 

imaging [50]. In one study, PET found distant 

metastasis in 3 out of 23 patients with incidental 

GBC [51]. As part of the work-up, it is important to 

review the initial imaging before cholecystectomy, 

the operative note, and the pathology report. These 

may inform on the precise location of the tumor 

within the gallbladder (on the peritoneal or liver 

side; near the fundus or near the cystic duct), 

inadvertent perforation of the gallbladder, and 

margin status at the cystic duct. If the cystic duct 

margin is positive for invasive cancer or high-grade 

dysplasia, bile duct resection is recommended to 

obtain clear margins. However, this information is 

often not included in routine histologic assessment 

for cholecystectomy performed for presumed 

benign disease. In a Western series, 8 out of 19 

patients with a positive cystic duct margin had 

residual disease in the common bile duct [41]. 

Alternatively, re- resection of the cystic duct stump 

with frozen section could be considered [52].

Fig. 11.3 (continued)
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Staging laparoscopy may prevent an unneces-

sary exploratory laparotomy if disseminated dis-

ease is found. The incidence of metastatic disease 

at re-exploration for GBC is 14–24 % [39, 41]. 

Of 46 patients undergoing staging laparoscopy in 

a Western series, 10 (22 %) had metastatic dis-

ease that was identified laparoscopically in only 

two patients, whereas in the other eight it was 

found at laparotomy [39]. Peritoneal metastasis is 

more likely in patients with poorly differentiated 

or T3 tumors, or after perforation of the gallblad-

der at cholecystectomy. The yield of staging lap-

aroscopy would appear to be greater in such 

high-risk patients, and it is reasonable to use it 

routinely in these settings.

 Incidental Gallbladder Cancer 
Found at Surgery

GBC is sometimes suspected during surgery, typi-

cally during laparoscopic cholecystectomy for 

cholelithiasis. If peritoneal or hepatic lesions are 

found and frozen section demonstrates GBC, the 

patient has metastatic disease and will not benefit 

from resection. If the diagnosis of GBC is sus-

pected based on macroscopic assessment of the 

gallbladder and no expertise in GBC is available, it 

is probably best to not perform any resection and 

refer the patient to a specialized hepatobiliary cen-

ter where the disease can be staged fully and the 

tumor resected in a single definitive procedure 

observing oncologic principles. Studies that report 

no difference in survival between patients under-

going two resections or a single definitive resec-

tion likely suffer from selection bias, since patients 

who develop disseminated disease prior to the sec-

ond procedure are excluded [48, 53].

GBC may also be suspected after cholecystec-

tomy by macroscopic assessment of the gallblad-

der mucosa. If the mucosa appears abnormal, 

then the gallbladder can be sent for frozen section 

histology, and definitive resection may be under-

taken at that time.

 Mass Found on Imaging,  
Suspicious for GBC

GBC is typically asymptomatic until advanced 

stages, when involvement of the liver and other 

surrounding structures occurs. At this stage, 

patients may present with constant right upper 

quadrant pain, weight loss, and nausea with vom-

iting. About 40 % of patients are jaundiced at 

presentation, an ominous finding [54]. At an 

advanced stage, US often demonstrates a hetero-

geneous mass in the gallbladder. Sometimes a 

diffuse thickening of the gallbladder wall is seen 

that can be difficult to distinguish from cholecys-

titis. Complete cross-sectional imaging, usually 

in the form of CT of the chest, abdomen, and pel-

vis, is recommended as the next step. PET scan 

may be justified in selected patients, to assess 

suspicious findings at distant sites, but is proba-

bly not helpful as a routine study [51].

The NCCN guideline has the same recom-

mendations for these patients, as for patients in 

whom GBC was incidentally found [3]. In sum-

mary, most non-metastatic patients are expected 

to benefit from surgical resection. Exceptions are 

patients with positive lymph nodes beyond the 

hepatoduodenal ligament (i.e., the periaortic, 

pericaval, superior mesenteric artery, and/or 

Table 11.3 Management of GBC patients based on T stage

T stage Recommendation

T1a Simple cholecystectomy

T1b–T2 Cholecystectomy with en bloc liver resection  

of segments 4b and 5 (anatomical or wedge) 

with lymph node dissection of the 

hepatoduodenal ligament

T3 As for T1b–T2 but GBC in the gallbladder  

neck or the cystic duct may require right 

hepatectomy extended to segment 4b and/or 

bile duct resection with hepaticojejunostomy  

to obtain clear margins. To ensure negative 

margins, any adherent organ or structurea  

should also be resected

T4 As for T3, resection of two or more adherent 

organs or structuresa can be considered. 

Palliative care if involvement of main portal 

vein or proper hepatic artery. Most patients 

in this category are not candidates for 

resection or will not benefit from resection 

even if feasible technically

aAdherent organs or structures other than liver include the 

stomach, duodenum, colon, pancreas, omentum, and 

extrahepatic bile ducts
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celiac artery lymph nodes), which is considered 

stage IV disease according to the seventh edition 

of the AJCC TNM classification. Moreover, 

patients with T4 tumors are unlikely to benefit 

from surgery even if their disease is amenable to 

resection. T4 tumors are locally advanced and 

include those that invade or encase the main por-

tal vein and the hepatic artery or involve at least 

two extrahepatic organs or structures (e.g., the 

duodenum, pancreas, and transverse colon). If a 

patient has substantial comorbidities, a trade-off 

should be made between the expected postopera-

tive morbidity and mortality and the long-term 

oncologic benefits of surgery.

The prognosis of symptomatic (non- incidental) 

GBC patients remains poor, even after liver seg-

ment 4b and 5 resection with lymphadenectomy of 

the hepatoduodenal ligament. In a Western series 

including 54 patients with non- incidental GBC, 48 

patients underwent surgical exploration of which 

only 11 underwent a liver resection. The median 

survival was only 8 months [53].

 Controversies in Surgical 
Management

In the absence of data from prospective, con-

trolled trials, many issues pertaining to the treat-

ment of patients with GBC remain unresolved. 

This section highlights three common controver-

sies: the extent of liver resection, indications for 

extrahepatic bile duct resection, and the benefit 

of laparoscopic port-site resection.

The first controversy concerns whether GBC 

patients should undergo a liver wedge resection 

of 1–5 cm, an anatomic resection of segments 4b 

and 5, or an extended right hepatectomy. In 1954, 

Glenn and Hays first proposed a liver resection 

for GBC: the gallbladder was resected en bloc 

with a 1 cm wedge of liver parenchyma [55]. 

Since then, wider liver resections have been rec-

ommended to obtain clear margins, eliminate 

micrometastases in the liver, and ultimately avoid 

recurrence in the liver [56]. The results of histo-

logical studies support an anatomic resection of 

segments 4b and 5 (see section on anatomy) [12, 

57]. However, in a Japanese multicenter series of 

485 R0 T2/3 patients, no difference in survival or 

local recurrence was found between wedge resec-

tion, anatomical segmental resection, or extended 

right hepatectomy [58]. Metastases in the liver 

beyond segments 4b and 5 represent stage IV dis-

ease, and survival beyond 1 year is rare; extended 

hepatectomy appears futile for this indication. 

Moreover, the postoperative mortality of 

extended liver resections was between 9 and 

18 % in several series [59–61]. Postoperative 

mortality occurred mainly in the setting of liver 

failure due to the extensive resection in combina-

tion with obstructive jaundice in 45–100 % of 

these patients. Therefore, most surgeons perform 

a wedge resection of about 2 cm liver paren-

chyma (en bloc with the gallbladder, if still in 

situ) or an anatomic liver resection of segments 

4b and 5. An extended right hepatectomy 

(extended to segment 4b, with or without 4a 

and 1) could be considered in medically fit 

patients with GBC arising in the gallbladder 

neck, Hartmann’s pouch, or the cystic duct. These 

tumors are close to the right hepatic pedicle at an 

early stage, and a conventional segment 4b and 5 

liver resection is likely to result in a positive 

 margin (see section on anatomy) [49].

The second controversy concerns resection 

of the extrahepatic bile duct (EBD) for patients 

with GBC. Involvement of the EBD often results 

in jaundice. EBD resection for jaundiced GBC 

patients was traditionally performed as a matter 

of routine, although enthusiasm has waned with 

the publication of poor outcomes [62]; how-

ever, this practice is still recommended by some 

Asian surgeons [60, 62]. In a Western series of 

82 GBC patients who presented with jaundice, 

55 were explored of whom 6 were resected 

(including EBD resection), of whom 4 had an 

R0 resection [62]. All six resected patients died 

or recurred within 6 months. The median sur-

vival of all jaundiced GBC patients was 6 

months and all patients died before 28 months. 

Of the 82 jaundiced patients, only three patients 

had node-negative disease. Because of these 

poor outcomes, the NCCN guideline recom-

mends to consider resection only in node-neg-

ative jaundiced GBC patients, at an experienced 

center; however, definitive determination of 
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nodal status prior to operation can be difficult 

[3]. Jaundice may be an early event in patients 

with GBC arising from the gallbladder neck, 

Hartmann’s pouch, or the cystic duct. In the-

ory, this small subgroup may benefit from 

resection. These patients have likely involve-

ment of the right portal pedicle and require a 

combined extended right hepatectomy, EBD 

resection, and regional lymphadenectomy to 

obtain clear margins.

In the absence of jaundice, EBD resection in 

GBC patients is recommended to obtain clear 

margins for a positive cystic duct margin after a 

previous cholecystectomy. In one study, 8 of 19 

patients (42 %) with a positive cystic duct mar-

gin had residual disease in the resected EBD 

[41]. Routine EBD resection for every GBC 

patient, even without evidence of tumor involve-

ment, is recommended by some Japanese sur-

geons [63]. This approach is supported by a 

histological study that found cancer cells in the 

EBD in 19 of 44 (43 %) non-jaundiced patients 

with T2/3 GBC [64]. On the other hand, EBD 

resection and preservation were compared in a 

retrospective nationwide Japanese study includ-

ing 838 T2–4 GBC patients [65]. These patients 

had no macroscopic involvement of the hepato-

duodenal ligament and underwent an R0 resec-

tion with or without EBD resection. No 

difference was found in survival between EBD 

resection and preservation for any subgroup of 

T stage or N stage. A theoretical advantage of 

routine EBD resection is that it facilitates 

regional lymphadenectomy and avoids isch-

emia of the EBD. However, no difference in 

lymph node count was found between patients 

with and without bile duct resection [66]. 

Although the actual benefit of routine EBD 

resection remains disputed, the high complica-

tion rate is well established in both Western and 

Asian series. In a series of 104 GBC patients, 

33 % of the patients undergoing an EBD resec-

tion had a complication that required re-inter-

vention or resulted in permanent disability or 

death, versus 13 % of patients who had no EBD 

resection [66]. A postoperative biliary anasto-

motic leak may result in sepsis and death. In the 

long term, biliary strictures and recurrent chol-

angitis render the patient a “biliary cripple”[67]. 

The weight of evidence would support resec-

tion of the EBD only if involved with tumor or 

it is otherwise unavoidable in order to achieve 

an R0 resection.

The third controversy concerns the excision of 

laparoscopic port sites, simultaneous with defini-

tive resection for incidental GBC, to avoid port- 

site recurrence. After spillage of bile, GBC has 

the unique ability to cause tumor implants on 

peritoneum, in biopsy tracts, and in abdominal 

wounds including port sites, as has been described 

as early as 1955 [56]. In a series of 113 patients 

with incidental GBC, 69 patients underwent port- 

site resection of which 13 (19 %) had port-site 

metastasis [68]. The presence of port-site metas-

tasis was associated with a worse median survival 

(17 versus 42 months), but no difference in sur-

vival was detected between patients with and 

without port-site resection. Moreover, all 13 

patients with resected port-site metastasis either 

had an R2 resection or recurred within 24 months. 

Consequently, port-site resection mainly has a 

role in staging and prognosis, rather than in pro-

longing survival, and appears to be the clinical 

equivalent of peritoneal metastasis. Because 

port-site resection can be a disfiguring operation, 

it is not recommended as part of the definitive 

operation for incidental GBC.

 Description of Surgical Procedure 
for GBC

Before proceeding with surgery, medical evalua-

tion and optimization is required, in particular for 

patients with coexisting cardiopulmonary disease. 

Blood products should be available because of 

potential blood loss associated with liver resection, 

although the likelihood of transfusion has decreased 

to low levels over the past several years [69]. The 

anesthesiologist should pursue low central venous 

pressure, which has been shown to reduce blood 

loss during parenchymal transection [70].

Staging laparoscopy should be considered in 

patients with an increased risk of disseminated 

disease. This includes patients with poor differ-

entiation, T3 level of invasion, and perforation of 
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the gallbladder at previous cholecystectomy or 

symptomatic (non-incidental) GBC patients. The 

finding of peritoneal or hepatic metastasis 

(Fig. 11.4) signifies advanced, incurable disease 

and should terminate the procedure in nearly all 

cases. A right subcostal (Kocher) incision pro-

vides adequate exposure and can be extended to 

the left into a bilateral subcostal (chevron) inci-

sion. Alternatively, an inverted L (hockey stick) 

incision can be used. The teres ligament is 

divided and pulled upward to expose the under-

surface of the liver and hepatoduodenal liga-

ment. On inspection of the abdominal cavity, 

disseminated disease is often found that remained 

undetected at staging laparoscopy [39]. 

Exploration should include a Kocher maneuver 

to assess for suspicious retroperitoneal or aorto-

caval lymph nodes. If aortocaval, retropancre-

atic, or celiac lymph nodes are positive, the 

patient has the equivalent of stage IV disease and 

resection is futile [9].

If a single adjacent organ such as the trans-

verse colon or duodenum is adherent to the gall-

bladder, en bloc resection is required to ensure 

clear margins. In a subgroup of 20 patients under-

going en bloc resection for adherence to the gall-

bladder, 10 patients had histological involvement 

of the organ adherent to the gallbladder [66]. If 

more than one adjacent organ is involved (stage 

T4), patients are less likely to benefit from resec-

tion, even if a complete resection can be achieved.

Regional lymphadenectomy should include the 

lymph nodes within the porta hepatis, gastrohepatic 

ligament, and retroduodenal regions [3] (Fig. 11.2). 

The right gastric artery is ligated, and the portal 

vein, hepatic artery, and common bile ducts are 

 dissected free of surrounding lymphatic tissue, 

sweeping it upward toward the liver hilum. If during 

lymphadenectomy involvement of the main portal 

vein or common hepatic artery is found, the patient 

has T4 disease and resection is probably futile.

The segment 4b and 5 liver resection is com-

menced with opening of the umbilical fissure on the 

right side of the teres ligament. The inflow vessels 

to segment 4b are dissected and divided. The cystic 

duct is divided at the common bile duct. Next, the 

line of transection is marked on the liver capsule 

with electrocautery. Stay sutures are placed adja-

cent to the transection line at the anterior edge of the 

liver. A crushing technique is used for the parenchy-

mal transection, and vessels are either clipped or 

ligated. Other parenchymal transection techniques 

Fig. 11.4 Peritoneal metastases (arrows) found at re-exploration in patient with incidental gallbladder cancer 

(Reprinted from Hueman et al. [83]. With permission from Springer Verlag)
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can be used if preferred. The Endo-GIA vascular 

stapler is used to control large intrahepatic vessels. 

Transection begins medially, where first the middle 

hepatic vein and then the segment 5 pedicle will be 

encountered and divided. The main anterior pedicle 

and the pedicle to segment 8 are at risk for inadver-

tent injury during parenchymal transection, and 

caution must be taken. Hemostasis is achieved with 

the argon beam coagulator. Abdominal drainage is 

not necessary [71].

En bloc bile duct resection may be required to 

obtain an R0 resection, for example, if the cystic 

duct margin of a previous cholecystectomy was 

positive. The common bile duct is divided just 

above the duodenum at the start of the regional 

lymphadenectomy. This will facilitate the 

lymphadenectomy and the assessment of 

involvement of the portal vein and hepatic artery. 

However, bile duct resection did not result in an 

increased lymph node yield [72]. The common 

hepatic duct is transected at its confluence. After 

the resection, a Roux-en-Y limb is created for a 

hepaticojejunostomy. We refer the reader to 

other textbooks for an illustrated description of 

the procedure [73, 74].

 Postoperative Care 
and Complications

Postoperative care for GBC patients after a liver 

segment 4b and 5 resection with lymphadenec-

tomy of the hepatoduodenal ligament is similar 

to the care for other patients after liver resection. 

The care focuses on minimizing the risk of 

 cardiopulmonary and thromboembolic complica-

tions by effective pain relief, pulmonary toilet, 

early ambulation, thrombosis prophylaxis, main-

taining fluid balance (avoiding fluid overload), 

and early enteral diet as tolerated.

Liver resections are considered major surgery, 

associated with cardiopulmonary complications 

and a postoperative mortality of 1 % or less in 

high-volume centers. Liver failure is the most 

serious complication specific to liver resections. 

Fortunately, in GBC patients without cirrhosis, 

the risk of liver failure is very low for the conven-

tional resection of liver segments 4b and 5. The 

few resected jaundiced GBC patients and those 

who undergo an extended liver resection are at 

risk for liver failure. Bile leaks after resection of 

liver segments 4b and 5 arise mostly from the 

liver parenchyma and are self-limiting with per-

cutaneous drainage, rarely requiring endoscopic 

sphincterotomy and/or stent placement. Inadver-

tent injuries to the right anterior bile duct, seg-

ment 8 bile duct, or extrahepatic bile ducts are 

more serious complications that likely require 

endoscopic and/or surgical management. A sub-

hepatic or right subdiaphragmatic abscess typi-

cally resolves with percutaneous drainage.

 Adjuvant Therapy

After a potentially curative resection for GBC, the 

median overall survival for patients in the SEER 

database was 16 months, and the 5-year survival 

rate was 21 % [13]. At a median follow- up of 24 

months, 66 % of the patients with resected GBC 

had recurred. Of all patients that recur, 85 % will 

present with metastatic disease with or without 

locoregional recurrence [75]. As a result, there is 

interest in investigating the role of adjuvant thera-

pies. While there is no good  prospective data, 

many retrospective studies have evaluated whether 

adjuvant chemotherapy can reduce the recurrence 

rate and improve survival. A phase 3 randomized 

controlled trial (RCT) from Japan analyzed 112 

patients with GBC and found an 8 % absolute 

increase (P = 0.02) in 5-year disease-free survival 

in GBC patients receiving adjuvant mitomycin C 

and 5- fluorouracil (5-FU). The NCCN guideline 

recommends adjuvant treatment with 5-FU or 

gemcitabine, which is mainly based on RCTs in 

the palliative setting (see below) [3, 76, 77]. 

Addition of cisplatin or oxaliplatin could be con-

sidered in high-risk patients (T4, N1, or R1), 

although it has not been demonstrated that benefits 

observed in the palliative setting translate to the 

adjuvant setting.

About 15 % of patients will present with a 

locoregional recurrence without metastatic dis-

ease. These patients may have benefited from 

adjuvant radiotherapy. No phase 3 RCT has eval-

uated the benefit of adjuvant radiotherapy in 
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GBC. Adjuvant radiotherapy has been evaluated 

in about 4,000 GBC patients in the SEER data-

base [78]. Radiotherapy was associated with 

15-month overall survival (versus 8 months), but 

overall survival after 2 years was the same. 

Because of the retrospective nature of this study, 

the difference found may be partially or entirely 

attributed to patient selection; furthermore, this 

analysis did not take into account the adequacy of 

resection, and the benefits may extend only to 

those subjected to an inadequate resection. 

Adjuvant radiotherapy could be considered in 

particular in node-negative GBC patients with a 

positive margin.

 Palliative Therapy

Most GBC patients will eventually undergo palli-

ative treatment. Many patients are not eligible for 

surgical resection at the time of diagnosis: they 

either have distant metastases, have locally 

advanced disease (e.g., involvement of portal vein 

or hepatic artery), or are not medically fit to 

undergo a liver resection. Even after potentially 

curative surgery, the majority of patients will 

recur. A phase 3 RCT including 410 patients with 

biliary cancer demonstrated a 3.6-month improve-

ment in median overall survival in patients who 

received gemcitabine with cisplatin versus gem-

citabine alone [76]. In the subgroup of 149 

patients with GBC, overall survival was also sig-

nificantly better with a hazard ratio of 0.61 (95 % 

confidence interval: 0.42–0.89). More recently, 

several clinical studies evaluating targeted treat-

ments in biliary cancer found improved response 

rates but have failed to demonstrate a survival 

benefit [79, 80]. The NCCN recommends the 

combination of gemcitabine and cisplatin as pal-

liative treatment [3]. Alternatively, other gem-

citabine-based or 5-FU-based regimens could be 

considered. Radiotherapy may have benefit in 

GBC patients with locally advanced disease, 

although no randomized data are available.

Locally advanced disease often causes 

obstruction of the intra- and extrahepatic bile 

ducts. The resulting jaundice and pruritus can be 

palliated with drainage. Optimal biliary drainage 

is also important to decrease the risk of biliary 

sepsis. Biliary drainage can be obtained with 

endoscopic or percutaneous interventions. In an 

RCT, endoscopic and percutaneous drainage 

were compared in 44 GBC patients with obstruc-

tive jaundice. Successful drainage was better in 

the percutaneous group (89 % versus 41 %, 

P < 0.001), and early cholangitis was higher  

in the endoscopic group (48 % versus 11 %, 

P = 0.002) [81]. However, both drainage appro-

aches are associated with high morbidity. Patients 

undergoing percutaneous biliary drainage for 

malignant bile duct obstruction were found to 

have a 58 % rate of major complications and a 

median survival of only 5 months [82]. Therefore, 

biliary drainage is only recommended for symp-

tomatic relief and not preemptively, or to allow 

for chemotherapy.

 Future Perspective

The outcomes of patients with GBC remain poor. 

Improvements in outcomes for patients with 

GBC are possible in several ways: early  detection, 

more effective systemic treatment, better patient 

selection for surgery, reduced mortality and mor-

bidity of surgery, and better adherence to guide-

lines. Early detection or screening for GBC is 

unlikely to be effective anytime soon, since the 

prevalence is very low even in patients with 

increased risk, and no test is available other than 

imaging, which will mainly detect late-stage 

GBC. Most patients with GBC will eventually 

die of metastatic disease, regardless of the extent 

of surgery. Analysis of data from a prospective 

registry of GBC patients may improve selection 

of patients that are most likely to benefit from 

surgical resection. Postoperative mortality and 

morbidity are low in high-volume hepatopancre-

aticobiliary (HPB) centers; regionalization of 

care for these complex problems may further 

improve outcome. Randomized comparisons of 

systemic treatments for patients with GBC are 

also challenging, because of the rarity of the dis-

ease and heterogeneity among patients with 

GBC. Therefore, trials for systemic treatments 

often combine GBC patients with other biliary 

11 Gallbladder Cancer



250

cancers [76]. Several studies that used SEER data 

have shown that the compliance with the NCCN 

guideline for GBC is very poor [13, 45, 46]. In 

the most recent evaluated period (2003–2005), a 

liver resection was performed in only 16 % and a 

lymphadenectomy in only 5 % of all patients 

with non-metastatic GBC, stage T1b-3. At a pop-

ulation level, a substantial health gain for patients 

with GBC is anticipated by simply adhering to 

national guidelines regarding the indication for 

surgical resection. Finally, further molecular 

genetic studies will likely provide insights into 

disease pathogenesis and reveal novel targets for 

therapeutic intervention.

Salient Points
Cholecystectomy is appropriate for patients 

with a gallbladder polyp larger than 10 mm.

Open cholecystectomy is recommended for 

gallbladder polyps with an increased risk of 

malignancy (e.g., >15 mm): it decreases the 

chance of bile spillage and associated perito-

neal seeding.

Patients with gallbladder cancer diagnosed 

at pathologic review after cholecystectomy 

for cholelithiasis should undergo a (wedge) 

resection of segments 4b and 5 of the liver 

with lymphadenectomy of the hepatoduo-

denal ligament. Exceptions are patients 

with metastatic disease and nodal involve-

ment beyond the hepatoduodenal ligament, 

patients with 2 or more extrahepatic organs 

involvement or invading or encasing the 

main portal vein and the hepatic artery or 

T4, and patients who are unfit for surgery.

A staging laparoscopy prior to definitive 

resection is recommended in gallbladder 

cancer patients with an increased risk of 

peritoneal disease: poorly differentiated 

or T3 tumors, patients with bile spillage 

during the cholecystectomy, and patients 

with non- incidental (symptomatic) gall-

bladder cancer.

If gallbladder cancer is suspected during sur-

gery for cholelithiasis and no expertise is 

available in gallbladder cancer, it is appropri-

ate to refer the patient to a specialized center 

for staging and a single definitive resection.

Patients presenting with a mass in the gall-

bladder suspicious for gallbladder cancer 

should undergo staging including cross- 

sectional imaging of the chest, abdomen, and 

pelvis.

A biopsy is not recommended before proceed-

ing to surgery in a patient with a gallbladder 

mass suspicious for gallbladder cancer: the 

biopsy may cause peritoneal or abdominal 

wall seeding.

A 2–3 cm wedge resection of segments 4b and 

5 of the liver is sufficient for most patients 

with gallbladder cancer. Larger liver resec-

tions may be justified in some patients.

Extrahepatic bile duct resection is recom-

mended for patients with a positive margin at 

the cystic duct after cholecystectomy for pre-

sumed benign disease.

Gallbladder cancer patients presenting with 

jaundice have a median survival of 6 months 

and are very unlikely to benefit from surgery.

Extrahepatic bile duct resection in patients 

without macroscopic involvement of the 

extrahepatic bile duct does not improve sur-

vival and increases postoperative morbidity 

and mortality.

Resection of laparoscopic port sites in patients 

with gallbladder cancer is not recommended 

because it does not improve survival.

After a potentially curative resection for gall-

bladder cancer, the median overall survival for 

patients in the SEER database was 16 months, 

and the 5-year survival rate was 21 %.

At a median follow-up of 24 months, 66 % of 

the patients with resected gallbladder cancer 

had recurred. Of all patients that recur, 85 % 

will present with metastatic disease with or 

without locoregional recurrence.

Adjuvant treatment for gallbladder cancer is 

recommended with 5-FU or gemcitabine. 

Addition of cisplatin or oxaliplatin could be 

considered in high-risk patients.

Adjuvant radiotherapy could be considered in 

particular in node-negative gallbladder cancer 

patients with a positive margin.

As palliative treatment, the combination of 

gemcitabine and cisplatin is recommended, 

based on a large randomized controlled trial.
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Biliary drainage in the palliative setting is 

only recommended for symptomatic relief and 

not preemptively, or to allow for chemother-

apy. Percutaneous drainage is more likely to 

be successful and less associated with cholan-

gitis than endoscopic drainage.

Questions
 1. A 55-year-old woman is found to have an 

abnormal gallbladder on ultrasound. Which 

abnormality does NOT require surgical 

management?

 A. A gallbladder polyp of 14 mm

 B. Selective mucosal calcification of the 

gallbladder wall

 C. A gallbladder polyp of 8 mm in a patient 

with primary sclerosing cholangitis

 D. Adenomyomatosis of the gallbladder 

wall

 E. A gallbladder mass invading the liver

 2. A 69-year-old man is found to have a T3 

gallbladder cancer on pathologic review 

after cholecystectomy for cholelithiasis. 

What is the next step in management?

 A. Liver resection of segments 4b and 5

 B. Staging laparoscopy

 C. Liver resection of segments 4b and 5 

with lymphadenectomy of the hepatodu-

odenal ligament

 D. Imaging of abdomen and chest

 3. A 67-year-old woman is found to have a T1a 

gallbladder cancer with a negative lymph 

node at the cystic duct on pathologic review 

after cholecystectomy for cholelithiasis. 

What is the next step in management?

 A. Liver resection of segments 4b and 5 

with lymphadenectomy of the hepatodu-

odenal ligament.

 B. Liver resection of segments 4b and 5 

without lymphadenectomy.

 C. Lymphadenectomy of the hepatoduode-

nal ligament without liver resection.

 D. No further surgery is recommended.

 4. After introduction of the camera for a planned 

laparoscopic cholecystectomy in a 72-year-

old woman with symptomatic cholelithiasis, 

the surgeon is concerned that the gallbladder 

looks suspicious for gallbladder cancer. What 

is the best next step in management?

 A. Liver resection of segments 4b and 5 en 

bloc with the gallbladder and bile duct 

with lymphadenectomy of the hepatodu-

odenal ligament.

 B. Abort the procedure and refer the patient 

to a specialized center for staging and a 

single definitive resection.

 C. Perform a laparoscopic cholecystectomy 

and refer the patient to a specialized cen-

ter if pathologic review finds gallbladder 

cancer.

 D. Liver resection of segments 4b and 5 en 

bloc with the gallbladder.

 5. A 75-year-old woman presents with constant 

right upper quadrant pain, weight loss, nau-

sea, and vomiting. On ultrasound, she 

appears to have a large mass in her gallblad-

der. With which finding on CT of the chest, 

abdomen, and pelvis is she most likely to 

benefit from surgery?

 A. Encasement of the main portal vein

 B. Multiple bilateral pulmonary nodules 

ranging from 1 to 3 cm in diameter

 C. Involvement of the liver parenchyma 

contiguous with the gallbladder

 D. Enlarged lymph nodes at the root of the 

celiac artery of which biopsy shows 

adenocarcinoma

 6. A 69-year-old man presents with a large mass 

in the gallbladder invading the liver on ultra-

sound. What is the next step in management?

 A. A laparoscopic cholecystectomy.

 B. Perform a percutaneous biopsy of the 

mass to distinguish gallbladder cancer 

from xanthogranulomatous cholecystitis.

 C. Perform a CT of the chest, abdomen, and 

pelvis.

 D. A (wedge) resection of segments 4b and 

5 of the liver with lymphadenectomy of 

the hepatoduodenal ligament.

 7. A 62-year-old woman was found to have 

a T2 gallbladder cancer on pathologic 

review after laparoscopic cholecystectomy 

for  cholelithiasis. Which of the following 

procedures is an essential part of the defini-

tive resection?

 A. Resection of the extrahepatic bile duct to 

clear disease in the submucosal lymphat-

ics of the common bile duct
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 B. Resection of the port sites because 

patients often develop port-site 

metastasis

 C. Lymphadenectomy of the hepatoduode-

nal ligament

 D. Right hemihepatectomy because patients 

often have intrahepatic metastases 

beyond the segments contiguous with the 

gallbladder

 8. Which patient with gallbladder cancer is 

most likely to benefit from an extrahepatic 

bile duct resection?

 A. A 67 year-old man presenting with severe 

jaundice is noted on CT scan to have a 

gallbladder mass that has invaded the 

hepatoduodenal ligament

 B. A 58-year-old woman presenting with a 

T1b gallbladder cancer incidentally 

found at pathologic review after chole-

cystectomy for cholelithiasis with a posi-

tive margin of the cystic duct

 C. An 81-year-old woman presenting with a 

T3 gallbladder cancer incidentally found 

at pathologic review after cholecystec-

tomy for cholelithiasis with a positive 

lymph node at the cystic duct

 D. A 63-year-old man presenting with con-

stant right upper quadrant pain and nau-

sea and on CT a large mass in the fundus 

of his gallbladder invading the liver

 9. Which of the following findings during an 

exploratory laparotomy for presumed gall-

bladder cancer is NOT a justification to 

refrain from a resection?

 A. A single small peritoneal nodule on the 

anterior abdominal wall demonstrating 

adenocarcinoma on frozen section

 B. A superficial nodule in segment 8 of the 

liver demonstrating adenocarcinoma on 

frozen section

 C. Adherence of the gallbladder to the trans-

verse colon suspicious for involvement 

of the transverse colon

 D. A slightly enlarged aortocaval lymph 

node demonstrating adenocarcinoma on 

frozen section

 E. Encasement of the proper hepatic artery

 10. A 64-year-old woman presents with right 

upper quadrant pain without jaundice and on 

CT a large mass in the fundus of the gall-

bladder with multiple large pulmonary 

lesions suspicious for metastatic disease. 

What is the next step in management?

 A. Endoscopic biliary drainage to prevent 

biliary obstruction

 B. A palliative resection to prevent biliary 

obstruction

 C. Percutaneous biliary drainage to prevent 

biliary obstruction

 D. Biopsy of the pulmonary lesions, fol-

lowed by systemic chemotherapy

 E. Palliative radiotherapy to prevent biliary 

obstruction

Answers
 1. D

 2. D

 3. D

 4. B

 5. C

 6. C

 7. C

 8. B

 9. C

 10. D
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         Learning Objectives 
 After reading this chapter, you should be able to:
•    Recognize the risk factors and presentation of 

cholangiocarcinoma.  
•   Understand the classifi cation and staging of 

intrahepatic/extrahepatic cholangiocarcinoma.  
•   Be familiar with the diagnosis of cholangio-

carcinoma and assessment of resectability.  
•   Understand the current trends for medical and 

surgical management of cholangiocarcinoma.  
•   Recognize the areas for potential future 

research and development     

    Background 

 Cholangiocarcinoma (CCA) is a rare but lethal 
cancer arising from the bile duct epithelium. As a 
whole, CCA accounts for approximately 3 % of 
all gastrointestinal cancers. It is an aggressive 
disease with a high mortality rate. Unfortunately, 
a signifi cant proportion of patients with CCA 
present with either unresectable or metastatic dis-
ease. In a retrospective review of 225 patients 
with hilar cholangiocarcinoma, Jarnagin et al. 
reported that 29 % of patients had either unre-
sectable disease were unfi t for surgery [ 1 ]. 

 CCA can be classifi ed as being intrahepatic 
cholangiocarcinoma (ICC) or extrahepatic chol-
angiocarcinoma (ECC), based on the location of 
the tumor. ECC is divided into perihilar and distal 
cholangiocarcinoma (Fig.  12.1 ). By defi nition, 
perihilar ECC are those that arise above the con-
fl uence of cystic and common hepatic duct, mid- 
bile duct are those that arise between the 
confl uence of cystic duct and common bile duct 
and the upper border of the duodenum, and distal 
CCA are those located in the duodenal and intra-
pancreatic portion of bile duct up to the ampulla 
of Vater. Intrahepatic cholangiocarcinoma (ICC) 
is variably defi ned as arising from the second or 
more distal branches of the intrahepatic bile ducts 
or involving the intrahepatic ducts not extending 
into the hepatic hilum [ 2 – 4 ]. Regardless of its 
classifi cation, CCA is characterized by late 
diagnosis and poor outcomes.
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   Although ICC and ECC are often histologi-
cally indistinguishable, they are distinct from one 
another in their presentation, prognostic factors, 
and growth characteristics [ 5 ,  6 ]. Patients with 
ICC typically present with abdominal pain and 
an intrahepatic mass, whereas patients with ECC 
present with painless jaundice [ 7 ]. CCA should 
be considered in any patient who presents with 
obstructive jaundice. This review will focus on 
the surgical treatments and management of both 
ECC and ICC.  

    Incidence 

 CCA is an uncommon tumor with an overall inci-
dence about 1 in 100,000 people annually in the 
United States. The majority of these tumors occur at 
the hepatic duct bifurcation (60–80 %). ICC is the 
second most common primary hepatic malignancy 
representing 5–15 % of all tumors [ 5 ,  8 ]. There is a 
marked geographic variability in the incidence of 
cholangiocarcinoma, the highest occurring in the 
Far East. The incidence of ICC in the United States 

and the United Kingdom has risen recently, in con-
trast to ECC, which appears to be decreasing 
[ 9 ,  10 ]. The rise in ICC incidence may be related to 
better awareness of the disease and improved diag-
nosis with immunohistochemistry techniques. 
Another factor that may contribute to ICC rising 
incidence is the increased immigration from high 
prevalent regions of the world [ 9 ,  11 ].  

    Etiology 

 A number of risk factors have been linked to 
CCA, and they are parasitic infections (e.g., 
 Clonorchis sinensis  and  Opisthorchis viverrini ) 
which are endemic in Japan and Southeast Asia, 
hepatolithiasis, diabetes, smoking, cirrhosis, hep-
atitis C virus (HCV), prior biliary-enteric anasto-
mosis, and congenital choledochal cyst [ 4 ,  12 ,  13 ]. 
Other predisposing conditions include primary 
sclerosing cholangitis (PSC), Caroli’s disease, 
and exposure to the contrast-medium thorotrast 
[ 4 ,  7 ,  14 ]. Chronic infl ammation and/or injury to 
the bile duct epithelium are a common theme in 

  Fig. 12.1     Anatomic location of cholangiocarcinoma 
subtypes : CCA can be classifi ed as being intrahepatic 
cholangiocarcinoma (ICC) or extrahepatic cholangiocar-
cinoma (ECC), based on the location of the tumor. ECC is 
divided into perihilar and distal cholangiocarcinoma. By 
defi nition, perihilar ECC are those that arise above the 
confl uence of cystic and common hepatic duct, mid-bile 
duct are those that arise between the confl uence of cystic 

duct and common bile duct and the upper border of the 
duodenum, and distal CCA are those located in the duodenal 
and intrapancreatic portion of bile duct up to the ampulla 
of Vater. Intrahepatic cholangiocarcinoma (ICC) is vari-
ably defi ned as arising from the second or more distal 
branches of the intrahepatic bile ducts or involving the 
intrahepatic ducts not extending into the hepatic hilum 
(Courtesy of Quyen D. Chu, MD, MBA, FACS)       
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all of these conditions (Table  12.1 ). The most 
common predisposing condition associated with 
CCA in the Western hemisphere is PSC, with a 
reported lifetime incidence of CCA between 6 
and 10 % [ 7 ,  15 ].

       Presentation, Diagnosis, 
and Assessment of Resectability 

 Painless jaundice is the most common presen-
tation of ECC (i.e., perihilar or distal tumors). 
Patients with ICC typically present with 

abdominal pain, fever/chills, or an incidental 
liver mass found on imaging studies during a 
work-up for something else [ 5 ]. There are no 
specifi c blood tests or tumor markers that are 
diagnostic for CCA. However, a CA 19-9 level 
greater than 100 U/ml has been reported to pre-
dict the likelihood of malignancy in patients 
with PSC (sensitivity: 75–89 %; specifi city: 
80–86 %) and risk of recurrence after surgical 
resection [ 16 ]. When such a rise in CA 19-9 
occurs in a patient without a history of PSC, the 
sensitivity decreases to 53–68 % but specifi city 
increases up to 87 % [ 17 ,  18 ]. 

   Table 12.1    Comparison of preexisting medical conditions among patients with extrahepatic cholangiocarcinoma, 
intrahepatic cholangiocarcinoma, and controls   

 ECC ( n  = 549)  ICC ( n  = 535) 
 Controls 
( n  = 102,782) 

 Condition   N   %   P  value a    N   %   P  value a    N   % 

  Bilary tract conditions/operations  
 Choledochal cysts  27  4.9  <0.001  21  3.9  <0.001  108  0.1 
 Cholangitis  50  9.1  <0.001  67  12.5  <0.001  201  0.2 
 Biliary cirrhosis  <5  <0.9  0.003  5  0.9  <0.001  53  0.1 
 Cholelithiasis  202  36.8  <0.001  172  32.1  <0.001  4,273  4.2 
 Choledocholithiasis  87  15.8  <0.001  59  11  <0.001  543  0.5 
 Cholecystitis  42  7.7  <0.001  29  5.4  <0.001  973  0.9 
 Cholecystectomy  87  15.8  <0.001  41  7.7  <0.001  1,649  1.6 
  Chronic liver diseases  
 Alcoholic liver disease  8  1.5  <0.001  5  0.9  0.008  310  0.3 
 Nonspecifi c cirrhosis  10  2  <0.001  17  3.2  <0.001  359  0.3 

 8 
 Hemochromatosis  <5  <0.9  0.25  <5  <0.9  0.05  282  0.3 
 Chronic nonalcoholic liver 
disease 

 <5  <0.9  0.08  5  0.9  0.03  353  0.3 

 HCV infection  <5  <0.9  0.36  <5  <0.9  0.03  142  0.1 
  Endocrine disorders  
 Diabetes mellitus type II  165  30.1  <0.001  177  33.1  <0.001  22,764  22.1 
 Thyrotoxicosis  30  5.5  0.04  27  5  0.12  3,864  3.8 
  Digestive disorders  
 IBD  10  1.8  0.03  18  3.4  <0.001  936  0.9 
 Crohn’s disease  6  1.1  0.02  5  0.9  0.06  419  0.4 
 Ulcerative colitis  5  0.9  0.11  13  2.4  <0.001  595  0.6 
 Duodenal ulcer  20  3.6  0.001  34  6.4  <0.001  1,836  1.8 
 Chronic pancreatitis  13  2.4  <0.001  8  1.5  <0.001  272  0.3 
  Miscellaneous conditions  
 Smoking  12  2.2  0.03  12  2.2  0.02  1,212  1.2 
 Obesity  16  2.9  0.79  23  4.3  0.12  3,201  3.1 

  Reprinted from Welzel et al. [ 13 ]. With permission from W.B. Saunders Co. 
  ECC  extrahepatic cholangiocarcinoma,  HCV  hepatitis C virus,  IBD  infl ammatory bowel disease,  ICC  intrahepatic 
cholangiocarcinoma 
  a Fisher exact test used to compute  p  value when  n  < 5  
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 Carcinoembryonic antigen (CEA) is com-
monly monitored along with CA 19-9 when the 
diagnosis of cholangiocarcinoma is being enter-
tained. Elevation of either CA 19-9 or CEA in 
isolation is not helpful, but in the proper clinical 
setting, it may increase the accuracy of diagnos-
ing CCA. A Ramage score, which combines CA 
19-9 and CEA, when elevated in a patient with 
PSC has a sensitivity and specifi city of 71 % and 
91 %, respectively [ 19 ]. 

 Typically at the time of presentation, patients 
with ECC tend to have a total serum bilirubin 
above 10 mg/dL. An elevated alkaline phospha-
tase level higher than 5 times normal usually 
accompanies the elevated bilirubin levels, 
although these values are not specifi c enough 
for making the diagnosis. Patients can present 
with symptoms associated with cholestasis, such 
as pruritus, cholangitis, pale stool, and weight 
loss [ 20 ]. 

 Radiologic evaluation includes ultrasound 
(U/S), computed tomography (CT), magnetic res-
onance imaging (MRI) and/or multi-detector- row 
computed tomography (MDCT), and magnetic 
resonance cholangiopancreatography (MRCP). 
Data on positron-emission tomography (PET) is 
limited. Ultrasound (U/S) has limited utility in 
diagnosis CCA, although it is often the fi rst test 
performed. U/S is helpful in patients with obstruc-
tive jaundice so as to exclude the diagnosis of 
cholelithiasis and choledocholithiasis, since these 
conditions are more common than ECC. 

 In many centers, triphasic CT scan is the diag-
nostic test of choice to visualize the cancer and 
assess its relationship with adjacent vascular 
structures. CT is also useful to stage the patient 
since it could detect distant metastases. ICC typi-
cally shows hyperattenuation on delayed intrave-
nous contrast images because of interstitial 
uptake of contrast medium in the tumor [ 21 ,  22 ] 
(Figs.  12.2  and  12.3 ). The percentage of tumor 
volume showing delayed uptake has been shown 
to correlate with increased fi brous stroma, peri-
neural invasion, and worse prognosis [ 23 ]. On 
CT scans, both ICC and metastatic colorectal 
cancers have central hypointensity, but ICC typi-
cally has peritumoral biliary dilatation.

    A hilar cholangiocarcinoma will have a pic-
ture of dilated intrahepatic biliary tree, with nor-
mal or collapsed gallbladder and extrahepatic 
biliary tree. Distal tumors present with dilation of 
the gallbladder and both the extra- and intrahe-
patic biliary tree. In other centers, MRI is the 
diagnostic imaging of choice. MRI is very accu-
rate in delineating the longitudinal and lateral 
spread of extrahepatic cholangiocarcinoma and 
determining resectability. MRCP has also been 
utilized in evaluating patients with CCA 
(Fig.  12.4 ). It is accurate in defi ning the biliary 
tree, determining the site of obstruction, and is 
comparable to endoscopic retrograde cholangio-
pancreatography (ERCP) [ 24 ]. Both MRI and 
MRCP are the diagnostic of choice for perihilar 
cholangiocarcinoma.

  Fig. 12.2    A    72-year-old woman with an intrahepatic cholangiocarcinoma of the right lobe of the liver  ( a ) axial and ( b ) 
coronal CT images. She underwent a successful right hepatectomy (Courtesy of Gazi B. Zibari, MD, FACS)       
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   As already mentioned, ICC generally presents 
as a solid liver mass. As such, a preoperative tissue 
diagnosis is often not necessary. The mass repre-
sents either a metastatic lesion (which is a more 
common situation) or a primary liver tumor. 
Diagnostic work-up for such a mass generally 
entails a search for a primary which includes a 
colonoscopy and upper endoscopy to rule out a 
gastrointestinal source, review of a chest X-ray to 
rule-out primary lung, and for women, a mammo-
gram and examination of the breast to exclude 
breast cancer. In addition, a careful review of CT 
scans, preferably with a radiologist, is essential not 
only to characterize the liver lesion but also to eval-
uate the pancreas and other solid organs as possi-
ble primary tumors that give rise to the liver lesion. 

  Fig. 12.3    A 73-year-old 
man with intrahepatic 
cholangiocarcinoma of the 
left lobe of the liver. ( a ) 
CT scan, ( b ) MRI. He 
underwent a successful left 
hepatectomy (Courtesy of 
Gazi B. Zibari, MD, 
FACS)       

  Fig. 12.4    MRCP of a patient with Klatskin’s tumor 
(Courtesy of Gazi B. Zibari, MD, FACS)       
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 It is not uncommon for the surgeon to be asked 
to evaluate a patient who already had a liver 
biopsy of a solid mass and the pathology reveals 
an adenocarcinoma. In such a case, the possibility 
of an ICC should be entertained if there is no 
obvious primary tumor. Because it is diffi cult to 
differentiate ICC adenocarcinoma from meta-
static adenocarcinoma, a panel of immunohisto-
chemistry stainings can be helpful. Although there 
is no specifi c stain for ICC, a particular pattern of 
stains can assist at making the diagnosis (positive, 
CK7+, CK20- with biliary epithelial dysplasia, 
AE1/AE3; negative, TTF1, CDX2, DPC4) [ 25 ]. 
Regardless, the majority of patients with liver 
masses should be considered for surgical resec-
tion after a proper work-up has been performed. 
ICC is generally diagnosed after the surgery. 

 For patients with extrahepatic cholangiocarci-
noma, a preoperative tissue diagnosis is also not 
necessary for surgical intervention. Patients who 
present with jaundice and dilated biliary tree but 
have no evidence of biliary stones or intrinsic 
hepatic disease should be considered to have a 
malignancy unless proven otherwise. Most hilar 

strictures are cholangiocarcinoma although 
10–15 % of patients may have alternative diagno-
sis such as gallbladder cancer, Mirizzi syndrome, 
and idiopathic benign focal stenosis [ 26 ]. 
Gallbladder cancer generally presents with a 
thickened, irregular, and distended gallbladder, 
whereas hilar cholangiocarcinoma generally 
presents with a shrunken gallbladder. Mirizzi 
syndrome is a benign condition whereby a large 
gallstone that is impacted in the cystic duct or 
neck of the gallbladder causes extrinsic compres-
sion against the common hepatic duct [ 27 ]. 

 Benign biliary strictures at the hepatic duct 
confl uence are rare and can often mimic malig-
nancy. Unfortunately, there is no diagnostic test 
that accurately distinguishes biliary strictures 
from malignancy. Thus, a negative biopsy does 
not necessarily rule out the possibility of a can-
cer, and therefore, surgeons should be cognizant 
of this and carefully weigh the risk and benefi ts 
of observation versus resection. As a general rule, 
in the absence of a clear contraindication, all 
hilar strictures/lesions should be considered for 
surgical exploration (Fig.  12.5 ).

  Fig. 12.5    A patient with biliary stricture at the hepatic 
duct bifurcation. Preoperative work-up was nondiagnos-
tic. She underwent resection and a Roux-en-Y hepaticoje-

junostomy. The fi nal pathology was a benign lesion 
(Courtesy of Gazi B. Zibari, MD, FACS)       
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   For patients with obstructive jaundice without 
evidence of a hilar stricture or a mass in the head 
of the pancreas, the possibility of distal cholan-
giocarcinoma should be considered. Endoscopic 
ultrasound with biopsy can be helpful, although a 
negative biopsy does not exclude carcinoma and/
or alter management in those who have no con-
traindications for surgery.  

    Staging and Classifi cation 

    Staging of Intrahepatic 
Cholangiocarcinoma 

 Several staging and classifi cation systems are 
currently being used for ICC, but the American 
Joint Committee on Cancer (AJCC/International) 
Union against Cancer (UICC) TNM classifi ca-
tion system is the one that is widely used in the 
United States (Table  12.2 ). Historically, the stag-
ing systems for ICC and hepatocellular carci-
noma were identical. However, the latest 7th 
edition of (AJCC/UICC) separated ICC into a 
separate entity based on data involving nearly 
600 patients from the Surveillance, Epidemiology, 
and End Results (SEER) database as well as 
other international multicenter data [ 29 – 31 ]. 
Note that tumor size has no prognostic impact 
in ICC.

   The Liver Cancer Study Group of Japan 
(LCSGJ) developed a classifi cation system from 
more than 240 resected cases of ICC that is spe-
cifi cally based on macroscopic appearance: mass 
forming (MF), periductal infi ltrating (PI), and 
intraductal growth (IG) [ 32 ] (Fig.  12.6 ). MF type 
forms a defi nite mass within the liver paren-
chyma. The PI type extends mainly longitudinally 
along the bile duct and often resulting in dilata-
tion of the peripheral bile duct. The IG type pro-
liferates toward the lumen of the bile duct 
papillarity or like a tumor thrombus [ 32 ]. Tumors 
can have more than one macroscopic appearance 
and in such cases, they are described with the 
predominant type mentioned fi rst followed by the 
subordinate type separated by a “+” (i.e., mass 
forming + periductal infi ltrating).

   MF is the most common subtype, representing 
approximately 60–80 % of ICC. PI and IG make 
up 15–35 % and 8–29 % of ICC, respectively. 
The macroscopic appearance of the disease 
refl ects tumor cells with different biologic behav-
ior. The biologic difference of these types is 
underscored by the differences in the 1-year 
overall survival (OS) rate of patients with 
ICC. MF has the best prognosis while MF + PI 
has the worst; the 1-year OS for MF, PI, and 
MF + PI are 80 %, 69, and 39 %, respectively 
( P  = 0.0072) [ 33 ].  

   Table 12.2    American Joint Committee on Cancer (AJCC) 
TNM staging for intrahepatic bile ducts (7th edition)   

 Primary tumor (T) 

 TX  Primary tumor cannot be assessed 
 T0  No evidence of primary tumor 
 Tis  Carcinoma in situ (intraductal tumor) 
 T1  Solitary tumor without vascular invasion 
 T2a  Solitary tumor with vascular invasion 
 T2b  Multiple tumors, with or without vascular invasion 
 T3  Tumor perforating the visceral peritoneum or 

involving the local extrahepatic structures by 
direct invasion 

 T4  Tumor with periductal invasion 

 Regional lymph nodes (N) 

 NX  Regional lymph nodes cannot be assessed 
 N0  No regional lymph node metastasis 
 N1  Regional lymph node metastasis present 

 Distant metastasis (M) 

 M0  No distant metastasis 
 M1  Distant metastasis present 

 Anatomic stage/prognostic groups 

 Group  T  N  M 

 Stage 0  Tis  N0  M0 
 Stage 1  T1  N0  M0 
 Stage II  T2  N0  M0 
 Stage III  T3  N0  M0 
 Stage IVA  T4  N0  M0 
 Stage IVB  Any T  N1  M0 

 Any T  Any N  M1 

  Adapted from    Compton et al. [ 28 ]. With permission from 
Springer Verlag  
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    Staging of Extrahepatic 
Cholangiocarcinoma 

 Perihilar cholangiocarcinomas are also staged 
according to the AJCC/UICC TNM system 
(Table  12.3 ), although they are more commonly 
classifi ed according to their anatomic location and 
extent of ductal infi ltration based on the Bismuth-
Corlette classifi cation (Fig.  12.7 ). Such a classifi -
cation is useful because it approaches perihilar 
cholangiocarcinomas from a surgical perspective; 
the location and extent of disease determines how 
one surgically approach and resect the tumor. Type 
I tumors are limited to or confi ned to the common 
hepatic duct, type II involve the confl uence of the 
right and left hepatic ducts, and types IIIa and IIIb 
are tumors of common hepatic duct that extend to 
either the right (IIIa) or left hepatic duct (IIIb). 
Type IV tumors involve both the secondary bile 
ducts on both right and left hepatic duct [ 35 ,  36 ]. 
For types I–IIIa Bismuth-Corlette hilar cholangio-
carcinoma, an extended right hepatectomy is the 

procedure of choice, whereas a left or extended 
left hepatectomy is used for type IIIb hilar chol-
angiocarcinoma [ 37 ].

    Distal cholangiocarcinoma is staged using 
the AJCC/UICC TNM classifi cation system 
(Table  12.4 ).

  Fig. 12.6    The Liver Cancer Study Group of Japan 
(LCSGJ) developed a classifi cation system of ICC: mass 
forming (MF), periductal infi ltrating (PI), and intraductal 
growth (IG). MF type forms a defi nite mass within the 
liver parenchyma. The PI type extends mainly longitudi-
nally along the bile duct and often resulting in dilatation 
of the peripheral bile duct. The IG type proliferates toward 
the lumen of the bile duct papillarity or like a tumor 
thrombus. Tumors can have more than one macroscopic 
appearance, and in such cases, they are described with the 
predominant type mentioned fi rst followed by the subor-
dinate type separated by a “+” (i.e., mass forming + peri-
ductal infi ltrating) (Courtesy of Quyen D. Chu, MD, 
MBA, FACS)       

   Table 12.3    American Joint Committee on Cancer (AJCC) 
TNM staging for perihilar bile ducts (7th edition)   

 Primary tumor (T) 

 TX  Primary tumor cannot be assessed 
 T0  No evidence of primary tumor 
 Tis  Carcinoma in situ 
 T1  Tumor confi ned to the bile duct, with extension up 

to the muscle layer or fi brous tissue 
 T2a  Tumor invades beyond the wall of the bile duct to 

surrounding adipose tissue 
 T2b  Tumor invades adjacent hepatic parenchyma 
 T3  Tumor invades unilateral branches of the portal 

vein or hepatic artery 
 T4  Tumor invades main portal vein or its branches 

bilaterally; or the common hepatic artery; or the 
second-order biliary radicals bilaterally; or unilateral 
second-order biliary radicals with contralateral portal 
vein or hepatic artery involvement 

 Regional lymph nodes (N) 

 NX  Regional lymph nodes cannot be assessed 
 N0  No regional lymph node metastasis 
 N1  Regional lymph node metastasis (including nodes 

along the cystic duct, common bile duct, hepatic 
artery, and portal vein) 

 N2  Metastasis to periaortic, pericaval, superior 
mesenteric artery, and/or celiac artery lymph nodes 

 Distant metastasis (M) 

 M0  No distant metastasis 
 M1  Distant metastasis present 

 Anatomic stage/prognostic groups 

 Group  T  N  M 

 Stage 0  Tis  N0  M0 
 Stage 1  T1  N0  M0 
 Stage II  T2a-b  N0  M0 
 Stage IIIA  T3  N0  M0 
 Stage IIIB  T1-3  N1  M0 
 Stage IVA  T4  N0-1  M0 
 Stage IVB  Any T  N2  M0 

 Any T  Any N  M1 

  Adapted from Compton  et al. [ 34 ]. With permission from 
Springer Verlag  
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        Treatment 

 Curative resection offers the best chance for long-
term survival. Whereas palliation with surgical 
bypass was once the preferred surgical procedure 
even for resectable disease, aggressive surgical 
resection is now the standard. Despite a thorough 
preoperative radiologic evaluation to identify 

  Fig. 12.7    Bismuth-Corlette classifi cation for hilar cholangiocarcinoma       

   Table 12.4    American Joint Committee on Cancer 
(AJCC) TNM staging for distal bile duct (7th edition)   

 Primary tumor (T) 

 TX  Primary tumor cannot be assessed 
 T0  No evidence of Primary tumor 
 Tis  Carcinoma in situ 
 T1  Tumor confi ned to the bile duct histologically 
 T2  Tumor invades beyond the wall of the bile duct 
 T3  Tumor invades the gallbladder, pancreas, 

duodenum, or other adjacent organs without 
involvement of the celiac axis, or the superior 
mesenteric artery 

 T4  Tumor involves the celiac axis, or the superior 
mesenteric artery 

 Regional lymph nodes (N) 

 NX  Regional lymph nodes cannot be assessed 
 N0  No regional lymph node metastasis 
 N1  Regional lymph node metastasis 

 Distant metastasis (M) 

 M0  No distant metastasis 
 M1  Distant metastasis present 

 Anatomic stage/prognostic groups 

 Group  T  N  M 

 Stage 0  Tis  N0  M0 
 Stage IA  T1  N0  M0 
 Stage IB  T2  N0  M0 
 Stage IIA  T3  N0  M0 
 Stage IIB  T1  N1  M0 

 T2  N1  M0 
 T3  N1  M0 

 Stage III  T4  Any N  M0 
 Stage IV  Any T  Any N  M1 

  Adapted from Compton  et al. [ 38 ]. With permission from 
Springer Verlag  

(continued)
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resectable disease, the rate of patients found to 
have unresectable disease at laparotomy remains 
14–38 % [ 39 – 42 ]. Because of the relatively high 
rate of unresectability and the fact that survival of 
patients with incomplete resection is the same as 
those who were palliated conservatively, diagnos-
tic laparoscopy has been used by several institu-
tions as part of the staging process (Fig.  12.8 ). 
For patients who are known to have unresectable 
disease preoperatively, biliary endoprosthesis 
(i.e., endoscopic or percutaneous stenting) has 
supplanted the need for a surgical bypass.

   The role for preoperative biliary decompres-
sion with a stent for patients with resectable dis-
ease is controversial. For those who have 
asymptomatic biliary obstruction who will 
undergo surgery within 1–2 weeks, a stent is not 
advisable. For symptomatic patients or those who 
will undergo chemotherapy before surgery, a 
stent is advisable.  

    Intrahepatic 
Cholangiocarcinoma (ICC)  

 Intrahepatic cholangiocarcinoma (ICC) is the sec-
ond most common primary liver tumor. Surgical 
management of intrahepatic cholangiocarcinoma 
includes consideration for portal vein emboliza-
tion (PVE), lymphadenectomy, extended hepatic 
resection with or without vascular resection, and 
orthotopic liver transplantation. 

 Resection of ICC follows the basic principles of 
anatomic liver resection for malignant neoplasm. 
The understanding of hepatic anatomy began in 
1654 with Glisson’s description of the liver cap-
sule. This was followed by Cantlie’s description of 
the division of the liver into functional halves in 
1897. Finally, Couinaud defi ned the segmental 
anatomy of the liver in 1957 [ 43 ] (Fig.  12.9 ). 
The anatomic division of the liver into right and 
left halves is based on Cantlie’s line, which is an 
imaginary line that extends from the gallbladder 
fossa to the left of the vena cava. Anatomically this 
is defi ned by the middle hepatic vein. Each half of 
the liver is then divided into four other segments 
based on the venous drainage, portal venous 
infl ow, and arterial infl ow. The caudate lobe (seg-
ment I) is separate from the left and right hepatic 
lobes. A thorough understanding of the hepatic 
segmental anatomy increases the safety of the liver 
resection and an anatomic resection has been 
shown to result in increased survival [ 44 ].

   Table  12.5  shows one of the largest reported 
series in the literature examining outcome with 
hepatectomy for ICC. The 5-year overall survival 
is 23–40 % for resected patients [ 2 – 4 ,  39 – 41 ,  47 , 
 49 ,  50 ,  52 ,  54 – 56 ]. The OS for an R0 resection is 
36–63 % at 5 years and the postoperative mortality 
rate is 0–8 % [ 2 ,  3 ,  52 ]. In series with multivariate 
analysis, the most frequently cited signifi cant 
negative prognostic factors are positive margin, 
s atellite lesions, lymph node metastasis, lymphatic 
invasion, and vascular invasion. Of these, lymphatic 

  Fig. 12.8    A 65-year-old woman with multiple hepatic 
lesions that were suspicious for intrahepatic cholangiocar-
cinoma. Preoperative biopsy was nondiagnostic. 

She underwent a diagnostic laparoscopy and was found 
to have satellite lesions (Courtesy of John F. Gibbs, 
MD, FACS)       
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and microvascular invasions are not helpful in 
selecting patients for resection because they can-
not readily be determined preoperatively.

   The infl uence of surgical margin on outcome 
is controversial. Morimoto et al. found that a pos-
itive surgical margin had a relative risk (RR) of 

death of 2.7 on multivariate analysis ( p  = 0.02) 
and a 3-year OS of 12 % versus 56 % when the 
margin was negative [ 2 ]. Similarly, Casavilla 
et al. found that margin status was an indepen-
dent predictor of outcome; the median OS for 
margin positive and margin negative was 7 

  Fig. 12.9     Couinaud’s 
anatomic/segmental 
divisions of the liver and 
types of liver resection . 
The anatomic divisions 
of the liver according to 
the Brisbane 2000 
terminology, including 
fi rst-order divisions 
(hemilivers), second-order 
divisions (sections), 
and third-order 
divisions (segments) 
(Courtesy of Quyen 
D. Chu, MD, MBA, FACS)       

   Table 12.5    Outcomes after resection for intrahepatic cholangiocarcinoma   

 Study  Year  N 
 Postop 
mortality (%) 

 Median 
survival (mos) 

 Median 
survival 
RO (mos) 

 1–year 
OS (%) 

 3-year 
OS (%) 

 5-year 
OS (%) 

 5-year OS 
RO (%) 

 Jan [ 4 ]  1996  41  0  12  22  54  37  26  44 
 Casavilla [ 45 ]  1997  34  38  60  37  31  45 
 Chu [ 46 ]  1999  48  16  60  30  22 
 Valverde [ 42 ]  1999  30  3  28  86  22 
 Weimann [ 47 ]  2000  95  5  18  64  31  21 
 Inoue [ 48 ]  2000  52  18  63  36  36  55 
 Shimada [ 49 ]  2001  49  4  26  66 
 Okabayashi [ 50 ]  2001  60  5  20  21  68  35  29  39 
 Ohtsuka [ 39 ]  2002  48  8  26  62  38  23 
 Weber [ 51 ]  2001  33  3  46  83  55  31 
 Morimoto [ 2 ]  2003  49  4  68  44  32  41 
 Nakagawa [ 41 ]  2005  46  6  66  38  26 
 Miwa [ 52 ]  2006  41  0  79  36  29  36 
 DeOliveira [ 3 ]  2007  44  4  28  80  4  63 

  Reprinted from Smith and Gibbs [ 53 ]. With permission from Demos Publishing 
  RO  microscopic negative resection,  OS  overall survival  
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months and 38 months, respectively ( p = > 0.0001) 
[ 45 ]. However, Tamandl reported on 74 patients 
with ICC and found no difference in disease-free 
survival (DFS) or OS between R0 and R1 resec-
tion [ 57 ]. Regardless, the operating surgeon 
should strive to achieve a negative margin, 
although the width of the negative margin may 
not matter [ 58 ]. 

 Satellite lesions are identifi able preoperatively 
and appear to be a particularly poor prognostic 
factor. Ohtsuka et al. performed a multivariate 
analysis on 36 patients with MF tumors who 
underwent resection and found that satellite 
lesions increased the relative risk of dying by a 
factor of 3.9 ( p  = 0.03). This risk was exceeded 
only by a CA 19-9 level greater than 10,000 
units/L in predicting death following resection 
[ 39 ]. Similarly, Suzuki et al. examined 19 patients 
with MF tumor types who underwent resection 
and found that satellite lesions had the greatest 
impact on survival with an RR of dying 11.3 
times greater than patients without satellite 
lesion; there were no 3-year survivors in the 
group that had satellite lesions [ 56 ]. Finally, 
Nakagawa et al. examined 28 patients who had 
resection for ICC and found that the RR of dying 
was 2.2 times higher for patients with satellite 
lesions than those without; there were no 3-year 
survivors [ 41 ]. Given the existing literature, 
we believe that the presence of multiple tumors 

(satellite lesions) should be considered as a rela-
tive contraindication to surgery. When the index 
of suspicion for satellite lesions is high even 
when radiologic examination states otherwise, a 
diagnostic laparoscopy may be of use (Fig.  12.8 ).  

    Extended Resection 

 Intrahepatic cholangiocarcinoma typically 
reaches large size prior to their recognition due to 
their intrahepatic location. This then leads to a 
delay in diagnosis. ICC often invades contiguous 
structures, which often necessitates an extended 
hepatectomy [ 58 ]. Roayaie et al. performed 
hepatic resection on 16 patients with ICC and 
reported that 88 % of them had tumors within 
1.5 cm of the vena cava [ 59 ]. Extended hepatec-
tomy is defi ned as resection of greater than 4 
Couinaud segments, and this is often required in 
7–54 % of ICCs in large series [ 2 ,  4 ,  39 ,  42 ,  50 , 
 51 ] (Table  12.6 ). Extended resection of contigu-
ous vascular structures and/or extrahepatic ducts 
in conjunction with hepatectomy is not uncom-
mon. Extrahepatic bile duct resection has been 
combined with hepatic resection in 27–74 % as 
reported in some large series [ 2 ,  39 ,  41 ,  42 ,  51 , 
 56 ,  58 ]. Vascular resection of the portal vein or 
IVC was necessary in 4–37 % as reported in 
many of these series (Table  12.7 ).

   Table 12.6    Incidence of extended resection in hepatectomy for intrahepatic cholangiocarcinoma   

 Author  Year 
 Total 
resections 

 Extended 
resections 
N (%) 

 1-year 
OS (%) 

 3-year 
OS (%) 

 5-year 
OS (%) 

 Median 
OS (mos) 

 Postoperative 
mortality (%) 

 Casavilla [ 45 ]  1997  34  15 (44)  60  37  31  6 
 Chu [ 46 ]  1997  39   8 (21)  57  24  16  12 
 Roayaie [ 59 ]  1998  16  11 (69)  86  64  21  43  12 
 Yamamoto [ 60 ]  1999  83  27 (33)  23  2 
 Valverde [ 42 ]  1999  30  16 (53)  86  22  28  3 
 Inoue [ 48 ]  2000  52  23 (44)  63  36  36  18 
 Weber [ 51 ]  2001  33  15 (45)  83  55  31  37  3 
 Ohtsuka [ 39 ]  2002  48  26 (54)  62  38  23  25  8 
 Morimoto [ 2 ]  2003  51  15 (29)  68  44  32  4 
 Lang [ 58 ]  2005  27  27 (100)  69  55  6 

  Reprinted from Smith and Gibbs [ 53 ]. With permission from Demos Publishing 
  OS  overall survival  
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    Lang et al. examined 50 patients with locally 
advanced ICC undergoing surgical exploration. 
These patients were determined by preoperative 
evaluation to require extended hepatectomy. A 
total of 27 (54 %) patients underwent attempted 
curative resection; 16 (59 %) of these resection 
required hepatectomy combined with vascular 
resection, diaphragmatic resection, and extrahe-
patic biliary tract resection. The postoperative 
morbidity was 45 % in the standard resection 
group and 56 % in the combined resection group. 
The median survival for the R0 resection group 
was 46 months for the entire group with 3-year 
OS of 82 %. The median survival in the R1 group 
(no gross tumor but residual microscopic tumor) 
was 5 months compared to 7 months in the 
explored only group [ 58 ]. 

 Yamamoto and associates examined 83 
patients with ICC undergoing resection [ 60 ]. 
Fifty-six patients underwent a standard hepatec-
tomy with or without extrahepatic bile duct 
resection. These were compared to 27 patients 
undergoing extended hepatectomy or standard 
hepatectomy combined with vascular resection 
and/or pancreatectomy. Perioperative mortality 
in the extended surgery group was signifi cantly 
higher at 7 % compared to the standard resection 
with 0 % mortality ( p  = 0.04). The 1-year OS 
was also signifi cantly lower in the extended 
resection group at 22 % compared to 61 % in the 
standard resection group ( p  = 0.001). The differ-

ence in survival may be related to a signifi cantly 
higher rate of local recurrence and disseminated 
peritoneal recurrence. However, long-term sur-
vival was seen in patients undergoing extended 
surgery, with 3 of 27 patients surviving greater 
than 5 years. Two of the three patients had MF 
tumor and one had IG tumor. No patients with PI 
or MF + PI tumors had long-term survival [ 60 ]. 
Weber and associates performed hepatic resec-
tion in 33 patients with ICC. Forty-six percent of 
patients required resection of the extrahepatic 
biliary tree. In the total patient group, vascular 
invasion was the only factor that was signifi -
cantly associated with poor outcome ( p  = 0.0007). 
The median OS with vascular invasion was 15 
months compared to 61 months when vascular 
invasion was absent [ 51 ]. 

 There are a number of studies that evaluated 
the feasibility of combined vascular resection 
and hepatectomy. Hemming et al. described 22 
patients who underwent combined hepatic and 
inferior vena cava (IVC) resection. The patients 
had a variety of primary and metastatic liver 
tumors, of which fi ve were CCA. The majority of 
the patients were able to be approached in the 
standard lateral to medial approach to mobilizing 
the liver and exposing the IVC. In seven patients, 
an anterior approach to the IVC was used. 
A  variety of IVC clamping techniques were uti-
lized depending on the portion of the IVC 
involved with tumor. Perioperative mortality was 

   Table 12.7    Incidence of vascular resection combined with hepatectomy in intrahepatic cholangiocarcinoma   

 Author  Year 
 Total 
resections 

 Vascular 
resections 
N (%) 

 1-year 
OS (%) 

 3-year 
OS (%) 

 5-year 
OS (%) 

 Median 
OS (mos) 

 Postoperative 
mortality (%) 

 Nakagawa [ 41 ]  2005  46   4 (9)  66  38  26  21  6 
 Chu [ 46 ]  1997  39  57  24  16  12 
 Roayaie [ 59 ]  1998  16   2 (13)  86  64  21  43  12 
 Yamamoto [ 60 ]  1999  83  21 (25)  23  2 
 Valverde [ 42 ]  1999  30   2 (7)  86  22  28  3 
 Inoue [ 48 ]  2000  52  63  36  36  18 
 Ohtsuka [ 39 ]  2002  48  12 (25)  62  38  23  25  8 
 Morimoto [ 2 ]  2003  51   2 (4)  68  44  32  4 
 Lang [ 58 ]  2005  27  11 (41)  69  55  6 

  Reprinted from Smith and Gibbs [ 53 ]. With permission from Demos Publishing 
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9 % with R0 resection rate of 91 %. Actuarial 1-, 
3-, and 5-year OS was 85 %, 60 %, and 33 %, 
respectively [ 61 ]. From these studies, one can 
surmise that only select patients with advanced 
tumor stages will benefi t from an aggressive sur-
gical resection, which may include cava 
resection. 

 Extended hepatectomy can be achieved with 
acceptable morbidity and mortality, and survival 
appears to be comparable to standard hepatec-
tomy if an RO resection is obtained. Regarding 
combining extrahepatic resection with hepatec-
tomy, long-term survival appears possible, but 
only in a small number of patients, and OS is sig-
nifi cantly worse than for patients who had less 
extensive disease.  

    Portal Vein Embolization 

 Hepatic insuffi ciency due to inadequate future 
liver remnant (FLR) is a serious complication fol-
lowing hepatic resection. Portal vein emboliza-
tion (PVE) prior to hepatectomy is used to 
address this issue [ 62 ]. The portal venous system 
is accessed transhepatically with the blood fl ow 
to the ipsilateral portal vein occluded leading to 
hypertrophy of the contralateral hepatic lobe 
[ 63 ]. The indication for PVE varies and depends 
on the patient’s underlying liver function. For 
patients with liver dysfunction and FLR less than 
50 %, PVE should be considered [ 64 ]. Because of 
the risk for liver failure, patients with obstructive 
jaundice (>10 mg/dL) should undergo biliary 
decompression prior to PVE. PVE should be per-
formed when the bilirubin is less than 5 mg/
dL. Radical surgery would typically be performed 
3–4 weeks later when the FLR has  hypertrophied 
and the bilirubin is less than 2 mg/dl [ 65 ]. 

 Nagino and associates described 240 consecu-
tive patients with biliary tract cancer undergoing 
PVE prior to extended hepatectomy [ 66 ]. Twenty 
percent of patients had progressive disease fol-
lowing PVE and were not offered resection. Of 
the remaining 80 % of patients who underwent 
PVE followed by extended hepatectomy, the peri-
operative mortality was 4.5 %, which was compa-
rable to a mortality rate of 3.7 % for a contemporary 

cohort that had less than 50 % hepatectomy but 
without PVE. The FLR increased signifi cantly 
from 33 to 43 %, and the 3- and 5-year OS rates 
were 41.7 % and 26.8 %, respectively [ 66 ]. 

 Abdalla et al. examined 42 patients undergo-
ing extended hepatectomy for hepatobiliary 
malignancies [ 63 ]. The median FLR increases 
from baseline 18 % to 26 % following PVE, 
which is an 8 % increase in the median FLR (50). 
With PVE, the OS for the group of patients who 
initially had marginal FLR (FLR <25 %) was 
comparable to patients who had adequate preop-
erative FLR. Thus, PVE facilitates safe resection 
in patients with marginal FLR who might other-
wise be precluded from resection.  

    Lymph Node Dissection 

 The rate of positive lymph nodes when routine 
radical lymphadenectomy was performed is 
31–59 % [ 2 ,  39 ,  41 ,  49 ,  60 ,  67 ,  68 ]. Most series 
show positive lymph nodes to be an independent 
predictor of poor survival [ 2 ,  3 ,  6 ,  42 ,  47 ,  49 ,  50 , 
 52 ]. Despite a few report of long-term survivors 
[ 2 ,  39 ,  41 ,  50 ,  56 ], most studies reported no long- 
term survival for patients with positive lymph 
node [ 42 ,  49 ,  50 ,  65 ,  69 ]. There is no evidence 
that routine lymphadenectomy confers any sur-
vival advantage. 

 There is no consensus on whether lymph node 
dissection should be performed in patients with 
ICC. Although some recommend lymphadenec-
tomy along with surgical resection in patients 
with grossly positive nodal disease, given the 
overall poor outcome, the appropriateness of 
extensive surgery or the need for lymph node dis-
section as standard treatment for ICC is question-
able at the present time.  

    Hilar Cholangiocarcinoma 

 Hilar cholangiocarcinoma arises from the main 
left or right hepatic ducts or the confl uence of 
the two. It is also referred to as a Klatskin’s 
tumor, which is named after Dr. Gerald Klatskin, 
the fi rst person to describe this less recognized 
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entity of his time in his landmark paper on hilar 
cholangiocarcinoma [ 54 ]. 

 Diagnosing hilar cholangiocarcinoma remains 
a challenging task even in the hands of the 
most skilled surgeons and gastroenterologists. 
Histological confi rmation without surgery remains 
very diffi cult as percutaneous or endoscopic biop-
sies have very low yield and are unable to delineate 
vascular anatomy or vascular invasion [ 55 ]. Multi-
detector-row computed tomography (MDCT) has 
been used for diagnosing hilar cholangiocarcinoma. 
It accurately detects portal vein or arterial invasion 
in up to 90 % of cases [ 70 ,  71 ]. MRI/MRCP are also 
modalities that are utilized. Endoscopic approaches 
including endoscopic retrograde cholangiopan-
creatography (ERCP), ERCP with cholangioscopy, 
ERCP with intraductal ultrasound, endoscopic 
ultrasound, and confocal laser endomicroscopy 
have diagnostic and therapeutic roles [ 62 ]. 

 Since surgical resection remains the sole cura-
tive treatment for hilar CCC, patients need to be 
evaluated and optimized for potential surgery. 
In cases of obstructive jaundice, it is diffi cult to 
use the standard clinical laboratory scoring sys-
tems, such as the Child-Turcotte-Pugh or Model 
for End-Stage Liver Disease (MELD) score to 
determine a patient’s capacity to tolerate major 
surgery that might involve liver resection. In this 
subset of population, a volumetric study of the  
FLR is very useful [ 72 ]. If it is thought that there 
would be insuffi cient volume of FLR after a cura-
tive resection, the surgeon may utilize portal vein 
embolization of the diseased liver to increase the 
size of the FLR [ 73 ]. A more thorough discussion 
of FLR can be found in Chapter 19,  Management 
of Metastatic Liver Metastasis from Colorectal 
Cancer.  

 Hilar cholangiocarcinoma is relatively resis-
tant to radiation and chemotherapy. Hence, surgi-
cal resection remains the only therapy that offers 
a possibility of cure. Unfortunately, because of 
the intimate location of the extrahepatic duct to 
the nearby structures (portal vein, hepatic artery, 
caudate lobe, and segments 4 and 5 of the liver), 
duct excision alone is not always suffi cient. 

 Surgical management of perihilar cholangio-
carcinoma depends on the Bismuth-Corlette clas-
sifi cation (Fig.  12.7 ). This staging system allows 

the surgeon to determine the extent of resection 
depending on the level of biliary tree involve-
ment. However, it does not account for portal 
and vascular involvement. A new staging system 
has been proposed that addresses the size of the 
tumor, the extent of biliary system, involvement 
of portal vein and hepatic artery, distant metas-
tasis, lymph node involvement, and the volume 
of putative remnant liver after resection [ 74 ]. 
Other staging systems including the AJCC/TNM 
and Memorial Sloan Kettering Cancer Center 
(MSKCC) have been proposed, but Bismuth-
Corlette classifi cation, despite its limitations, is 
the more widely recognized and accepted system. 

 For type I tumors that are limited or confi ned 
to the common hepatic duct and type II which 
involve the confl uence of the right and left hepatic 
ducts, an en bloc resection of the extrahepatic 
bile ducts with 5–10 mm margins, lymphadenec-
tomy, cholecystectomy, and a Roux-en-y hepati-
cojejunostomy is the procedure of choice 
(Fig.  12.5 ). In addition, many studies have rec-
ommended a caudate lobectomy as well because 
of the high rate of involvement of the ducts of the 
caudate lobe (Fig.  12.10 ). Type III and type IV 
CCA may be amendable to curative surgical 
resection in highly specialized centers which 
may involve extended hepatectomy and vascular 
resection. For type II and IIIa, an extended right 
hepatectomy may be preferred since the right 
hepatic duct is short, which makes it diffi cult 
to achieve negative margins (Fig.  12.11 ). 
Additionally, the left hepatic duct tends to be 
long and its extrahepatic location makes it ideal 
for reconstruction [ 37 ]. Unlike ICC, resection of 
N1 nodes (hepatic hilar nodes including those 
along the cystic duct, common bile duct, hepatic 
artery, and portal vein) should be routine in any 
curative surgical resection of hilar cholangiocar-
cinoma (Fig.  12.12 ). However, more extensive 
lymph node dissection beyond the hepatoduode-
nal ligament (N2, which is defi ned as metastases 
to periaortic, pericaval, superior mesenteric 
artery, and/or celiac artery lymph nodes) is ques-
tionable since the 5-year survival is extremely low.

     Several series have described the outcome 
after combined vascular resection and hepatec-
tomy for patients with hilar CCA. Centrally 
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located ICCs can often present in a very similar 
manner to hilar CCA. Nimura et al. examined 
142 patients undergoing resection for hilar CCA 
[ 76 ]. Ninety-nine patients had a standard resec-
tion and 43 patients had a standard resection with 
a vascular resection. The survival at 3 and 5 years 
was signifi cantly worse for patients who had por-
tal vein resection at 18 % and 6 % compared to 
standard resection at 37 % and 27 % respectively 
( p  = <0.0001). The survival of the patients with 
portal vein resection, however, was still signifi -
cantly better than patients with no resection 
( p  = <0.003) [ 76 ]. 

 Miyazaki et al. examined 161 patients who 
underwent resection of hilar CCA [ 77 ]. Forty- 
three patients underwent combined hepatectomy 
and vascular resection. In this study, patients 
undergoing portal vein resection had similar 
operative morbidity and mortality to patients not 
undergoing vascular resection. However, those 
who had hepatic artery resection had a 
 signifi cantly higher postoperative mortality rate 
than those who did not ( p  < 0.01). OS at 1, 3, and 
5 years was signifi cantly worse for patients 
undergoing portal vein resection than those with 
no vascular resection ( p  < 0.001). Five-year OS 

  Fig. 12.10     Isolated anterior resection of the Spiegel 
lobe . ( a ) Both ends of the tape are passed between the 
retrohepatic inferior vena cava (IVC) and the liver paren-
chyma and repositioned to the left behind the common 
trunk of the left hepatic vein-middle hepatic vein (LHV-
MHV) and the hepatoduodenal ligament. ( b ) The left lat-
eral section is dissected and bent upwards to expose the 

anterior surface of the Spiegel lobe. Then, the isolated 
suspension of the Spiegel lobe is achieved. ( c ) With the 
aid of the suspending tape, the Spiegel lobe is transected 
through an isolated anterior approach without mobiliza-
tion. ( d ) After the resection, the left wall of the IVC is 
fully exposed (Reprinted from Shindoh et al. [ 75 ]. With 
permission from Springer Verlag)       
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  Fig. 12.11     Type of resections for Klatskin’s tumor . An extended right hepatectomy should be considered for types I–IIIa 
and a left hepatectomy should be performed for type IIIb (Redrawn by Quyen D. Chu based on data from Ref. [ 37 ])       

  Fig. 12.12     Nodal Stations for perihilar cholangiocarci-
noma . N1 includes nodes in the hepatoduodenal ligament 
(#1–3 cystic duct, common bile duct, hepatic artery, and 

portal vein). N2 includes nodes in the periaortic, pericaval, 
superior mesenteric artery, and/or celiac artery lymph nodes 
(#4–7) (Courtesy of Quyen D. Chu, MD, MBA, FACS)       
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for the portal vein resection group was 16 % 
compared to 30 % in the group that did not have 
vascular resection. Survival for hepatic artery 
resection was particularly poor, with no 3-year 
survivor and only 11 % alive at one year [ 77 ]. 

 In general, criteria for unresectability include: 
(1) distant metastases, (2) lymph node metastases 
beyond hepatoduodenal ligament, (3) bilateral 
intrahepatic bile duct spread to secondary or seg-
mental biliary radicals, (4) involvement of the 
main trunk of the portal vein (or common hepatic 
artery) proximal to its bifurcation, (5) bilobar 
involvement of hepatic arterial and/or portal 
venous branches, (6) a combination of unilateral 
hepatic arterial involvement with cholangio-
graphic evidence of extensive contralateral duct 
spread, (7) lobar atrophy with involvement of con-
tralateral secondary (or segmental) biliary radi-
cles, and (8) lobar atrophy with involvement of 
contralateral portal vein or hepatic artery [ 78 ,  79 ].  

    Distal Cholangiocarcinoma 

 Distal cholangiocarcinoma or lower ducts CCA 
arise from the common bile duct or intrapancre-
atic portion of the biliary tree (from the cystic 
duct to the ampulla of Vater). They are distinct 
from ampullary carcinoma. They are more com-
monly in close proximity to major vascular struc-
tures and have a tendency of rapid spread. The 
most common presentation is painless jaundice, 
pruritus, abdominal pain, and weight loss. When 
evaluating a patient for distal cholangiocarci-
noma, one should be mindful of all the other 
 differential diagnostic possibilities. These include 
pancreatic head tumors, duodenal tumors, and 
benign biliary strictures. Distal cholangiocarci-
noma is managed similarly to any other periam-
pullary tumors. 

 The surgical procedure of choice remains a 
pancreaticoduodenectomy (Whipple procedure). 
A small percentage of tumors (2–8 %) that are 
located in the mid-portion of the common bile 
duct that do not involve vascular structures (i.e., 
portal vein) can be treated with segmental bile 
duct resection, followed by Roux-en-Y hepatico-
jejunostomy reconstruction [ 80 ,  81 ]. Intraoperative 

margins assessment should be performed prior to 
reconstruction. The criteria for unresectability 
include patients who are unfi t to undergo surgery; 
evidence of distant metastases or lymph node 
involvement beyond the hepatic, portal, and peri-
pancreatic regions; and involvement of the great 
vessels (i.e., superior mesenteric vessels, portal 
vein, and celiac axis) [ 82 ]. The prognostic factors 
that determine the success and survival rate after 
surgery are dependent on nodal involvement and 
tumor invasion. To avoid understaging, resection 
of at least 11 lymph nodes is recommended for 
appropriate staging based on a series from 
Memorial Sloan Kettering Cancer Center [ 83 ]. 

 Neoadjuvant chemoradiation (neoCRT) has 
been proposed to treat patients with ECC. Such a 
strategy was extrapolated from experience with 
pancreatic adenocarcinoma but has never been 
tested in a phase 3 clinical trial. Despite the lack 
of level 1 evidence, neoCRT appears to be a rea-
sonable approach, especially for patients who are 
at high risk of having positive margins, involved 
nodes, or early recurrence [ 84 ,  85 ]. 

 A large single-center study from Johns 
Hopkins Hospital reviewed 239 patients from 
1973 to 2004 with distal CCC, of which 96 % of 
the patients underwent pancreaticoduodenec-
tomy or bile duct resection with lymphadenec-
tomy. The study showed that patients with distal 
CCC had the lowest perioperative mortality rate 
(3 %) compared to those with hilar or intrahe-
patic cholangiocarcinoma [ 3 ]. The most common 
postoperative complications were delayed gastric 
emptying (10 %), pancreatic leak (13 %), and 
wound infection (11 %).  

    Palliative Procedures 

 Biliary obstruction with its attendant symptoms 
(i.e., pruritus, cholangitis, and pain) is the major 
reason for intervention in patients with unresect-
able or metastatic disease. For asymptomatic 
patients, the need to intervene has been ques-
tioned by many. Endobiliary stenting has sup-
planted the need for surgical palliation for biliary 
obstruction. Because surgical bypass has not 
been demonstrated to be superior to stenting, the 
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latter is the preferred approach. Biliary obstruc-
tion is much less common with ICC compared to 
hilar CCA, but when it happens, it typically 
occurs as a late event as the tumor encroaches on 
the hilum from either the liver parenchyma or by 
extrinsic compression from bulky adenopathy. 

 Biliary obstruction can often be palliated by 
percutaneous transhepatic biliary drainage or 
endoscopic placement of an endobiliary stent. 
Metal stents are preferred over plastic ones for 
patients whose life expectancy exceeds 6 months 
because they are associated with fewer complica-
tions [ 86 ]. Photodynamic therapy (PDT) gener-
ates oxygen-free radicals to kill cancer cells and 
has been utilized via endoscopic or transhepatic 
techniques to relieve biliary obstruction in 
patients who are found to have unresectable CCA 
[ 87 ,  88 ]. When this fails or is not possible, surgi-
cal bypass can be considered. This can have dura-
ble patency and effective palliation, but is not 
without signifi cant morbidity and mortality. 

 When surgical bypass is necessary, the most 
common procedure employs either a segment III 
or segment IV hepatic duct bypass. In most 
instances, a unilateral bypass may suffi ce even 
when there is no communication between the 
right and left biliary systems [ 89 ]. Most often, 
segment III bypass is typically employed because 
it is technically easier to perform and the location 
of the duct is more constant than that of segment 
IV [ 90 ] (Fig.  12.13 )

       Liver Transplantation 

 Given the less than ideal outcome of surgical 
resection, a number of centers began investigat-
ing the role of liver transplantation. Many of the 
reported transplantation series combine ICC and 
hilar CCA as a single entity. The Cincinnati 
Transplant Tumor Registry collected data from 
transplant centers worldwide and identifi ed 207 
patients with CCA who received liver transplant 
[ 91 ]. Twenty-one percent of CCA were inciden-
tally found. The postoperative mortality rate was 
10 %, and the median time to recurrence was 
9.7 months. Interestingly, 47 % of recurrences 
occurred in the transplanted liver. There was also 
no difference in the recurrence rates between 
patients with known CCA and those that were 
incidentally found. The OS at 1, 2, and 5 years 
were 72, 48, and 23 %, respectively. The investi-
gators concluded that long-term survival was 
possible, but only in a small number of patients, 
and that there were no identifi able preoperative 
variables to predict which patient will benefi t 
from transplantation [ 91 ]. 

 Ghadi and colleagues identifi ed 10 patients in 
Canada who were found to have incidental 
CCA. Patients had stage I/II diseases without 
nodal metastasis. Eight of 10 patients (80 %) 
recurred and the median time to recurrence was 
26 months with a 3-year OS of 30 % [ 92 ]. The 
authors also noted that, although their median 
time to recurrence was longer than most studies, 
it is likely due to lead time bias since their studies 
only included early stage disease. Regardless, the 
overall survival of 3 years remains suboptimal. 
Based on their fi ndings, up-front liver transplan-
tation for CCA is contraindicated in Canada, and 
this philosophy is also embraced by many other 
centers worldwide. 

 The Spanish transplantation experience with 
59 patients (36 hilar and 23 peripheral) who had 
hilar cancer and ICC reported a 1-, 3-, and 5-year 
OS in the ICC patients to be 77 %, 65 %, and 
42 %, respectively [ 93 ]. These survivals were 
better than most previously reported, but the 
authors recognized that they were still below the 
survival rates for transplantation of nonmalignant 

  Fig. 12.13    Segment 3 cholangiojejunostomy for unre-
sectable cholangiocarcinoma (Courtesy of Quyen D. Chu, 
MD, MBA, FACS)       
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diseases. Given the limited number of donated 
organs available, the indication for liver trans-
plantation for CCA has been questioned [ 93 ]. 

 Based on the high recurrence rate after up- 
front transplantation, several transplantation pro-
grams began a novel approach of administering 
neoadjuvant chemoradiation prior to transplanta-
tion for unresectable hilar CCA. The Mayo Clinic 
and the University of Nebraska studies have revi-
talized interest in the role of transplantation for 
CCA through this approach. These institutions 
have limited their technique to hilar CCA because 
of the ability to deliver brachytherapy directly to 
the tumor in the bile duct. The Mayo Clinic trans-
plantation division developed a protocol utilizing 
external beam radiation therapy (EBRT) plus 
bolus 5-fl uorouracil (5-FU) followed by brady-
therapy plus infusion 5-FU and subsequent liver 
transplantation in patients with unresectable 
stages I and II hilar CCA [ 94 ,  95 ]. Inclusion cri-
teria required that the patients had no evidence of 
nodal, intrahepatic, or distant metastases. Two to 
6 weeks following transcatheter brachytherapy, 
patients underwent an exploratory laparotomy to 
evaluate for extrahepatic disease. At laparotomy, 
those who were deemed to have stage I/II disease 
were placed on the United Network for Organ 
Sharing (UNOS) list and subsequently trans-
planted. Seventy-one patients presenting with 
CCA were eligible for the study and underwent 
the above treatment with 38 patients (54 %) who 
were successfully transplanted. No residual 
tumor was seen in 16 of 38 patients (42 %) in the 
explanted livers. One, 3-, and 5-year recurrence 
rates were 0 %, 5 %, and 12 %, respectively, with 
a mean time to recurrence of 40 months. Overall 
survival rates at 1, 3, and 5 years were 92 %, 
82 %, and 82 %, respectively. The survival rate in 
the Mayo Clinic series approaches seen with liver 
transplant for nonmalignant indications. The 
authors concluded that neoadjuvant therapy fol-
lowed by liver transplantation appears to have 
greater effi cacy than resection for selected 
patients [ 94 ,  95 ]. 

 The University of Nebraska utilized a simi-
lar protocol as the Mayo Clinic’s but with a 
higher dose of brachytherapy and eliminated 

EBRT. Continuous 5-FU was started at the time 
of brachytherapy and continued until transplant. 
Seventeen patients were enrolled in the trial, 11 
of whom completed the brachytherapy and pro-
ceeded to transplantation without progressive 
disease. The median OS of the transplanted 
patients was 25 months. Five patients (45 %) 
were alive without recurrence at 2.8 years to 
14.5 years posttransplant [ 10 ]. 

 What can be surmised from these studies is 
that up-front transplantation alone for CCA 
resulted in suboptimal outcome because despite 
having the diseased liver removed and a new 
donor liver transplanted, a signifi cant number of 
patients will recur, half of which recurred within 
the new liver. By giving neoadjuvant chemoradi-
ation therapy prior to transplantation and select-
ing patients carefully (i.e., stage I/II diseases), 
signifi cant improvement can be achieved with 
transplantation. Strict inclusion criteria for trans-
plantation for CCA include unresectable stage I/
II perihilar cholangiocarcinoma 3 cm or less in 
radial diameter without intrahepatic or extrahe-
patic metastases [ 96 ]. 

 Even with these improvements, the majority 
of patients with CCA will have recurrent disease 
with limited treatment options. Perhaps a better 
understanding of the risk factors for recurrence 
could help address recurrent disease, and the use 
of living-related transplantation could temper the 
ethical decision of using the limited resources of 
cadaveric livers in this population. The experi-
ence from Mayo Clinic and University of 
Nebraska has also prompted some investigators 
to begin applying neoadjuvant chemoradiation to 
standard hepatic resection for CCA.  

    Adjuvant Therapy 

 Currently, there are no trials comparing adjuvant 
chemotherapy, radiation, or chemoradiation versus 
resection only. The surgical series that include 
patients receiving adjuvant therapy do not delin-
eate the indications, and the regimens are variable. 
The University of Pittsburgh group found no dif-
ference in survival between patients receiving 
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adjuvant therapy and those who did not; the 
median OS was 7.2 months for those with adjuvant 
therapy versus 18.3 months for those  without adju-
vant therapy [ 45 ]. The John Hopkins University 
group also found no signifi cant difference in sur-
vival between patients receiving adjuvant therapy 
and those who did not [ 3 ]. Currently, there is no 
level 1 evidence to support postsurgical adjuvant 
therapy [ 97 – 99 ]. More recently, combination ther-
apy, including the addition of cisplatin, epirubicin, 
and or gemcitabine to standard 5-FU regimens, 
was used in unresectable cases, and the response 
rates of up to 40 % have been achieved [ 99 – 101 ]. 
Unfortunately, median survival is still approxi-
mately 9 months with chemotherapy [ 102 ]. This 
has been increased in some series up to 13.3 months 
when radiation is combined with hepatic intra-
arterial chemotherapy, suggesting that the 
improved survival is due to external beam radia-
tion therapy (EBRT) [ 102 ,  103 ]. The improved 
response of combination chemotherapy and pos-
sibly the use of intensity- modulated radiation ther-
apy (IMRT) offer opportunities for the design of 
future trials.  

    Conclusion 

 Throughout this chapter, we discussed a series of 
studies that discussed the most appropriate 
method of evaluation and surgical resection of 
intrahepatic, hilar, and distal cholangiocarci-
noma. CCA is an aggressive disease with a high 
mortality rate. Surgery remains the mainstay of 
treatment, and surgical management of CCA 
remains complex. Resection often includes 
extended hepatectomy, resection of the bile duct, 
and/or vascular resection. Morbidity and mortal-
ity is signifi cantly increased with extended resec-
tions. What seems to be most important to any 
resection is the need to obtain a microscopically 
negative margin (RO resection). Patients with 
CCA and incomplete resection seem to fare as 
poorly as patients without resection. Neoadjuvant 
therapy prior to transplantation of early disease 
has revived interest in the role of transplantation 
for patients with CCA. The role of adjuvant and 
neoadjuvant therapy for CCA remains elusive. 

  Salient Points 
•     Cholangiocarcinoma (CCA) is an uncommon 

but lethal cancer arising from bile duct 
epithelium.  

•   There are a number of risk factors linked to 
cholangiocarcinoma, the most common pre-
disposing condition associated with CCA in 
the Western Hemisphere is primary sclerosing 
cholangitis (PSC)  

•   Cholangiocarcinoma can be classifi ed as 
intrahepatic or extrahepatic. Extrahepatic is 
further divided as perihilar and distal 
cholangiocarcinoma.  

•   Painless jaundice is the most common presen-
tation of perihilar or distal tumors. Patients 
with intrahepatic cholangiocarcinoma typi-
cally present with abdominal pain, fever/
chills, or an incidental liver mass.  

•   Several staging and classifi cation systems are 
currently used for cholangiocarcinoma: TNM 
classifi cation, Bismuth-Corlette classifi cation, 
and macroscopic appearance of tumor in ICC.  

•   Bismuth-Corlette classifi cation is useful for 
perihilar or Klatskin’s tumor  

•   The macroscopic appearance of the disease 
refl ects tumor cells with different biologic 
behavior. Mass-forming lesions have the best 
outcome whereas mass-forming plus periduc-
tal infi ltrating lesions have the worst outcome  

•   The radiologic evaluation includes US, CT, 
MRI, MRCP, and/or multi-detector-row com-
puted tomography (MDCT).  

•   Cholangiocarcinomas are better visualized 
using triphasic CT scan which can also be 
used to assess vascular involvement.  

•   Cholangiocarcinoma is relatively resistant to 
radiation and chemotherapy. Hence, surgical 
resection remains the only therapy that offers 
a curative management.  

•   Curative resection with microscopically negative 
margin (R0 resection) and thorough nodal dis-
section is critical in providing the most favorable 
outcome for extrahepatic cholangiocarcinoma  

•   The role of node dissection
 –    For ICC: controversial.  
 –   For hilar cholangiocarcinoma: dissection 

of N1 nodes is recommended but not N2 
nodes.  
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 –   For distal cholangiocarcinoma: resection 
of at least 11 lymph nodes is recommended 
for appropriate staging.     

•   There is a relatively high rate of unresectabil-
ity and the fact that survival of patients with 
incomplete resection is the same as for patients 
palliated conservatively, diagnostic laparos-
copy has been used by several institutions as 
part of the staging process.  

•   Endobiliary prosthesis such as percutaneous 
transhepatic cholangiography (PTHC) or 
endoscopic placement of endobiliary prosthe-
sis is preferred over surgical bypass.  

•   Intrahepatic cholangiocarcinoma typically 
reaches large size prior to presentation due to 
their intrahepatic location. As such, they often 
invade contiguous structures and require 
extended hepatectomy.  

•   Extended hepatectomy is defi ned as resection 
of greater than 4 Couinaud segments. 
Extended resection of contiguous vascular 
structures and/or extrahepatic ducts in con-
junction with hepatectomy is not uncommon.  

•   Portal vein embolization (PVE) is designed to 
increase the proposed functional liver remnant 
(FLR) prior to hepatectomy, thereby decreas-
ing the risk of postoperative liver failure in 
extended hepatectomy.  

•   Neoadjuvant chemotherapy followed by liver 
transplantations is an option for patients with 
unresectable stage I/II extrahepatic 
cholangiocarcinoma.     

  Questions 
     1.    Which of the following ICC macroscopic 

appearance based on the LCSGJ system has 
the worst survival rate?
    A.    Mass forming (MF)   
   B.    Intraductal growth (IG)   
   C.    Periductal infi ltrating (PI)   
   D.    MF + PI   
   E.    IG + PI       

   2.    Intrahepatic cholangiocarcinoma typically 
presents with abdominal pain, whereas those 
with extrahepatic cholangiocarcinoma pres-
ent with obstructive jaundice
    A.    True   
   B.    False       

   3.    There are number of risk factors that have been 
linked to cholangiocarcinoma. What is the 
most common predisposing condition associ-
ated with CCA in the Western Hemisphere?
    A.    Smoking   
   B.    Diabetes   
   C.    HCV   
   D.    Primary sclerosing cholangitis   
   E.    Cirrhosis       

   4.    Resection margin status infl uences the over-
all survival after resection. Patients with R0 
resection have a signifi cantly improved out-
come and improved 5-year survival. What 
does it mean to have R0 resection?
    A.    Microscopically margin-negative resection   
   B.    Microscopically margin- positive resection   
   C.    Resection with grossly visible tumor to 

the naked eye at the margin   
   D.    Resection with at least 11 surrounding 

lymph nodes       
   5.    Perihilar cholangiocarcinoma is often classi-

fi ed according to their anatomic location and 
extent of ductal infi ltration on the Bismuth- 
Corlette Classifi cation. What is the classifi -
cation of type II perihilar tumor?
    A.    Tumor which involves the common 

hepatic duct   
   B.    Tumor which involves the bifurcation of 

the common hepatic duct   
   C.    Tumor which involves the right hepatic 

duct   
   D.    Tumor which involves the left hepatic 

duct   
   E.    Tumor which involves both the right and 

left hepatic ducts       
   6.    Hilar cholangiocarcinoma is relatively resis-

tant to radiation and chemotherapy. Hence, 
surgical resection remains the only therapy 
that offers a curative management. All of the 
following criteria listed below would make 
the tumor considered unresectable,  except :
    A.    Functional liver remnant (FLR) of 55 

percent   
   B.    Lymph node metastases beyond 

 hepatoduodenal ligament   
   C.    Metastases to other organs   
   D.    Involvement of superior mesenteric vessels   
   E.    Medically unfi t patient    
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      7.    The role of surgical palliation for biliary 
obstruction has decreased with the improve-
ment in endobiliary prosthesis. However, 
when surgical bypass is necessary, which 
procedure is preferred?
    A.    Segment III hepatic duct bypass   
   B.    Common hepatic duct bypass   
   C.    Segment V hepatic duct bypass   
   D.    Segment VI hepatic duct bypass   
   E.    Segment II hepatic duct bypass       

   8.    Mayo clinic transplant division developed a 
protocol for neoadjuvant chemotherapy fol-
lowed with liver transplantations for patients 
with cholangiocarcinoma. Their inclusion 
criteria included all of the following,  except :
    A.    No evidence of nodal or distant metastasis   
   B.    No intrahepatic metastasis   
   C.    Unresectable stage I/II disease   
   D.    Must be hilar cholangiocarcinoma   
   E.    Must be distal cholangiocarcinoma       

   9.    Patients with perihilar or distal cholangio-
carcinoma typically will have elevated bili-
rubin levels and have symptoms of 
cholestasis. All of the following are symp-
toms of cholestasis,  except: 
    A.    Pale stools   
   B.    Malabsorption   
   C.    Cholangitis   
   D.    Dark urine   
   E.    Abdominal pain    

      10.    Surgical procedure of choice for distal chol-
angiocarcinoma remains to be a pancreatico-
duodenectomy (PD). All of the following are 
common postoperative complication from 
this surgery,  except: 
    A.    Delayed gastric emptying   
   B.    Pancreatic leak   
   C.    Wound infection   
   D.    Bile leak    

        Answers 
     1.    D   
   2.    A   
   3.    D   
   4.    A   
   5.    B   
   6.    A   
   7.    A   

   8.    E   
   9.    E   
   10.    D          
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         Learning Objectives 
 After reading this chapter, you should be able to:
•    Describe the epidemiology of pancreatic 

adenocarcinoma.  
•   Identify risk factors associated with the devel-

opment of pancreatic cancer.  
•   Understand the factors contributing to the 

high mortality rate associated with pancreatic 
adenocarcinoma.  

•   Describe the development and progression of 
pancreatic adenocarcinoma.  

•   Identify the pathologic characteristics of 
 pancreatic adenocarcinoma.  

•   Understand the diagnosis and staging of 
 pancreatic adenocarcinoma.  

•   Identify the appropriate treatment strategies 
for pancreatic adenocarcinoma.     

    Introduction 

 There are many forms of pancreatic cancer; these 
cancers arise from the exocrine or endocrine sys-
tems of the pancreas. The more common forms 
are the exocrine pancreatic cancers, which repre-
sent 95 % of all pancreatic cancers. Of these, the 
most common and the most aggressive form of 
pancreatic cancer is ductal adenocarcinoma, 
which will be the main focus of this chapter. 
Ductal adenocarcinoma is a solid exocrine neo-
plasm that comprises approximately 90 % of all 
solid pancreatic tumors. Pancreatic adenocarci-
noma is known for its poor prognosis with the 
incidence of new cases roughly equaling its mor-
tality each year. It was estimated for the year 
2013 that there would be 45,220 new cases of 
pancreatic cancer in the United States and that 
38,460 would die of the disease [ 1 ]. This makes 
pancreatic cancer the tenth leading cancer diag-
nosed and the fourth leading cause of cancer 
deaths in the United States [ 1 ]. Despite increas-
ing trends in the use of guideline-directed care, 
overall survival for pancreatic cancer has not 
been signifi cantly impacted [ 2 ]. 

 Surgical resection represents the only potential 
for cure. However, a major factor in the lethality of 
pancreatic cancer remains its generally advanced 
stage at diagnosis. This is due in large part to the 
lack of adequate screening techniques. Therefore, 
the majority of patients with pancreatic cancer 
present with metastatic disease at the time of initial 
presentation. At this point, resection offers little or 
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no signifi cant oncologic benefi t. Long-term out-
comes are therefore primarily a refl ection of the 
underlying malignant process. 

 Data from the Surveillance Epidemiology and 
End Results (SEER) database demonstrate a 
sobering 5-year survival rate of 1.8 % among 
patients with distant (metastatic) disease and 
8.7 % for regional disease [ 3 ]. A population- 
based study examining patients in the National 
Cancer Data Base from 1992 to 1998 revealed a 
median survival of only 3.5 months for patients 
with unresectable pancreatic cancer (and only 
6.8 months for patients with unresected Stage IA 
disease). Even with guideline-directed care, mul-
timodality therapy including neoadjuvant or 
adjuvant chemoradiation with surgery, outcomes 
are dismal, likely due to chemo- and radiation- 
resistant biology of these aggressive cancers. 
Therefore, novel therapeutics and further investi-
gations into the biomarkers and evolution of pan-
creatic adenocarcinoma are continually being 
developed to improve the outcome of patients 
with this deadly disease.  

    Etiology 

 Although several risk factors have been impli-
cated in the development of pancreatic cancer, 
the etiology of pancreatic cancer remains poorly 
understood. Among the most commonly cited 
risk factors are smoking and chronic pancreati-
tis. Combined data from various studies have 
shown an odds ratio of 2.2 for the development 
of pancreatic cancer among smokers compared 
to nonsmokers and an odds ratio of 1.2 among 
ex-smokers [ 4 ]. Other lifestyle factors associ-
ated with pancreatic adenocarcinoma include 
alcohol intake, smoking, and dietary factors 
(high consumption of meat and fat as well as 
general high caloric consumption leading to 
obesity). Preexisting disorders of the pancreas, 
such as diabetes and chronic pancreatitis, have 
also been linked to an increased risk of pancre-
atic cancer. Patients with diabetes over 10 years 
have a demonstrated 30–40 % risk of develop-
ing pancreatic cancer [ 5 ]. As for chronic pan-
creatitis, studies have found an odds ratio of 2.7 
for pancreatic cancer patients with antecedent 

chronic pancreatitis [ 4 ]. Certain patient charac-
teristics have also been associated with 
increased risk of pancreatic adenocarcinoma; 
these include increasing age, male sex, and 
non-O blood group. 

 Familial patterns of pancreatic cancer, 
although rare, also exist and are the subject of 
ongoing investigations into the genetics of pan-
creatic cancer. It is estimated that while the 
majority are sporadic and acquired with advanc-
ing age, approximately 5–10 % of pancreatic 
adenocarcinomas have a familial basis. Familial 
inheritance patterns that have been identifi ed 
include individuals in families that carry the fol-
lowing mutations: BRCA-2, p16INK4a, STK11/
LKB1 (Peutz-Jeghers syndrome), PALB2, ataxia 
telangiectasia mutated (ATM), and some possible 
associations with mismatch repair gene muta-
tions seen in Lynch syndrome [ 6 ].  

    Progression/Histopathology 

 As is the case for most invasive carcinomas, in 
the development of pancreatic cancer, there is a 
progression from normal epithelium to noninva-
sive precursor lesions identifi ed within the ducts 
to invasive carcinoma. The most important and 
most common precursor lesions of invasive pan-
creatic carcinoma are termed pancreatic intraepi-
thelial neoplasias, or PanINs. These are classifi ed 
into three grades: (1) PanIN-1A (fl at lesion) and 
PanIN-1B (micropapillary pattern) are early 
lesions that show minimal cytological and archi-
tectural atypia; (2) PanIN-2 lesions show mild to 
moderate atypia with frequent papillary forma-
tion; and (3) PanIN-3 lesions, also termed “carci-
noma in situ,” demonstrate severe cytological and 
architectural atypia with a predominantly papil-
lary pattern but may also demonstrate a fl at or 
cribriform pattern [ 7 ]. Through this epithelial- 
mesenchymal transition, the epithelial change 
progresses from these PanIN stages to invasive 
carcinoma (Fig.  13.1 ). Other precursor lesions 
include intraductal papillary mucinous neoplasia 
(IPMN) and mucinous cystic neoplasia (MCN).

   The proposed progression model involves telo-
mere shortening and mutations of the oncogene 
KRAS that occur in the early stages, followed 
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by the inactivation of the p16 tumor suppressor 
gene in the intermediate stages and, fi nally, the 
inactivation of the p53, SMAD4 (DPC4), and 
BRCA-2 tumor suppressor genes at late stages [ 8 ] 
(Fig.  13.1 ). 

 The histology of ductal adenocarcinoma is of 
poorly differentiated tubular structures or cell 
clusters; aggressive, infi ltrative growth; and 
dense stromal fi brosis (Fig.  13.2 ).

       Diagnosis 

    Signs and Symptoms 

 The signs and symptoms, if any, of a patient pre-
senting with pancreatic adenocarcinoma are 
related to the location of the cancer within the 

pancreas, mainly differentiated between carcino-
mas of the head of the pancreas and the body or 
tail of the pancreas. Many patients with pancre-
atic head carcinomas present with weight loss and 
obstructive jaundice, and occasionally, there is an 
associated deep abdominal or back pain. Because 
pancreatic body-tail carcinomas are further from 
the bile duct, they rarely present with jaundice 
and may present only with weight loss and 
abdominal pain. Regardless of the location, the 
diagnosis of pancreatic cancer can be extremely 
diffi cult due to the vague presenting symptoms. 

 Unfortunately, no defi nitive early warning 
signs have been established [ 9 ]. The classic 
description of pancreatic cancer presentation is 
that of a patient with painless jaundice. Painless 
jaundice can result from obstruction at the level 
of the ampulla. Causes include tumors from the 

  Fig. 13.1     Proposed progression model for pancreatic 
cancer . The majority of pancreatic cancer is believed to 
involve telomere shortening and mutations of the onco-
gene KRAS occurring in early stages, followed by the 
inactivation of the p16 tumor suppressor gene intermedi-
ately and, fi nally, the inactivation of the p53, SMAD4 

(DPC4), and BRCA-2 tumor suppressor genes at late 
stages (Modifi ed from Chang DK, Merrett ND, Biankin 
AV. Improving outcomes for operable pancreatic cancer: 
Is access to safer surgery the problem? J Gastro Hepatol 
2008;23:1036–45 with permission from John Wiley & 
Sons, Inc.)       
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duodenum (i.e., duodenal tumors), bile duct (i.e., 
cholangiocarcinoma), or pancreas (pancreatic 
head tumors). Patients with pancreatic head 
tumors have less abdominal pain than patients 
with body-tail tumors. Approximately one- 
quarter of pancreatic cancer patients have no pain 
at all at the time of diagnosis [ 10 ]. 

 One study of patients diagnosed with exocrine 
pancreatic cancer found that the most common 
presenting symptoms are fatigue, weight loss, 
anorexia, and abdominal pain. Jaundice, hepato-
megaly, right upper quadrant mass, and cachexia 
are among the most common presenting signs. 
Changes in urine and stool are also common; 
choluria (dark urine) occurs in approximately 
60 % of pancreatic cancer patients, and hypocho-
lia (clay-colored stool) occurs in approximately 
54 %. Additionally, Courvoisier’s sign (enlarged, 
non-tender, palpable gallbladder in a patient with 
jaundice) and migratory thrombophlebitis are 
also well-recognized signs associated with pan-
creatic cancer; these have been found in 13 % and 
3 %, respectively, of patients diagnosed with pan-
creatic cancer [ 11 ]. Unfortunately, there is no 
screening test for pancreatic cancer, and as a 

result, most patients with pancreatic cancer have 
advanced disease by the time of diagnosis.  

    Laboratory Data 

 In a patient with an obstructed bile duct, elevated 
alkaline phosphatase and bilirubin levels are 
often present. Levels of the tumor marker CA19-9 
are also elevated in patients with pancreatic can-
cer; unfortunately, this test is not sensitive enough 
to screen for and diagnose pancreatic cancer. It is 
usually used in follow-up after treatment.  

    Imaging Studies 

         Computed Tomography (CT Scan) 

 Computed tomography (CT scan) is a primary 
imaging modality and gold standard for evaluating 
pancreatic cancer. It is used for diagnosing primary 
pancreatic malignancy, assessing resectability, and 

  Fig. 13.2    Histology of pancreatic adenocarcinoma (Fig.  13.1a, b ) with evidence of perineural and periarterial invasion 
(Fig.  13.1c, d ) (Courtesy of Quyen D. Chu, MD, MBA, FACS)       
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evaluating for metastases. In addition, CT scans 
can show anatomic anomalies such as a replaced 
right hepatic artery, which generally originates 
from the superior mesenteric artery (SMA) in 
25 % of patients (Fig.  13.3 ).

   Due to the widespread availability and the 
fast, relatively simple acquisition of images, CT 
scan is the most frequently used imaging modal-
ity to detect pancreatic abnormalities. Although it 
is the most cost-effective imaging modality and 
provides excellent anatomic detail, it may be lim-
ited in its ability to detect small tumors or perito-
neal metastases. CT scan should be performed 
according to a defi ned pancreas protocol that 
includes multiphase technique (arterial, paren-
chymal, portal venous) and thin slices (3 mm or 
less) through the abdomen.  

    Magnetic Resonance Imaging (MRI) 

 Magnetic resonance imaging (MRI) is an alter-
nate imaging modality. However, it is no more 
accurate than CT in the diagnosis or evaluation of 
pancreatic cancer. Furthermore, it is not as widely 
used due to the decreased availability and slower 
acquisition of images. However, MRI benefi ts 
patients in that it avoids additional radiation 
exposure if further imaging is needed. An addi-
tional benefi t is that it can be performed along 

with a cholangiopancreatography (MRCP) to 
provide more detailed views of the pancreatic 
and biliary ducts.  

    Endoscopic Ultrasound (EUS) 

 Endoscopic ultrasound (EUS) can be used for 
closer examination, biopsy, or staging of lesions 
in the vicinity of the head of the pancreas. Also, it 
may be complementary to CT for staging and is 
especially helpful in detecting small tumors, 
which are not always visible with other imaging 
modalities. EUS-directed fi ne-needle aspiration 
(FNA) is preferable to CT-guided FNA for resect-
able disease; this is due to the improved diagnos-
tic yield, better safety profi le, and lower risk of 
peritoneal seeding as compared with the percuta-
neous approach [ 9 ].  

    Endoscopic Retrograde 
Cholangiopancreatography (ERCP) 

 Endoscopic retrograde cholangiopancreatogra-
phy (ERCP) can be used when a mass lesion can-
not be identifi ed by the above imaging modalities 
in a patient who requires further evaluation and 
sampling of the pancreatic duct for the workup of 
pain, jaundice, and/or pancreatitis.  

  Fig. 13.3    CT scan demonstrated a replaced right hepatic 
artery originating from the superior mesentery artery ( a ) 
and an intraoperative picture of the same patient with a 

replaced right hepatic artery ( b ). Note that this arterial 
anomaly can occur in 25 % of patients (A-B: Courtesy of 
Quyen D. Chu, MD, MBA, FACS)       
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    Positron Emission 
Tomography (PET)  

 Positron emission tomography (PET) is a func-
tional imaging modality. The role of PET/CT in 
pancreatic imaging is still evolving and, as such, 
is not widely used at this time for the diagnosis 
or follow-up of pancreatic cancers. It is not a 
 substitute for high-quality, contrast-enhanced 
CT. However, PET/CT scans may be considered 
after formal pancreatic CT protocol in high-risk 
patients to detect metastases (Fig.  13.4 ).

      Diagnostic/Staging Laparoscopy 

 Recent improvement in the quality of CT imaging 
has decreased the utility of routine diagnostic lapa-
roscopy (DL). However, laparoscopy is still used 
in many institutions prior to surgery or chemora-
diation to rule out metastases, which may not be 
identifi ed on imaging. This is especially true for 
lesions in the body and tail for which 50 % have 
evidence of peritoneal disease. DL is also helpful 
in selected cases, such as those that are at high risk 
for having disseminated disease (i.e., borderline 
resectable disease, patients with markedly  elevated 

  Fig. 13.4    A PET/CT scan of a 68-year-old male who pre-
sented with painless jaundice and a 3.0 cm mass in the 
head of the pancreas. There is a heterogeneously intense 
FDG avid mass involving the head of the pancreas that 
was suspicious for malignancy. There was no other FDG 
uptake identifi ed elsewhere. The patient underwent a suc-

cessful Whipple operation and the fi nal pathology demon-
strated a 4.0 cm pancreatic adenocarcinoma with 5/18 
positive lymph nodes with evidence of cancer extending 
into portal vein. All margins, including the proximal and 
distal margin of the resected vein, were negative (Courtesy 
of Quyen D. Chu, MD, MBA, FACS)       
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CA19-9 level, large primary tumors, or enlarged 
regional lymph nodes) [ 9 ]. DL identifi es occult 
metastatic disease that is not otherwise detected by 
multiple imaging modalities. Progression of dis-
ease can be identifi ed in up to 30 % of patients 
with diagnostic laparoscopy [ 12 ,  13 ].   

    Staging 

 There are two well-recognized staging systems 
for pancreatic adenocarcinoma: the fi rst, and 
most commonly used, is the American Joint 
Committee on Cancer (AJCC), also known as the 
TNM staging system (Table  13.1 ); the second 

staging system is the National Comprehensive 
Cancer Network (NCCN). The AJCC/TNM stag-
ing system is also used by the Union for 
International Cancer Control (UICC) for clinical, 
surgical, and pathologic staging, as well as for 
following response after treatment. The NCCN 
criteria classify pancreatic adenocarcinoma on 
the basis of surgical resectability and as such are 
useful as a pretreatment staging system. NCCN 
guidelines were adopted and modifi ed from an 
expert consensus statement spearheaded by pan-
creatic surgical societies including the American 
Hepato-Pancreato-Biliary Association (AHPBA), 
the Society for Surgery of the Alimentary Tract 
(SSAT), and the Society of Surgical Oncology 
(SSO) (Table  13.2 ).

    NCCN criteria defi ning resectability status 
separate pancreatic tumors into three categories: 
(1) localized and clearly resectable, (2) borderline 
resectable, and (3) locally advanced or unresect-
able. The specifi c criteria for each category are 
listed in Table  13.2  [ 9 ]. Of note, the borderline 
resectable category was not introduced until 2006.  

    Treatment 

 The management of patients with pancreatic can-
cer requires a multidisciplinary approach that 
includes participation of medical, surgical, and 
radiation oncologists. This also requires the 
expertise of radiologists and pathologists. Proper 
initial evaluation of a patient presenting with a 
pancreatic mass includes a complete history and 
physical examination, along with a review of 
laboratory and imaging studies. 

 In order for the treatment of pancreatic cancer 
to be potentially curative, guideline-directed care 
includes both surgical resection and chemotherapy 
and chemoradiation as important modalities. The 
fi rst step in surgical management of pancreatic 
cancer is appropriate selection of surgical candi-
dates. A patient is considered to be a surgical can-
didate if all of the following criteria are met: (1) 
the patient has a surgical disease, (2) the disease is 
potentially curable (i.e., no evidence of distant dis-
ease), (3) the lesion is resectable (i.e., no encase-
ment of the superior mesenteric artery (SMA), and 
(4) the patient has a good performance status. 

   Table 13.1    American Joint Committee on Cancer 
(AJCC) TNM staging for pancreatic cancer (7th edition)   

 Primary tumor (T) 
 TX  Primary tumor cannot be assessed 
 T0  No evidence of primary tumor 
 Tis  Carcinoma in situ* 
 T1  ≤2, limited to pancreas 
 T2  >2, limited to pancreas 
 T3  Beyond pancreas, but without involvement of the 

celiac axis or the superior mesenteric artery 
 T4  Tumor involves the celiac axis or the superior 

mesenteric artery (unresectable primary tumor) 

 *This also includes the “PanInIII” classifi cation 

 Regional lymph nodes (N) 
 NX  Regional lymph nodes cannot be assessed 
 N0  No regional lymph node metastasis 
 N1  Regional lymph node metastasis 

 Distant metastasis (M) 
 M0  No distant metastasis 
 M1  Distant metastasis 

 Anatomic stage/prognostic groups 
 Group  T  N  M 
 Stage 0  Tis  N0  M0 
 Stage IA  T1  N0  M0 
 Stage IB  T2  N0  M0 
 Stage IIA  T3  N0  M0 
 Stage IIB  T1-3  N1  M0 
 Stage III  T4  Any N  M0 
 Stage IV  Any T  Any N  M1 

  Adapted from Compton    et al. [ 105 ]. With permission 
from Springer Verlag  
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 Performance status can be determined using 
either the Karnofsky Performance Status (KPS) 
scale [ 14 ] or the ECOG/Zubrod Performance 
Status scale [ 15 ]; the latter is less cumbersome 
than the former. The ECOG/Zubrod scale ranges 
from 0 to 5 and is as follows: (1) Zubrod 0, 
asymptomatic; (2) Zubrod 1, symptomatic, fully 
ambulatory; (3) Zubrod 2, symptomatic, in bed 
less than 50 % of the day; (4) Zubrod 3, 
 symptomatic, in bed more than 50 % of the day, 

but not bedridden; (5) Zubrod 4, bedridden; and 
(6) Zubrod 5, dead. The lower the ECOG/Zubrod 
scale, the lower the morbidity and mortality will 
be from surgery. In general, surgical candidates 
should have an ECOG/Zubrod 0–2. 

 On occasions, a patient may present with 
obstructive jaundice with or without a defi nitive 
lesion/mass in the periampullary/head of the pan-
creas region. If the patient has met all of the cri-
teria to be a surgical candidate, a preoperative 

    Table 13.2    The National Comprehensive Cancer Network (NCCN) and the American Hepato-Pancreato-Biliary 
Association (AHPBA)/Society of Surgical Oncology (SSO)/Society for Surgery of the Alimentary Tract (SSAT) pre-
treatment staging system of pancreatic adenocarcinoma   

 Classifi cation  Presurgical imaging criteria  Treatment recommended 

 Localized and clearly 
resectable 

 Absence of distant metastases  Surgery followed by 
adjuvant chemoradiation or 
preoperative chemoradiation 
followed by surgery 

 Clear fat planes around the CA, HA, and SMA 
 No SMV/PV distortion 

 Borderline resectable  Absence of distant metastases  Neoadjuvant therapy 
  SMV/PV : 

 Distortion or narrowing 
 Occlusion but with suitable vessel proximal and distal, 
allowing for safe resection and replacement 

  CHA : 
 Abutment or short segment encasement 

  CA : 
 No abutment or encasement 

  SMA  :  
 Abutment ≤ 180 0  of artery circumference 

  GDA  :  
 Encasement up to HA 

 Locally advanced or 
unresectable 

 Absence of distant metastases  Chemoradiation 
  Head : 

 SMA encasement exceeding >180° 
 CA abutment 
 Unreconstructable SMV/PV occlusion 
 Aortic or IVC invasion or encasement 

  Body : 
 SMA or CA encasement >180° 
 Unreconstructable SMV/PV occlusion 
 Aortic invasion 

  Tail : 
 SMA or CA encasement >180° 

  Nodal status : metastases to lymph node beyond the fi eld 
of resection 

 Metastatic  Any evidence of distant metastases  Palliative treatment: 
non-operative, if possible 

   CA  celiac axis,  CHA  common hepatic artery,  SMA  superior mesentery artery,  GDA  gastroduodenal artery,  SMV  superior 
mesentery vein,  PV  portal vein,  IVC  inferior vena cava 
 (Courtesy of Quyen D. Chu, MD, MBA, FACS)  
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tissue biopsy by percutaneous means (i.e., 
CT-guided biopsy) should be avoided because of 
the risk of cancer seeding from the needle track. 
However, a preoperative endoscopic ultrasound- 
guided biopsy of the pancreas is an acceptable 
modality that carries a sensitivity and specifi city 
reaching 90 % and 100 %, respectively [ 16 ]. 
Percutaneous biopsy such as a CT-guided biopsy 
can be considered if the patient is not a surgical 
candidate, and a tissue biopsy is required for fur-
ther management counseling or if the patient is 
being considered for neoadjuvant therapy. 

 The defi nitions of resectability and borderline 
resectability are ever evolving, but as described 
above, current guidelines defi ne resectable 
tumors as those characterized by the absence of 
distant metastases and possess clear fat planes 
around the celiac axis, hepatic artery, and SMA 
and no radiologic evidence of SMV or portal vein 
involvement [ 17 ] (Fig.  13.5 ). Pancreatic tumors 
are considered borderline resectable if there is 
partial involvement of the SMV or portal vein 
that would allow for safe resection and recon-
struction, involvement of the GDA up to the 
hepatic artery with either only short segment 
encasement or direct abutment of the hepatic 
artery without extension to the celiac axis, and/or 
tumor abutment to the SMA not exceeding 180° 
of vessel wall circumference (Fig.  13.6 ).

    Standard management includes surgical resec-
tion fi rst, followed by postoperative chemoradia-
tion (adjuvant therapy) for those that are localized 
and clearly resectable. Chemoradiation is 
required because despite surgical resection, 80 % 
of patients have positive lymph nodes on pathol-
ogy after a pancreatectomy, indicating that pan-
creatic cancer is often a  systemic  disease. For 
patients with borderline resectable disease, i.e., 
no clear margin between the tumor and the blood 
vessels, neoadjuvant treatment, which means 
chemoradiation fi rst, followed by surgery if the 
tumor then becomes resectable, is often recom-
mended. Increasingly complex vascular recon-
structions and neoadjuvant therapies are 
increasing the boundaries of resectability; how-
ever, this must be taken in the context of the pri-
mary goal of surgical resection which is to 
completely remove any malignant cells. Patients 
left with residual disease at the time of operation 
have far worse outcomes than those patients with 
complete resections [ 18 ]. 

    Surgical Resection 

 Early pancreatic resections were undertaken by 
surgical pioneers such as Trendelenburg, Billroth, 
Codivilla, Halsted, and Kausch in the late 

  Fig. 13.5    CT scan of 
a patient with a mass 
in the head of the pancreas 
that is localized and easily 
resectable. Note a nice 
fat plane between the 
mass and the portal vein. 
A Whipple procedure dem-
onstrated an 
adenocarcinoma of the 
head of the pancreas 
(Courtesy of Quyen 
D. Chu, MD, MBA, FACS)       
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 nineteenth and early twentieth centuries [ 19 ]. 
However, with perioperative mortality rates often 
exceeding 50 %, these operations were risky and 
often required multistage procedures. Operative 
indications and strategies were refi ned over the 
subsequent decades, culminating in the fi rst one- 
stage pancreaticoduodenectomy with antrectomy 
performed by Dr. Allen Whipple in 1940 [ 20 ] and 
fi rst total pancreatectomy by Dr. Eugene Rockey 
in 1942 [ 21 ]. Modest improvements in outcomes 
followed as surgical techniques improved over the 
ensuing decades, but perioperative mortality rates 
remained high, often exceeding 20 %, into the 
1970s. However, the last 40 years has been marked 
by profound improvements in short-term (30-day) 
perioperative mortality. Mortality rates are closely 
associated with the extent of resection, with the 
highest risk occurring after a total pancreatec-
tomy, the lowest risk occurring after a distal pan-
createctomy, and an intermediate risk occurring 
after a pancreaticoduodenectomy (PD) [ 22 ]. 

 Despite more recent improvements in surgical 
outcomes, especially at high-volume centers with 
perioperative mortality rates dropping below 2 % 
in some series [ 23 ], the historical trend of poor 
outcomes weighs heavy. This often leads to a nihil-
istic approach to the treatment of pancreatic cancer 
with many patients and physicians believing 

that the risks of pancreatic surgery outweigh the 
potential benefi t. 

 Contradicting this viewpoint, recent literature 
suggests that as surgical techniques, patient 
selection, and high-volume centers continue to 
improve, so do surgical outcomes. Data from the 
Nationwide Inpatient Sample (NIS) demon-
strated that the in-hospital mortality rate for all 
pancreatic cancer resections in the United States 
was 7.8 % in 1998, which was reduced to 4.6 % 
by 2003 [ 22 ]. Across the entire time frame of this 
study, the overall in-hospital mortality rate for 
distal pancreatectomy was 3.5 %, 6.6 % for PD, 
and 8.3 % for total pancreatectomy. There was a 
demonstrable persistent improvement in out-
comes based on center volume, with a 2.4 % in- 
hospital mortality rate for high-volume hospitals 
versus 9.2 % for low-volume centers. 

 Despite steady gains in reducing perioperative 
mortality, pancreatic resections remain techni-
cally complex operations and therefore do still 
carry risks of signifi cant complications including 
pancreatic fi stula, anastomotic leak, delayed gas-
tric emptying, infectious complications, bleed-
ing, deep vein thrombosis, and cardiovascular 
events. Analysis of nationally representative dis-
charge data from 1998 to 2006 identifi ed a 22.7 % 
rate of major postoperative complications during 

  Fig. 13.6    CT scans of patients with borderline resectable pancreatic cancer. Both patients underwent neoadjuvant 
therapy prior to a successful Whipple operation (Courtesy of Quyen D. Chu, MD, MBA, FACS)       
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the index hospitalization [ 24 ]. This rate remained 
stable, despite declining operative mortality. 

 As previously discussed, morbidity and mor-
tality rates are closely correlated to the extent of 
the resection. Therefore, it is important to under-
stand not only the technical aspects of each type 
of pancreatic resection but also the best approach 
for each patient with pancreatic cancer.  

    Pancreaticoduodenectomy 

 Also known as a Whipple procedure, pancreatico-
duodenectomy is the most common curative 
resection performed for pancreatic adenocarci-
noma confi ned to the head of the pancreas, includ-
ing ampullary cancers. In this procedure, the head 
of the pancreas, the fi rst and second portions of 
the duodenum, distal stomach, proximal jejunum, 
a portion of the common bile duct, the gallblad-
der, and the surrounding lymph nodes are 
removed (Fig.  13.7a, b ). The reconstruction for 
gastrointestinal continuity includes connection of 
the jejunum to the remaining pancreatic duct 
(pancreaticojejunostomy), the bile duct (hepati-
cojejunostomy), and stomach (gastrojejunos-
tomy) (“classic Whipple”; Fig.  13.7c ).

       “Classic” Versus Pylorus-Sparing 
Whipple Procedure 

 In comparison to the above-described “classic” 
Whipple procedure, the pylorus-sparing proce-
dure does, as the name implies, preserve the 
stomach and pylorus. Instead, the very proximal 
portion of the duodenum is resected and the jeju-
num is then anastomosed to the duodenum (duo-
denojejunostomy) (Fig.  13.7d ). 

 The debate surrounding the type of pancreati-
coduodenectomy argues for pylorus-sparing on 
the basis of preserved gastric emptying on the 
one hand but, on the other hand, raises concerns 
about the oncologic resection, especially for 
larger tumors, thus advocating for the “classic” 
approach. Studies, however, have demonstrated 
no signifi cant differences in outcomes between 
the two variations of this procedure. Tran et al. 

examined patients undergoing resection for sus-
pected pancreatic or periampullary cancers and 
found no differences in median blood loss 
( p  = 0.70), duration of the operation ( p  = 0.10), 
incidence of delayed gastric emptying, or overall 
survival between the “classic” approach and 
pylorus-sparing approach [ 25 ]. In a similar ran-
domized study, Seiler et al. found that morbidity, 
long-term survival, quality of life, and weight 
gain were identical between these two variations 
of the procedure [ 26 ].  

    Total Pancreatectomy 

 Depending on the extent of the cancer, total pancre-
atectomy may be required for complete resection 
(Fig.  13.8 ). In this procedure, the entire pancreas 
and spleen are removed. Removing the entire pan-
creas, and thereby all of the insulin- producing islet 
cells, renders the patient to be a brittle diabetic after 
this procedure. Completion total pancreatectomy is 
often an option for patients who are septic from 
severe disruption of the pancreaticojejunostomy 
anastomosis following an elective Whipple proce-
dure or life- threatening hemorrhage that is not 
amenable to conservative treatment [ 27 ].

       Distal Pancreatectomy 

 For tumors confi ned to the body or tail of the pan-
creas, distal pancreatectomy may be performed. 
This procedure can be performed with or without 
splenectomy; most commonly it is performed with 
splenectomy given the overlapping blood supply 
and lymphatic drainage (Fig.  13.9a–b ). Appropriate 
vaccines covering encapsulated bacteria such as 
 Haemophilus infl uenzae ,  Streptococcus pneu-
moniae , and  Neisseria meningitidis  or meningo-
coccus should be given at least 2 weeks prior to 
surgical resection.

   The common hepatic artery, the origin of the 
splenic artery, and/or the celiac axis can often be 
involved with locally advanced cancer following 
neoadjuvant therapy. Although controversial, in 
such a patient who has no evidence of distant 
 disease, some surgeons would perform a  modifi ed 
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Appleby procedure. The original Appleby proce-
dure was described in the 1950s in a patient with 
advanced gastric cancer who underwent a total 
gastrectomy, distal pancreatectomy/splenectomy, 
and celiac axis resection [ 28 ]. The modifi ed 
Appleby excludes gastrectomy. Following liga-

tion of the celiac axis, fl ow to the liver is estab-
lished via retrograde fl ow from the gastroduodenal 
artery (Fig.  13.9c ). The procedure, although 
rarely done, is mentioned only to provide the 
readers with a better appreciation of the anatomy 
of the region.  

  Fig. 13.7     Organs      that are removed in a pancreatico-
duodenectomy : a pancreaticoduodenectomy or a Whipple 
procedure removes the head of the pancreas, the fi rst and 
second portions of the duodenum, a portion of the com-
mon bile duct, the gallbladder, and the surrounding lymph 
nodes. Reconstruction is achieved by performing a pan-

creaticojejunostomy, hepaticojejunostomy, and a gastroje-
junostomy, “classic Whipple” (Figure 13   . Alternatively, a 
pylorus-sparing reconstruction can also be performed) 
(A, B. Courtesy of Quyen D. Chu, MD, MBA, FACS) 
(C, D. Courtesy of Douglas B. Evans, MD, FACS)       
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    Surgical Considerations 

    Portal Vein Reconstruction 
 For cases in which the pancreatic tumor involves 
the superior mesenteric vein (SMV), portal vein 
(PV), or both, SMV/PV resection may be neces-
sary to achieve negative margins (Fig.  13.10a, b ). 
This should only be undertaken in special cir-
cumstances in which it is believed that R0 (micro-
scopically negative) or R1 (grossly negative, but 
microscopically positive) margins can be 
achieved. It should also only be performed by 
experienced surgeons. Additional criteria for per-
forming such a complex endeavor require that the 
patient has adequate infl ow and outfl ow of the 
reconstructed veins and lacked any involvement 
of the superior mesenteric artery (SMA) and 
hepatic artery [ 29 ].

       Extended Lymphadenectomy 
 This technique is currently debated as there is 
no defi nitive evidence that extended lymphade-
nectomy, which involves resection of retroperito-
neal lymph nodes, improves survival [ 30 ]. 
Retrospective reports and smaller randomized 
trials have suggested some increase in survival, 
but this is not a consistent fi nding. Therefore, it is 

generally recommended, except for rare 
instances, such as part of a clinical trial or in the 
case of a large tumor that requires extended 
lymphadenectomy as part of an en bloc resection, 
that routine extended lymphadenectomy should 
not be performed [ 31 ].  

    Preoperative Biliary Drainage/Stent 
 Often patients with pancreatic cancer, especially 
those with pancreatic head tumors, present with 
obstructive jaundice. Symptoms of obstructive 
jaundice can range from mild to severe and may 
cause such complications as hepatic dysfunction, 
coagulopathy, pruritus, and cholangitis [ 32 ,  33 ]. 
In cases of severe symptoms and/or such compli-
cations, decompression of the biliary system may 
be required, which can successfully be accom-
plished with either endoscopic or percutaneous 
biliary stent placement. In more mild cases, the 
routine use of biliary drainage/stenting in the pre-
operative setting remains controversial. The ini-
tial rationale for decompression in these cases 
arose from early clinical experience that jaun-
diced patients undergoing surgical resection were 
at risk for developing postoperative complications 
such as infection, bleeding, and renal failure [ 34 ]. 
However, a more recent multicenter, randomized 
trial comparing preoperative biliary drainage with 
surgery alone for patients with  cancer of the head 
of the pancreas found that the preoperative biliary 
drainage group had a signifi cantly higher compli-
cation rate (74 %) than the surgery-only group 
(39 %;  p  < 0.001) [ 35 ]. Therefore, current recom-
mendations for consideration of preoperative bili-
ary drainage/stent include patients with the 
following symptoms/complications—cholangitis, 
severe intractable pruritus, and coagulopathy—
and those who will not undergo immediate surgi-
cal resection [ 32 ,  33 ]. Self-expanding metallic 
stents are preferred over plastic ones [ 36 ].   

    Postoperative Pancreatic Fistulas 
(POPF) 

 Although mortality after a pancreaticoduodenec-
tomy is acceptably low (0–5 %), morbidity remains 
substantial, ranging from 32 % to 52 % [ 37 – 39 ]. 

  Fig. 13.8     Total pancreatectomy : a 56-year-old Caucasian 
man presented with a signifi cant family history of pancre-
atic cancer. He insisted on having a screening CT scan, 
which revealed two separate lesions in the tail and head of 
the pancreas. Despite multiple counseling, he opted for a 
prophylactic total pancreatectomy. Final pathology demon-
strated both lesions to be intraductal papillary mucinous 
neoplasms (IPMN) (Courtesy of Gazi Zibari, MD, FACS)       
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  Fig. 13.9    CT scan of a patient with a mass in the body of the 
pancreas ( a ). The patient underwent a distal pancreatectomy 
and a splenectomy, which demonstrated an adenocarcinoma 
( b ). The tumor measured 4.0 cm in maximal diameter with 2 
out of 35 involved lymph nodes. Margins of resection were all 
negative. Schematic drawing of tumor involving the body of 
the pancreas and the celiac axis that requires a distal pancre-
atectomy/splenectomy and resection of the celiac axis 
(Appleby operation) (Fig.  13.9c ). Note that retrograde fl ow to 
the proper hepatic artery ( PHA ) is via the gastroduodenal 

artery (GDA).  APD  anterior pancreaticoduodenal arcade,  CA  
celiac axis,  CHA  common hepatic artery,  GEA  right gastro-
epiploic artery,  LGA  left gastric artery,  PHA  proper hepatic 
artery,  PPD  posterior pancreaticoduodenal arcade,  SA  splenic 
artery,  SMA  superior mesenteric artery (A–B. Courtesy of 
Quyen D. Chu, MD, MBA, FACS) (C. Reprinted from 
Hirano S, et al. Distal pancreatectomy with en bloc celiac axis 
resection for locally advanced pancreatic body cancer: Long-
term results. Ann Surg 2007;246 (1):46–51 with permission 
from Lippincott Williams & Wilkins)       
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Of the complications, postoperative pancreatic 
leak/fi stula (POPF) is one of the most dreaded. 
Depending on how one defi nes POPF, leakage 
rate varies from 0 % to 25 % [ 40 ]. Sequelae of this 
serious complication includes delayed gastric 
emptying (DGE), abdominal hemorrhage, and 

abscess, the latter two can result in a mortality rate 
of 40 % or more [ 41 ,  42 ]. 

 There are many different ways of manag-
ing the pancreatic stump following a pancreatico-
duodenectomy (i.e., pancreatic duct occlusion, 
trans- anastomotic stenting, somatostatin, etc.), 

  Fig. 13.10    Technique of performing a portal vein resec-
tion ( a ). Note that vascular control needs to be achieved at 
the level of the splenic vein, proximal and distal portion of 
the portal vein, and any other tributaries draining the 

resected portion of portal vein. Intraoperative pictures of a 
portal vein resection with primary anastomosis ( b ) 
(A. Courtesy of Douglas B. Evans, MD, FACS) 
(B. Courtesy of Quyen D. Chu, MD, MBA, FACS)       

 

13 Pancreatic Adenocarcinoma



298

although there is no consensus on any one best 
way. Risk factors associated with pancreatic leak 
following a Whipple procedure can be catego-
rized into those that are disease-related, patient- 
related, and operative-related (Table  13.3 ).

   Examples of disease-related factors include a 
soft pancreas because, unlike a fi brotic pancreas, 
pancreaticojejunostomy anastomosis is more dif-
fi cult to perform. Other disease-related factors 
include a pancreatic duct less than or equal to 
3 mm in diameter, absence of parenchymal fi bro-
sis, fatty infi ltration of the pancreatic parenchyma, 
and resection of pathologic entities that lacked a 
fi brotic pancreas such as ampullary or duodenal 
cancer, intraductal papillary mucinous neoplasia, 
cystadenomas, benign islet tumors, duodenal ade-
nomas, and distal cholangiocarcinoma [ 43 ]. 

 Patient-related risk factors include male gen-
der, age > 70 years, high body mass index (BMI), 
coronary artery disease, prolonged jaundice, and 
creatinine clearance abnormality. Operative- 
related factors include high intraoperative blood 

loss (>1,000 ml), prolonged operative time, and 
surgeon’s inexperience. 

 Some investigators proposed that a pancreati-
cogastrostomy instead of a pancreaticojejunos-
tomy and a duct to mucosa rather than invagination 
of the jejunum into the pancreas are factors that 
decrease the rate of POPF. However, there is no 
defi nitive data to suggest that one reconstructive 
technique is better than another, and the selection 
of a reconstructive technique should be left at the 
discretion of the surgeon. Of interest, diabetes 
mellitus and neoadjuvant chemoradiation therapy 
appear to be protective against POPF. The mech-
anism is unknown, but it is thought that chemora-
diation causes a reduction in pancreatic exocrine 
excretion, thus, leading to a lower rate of POPF. 

 POPF rate varies, depending on how POPF is 
defi ned. The International Study Group of 
Pancreatic Fistula (ISGPF) developed a grading 
system to standardize the defi nition of POPF so 
that surgical experiences among centers can 
accurately be compared [ 44 ] (Table  13.4 ). PFs 
are defi ned as high amylase content from the 
abdominal drain (>3 times the upper normal 
serum value) at any time on or after the third 
postoperative day and are grouped into grade A, 
B, or C based on nine clinical criteria. Grade A 
fi stula is the most common and often referred to 
as a “transient fi stula”; it is a biochemical leak 
without clinical signifi cance and is self-limited 
that does not require signifi cant intervention. 
However, grades B and C are clinically relevant 
fi stulae that may require signifi cant interven-
tion. Grade B fi stula can be associated with 
fever, leukocytosis, and abdominal pain. The 
patient’s abdominal drain is left in place for a 
prolonged period while he/she is generally 
placed on parenteral or enteral nutrition. Grade 
C fi stula can result in a life-threatening event. 
These patients may suffer multiorgan system 
failure, despite aggressive conservative manage-
ment. Patients who decompensate from a sig-
nifi cant POPF may require a reoperation to 
undergo a conversion of a pancreaticojejunos-
tomy to pancreaticogastrostomy, a repair of the 
leak with wide peripancreatic drainage, or a 
completion total pancreatectomy [ 44 ,  45 ].

   Table 13.3    Risk factors for developing pancreatic fi stula 
following a Whipple procedure   

  Organ / disease - related factors  
 Soft pancreatic parenchyma 
 Duct ≤ 3 mm diameter 
 Pancreatic pathologies 

 Ampullary or duodenal carcinoma 
 Distal cholangiocarcinoma 
 Intraductal papillary mucinous neoplasia (IPMN) 
 Pancreatic cystadenomas 
 Benign islet cell tumors 
 Duodenal adenomas 

  Patient - related factors  
 Male gender 
 > 70 years of age 
 Prolonged jaundice 
 Creatinine clearance abnormality 
 High intraoperative blood loss (>1,000 ml) 
 Coronary artery disease 
  Operative - related factors  
 High intraoperative blood loss (>1,000 ml) 
 Prolonged operative time 
 Surgeon’s inexperience 

  (Courtesy of Quyen D. Chu, M.D., M.B.A., F.A.C.S.)  
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      Role of Prophylactic Somatostatin 
 Concerns about pancreatic fi stula have prompted 
several investigators to evaluate the effi cacy of 
prophylactic somatostatin in reducing such a 
dreaded complication. The use of prophylactic 
somatostatin analogues to reduce POPF remains 
controversial. It has not been shown to reduce 
mortality, and recently, a number of investigators 
are cautioning against its routine use. At least 
three meta-analyses were performed on the role 
of prophylactic somatostatin, one of which dem-
onstrated no benefi t in preventing clinical anasto-
motic leak [ 46 – 48 ]. A recent Cochrane analysis 
of 21 trials found that although the overall post-
operative complication rate was signifi cantly 
lower in the prophylactic somatostatin group, 
there were no signifi cant differences in the reop-
eration rate, length of hospital stay, incidence of 
clinically signifi cant fi stula, or mortality rate 
between the somatostatin group and the con-
trolled group [ 48 ]. In a group of patients who 
underwent a pancreaticoduodenectomy for 
malignancy, there was no signifi cant difference in 
the pancreatic leak rate between the groups that 
received octreotide and the group that did not 
[ 49 ]. The differences in the conclusions of the 
meta-analyses may be due to publication selec-
tion biases and heterogeneity in endpoints. 
Somatostatin might be useful in selective cases 

such as those that are at risk for developing a 
POPF (i.e., soft gland, small duct, excessive 
intraoperative blood loss) [ 41 ]. Prophylactic 
somatostatin did not appear to have an impact on 
grade A fi stulas [ 41 ].  

    Trans-anastomotic Pancreatic Duct 
Stenting 
 Trans-anastomotic pancreatic duct stenting has 
been proposed as a method to reduce the incidence 
of POPF. The theoretical advantage with stenting 
is that it diverts pancreatic juice away from the 
pancreaticojejunal anastomosis to avoid a leak. A 
randomized trial comparing external stenting ver-
sus no stenting found that the former had a signifi -
cantly lower POPF rate (26 % vs 42 %;  P  = 0.034), 
morbidity rate (42 % vs 62 %;  P  = 0.01), and 
delayed gastric emptying rate (7.8 % vs 27 %; 
 P  = 0.001), although mortality was not impacted 
(3.7 % vs 3.9 %;  P  = 0.37) [ 50 ]. A recent meta-
analysis of seven trials comparing externalized 
stent versus no stenting confi rmed the above fi nd-
ings [ 51 ]. The same meta-analysis also found that 
when comparing internal stenting to no stenting, 
there was no signifi cant difference between the 
two groups in postoperative complication rate. 
However, two randomized trials found equivalent 
outcomes between external and internal stenting, 
suggesting the role for internal stenting [ 52 ,  53 ]. 

   Table 13.4    International Study Group of Pancreatic Fistula (ISGPF) grading of postoperative pancreatic fi stula (POPF)   

 Criteria  Grade A fi stula  Grade B fi stula  Grade C fi stula 

 Drain amylase level  >3 times normal 
serum amylase 

 >3 times normal 
serum amylase 

 >3 times normal 
serum amylase 

 Clinical conditions  Well  Often well  Ill appearing/bad 
 Specifi c treatment a   No  Yes/no  Yes 
 US/CT (if obtained)  Negative  Negative/positive  Positive 
 Persistent drainage (>3weeks) b   No  Usually yes  Yes 
 Reoperation  No  No  Yes 
 Death related to POPF  No  No  Possibly yes 
 Signs of infection  No  Yes  Yes 
 Sepsis  No  No  Yes 
 Readmission  No  Yes/no  Yes/no 

   a Partial (peripheral) or total parental nutrition, antibiotics, enteral nutrition, somatostatin analogue, and/or minimal 
invasive drainage 
  b With or without a drain in situ 
 (Adapted from Bassi    et al.  106 ]. With permission from Elsevier.)  
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The design of the clinical trials was very different 
(i.e., some perform a duct-to- mucosa pancreatico-
jejunostomy, while others do not) such that it is 
diffi cult to draw a defi nitive conclusion on the role 
of stenting. The decision of whether or not to stent 
and the choice of stenting technique are best left to 
the operating surgeon.  

    Delayed Gastric Emptying 
 Postoperative delayed gastric emptying (DGE) 
occurs when the patient is unable to tolerate per 
oral diet after a certain postoperative time period. 
Although there is no uniform defi nition for it, some 
defi ned DGE as occurring after the seventh, tenth, 
or fourteenth postoperative day. DGE is a common 
postoperative complication after a pancreaticoduo-
denectomy and is believed to be associated with 
major intra-abdominal complications such as 
POPF, biliary fi stulas, and infected collections [ 54 , 
 55 ]. DGE is observed to be more common in 
patients who underwent a pylorus- preserving pan-
creaticoduodenectomy (PPPD) compared to the 
classical Whipple procedure [ 25 ,  56 ]. ISGPS also 
developed a classifi cation for DGE and reported 
that their grading system correlates well with the 
clinical course of DGE [ 55 ] (Table  13.5 ).

       Routine Placement of an Intraoperative 
Intra-abdominal Drain 
 The routine use of intraoperative drain placement 
following a Whipple procedure remains contro-
versial. Recent studies suggest that prophylactic 
drainage after a Whipple procedure or distal pan-
createctomy does not necessarily decrease the 
incidence of pancreatic fi stula, length of hospital-
ization, readmission rates, or total complications 
[ 57 – 60 ]. Although these data are compelling, the 

decision to use an intraoperative intra-abdominal 
drain should be left at the discretion of the 
 operating surgeon.  

    Clavien-Dindo Classifi cation 
of Postoperative Complications 
 Postoperative complications have historically 
been reported as either being minor, moderate, or 
major. Such a reporting can be subjective, which 
can lead to underestimating the severity of com-
plications. To standardize reporting of surgical 
complications so that adequate comparisons can 
be made among different centers, Clavien pro-
posed a 5-scale classifi cation system in 1992 [ 61 ] 
and updated it in 2004 [ 62 ]. The Clavien-Dindo 
classifi cation of surgical complication has been 
adopted for pancreatic surgery [ 63 ] (Table  13.6 ).

        Chemoradiation 

 In addition to surgical resection, the optimal 
treatment strategy and the only potential for cure 
for pancreatic adenocarcinoma includes chemo-
radiation given either before (neoadjuvant) or 
after (adjuvant) resection. For patients with local-
ized and resectable cancer, the traditional treat-
ment regimen consists of surgical resection 
followed by adjuvant chemoradiation. There are 
approximately eight phase 3 clinical trials that 
support this approach [ 64 – 72 ] (Table  13.7 ). 
Neoadjuvant therapy (NAT) is also an option for 
localized/clearly resectable disease [ 73 – 78 ], but 
unlike the adjuvant approach, there are no phase 
III trials to support this approach (Table  13.8 ). 
NAT is more often advocated in the setting of 
borderline resectable disease.

   Table 13.5    International Study Group of Pancreatic Fistula (ISGPF) grading of delayed gastric emptying   

 DGE  Nasogastric tube required 
 Unable to tolerate 
solid oral intake by POD 

 Vomiting/
gastric distension  Use of prokinetics 

 A  4–7 days or reinsertion > POD 3  7  ±  ± 
 B  8–14 days or reinsertion > POD 7  14  +  + 
 C  >14 days or reinsertion > POD 14  21  +  + 

   DGE  delayed gastric emptying,  POD  postoperative day 
 (Reprinted from Giuseppe    et al. [ 107 ]. With permission from Springer Verlag.)  
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   Table 13.6    Clavien-Dindo classifi cation of surgical complication adopted for pancreatic surgery   

 Grade  Defi nition 

 Grade I  Any deviation from the normal postoperative course without the need for pharmacological treatment 
or surgical, endoscopic, and radiological interventions 
 Allowed therapeutic regimens are drugs as antiemetics, antipyretics, analgesics, diuretics, electrolytes, 
and physiotherapy. This grade also includes wound infections opened at the bedside 

 Grade II  Requiring pharmacological treatment with drugs other than such allowed for grade I complications 
 Blood transfusions and total parenteral nutrition are also included 

 Grade III  Requiring surgical, endoscopic, or radiological intervention 
 Grade IIIa  Intervention not under general anesthesia 
 Grade IIIb  Intervention under general anesthesia 
 Grade IV  Life-threatening complication (including CNS complications) a  requiring IV/ICU management 
 Grade IVa  Single-organ dysfunction (including dialysis) 
 Grade IVb  Multiorgan dysfunction 
 Grade V  Death of a patient 
 Suffi x “d”  If the patient suffers from a complication at the time of discharge, the suffi x “d” (for “disability”) is 

added to the respective grade of complication. This label indicates the need for a follow-up to fully 
evaluate the complication 

   a Brain hemorrhage, ischemic stroke, subarachnoidal bleeding, but excluding transient ischemic attacks.  CNS  central 
nervous system,  IC  intermediate care,  ICU  intensive care unit 
 (Reprinted from Dindo    et al. [ 108 ]. With permission from Lippincott Williams & Wilkins.)  

   Table 13.7    Randomized phase 3 trials of adjuvant therapy for resectable pancreatic cancer   

 Trials, year  ref   # of patients  Treatment regimen  5 years (%)  Median survival 

 (mos) (p-value) 
 GITSG, 1985 [ 64 ]  43  Obs vs ChemoXRT  NA  11 vs 20 (0.03) 
 Bakkevold, 1993 [ 65 ]  61  Obs vs Chemo  8 vs 4  11 vs 23 (0.02) 
 EORTC, 1999 [ 66 ]  114  Obs vs ChemoXRT  10 vs 20  12.6 vs 17.1 (0.099) 
 ESPAC-1, 2001 [ 67 ]  289  No chemo vs Chemo  8 vs 21  15.5 vs 20.1 (0.009) 
 RTOG-9704, 2008 [ 68 ]  538  Gem-5-FU-XRT vs 

5-FU-5-FU-XRT 
 NR  16.9 vs 20.6 (0.03) 

 CONKO-001, 2007, 2008 [ 69 ,  70 ]  354  Obs vs Chemo  9 vs 21  20.2 vs 22.8 (0.05) 
 Ueno, 2009 [ 71 ]  119  Obs vs Chemo  11 vs 24  5 vs 11.4 (0.01) 

 NS  DFS 
 ESPAC-3, 2010 [ 72 ]  1088  5-FU vs Gem  NA  23.0 vs 23.6 (0.39) 

   DFS  disease-free survival,  Obs  observation,  Chemo  chemotherapy,  ChemoXRT  chemoradiotherapy,  GITSG  
Gastrointestinal Tumor Study Group,  EORTC  European Organization for Research and Treatment of Cancer,  ESPAC  
European Study Group for Pancreatic Cancer,  RTOG  Radiation Therapy Oncology Group,  CONKO  Charité Onkologie, 
 NA  not available,  NS  not signifi cant 
 (Courtesy of Quyen D. Chu, MD, MBA, FACS)  

   Table 13.8    Phase 1 and 2 trials of neoadjuvant therapy for resectable pancreatic cancer   

 Trials, year  Ref   # of patients  Treatment regimen  Median survival (mos) 

 Desai, 2007 [ 73 ]  12  Gem/Ox/XRT/Gem/Ox  12.5 
 Varadhachary, 2008 [ 74 ]  79  Gem/Cis/Gem/XRT  17.4 
 Evans, 2008 [ 75 ]  86  Gem/XRT  23 
 Heinrich, 2008 [ 76 ]  28  Gem/Cis  26.5 
 Le Scodan, 2008 [ 77 ]  41  5-FU/Cis/XRT  9.4 
 Gillen, 2010 [ 78 ]  4,394  Meta-analysis of 111 studies  20 

   5-FU  5-fl uorouracil,  Gem  gemcitabine,  Ox  oxalaplatin,  Cis  cisplatin 
 (Courtesy of Quyen D. Chu, MD, MBA, FACS)  
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        Neoadjuvant Therapy 

 There are several potential advantages of the neo-
adjuvant approach. One is that up-front chemo-
therapy provides the earliest treatment of occult 
disease. This may be especially important in the 
treatment of pancreatic cancer as up to 80 % of 
patients develop distant disease. Furthermore, 
this approach gives patients the greatest likeli-
hood of receiving the benefi ts of chemotherapy. 
Up to 25 % of patients who receive up-front sur-
gery may have surgical complications or pro-
longed surgical recovery that prevents them from 
receiving adjuvant treatment or the full course of 
treatment [ 79 ]. 

 Pancreatic tumors may also be downstaged in 
the course of neoadjuvant treatment, thus increas-
ing the likelihood of the patient having an R0 
resection and decreasing the need for concurrent 
vascular resection/reconstruction. For these rea-
sons, the neoadjuvant approach may be most 
advantageous in the setting of borderline resect-
able disease or unresectable locoregional disease 

(i.e., locally advanced). Locally advanced or 
unresectable pancreatic cancers are those that are 
not amenable to surgical resection (i.e., SMA 
encasement greater than 180°) (Fig.  13.11 ).

   The goal in this setting is to shrink the tumor 
to become resectable, which can be confi rmed by 
follow-up imaging studies. Among patients with 
locally advanced disease, approximately 30 % 
were found to be resectable after such a regimen, 
and for these patients, the estimated median sur-
vival was 20.5 months. This fi gure is comparable 
to the survival time of 23.3 months for those 
with resectable tumors who received adjuvant 
treatment [ 78 ]. 

 The optimal neoadjuvant treatment approach 
for patients with borderline resectable or locally 
advanced tumors remains unresolved, although 
combination chemotherapy regimens appear to 
yield better response rates [ 78 ] (Table  13.9 ). 
Options that have been or are currently being 
investigated include chemoradiation followed 
by chemotherapy, chemotherapy followed by 
chemoradiation, or single versus multi-agent 

  Fig. 13.11    CT scans of a patient with locally advanced or 
unresectable pancreatic cancer. Note the encasement of 
major arterial blood vessels (i.e., hepatic artery, celiac 

artery). This patient remained unresectable despite having 
completed chemoradiation therapy (Courtesy of Quyen 
D. Chu, MD, MBA, FACS)       
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chemotherapy alone [ 80 – 87 ]. Based on the 
results of the Oncology Multidisciplinary 
Research Group (GERCOR), NCCN currently 
recommends an initial short course of chemo-
therapy (gemcitabine, up to 4 months) followed 
by chemoradiation for those with stable disease 
or with an objective response rather than up-front 
chemoradiation. This approach allows systemic 
control of the disease as well as allowing time for 
the patients to reveal occult metastatic disease [ 9 , 
 31 ,  80 ]. Patients who progress to metastatic dis-
ease during the course of up-front chemotherapy 
may then be spared of radiation therapy. For 
patients with poorly controlled pain or local 
obstructive symptoms, up-front chemoradiation 
is the preferred approach [ 9 ].

   Lastly, as alluded to above, another potential 
advantage of the neoadjuvant approach is that it 

may identify those tumors with more favorable 
biologic response to chemotherapy. Patients 
whose disease progresses during the course of 
neoadjuvant chemotherapy, which can occur 
in up to 25 % of patients [ 79 ], would not have 
benefi tted from up-front surgery, and thus 
the morbidity of surgical resection can be 
 appropriately avoided. 

 Opponents of neoadjuvant treatment argue 
that this approach delays surgery, which is the 
key component to potential cure. Furthermore, 
signifi cant side effects of chemotherapy such as 
myelosuppression may cause clinical deteriora-
tion, which may also delay or ultimately preclude 
surgical resection. Given the ongoing debate, 
especially among patients with resectable dis-
ease, a clinical trial which establishes a head-to- 
head comparison of neoadjuvant therapy versus 

   Table 13.9    Selected studies of locally advanced pancreatic cancer   

 Trial, author, year  Ref   # of patients  Treatment regimen  Median survival  p-value  Comments 

 (mos) 
 GITSG, Moertel, 
1981 [ 109 ] 

 194  XRT alone vs ChemoXRT  5.7 versus 10.1  <0.01  Favored ChemoXRT 

 (Chemo = 5-FU) 
 GITSG, 1988 [ 82 ]  43  Chemo alone vs ChemoXRT  8 vs 10.5  <0.02  Favored ChemoXRT 

 (Chemo = 5-FU, MMC, Strep) 
 ECOG, Klaassen, 
1985 [ 110 ] 

 91  Chemo alone vs ChemoXRT  8.2 vs 8.3  NS  Retrospective study 

 (Chemo = 5-FU) 
 ECOG, Cohen, 
2005 [ 84 ] 

 114  XRT alone vs ChemoXRT  7.1 vs 8.4  NS  Toxicity higher in 

 (Chemo = 5-FU, MMC)  ChemoXRT group 
 FFCD/SFRO, 
Chauffert, 2008 [ 85 ] 

 119  Chemo alone vs ChemoXRT  13 vs 8.6  0.03  Toxicity higher in 

 (Chemo = 5-FU, GEM, Cis)  ChemoXRT group 
 ECOG, Loehrer, 
2011 [ 86 ] 

 74  Chemo alone vs ChemoXRT  9.2 vs 11.1  0.017  Acceptable toxicity in 

 (Chemo = GEM)  ChemoXRT group 
 GERCOR, 
Huguet, 2007 [ 80 ] 

 181  Chemo alone vs 
induction chemo 

 11.7 vs 15  0.0009  Retrospective study 

 followed by ChemoXRT 
 (Chemo = GEM) 

 MDACC, 
Krishnan 2007 [ 87 ] 

 323  ChemoXRT vs 
induction chemo 

 8.5 vs 11.9  <0.001  Retrospective study 

 followed by ChemoXRT 
 (Chemo = GEM) 

   5-FU  5-fl uorouracil,  MMC  mitomycin C,  Strep  streptozocin,  GEM  gemcitabine,  Cis  cisplatin,  XRT  radiation therapy, 
 ChemoXRT  chemoradiotherapy,  Chemo  chemotherapy 
 (Courtesy of Quyen D. Chu, MD, MBA, FACS)  
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adjuvant therapy will provide the most insight. 
The NEOPAC multicenter phase III trial is cur-
rently being conducted and may provide some of 
these answers. This trial compares adjuvant gem-
citabine with neoadjuvant gemcitabine/oxalipla-
tin plus adjuvant gemcitabine [ 88 ]. 

 Until further data is available, adjuvant ther-
apy remains the standard of care for patients with 
localized/resectable pancreatic cancer. NCCN 
currently recommends that neoadjuvant therapy 
should be reserved for special situations such as 
those who appear to have resectable disease but 
have poor prognostic features or those who qual-
ify for a clinical trial [ 9 ].  

    Adjuvant Therapy 

 The fi rst prospective, randomized trial to exam-
ine adjuvant chemoradiation following surgical 
resection for pancreatic adenocarcinoma was 
conducted by the Gastrointestinal Tumor Study 
Group (GITSG) [ 64 ]. This cooperative group was 
composed of 14 institutions, with the majority of 
patients enrolled in the study accrued from 
Roswell Park Cancer Institute and the University 
of Miami [ 89 ]. The study demonstrated that com-
bined modality treatment doubled median sur-
vival time compared to surgery alone (20 vs 11 
months;  p  = 0.03) [ 64 ]. 

 Additional groups studied combined modality 
treatment regimens, however, with mixed results. 
The European Organization for Research and 
Treatment of Cancer (EORTC) trial was a coop-
erative effort by 29 centers in Europe that assessed 
the effi cacy of adjuvant radiation therapy and 
5-FU for pancreatic head and periampullary ade-
nocarcinomas [ 66 ,  89 ]. Although the regimen was 
well tolerated, there was a lack of demonstrated 
survival advantage among the adjuvant therapy 
group compared to the surgery- alone group   . The 
median survival for the treatment and the observa-
tion arms was 24 and 19 months, respectively, and 
the 5-year survival for the treatment and observa-
tion arms was 28 % and 22 %, respectively 
( p  = 0.208). Because the study included periampul-
lary tumors and its possibility of being underpow-
ered, outcomes may have been further obscured. 

 Another cooperative effort among European 
institutions, the European Study Group for 
Pancreatic Cancer Trial (ESPAC-1) was an inves-
tigation conducted by 83 clinicians in 61 cancer 
centers across 11 countries [ 67 ]. This study, pub-
lished in 2001, was the largest randomized trial 
on adjuvant therapy for pancreatic cancer at the 
time and found that 5-FU/leucovorin was supe-
rior to observation. Additionally, this study deter-
mined the addition of radiotherapy had a 
deleterious effect; however, this study was fl awed 
with complex study design and suboptimal radio-
therapy quality control [ 67 ]. 

 A subsequent randomized control trial pub-
lished in 2007, the Charité Onkologie 
(CONKO- 001) trial, was a phase 3 randomized 
control trial comparing surgery alone versus 
adjuvant gemcitabine for 24 weeks. This study 
enrolled 368 patients with at least a macroscopic 
complete resection (R1 or R0) without any prior 
chemotherapy or radiation therapy treatment 
[ 69 ]. Findings revealed a median disease-free 
survival that was signifi cantly higher in the gem-
citabine group compared to the observation group 
(13.4 months vs 6.9 months;  p  < 0.001). The fi nal 
follow-up results published in 2008 demonstrated 
a signifi cantly higher median overall survival for 
the gemcitabine group compared to the observa-
tion group (22.8 vs 20.2 months;  p  = 0.005) [ 90 ]. 

 Another phase 3 trial published that year, 
RTOG 9704, examined the combined modality 
adjuvant treatment of gemcitabine/fl uorouracil 
(5-FU) and radiation therapy following pancreatic 
resection [ 68 ]. The addition of gemcitabine to 
5-FU and radiotherapy did not demonstrate statis-
tically signifi cant improved survival over 5-FU 
and radiotherapy alone, median survival of 23.6 
months (with gemcitabine) versus 23.0 months 
(p = 0.09) [ 68 ]. 

 Similar results demonstrating no survival 
advantage with using adjuvant gemcitabine were 
published in 2010 with the ESPAC-3 trial [ 72 ]. 
This was a phase 3 trial that randomized patients 
to receive either a combination of folinic acid and 
5-FU or a single agent gemcitabine; neither 
group was given radiotherapy and both treatment 
regimens were given over a 24-week period. 
The median survival times for the 5-FU and 
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 gemcitabine groups were 23.0 months and 
23.6 months, respectively ( p  = 0.39) [ 72 ]. 

 There are many ongoing clinical trials to 
determine an optimal adjuvant treatment regimen 
for pancreatic adenocarcinoma. The NCCN cur-
rently recommends for patients with complete 
resection and without evidence of recurrent or 
metastatic disease enrollment into a clinical trial. 
In the absence of a clinical trial, acceptable 
options include chemotherapy alone (gem-
citabine, 5-FU, or capecitabine) or systemic che-
motherapy with gemcitabine or 5-FU given 
before or after radiation therapy [ 9 ]. 

 Radiation therapy as part of the adjuvant treat-
ment regimen remains controversial and is 
divided between Europe and the United States. 
As the results of RTOG 9704, ESPAC-1, and 
ESPAC-3 suggest that adjuvant chemotherapy is 
benefi cial and the addition of radiation is delete-
rious, most patients in Europe are treated with 
adjuvant chemotherapy alone, while those in the 
United States usually receive chemotherapy and 
radiation.  

    Treatment for Metastatic Disease 

 Pancreatic adenocarcinoma is an aggressive 
 disease with no screening protocols and vague 
presentation, and therefore many cases are diag-
nosed at late stages when tumors are unresectable 
and/or metastatic disease is already present. 
Approximately 50 % of patients diagnosed with 
pancreatic cancer will present with metastatic dis-
ease. Overall survival in patients with metastatic 
pancreatic cancer is very poor. Untreated, the 
median survival is approximately 2–3 months 
[ 91 ]. For these cases of metastatic disease, chemo-
therapy and chemoradiation trials exist, but there 
are no standard treatment regimens. Furthermore, 
many of these patients do not have the perfor-
mance status to tolerate chemoradiation. 

 According to current National Comprehensive 
Cancer Network (NCCN) guidelines, treatment 
of metastatic pancreatic cancer is stratifi ed by 
ECOG performance status. Good performance 
status is defi ned as those with an ECOG score of 
0 or 1, having a patent biliary system/stent, good 

pain control, and adequate nutritional status [ 11 ]. 
For those with a poor performance status, either 
gemcitabine or supportive care is recommended. 
For those with good performance status, there are 
several options available. 

 Current metastatic therapy recommendations 
are based on studies of gemcitabine and fl uoro-
uracil (5-FU). Results published in 1997 from a 
randomized trial comparing gemcitabine and 
5-FU demonstrated a median survival advantage 
in the gemcitabine group (5.65 months) versus 
the 5-FU group (4.41 months;  p  = 0.0025). One- 
year survival rates were 18 % at 1 year for the 
gemcitabine-treated group versus 2 % for the 
5-FU group [ 92 ]. 

 Another landmark trial examining gemcitabine 
combination therapy was the MPACT (Metastatic 
Pancreatic Adenocarcinoma Clinical Trial) study. 
This study compared the combination of gem-
citabine and Abraxane versus gemcitabine alone 
in advanced pancreatic cancer and showed an 
overall survival of 8.5 months versus 6.7 months. 
Furthermore, 1-year survival increased to 35 % in 
the combination arm versus 22 % in the single 
agent arm [ 93 ]. Several other studies have also 
tested combination chemotherapy with gem-
citabine, such as gemcitabine/cetuximab [ 94 ] and 
gemcitabine/erlotinib/bevacizumab [ 95 ]. 

 Another important study involving the treat-
ment of advanced pancreatic cancer was a multi-
center randomized phase 2–3 trial randomizing 
newly diagnosed patients with metastatic pancre-
atic cancer to receive either a combination che-
motherapy of oxaliplatin, irinotecan, fl uorouracil, 
and leucovorin (FOLFIRINOX) versus gem-
citabine [ 96 ]. The FOLFIRINOX regimen 
 demonstrated an overall survival advantage 
with median survival of 11.1 months in the 
FOLFIRINOX group compared to 6.8 months 
in the gemcitabine group ( p  < 0.001). There 
were, however, more adverse events in the 
FOLFIRINOX group. Therefore, because of the 
intensity of this regimen and concerns regarding 
tolerability, there have been examinations regard-
ing alternative dosing including dropping the 
bolus 5-FU given in the regimen [ 97 ]. 

 Several combination chemotherapy regimens 
have been investigated, and additional trials are 
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ongoing. These currently available treatment 
options demonstrate only modest improvements 
in survival. The future of pancreatic cancer ther-
apy relies upon the continued advancement of the 
research and development of more targeted ther-
apy for this aggressive malignancy.  

    Follow-Up 

 There are currently no clear guidelines to direct 
posttreatment surveillance for pancreatic adeno-
carcinoma. Surveillance methods used to moni-
tor for recurrence or progression of disease 
include routine physical exam, tumor marker 
CA19-9 levels, and imaging studies. It is unclear, 
however, to what degree surveillance improves 
outcomes for patients who have completed their 
treatment for pancreatic adenocarcinoma. A 
national study looking at the use of abdominal 
imaging among Medicare benefi ciaries demon-
strated no signifi cant survival benefi t among 
patients who received routine CT scans [ 98 ]. 
Furthermore, studies regarding the use of surveil-
lance imaging reveal that there are no clear pat-
terns, refl ecting the lack of established 
recommendations and the potential need for 
developing guidelines [ 98 ,  99 ].  

    Palliative Care 

 Ultimately, due to the aggressive natural history of 
pancreatic adenocarcinoma, many patients require 
palliative treatments. The goal of palliative treat-
ments is to improve the quality of life when cure is 
not possible. In some circumstances, palliative 
surgery may be considered to relieve symptoms 
such as jaundice, nausea/vomiting, or pain. 

 In patients with advanced or metastatic cancer 
with poor performance status, unable to tolerate 
chemotherapy regimens such as those discussed 
above, palliative care may be the appropriate 
treatment [ 100 ,  101 ]. Furthermore, it may be of 
benefi t to begin palliative care regimens early. If 
we can extrapolate the results from other studies 
of patients with advanced cancers, such as one 
study of patients with metastatic non-small cell 

lung cancer, patients receiving palliative care 
actually also demonstrate a survival benefi t in 
addition to the other comfort benefi ts of palliative 
care. In this study, patients were randomized to 
either early palliative care with standard onco-
logic care or oncologic care alone. Overall sur-
vival was increased 11.6 months versus 
8.9 months in the early palliative care group 
along with improvement in quality of life and 
less depressive symptoms [ 102 ]. It is therefore 
recommended that involvement of supportive 
care, especially early, in the setting of metastatic 
disease should also be done for other solid tumors 
such as pancreatic cancer. 

 Depression, pain, and malnutrition are com-
mon among patients with advanced pancreatic 
adenocarcinoma, and palliative medicine care 
should be initiated early. Pain management is 
especially important; with identifi cation of the 
source pain, patients may be able to undergo 
ablation techniques through endoscopic ultra-
sound or CT-guided procedures [ 100 ]. Directed 
radiation therapy can also relieve pain from 
locally advanced disease [ 100 ]. 

 In addition to pain, another common compli-
cation of locally advanced disease is biliary 
obstruction; this can be relieved with the place-
ment of an endoscopic biliary stent, preferably a 
bare metal one as it last longer than plastic [ 103 ]. 
Other options also include percutaneous biliary 
drainage with subsequent internalization and 
open biliary-enteric bypass. Gastric outlet 
obstruction is another possible complication 
related to locally advanced pancreatic cancer. If a 
patient has a good performance status, he/she 
should be considered for an open or laparoscopic 
gastrojejunostomy with a J-tube, with or without 
placement of an enteral stent. In patients with 
poor performance status, an enteral stent place-
ment or placement of percutaneous endoscopic 
gastrostomy (PEG) tube can be done [ 102 ]. 
Related to feeding, another major impact on qual-
ity of end-of-life care involves the use of pancre-
atic enzyme supplementation, as defi ciency is 
very common in advanced pancreatic cancer. 
A recent study addressing end-of-life experiences 
from patients with advanced pancreatic cancer 
revealed signifi cant distress associated with 
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 inadequate dietary management [ 104 ]. Finally, 
support resources are vital for patients dealing 
with such a devastating malignancy. Several sup-
port agencies, websites, and resources are avail-
able to patients and families, including the 
Pancreatic Cancer Action Network (pancan.org) 
and the American Cancer Society ( cancer.org).   

    Summary 

 Pancreatic ductal adenocarcinoma is the most 
common and most aggressive form of pancreatic 
cancer. This is a solid exocrine tumor arising from 
the pancreatic ducts and comprises approximately 
90 % of all solid tumors of the pancreas. 
Pancreatic adenocarcinoma develops from 
 precursor lesions (pancreatic intraepithelial neo-
plasias, or PanINs) in the duct epithelium. 
Progression is thought to involve telomere short-
ening and mutations of the oncogene KRAS 
occurring in early stages, followed by the inacti-
vation of the p16 tumor suppressor gene interme-
diately and, fi nally, the inactivation of the p53, 
SMAD4 (DPC4), and BRCA2 tumor suppressor 
genes at late stages. Diagnosis of pancreatic ade-
nocarcinoma remains challenging owing to the 
lack of adequate screening techniques. This leads 
to the majority of pancreatic adenocarcinoma 
being diagnosed in late stages. Among the can-
cers diagnosed in earlier stages, the best chance at 
cure involves multimodality treatment strategies 
that include surgical resection as well as chemo-
therapy and radiation. Chemoradiation may take 
the form of neoadjuvant (before resection) or 
adjuvant (after resection) treatment strategies. 
Neoadjuvant versus adjuvant trials are ongoing, 
but at this time, neoadjuvant regimens are gener-
ally used in cases of borderline resectable disease. 
Current NCCN guidelines for treatment of resect-
able disease recommend enrollment in a clinical 
trial for patients with complete resection and 
without evidence of recurrent or metastatic dis-
ease. In the absence of a clinical trial, acceptable 
adjuvant treatment options include chemotherapy 
alone (gemcitabine, 5-FU, or capecitabine) or 
systemic chemotherapy with gemcitabine or 
5-FU given before or after radiation therapy. 

Current metastatic therapy recommendations 
include chemotherapy combinations containing 
gemcitabine or FOLFIRINOX regimens; addi-
tional treatments are under investigation. 
Ultimately, due to the aggressive natural history 
of the disease, many patients require palliative 
treatments. Depression, pain, and malnutrition 
are common among patients with advanced pan-
creatic adenocarcinoma, and palliative care inter-
ventions should be initiated early. 

  Salient Points 
•     Pancreatic adenocarcinoma is an aggressive 

malignancy whose incidence roughly equals 
its mortality.  

•   Smoking, chronic pancreatitis, diabetes, high 
consumption of meat and fat, and obesity are 
risk factors.  

•   Pancreatic intraepithelial neoplasias (PanINs) 
are the most common precursor lesions of 
invasive pancreatic carcinoma.  

•   CT scan is the recommended initial imaging 
studies.  

•   Endoscopic ultrasound is helpful in detecting 
small lesions and also allows for biopsy of 
suspicious lesions.  

•   CT-guided biopsy should be avoided unless 
the patient is not a surgical candidate or he/she 
is being considered for neoadjuvant therapy; a 
tissue confi rmation of malignancy may be 
required for decision making algorithm.  

•   Diagnostic laparoscopy to rule out peritoneal 
and liver metastases is an option and is helpful 
in those with borderline resectable disease; 
those with markedly elevated serum CA19-9, 
large primary tumors, and lymphadenopathy; 
or those with tumors in the body/tail of the 
pancreas.  

•   Patients can be classifi ed as having localized, 
clearly resectable, borderline resectable, unre-
sectable (locally advanced), or metastatic 
disease.  

•   A percutaneous biopsy (i.e., CT-guided 
biopsy) of a pancreatic mass should be avoided 
if the patient:  

•   Is a surgical candidate  
•   Has resectable, nonmetastatic disease  
•   Can tolerate surgery (good performance status)  
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•   A percutaneous biopsy can be done if the 
patient:  

•   Is not a surgical candidate but a tissue diagno-
sis is required  

•   Is considered for neoadjuvant therapy  
•   For patients with localized, clearly resectable 

disease, options include surgery followed by 
adjuvant chemoradiation or neoadjuvant  therapy 
followed by surgery. The adjuvant approach is 
supported by phase 3 data, while the neoadju-
vant approach is supported by phase 2 data.  

•   NEOPAC is a clinical trial that will compare 
the adjuvant with the neoadjuvant approach 
for patients with resectable pancreatic cancer.  

•   Acceptable options for patients who under-
went complete pancreatectomy include:  

•   Chemotherapy alone (gemcitabine, 5-FU, or 
capecitabine)  

•   Systemic chemotherapy with gemcitabine or 
5-FU either before or after radiation therapy  

•   Patients with borderline resectable and locally 
advanced pancreatic cancer should undergo 
chemoradiation fi rst.  

•   There is no difference in outcome between a 
“classic” Whipple versus the pylorus-sparing 
Whipple.  

•   Portal vein resection is a viable option but 
should be performed by experienced surgeons.  

•   There is no role for extended 
lymphadenectomy.  

•   Preoperative biliary stenting should be 
avoided unless the patient has cholangitis, 
severe intractable pruritus, coagulopathy, and 
will not undergo immediate surgery (i.e., poor 
nutritional status).  

•   Self-expanding metallic stents are preferred 
over plastic stents.  

•   Somatostatin did not affect reoperation rate, 
length of hospital stay, incidence of clinically 
signifi cant fi stulas, or mortality.  

•   The need for routine intraoperative intra- 
abdominal drain placement is being questioned.  

•   FOLFIRINOX (oxaliplatin, irinotecan, fl uoro-
uracil, leucovorin) or gemcitabine and 
Abraxane (paclitaxel protein bound) are 
options for patients with advanced/metastatic 
pancreatic cancer.     

  Questions 
     1.    All of the following are true regarding pancreatic 

ductal adenocarcinoma except:
    A.    Most common of all pancreatic cancers   
   B.    Often diagnosed by screening tests, includ-

ing serum tests of CA19-9   
   C.    Exocrine tumor   
   D.    Incidence rate roughly equals mortality 

rate       
   2.    Two of the most commonly cited risk factors 

associated with the development of pancreatic 
adenocarcinoma include:
    A.    Chronic pancreatitis and smoking   
   B.    Smoking and radiation exposure   
   C.    Family history and diet rich in fatty 

foods   
   D.    Radiation exposure and alcohol intake       

   3.    In the progression of pancreatic cancer from 
normal epithelium to cancerous lesions, all of 
the following histopathological changes are 
noted EXCEPT:
    A.    Pancreatic intraepithelial neoplasia 

(PanIN)-1A fl at lesions   
   B.    Pancreatic intraepithelial neoplasia 

(PanIN)-1B micropapillary lesions show-
ing minimal cytological and architectural 
atypia   

   C.    Pancreatic intraepithelial neoplasia 
(PanIN)-2 lesions demonstrating severe 
cytological and architectural atypia   

   D.    Ductal adenocarcinoma with poorly differ-
entiated tubular structures or cell clusters 
and dense stromal fi brosis       

   4.    Patients with pancreatic adenocarcinoma may 
present with the following symptoms:
    A.    Painless jaundice   
   B.    Central abdominal pain radiating to the 

back   
   C.    No symptoms   
   D.    All of the above       

   5.    Diagnostic studies used to evaluate pancreatic 
cancer may include all of the following 
EXCEPT:
    A.    Serum CA19-9 level   
   B.    Serum CA-125 level   
   C.    MRCP   
   D.    Laparoscopy       
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   6.    Borderline resectable pancreatic cancer dem-
onstrates the following features EXCEPT:
    A.    No evidence of metastatic disease   
   B.    Tumor abutment to the hepatic artery with-

out extension to celiac axis   
   C.    No involvement of SMV   
   D.    Tumor abutment to the SMA not exceeding 

180° of vessel wall       
   7.    Following surgical resection of resectable 

pancreatic cancer, the following is an option 
EXCEPT:
    A.    Adjuvant chemoradiation   
   B.    Adjuvant radiation alone   
   C.    Adjuvant gemcitabine alone   
   D.    Adjuvant 5-FU alone       

   8.    Goals of neoadjuvant therapy for pancreatic 
cancer include all of the following EXCEPT:
    A.    Provides earliest treatment of occult disease   
   B.    May downstage more advanced tumors   
   C.    Allows for identifi cation of tumors with 

more aggressive biology   
   D.    May eliminate the need for surgical resec-

tion of early stage tumors       
   9.    Palliative treatment for unresectable pancre-

atic cancer may include:
    A.    Surgical intervention   
   B.    Celiac plexus block   
   C.    Directed radiation   
   D.    All of the above          

  Answers 
     1.    B   
   2.    A   
   3.    C   
   4.    D   
   5.    B   
   6.    C   
   7.    B   
   8.    D   
   9.    D          

   References 

     1.    Siegel R, Naishadham D, Jemal A. Cancer statistics, 
2013. CA Cancer J Clin. 2013;63(1):11–30.  

    2.    Simons JP, Ng SC, McDade TP, Zhou Z, Earle CC, 
Tseng JF. Progress for resectable pancreatic [cor-
rected] cancer?: a population-based assessment of 
US practices. Cancer. 2010;116(7):1681–90.  

    3.    Howlader NNA, Krapcho M. SEER cancer statistics 
review, 1975–2008. Bethesda: National Cancer 
Institute; 2011.  

     4.    Yadav D, Lowenfels AB. The epidemiology of pan-
creatitis and pancreatic cancer. Gastroenterology. 
2013;144(6):1252–61.  

    5.    Li D, Tang H, Hassan MM, Holly EA, Bracci PM, 
Silverman DT. Diabetes and risk of pancreatic can-
cer: a pooled analysis of three large case–control 
studies. Cancer Causes Control. 2011;22(2):189–97.  

    6.    Rustgi AK. A historical perspective on clinical 
advances in pancreatic diseases. Gastroenterology. 
2013;144(6):1249–51.  

    7.    Zamboni G, Hirabayashi K, Castelli P, Lennon 
AM. Precancerous lesions of the pancreas. Best 
Pract Res Clin Gastroenterol. 2013;27(2):299–322.  

    8.    Robbins SL, Kumar V, Cotran RS, editors. Robbins 
and Cotran pathologic basis of disease. 8th ed. 
Philadelphia, PA: Saunders/Elsevier; 2010.  

           9.   National Comprehensive Cancer Network (NCCN) 
guidelines. Available at:   www.nccn.org     (2013). 
Accessed 23 May 2013.  

    10.    DiMagno EP. Pancreatic cancer: clinical presenta-
tion, pitfalls and early clues. Ann Oncol. 1999;10 
Suppl 4:140–2.  

     11.    Porta M, Fabregat X, Malats N, et al. Exocrine pan-
creatic cancer: symptoms at presentation and their 
relation to tumour site and stage. Clin Transl Oncol. 
2005;7(5):189–97.  

    12.    Ahmed SI, Bochkarev V, Oleynikov D, Sasson 
AR. Patients with pancreatic adenocarcinoma bene-
fi t from staging laparoscopy. J Laparoendosc Adv 
Surg Tech A. 2006;16(5):458–63.  

    13.    Mayo SC, Austin DF, Sheppard BC, Mori M, Shipley 
DK, Billingsley KG. Evolving preoperative evalua-
tion of patients with pancreatic cancer: does laparos-
copy have a role in the current era? J Am Coll Surg. 
2009;208(1):87–95.  

    14.    Karnofsky D, Burchenal J. The clinical evaluation of 
chemotherapeutic agents in cancer. In: MacLeod C, 
editor. Evaluation of chemotherapeutic agents. 
New York: Columbia University Press; 1949. 
p. 191–205.  

    15.    Oken MM, Creech RH, Tormey DC, et al. Toxicity 
and response criteria of the Eastern cooperative 
oncology group. Am J Clin Oncol. 1982;5(6): 
649–55.  

    16.    Raut CP, Grau AM, Staerkel GA, et al. Diagnostic 
accuracy of endoscopic ultrasound-guided fi ne- 
needle aspiration in patients with presumed pancre-
atic cancer. J Gastrointest Surg. 2003;7(1):118–26. 
discussion 127–118.  

    17.    Callery MP, Chang KJ, Fishman EK, Talamonti MS, 
William Traverso L, Linehan DC. Pretreatment 
assessment of resectable and borderline resectable 
pancreatic cancer: expert consensus statement. Ann 
Surg Oncol. 2009;16(7):1727–33.  

    18.    Gillen S, Schuster T, Friess H, Kleeff J. Palliative 
resections versus palliative bypass procedures in 
pancreatic cancer–a systematic review. Am J Surg. 
2012;203(4):496–502.  

13 Pancreatic Adenocarcinoma

http://www.nccn.org/


310

    19.    Schnelldorfer T, Adams DB, Warshaw AL, Lillemoe 
KD, Sarr MG. Forgotten pioneers of pancreatic sur-
gery: beyond the favorite few. Ann Surg. 2008; 
247(1):191–202.  

    20.    Whipple AO. Pancreaticoduodenectomy for Islet 
Carcinoma : a fi ve-year follow-up. Ann Surg. 1945; 
121(6):847–52.  

    21.    Rockey EW. Total Pancreatectomy for Carcinoma : 
case report. Ann Surg. 1943;118(4):603–11.  

     22.    McPhee JT, Hill JS, Whalen GF, et al. Perioperative 
mortality for pancreatectomy: a national perspective. 
Ann Surg. 2007;246(2):246–53.  

    23.    Winter JM, Brennan MF, Tang LH, et al. Survival 
after resection of pancreatic adenocarcinoma: results 
from a single institution over three decades. Ann 
Surg Oncol. 2012;19(1):169–75.  

    24.    Simons JP, Shah SA, Ng SC, Whalen GF, Tseng 
JF. National complication rates after pancreatec-
tomy: beyond mere mortality. J Gastrointest Surg. 
2009;13(10):1798–805.  

     25.    Tran KT, Smeenk HG, van Eijck CH, et al. Pylorus 
preserving pancreaticoduodenectomy versus stan-
dard Whipple procedure: a prospective, randomized, 
multicenter analysis of 170 patients with pancreatic 
and periampullary tumors. Ann Surg. 2004;240(5): 
738–45.  

    26.    Seiler CA, Wagner M, Bachmann T, et al. 
Randomized clinical trial of pylorus-preserving duo-
denopancreatectomy versus classical Whipple 
resection- long term results. Br J Surg. 2005;92(5): 
547–56.  

    27.    Kulu Y, Schmied BM, Werner J, Muselli P, Büchler 
MW, Schmidt J. Total pancreatectomy for pancreatic 
cancer: indications and operative technique. HPB. 
2009;11(6):469–75.  

    28.   Appleby LH. The coeliac axis in the expansion of 
the operation for gastric carcinoma. Cancer. 
1953;6(4):704–7.  

    29.    Evans DB, Farnell MB, Lillemoe KD, Vollmer C, 
Strasberg SM, Schulick RD. Surgical treatment of 
resectable and borderline resectable pancreas can-
cer: expert consensus statement. Ann Surg Oncol. 
2009;16(7):1736–44.  

    30.    Yeo CJ, Cameron JL, Lillemoe KD, et al. 
Pancreaticoduodenectomy with or without distal 
gastrectomy and extended retroperitoneal lymphad-
enectomy for periampullary adenocarcinoma, part 2: 
randomized controlled trial evaluating survival, mor-
bidity, and mortality. Ann Surg. 2002;236(3):355–
66. discussion 366–358.  

     31.    Tempero MA, Arnoletti JP, Behrman S, et al. 
Pancreatic adenocarcinoma. J Natl Compr Canc 
Netw. 2010;8(9):972–1017.  

     32.    Kloek JJ, Heger M, van der Gaag NA, et al. Effect of 
preoperative biliary drainage on coagulation and 
fi brinolysis in severe obstructive cholestasis. J Clin 
Gastroenterol. 2010;44(9):646–52.  

     33.    Baron TH, Kozarek RA. Preoperative biliary stents 
in pancreatic cancer–proceed with caution. N Engl J 
Med. 2010;362(2):170–2.  

    34.    Dixon JM, Armstrong CP, Duffy SW, Davies 
GC. Factors affecting morbidity and mortality after 
surgery for obstructive jaundice: a review of 373 
patients. Gut. 1983;24(9):845–52.  

    35.    van der Gaag NA, Rauws EA, van Eijck CH, et al. 
Preoperative biliary drainage for cancer of the head 
of the pancreas. N Engl J Med. 2010;362(2):129–37.  

    36.    Decker C, Christein JD, Phadnis MA, Wilcox CM, 
Varadarajulu S. Biliary metal stents are superior to 
plastic stents for preoperative biliary decompression in 
pancreatic cancer. Surg Endosc. 2011;25(7):2364–7.  

    37.    Cameron JL, Pitt HA, Yeo CJ, Lillemoe KD, 
Kaufman HS, Coleman J. One hundred and forty- 
fi ve consecutive pancreaticoduodenectomies with-
out mortality. Ann Surg. 1993;217(5):430–5. 
discussion 435–438.  

   38.    Miedema BW, Sarr MG, van Heerden JA, Nagorney 
DM, McIlrath DC, Ilstrup D. Complications follow-
ing pancreaticoduodenectomy. Current manage-
ment. Arch Surg. 1992;127(8):945–9. discussion 
949–950.  

    39.    Trede M, Schwall G. The complications of pancre-
atectomy. Ann Surg. 1988;207(1):39–47.  

    40.    Bassi C, Butturini G, Molinari E, et al. Pancreatic 
fi stula rate after pancreatic resection. The impor-
tance of defi nitions. Dig Surg. 2004;21(1):54–9.  

      41.    Callery MP, Pratt WB, Vollmer CM. Prevention and 
management of pancreatic fi stula. J Gastrointest 
Surg. 2009;13(1):163–73.  

    42.    Lai EC, Lau SH, Lau WY. Measures to prevent 
 pancreatic fi stula after pancreatoduodenectomy: a 
comprehensive review. Arch Surg. 2009;144(11): 
1074–80.  

    43.    Crippa S, Salvia R, Falconi M, Butturini G, Landoni 
L, Bassi C. Anastomotic leakage in pancreatic sur-
gery. HPB. 2007;9(1):8–15.  

     44.    Bassi C, Dervenis C, Butturini G, et al. Postoperative 
pancreatic fi stula: an international study group 
(ISGPF) defi nition. Surgery. 2005;138(1):8–13.  

    45.    van Berge Henegouwen MI, De Wit LT, Van Gulik 
TM, Obertop H, Gouma DJ. Incidence, risk factors, 
and treatment of pancreatic leakage after pancreatico-
duodenectomy: drainage versus resection of the pan-
creatic remnant. J Am Coll Surg. 1997;185(1):18–24.  

    46.    Connor S, Alexakis N, Garden OJ, Leandros E, 
Bramis J, Wigmore SJ. Meta-analysis of the value of 
somatostatin and its analogues in reducing compli-
cations associated with pancreatic surgery. Br J 
Surg. 2005;92(9):1059–67.  

   47.    Alghamdi AA, Jawas AM, Hart RS. Use of octreo-
tide for the prevention of pancreatic fi stula after elec-
tive pancreatic surgery: a systematic review and 
meta-analysis. Can J Surg. 2007;50(6):459–66.  

     48.    Gurusamy KS, Koti R, Fusai G, Davidson 
BR. Somatostatin analogues for pancreatic surgery. 
Cochrane Database Syst Rev. 2013;4, CD008370.  

    49.    Lowy AM, Lee JE, Pisters PW, et al. Prospective, 
randomized trial of octreotide to prevent pancreatic 
fi stula after pancreaticoduodenectomy for malignant 
disease. Ann Surg. 1997;226(5):632–41.  

J.K. Smith et al.



311

    50.    Pessaux P, Sauvanet A, Mariette C, et al. External 
pancreatic duct stent decreases pancreatic fi stula rate 
after pancreaticoduodenectomy: prospective multi-
center randomized trial. Ann Surg. 2011;253(5): 
879–85.  

    51.    Zhou Y, Zhou Q, Li Z, Lin Q, Gong Y, Chen R. The 
impact of internal or external transanastomotic pan-
creatic duct stents following pancreaticojejunos-
tomy. Which one is better? A meta-analysis. 
J Gastrointest Surg. 2012;16(12):2322–35.  

    52.    Tani M, Kawai M, Hirono S, et al. A prospective ran-
domized controlled trial of internal versus external 
drainage with pancreaticojejunostomy for pancreati-
coduodenectomy. Am J Surg. 2010;199(6):759–64.  

    53.    Kamoda Y, Fujino Y, Matsumoto I, Shinzeki M, 
Sakai T, Kuroda Y. Usefulness of performing a pan-
creaticojejunostomy with an internal stent after a 
pancreatoduodenectomy. Surg Today. 2008;38(6): 
524–8.  

    54.    Wente MN, Bassi C, Dervenis C, et al. Delayed gas-
tric emptying (DGE) after pancreatic surgery: a sug-
gested defi nition by the International Study Group of 
Pancreatic Surgery (ISGPS). Surgery. 2007;142(5): 
761–8.  

     55.    Malleo G, Crippa S, Butturini G, et al. Delayed gas-
tric emptying after pylorus-preserving pancreatico-
duodenectomy: validation of International Study 
Group of Pancreatic Surgery classifi cation and anal-
ysis of risk factors. HPB. 2010;12(9):610–8.  

    56.    Horstmann O, Markus PM, Ghadimi MB, Becker 
H. Pylorus preservation has no impact on delayed 
gastric emptying after pancreatic head resection. 
Pancreas. 2004;28(1):69–74.  

    57.    Conlon KC, Labow D, Leung D, et al. Prospective 
randomized clinical trial of the value of intraperito-
neal drainage after pancreatic resection. Ann Surg. 
2001;234(4):487–93. discussion 493–484.  

   58.    Fisher WE, Hodges SE, Silberfein EJ, et al. 
Pancreatic resection without routine intraperitoneal 
drainage. HPB. 2011;13(7):503–10.  

   59.    Correa-Gallego C, Brennan MF, Dʼangelica M, et al. 
Operative drainage following pancreatic resection: 
analysis of 1122 patients resected over 5 years at a 
single institution. Ann Surg. 2013;258(6):1051–8.  

    60.    Mehta VV, Fisher SB, Maithel SK, Sarmiento JM, 
Staley CA, Kooby DA. Is it time to abandon routine 
operative drain use? A single institution assessment 
of 709 consecutive pancreaticoduodenectomies. 
J Am Coll Surg. 2013;216(4):635–42. discussion 
642–634.  

    61.    Clavien PA, Sanabria JR, Strasberg SM. Proposed 
classifi cation of complications of surgery with 
examples of utility in cholecystectomy. Surgery. 
1992;111(5):518–26.  

    62.    Dindo D, Demartines N, Clavien PA. Classifi cation 
of surgical complications: a new proposal with eval-
uation in a cohort of 6336 patients and results of a 
survey. Ann Surg. 2004;240(2):205–13.  

    63.    DeOliveira ML, Winter JM, Schafer M, et al. 
Assessment of complications after pancreatic surgery: 

a novel grading system applied to 633 patients under-
going pancreaticoduodenectomy. Ann Surg. 2006; 
244(6):931–7. discussion 937–939.  

       64.    Kalser MH, Ellenberg SS. Pancreatic cancer. 
Adjuvant combined radiation and chemotherapy fol-
lowing curative resection. Arch Surg. 1985;120(8): 
899–903.  

    65.    Bakkevold KE, Arnesjø B, Dahl O, Kambestad 
B. Adjuvant combination chemotherapy (AMF) fol-
lowing radical resection of carcinoma of the pan-
creas and papilla of Vater–results of a controlled, 
prospective, randomised multicentre study. Eur J 
Cancer. 1993;29A(5):698–703.  

     66.    Klinkenbijl JH, Jeekel J, Sahmoud T, et al. Adjuvant 
radiotherapy and 5-fl uorouracil after curative resec-
tion of cancer of the pancreas and periampullary 
region: phase III trial of the EORTC gastrointestinal 
tract cancer cooperative group. Ann Surg. 
1999;230(6):776–82. discussion 782–774.  

      67.    Neoptolemos JP, Dunn JA, Stocken DD, et al. 
Adjuvant chemoradiotherapy and chemotherapy in 
resectable pancreatic cancer: a randomised con-
trolled trial. Lancet. 2001;358(9293):1576–85.  

      68.    Regine WF, Winter KA, Abrams RA, et al. 
Fluorouracil vs gemcitabine chemotherapy before 
and after fl uorouracil-based chemoradiation follow-
ing resection of pancreatic adenocarcinoma: a ran-
domized controlled trial. JAMA. 2008;299(9): 
1019–26.  

     69.    Oettle H, Post S, Neuhaus P, et al. Adjuvant chemo-
therapy with gemcitabine vs observation in patients 
undergoing curative-intent resection of pancreatic 
cancer: a randomized controlled trial. JAMA. 
2007;297(3):267–77.  

    70.      Neuhaus P, Riess H, Post S, et al. CONKO-001: fi nal 
results of the randomized, prospective, multicenter 
phase III trial of adjuvant chemotherapy with gem-
citabine versus observation in patients with resected 
pancreatic cancer (PC). J Clin Oncol .  2008; 26 Suppl 
1(Abstract LBA 4504).  

    71.    Ueno H, Kosuge T, Matsuyama Y, et al. A ran-
domised phase III trial comparing gemcitabine with 
surgery-only in patients with resected pancreatic 
cancer: Japanese Study Group of Adjuvant Therapy 
for Pancreatic Cancer. Br J Cancer. 2009;101(6): 
908–15.  

       72.    Neoptolemos JP, Stocken DD, Bassi C, et al. 
Adjuvant chemotherapy with fl uorouracil plus 
folinic acid vs gemcitabine following pancreatic 
cancer resection: a randomized controlled trial. 
JAMA. 2010;304(10):1073–81.  

     73.    Desai SP, Ben-Josef E, Normolle DP, et al. Phase I 
study of oxaliplatin, full-dose gemcitabine, and con-
current radiation therapy in pancreatic cancer. J Clin 
Oncol. 2007;25(29):4587–92.  

    74.    Varadhachary GR, Wolff RA, Crane CH, et al. 
Preoperative gemcitabine and cisplatin followed by 
gemcitabine-based chemoradiation for resectable 
adenocarcinoma of the pancreatic head. J Clin 
Oncol. 2008;26(21):3487–95.  

13 Pancreatic Adenocarcinoma



312

    75.    Evans DB, Varadhachary GR, Crane CH, et al. 
Preoperative gemcitabine-based chemoradiation for 
patients with resectable adenocarcinoma of the pan-
creatic head. J Clin Oncol. 2008;26(21):3496–502.  

    76.    Heinrich S, Schäfer M, Weber A, et al. Neoadjuvant 
chemotherapy generates a signifi cant tumor response 
in resectable pancreatic cancer without increasing 
morbidity: results of a prospective phase II trial. Ann 
Surg. 2008;248(6):1014–22.  

    77.    Le Scodan R, Mornex F, Partensky C, et al. 
Histopathological response to preoperative chemo-
radiation for resectable pancreatic adenocarcinoma: 
the French Phase II FFCD 9704-SFRO Trial. Am J 
Clin Oncol. 2008;31(6):545–52.  

       78.    Gillen S, Schuster T, Meyer Zum Büschenfelde C, 
Friess C, Kleeff J. Preoperative/neoadjuvant therapy 
in pancreatic cancer: a systematic review and meta- 
analysis of response and resection percentages. 
PLoS Med. 2010;7(4):e1000267.  

     79.    Breslin TM, Hess KR, Harbison DB, et al. 
Neoadjuvant chemoradiotherapy for adenocarci-
noma of the pancreas: treatment variables and sur-
vival duration. Ann Surg Oncol. 2001;8(2):123–32.  

      80.    Huguet F, André T, Hammel P, et al. Impact of 
chemoradiotherapy after disease control with che-
motherapy in locally advanced pancreatic adenocar-
cinoma in GERCOR phase II and III studies. J Clin 
Oncol. 2007;25(3):326–31.  

   81.    Moertel CGFS, Hahn RG, O'Connell MJ, Reitemeier 
RJ, Rubin J, Schutt AJ, Weiland LH, Childs DS, 
Holbrook MA, Lavin PT, Livstone E, Spiro H, 
Knowlton A, Kalser M, Barkin J, Lessner H, Mann- 
Kaplan R, Ramming K, Douglas Jr HO, Thomas P, 
Nave H, Bateman J, Lokich J, Brooks J, Chaffey J, 
Corson JM, Zamcheck N, Novak JW. Therapy of 
locally unresectable pancreatic carcinoma: a ran-
domized comparison of high dose (6000 rads) radia-
tion alone, moderate dose radiation (4000 
rads + 5-fl uorouracil), and high dose radia-
tion + 5- fl uorouracil: The Gastrointestinal Tumor 
Study Group. Cancer. 1981;48(8):1705–10.  

    82.      Treatment of locally unresectable carcinoma of 
the pancreas: comparison of combined-modality 
therapy (chemotherapy plus radiotherapy) to chemo-
therapy alone. Gastrointestinal Tumor Study Group. 
J Natl Cancer Inst .  1988;80(10):751–755.  

   83.    Klaassen DJMJ, Catton GE, Engstrom PF, Moertel 
CG. Treatment of locally unresectable cancer of 
the stomach and pancreas: a randomized comparison 
of 5-fl uorouracil alone with radiation plus concur-
rent and maintenance 5-fl uorouracil–an Eastern 
Cooperative Oncology Group study. J Clin Oncol. 
1985;3(3):373–8.  

    84.    Cohen SJ, Dobelbower R, Lipsitz S, et al. A random-
ized phase III study of radiotherapy alone or with 
5-fl uorouracil and mitomycin-C in patients with 
locally advanced adenocarcinoma of the pancreas: 
Eastern Cooperative Oncology Group study E8282. 
Int J Radiat Oncol Biol Phys. 2005;62(5):1345–50.  

    85.    Chauffert B, Mornex F, Bonnetain F, et al. Phase III 
trial comparing intensive induction chemoradiother-
apy (60 Gy, infusional 5-FU and intermittent cispla-
tin) followed by maintenance gemcitabine with 
gemcitabine alone for locally advanced unresectable 
pancreatic cancer. Defi nitive results of the 2000–01 
FFCD/SFRO study. Ann Oncol. 2008;19(9):1592–9.  

    86.    Loehrer PJ, Feng Y, Cardenes H, et al. Gemcitabine 
alone versus gemcitabine plus radiotherapy in 
patients with locally advanced pancreatic cancer: an 
Eastern Cooperative Oncology Group trial. J Clin 
Oncol. 2011;29(31):4105–12.  

     87.    Krishnan S, Rana V, Janjan NA, et al. Induction che-
motherapy selects patients with locally advanced, 
unresectable pancreatic cancer for optimal benefi t 
from consolidative chemoradiation therapy. Cancer. 
2007;110(1):47–55.  

    88.    Heinrich S, Pestalozzi B, Lesurtel M, et al. Adjuvant 
gemcitabine versus NEOadjuvant gemcitabine/oxali-
platin plus adjuvant gemcitabine in resectable pan-
creatic cancer: a randomized multicenter phase III 
study (NEOPAC study). BMC Cancer. 2011;11:346.  

     89.    Chu QD, Khushalani N, Javle MM, Douglass HO, 
Gibbs JF. Should adjuvant therapy remain the stan-
dard of care for patients with resected adenocarci-
noma of the pancreas? Ann Surg Oncol. 
2003;10(5):539–45.  

    90.   Neuhaus P RH, Post S, Gellert K, Ridwelski K, 
Schramm H, Zuelke C, Fahlke J, Langrehr J, Oettle 
Deutsche Krebsgesellschaft H. CONKO-001: fi nal 
results of the randomized, prospective, multicenter 
phase III trial of adjuvant chemotherapy with gem-
citabine versus observation in patients with resected 
pancreatic cancer (PC). J Clin Oncol. 2008;26(15S 
(May 20 Supplement)).  

    91.    Stathis A, Moore MJ. Advanced pancreatic carci-
noma: current treatment and future challenges. Nat 
Rev Clin Oncol. 2010;7(3):163–72.  

    92.    Burris HA, Moore MJ, Andersen J, et al. 
Improvements in survival and clinical benefi t with 
gemcitabine as fi rst-line therapy for patients with 
advanced pancreas cancer: a randomized trial. J Clin 
Oncol. 1997;15(6):2403–13.  

    93.   von Hoff D. Randomized phase 3 study of weekly 
nab-paclitaxel plus gemcitabine versus gemcitabine 
alone in patients with metastatic adenocarcinoma of 
the pancreas (MPACT). Phase 3 metastatic pancre-
atic cancer (late breaking abstract). San Francisco: 
American Society of Clinical Oncology (GI); 2013.  

    94.    Philip PA, Benedetti J, Corless CL, et al. Phase III 
study comparing gemcitabine plus cetuximab versus 
gemcitabine in patients with advanced pancreatic 
adenocarcinoma: Southwest Oncology  Group-
directed intergroup trial S0205. J Clin Oncol. 
2010;28(22):3605–10.  

    95.    Van Cutsem E, Vervenne WL, Bennouna J, et al. Phase 
III trial of bevacizumab in combination with gem-
citabine and erlotinib in patients with metastatic 
 pancreatic cancer. J Clin Oncol. 2009;27(13):2231–7.  

J.K. Smith et al.



313

    96.    Conroy T, Desseigne F, Ychou M, et al. 
FOLFIRINOX versus gemcitabine for metastatic 
pancreatic cancer. N Engl J Med. 2011;364(19): 
1817–25.  

    97.    Conroy T, Gavoille C, Samalin E, Ychou M, Ducreux 
M. The role of the FOLFIRINOX regimen for 
advanced pancreatic cancer. Curr Oncol Rep. 
2013;15(2):182–9.  

     98.    Witkowski ER, Smith JK, Ragulin-Coyne E, Ng SC, 
Shah SA, Tseng JF. Is it worth looking? 
Abdominal imaging after pancreatic cancer resec-
tion: a national study. J Gastrointest Surg. 2012; 
16(1):121–8.  

    99.    Sheffi eld KM, Crowell KT, Lin YL, Djukom C, 
Goodwin JS, Riall TS. Surveillance of pancreatic 
cancer patients after surgical resection. Ann Surg 
Oncol. 2012;19(5):1670–7.  

      100.    Greer JA, Jackson VA, Meier DE, Temel JS. Early 
integration of palliative care services with standard 
oncology care for patients with advanced cancer. CA 
Cancer J Clin. 2013;63(5):349–63.  

    101.    Vincent A, Herman J, Schulick R, Hruban RH, 
Goggins M. Pancreatic cancer. Lancet. 2011; 
378(9791):607–20.  

     102.    Temel JS, Greer JA, Muzikansky A, et al. Early pal-
liative care for patients with metastatic non-small- 
cell lung cancer. N Engl J Med. 2010;363(8): 
733–42.  

    103.      Moss A, Morris E, MacMathuna P. Palliative biliary 
stents for obstructing pancreatic carcinoma. 
Cochrane Database Syst Rev. 2006; 2(CD004200).  

    104.    Gooden HM, White KJ. Pancreatic cancer and sup-
portive care–pancreatic exocrine insuffi ciency nega-

tively impacts on quality of life. Support Care 
Cancer. 2013;21(7):1835–41.  

    105.    Compton C, Byrd D, Garcia-Aguilar J, et al. 
Exocrine and endocrine pancreas. In: Compton C, 
Byrd D, Garcia-Aguilar J, Kurtzman S, Olawaiye A, 
Washington M, editors. AJCC cancer staging atlas. 
2nd ed. New York: Springer; 2012. p. 297–308.  

    106.    Bassi C, et al. Postoperative pancreatic fi stula: an 
international study group (ISGPF) defi nition. 
Surgery. 2005;138:8–13.  

    107.    Giuseppe M, et al. Delayed gastric emptying after 
pylorus-preserving pancreaticoduodenectomy: vali-
dation of International Study Group of Pancreatic 
Surgery classifi cation and analysis of risk factors. 
HPB. 2010;12:610–8.  

    108.    Dindo D, et al. Classifi cation of surgical complica-
tions. A new proposal with evaluation in a cohort of 
6336 patients and results of a survey. Ann Surg. 
2004;240(2):205–13.  

    109.    Moertel CG, Frytak S, Hahn RG, et al. Therapy of 
locally unresectable pancreatic carcinoma: a ran-
domized comparison of high dose (6000 rads) radia-
tion alone, moderate dose radiation (4000 
rads + 5-fl uorouracil), and high dose radia-
tion + 5- fl uorouracil: The Gastrointestinal Tumor 
Study Group. Cancer. 1981;48(8):1705–10.  

    110.    Klaassen DJ, MacIntyre JM, Catton GE, Engstrom 
PF, Moertel CG. Treatment of locally unresectable 
cancer of the stomach and pancreas: a randomized 
comparison of 5-fl uorouracil alone with radiation 
plus concurrent and maintenance 5-fl uorouracil–an 
Eastern Cooperative Oncology Group study. J Clin 
Oncol. 1985;3(3):373–8.      

13 Pancreatic Adenocarcinoma



315Q.D. Chu et al. (eds.), Surgical Oncology: A Practical and Comprehensive Approach,
DOI 10.1007/978-1-4939-1423-4_14, © Springer Science+Business Media New York 2015

         Learning Objectives 
 After reading this chapter, you should be able to:
•    Understand the defi nition of adrenal inciden-

talomas (adrenalomas)  
•   Differentiate between benign, malignant, and 

hormonally active adrenal lesions  
•   Learn how to evaluate, manage, and follow-up 

patients with adrenal masses  
•   Describe different adrenalectomy techniques  
•   Discuss different types of adrenal lesion  
•   Know the indications for adrenalectomy     

    Background 

 An adrenal incidentaloma (adrenaloma) is a pre-
viously undetected adrenal lesion that is inciden-
tally found on an imaging modality that was 
performed for an unrelated reason [ 1 – 3 ]. Most 
investigators agree that the size should measure 
at least 1 cm to qualify as an adrenal inciden-
taloma. Autopsy reports found that the average 
frequency of a clinically silent adrenal nodule is 

2.3 %, which is observed for both genders [ 1 – 3 ]. 
Detection of adrenal incidentaloma is ever esca-
lating because of the skyrocketing number of 
diagnostic imaging modalities such as computer 
tomography (CT), magnetic resonance imaging 
(MRI), abdominal ultrasonography (U/S), and 
other radiological studies. Although they may be 
incidental, these lesions warrant proper evalua-
tion and management. It is estimated that up to 
5 % of all abdominal and chest CT and MRI 
exams will identify an adrenal lesion [ 1 – 5 ]. In 
most cases, these lesions are hormonally inactive 
adrenal cortical adenomas that require no further 
treatment. In other cases, they may be malignant 
or hormonally active. The primary goal of pursu-
ing the work-up of an adrenal incidentaloma is to 
determine whether it is benign or malignant and 
whether or not it is functional. 

 In radiological imaging, adrenalomas were 
discovered in 2–4 % of middle-aged patients and 
about 10 % among the elderlies [ 1 – 5 ]. Adrenal 
incidentaloma can be considered as a disease of 
modern technology, and it poses a public health 
concern [ 6 ]. Once detected, it is almost obliga-
tory to distinguish adrenalomas, the majority of 
which are benign, as either benign, malignant, or 
functionally active tumors. Such diagnostic eval-
uation might require intervention and, at times, 
might create considerable anxiety, moderate cost, 
pain, and risks to the patient, especially if inva-
sive intervention is required. Often, the surgeon 
is the primary physician, and the onus is put upon 
her/him to determine whether the neoplasm is 
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hormonally active and whether it is malignant, 
and if so, whether it is a primary adrenocortical 
carcinoma (ACC) or secondary due to metastasis 
from lung, breast, renal, gastrointestinal malig-
nancies, lymphoma, multiple myeloma, and mel-
anoma. The adrenal gland is the fourth most 
common site of metastasis and is the second most 
common cause (up to 20 %) of adrenal inciden-
talomas. It is extremely important to establish a 
great working relationship with colleagues who 
have expertise in the fi elds of endocrinology and 
radiology so that they can effectively assist the 
surgeon with the interpretation of inconclusive 
work-up as well as render advice regarding addi-
tional helpful tests.  

    Radiologic Evaluation of Adrenal 
Incidentalomas 

 Size plays a major role in determining the risk of 
malignancy. Less than 2 % of theses masses will 
be ACC if the mass is <4 cm in size. An important 
step in the evaluation process is to locate previ-
ous images of the chest and abdomen that include 
the adrenal glands. If there have been no signifi -
cant changes of the adrenal glands over a mini-
mum of 2 years, then the likelihood of malignancy 
is extremely low, even for lesions greater than 
4 cm [ 7 ]. On the other hand, if an adrenaloma is 
detected that was not present on prior radiologi-
cal images obtained within the past 4–5 years, a 
high index of suspicion for malignancy should be 
raised, even for lesions less than 4 cm. 
Heterogeneous lesions that are large in size have 
irregular border and invade adjacent tissue and 
organs are highly suggestive of being malignant. 
Radiographic characteristics of the lesion beyond 
size are important in delineating the nature of the 
mass. On unenhanced CT, low- attenuating 
lesions with Hounsfi eld units (HU) ranging 
between −50 and −150 HU are likely to be benign 
because of the high lipid content, and the differ-
ential diagnosis includes a lipoma or a myeloli-
poma (Fig.  14.1 ). For lesions that are more than 
10 HU, a contrast-enhanced CT should be per-
formed; benign lesions typically demonstrate 
more than 40 % washout. Cortisol- and aldoste-

rone-secreting adenoma have Hounsfi eld values 
around 30 HU. However, lesions with a high sig-
nal intensity and those with architectural hetero-
geneity are worrisome for malignancy (Fig.  14.2 ). 
Most of the pheochromocytomas have single 
intensity that is similar to that of the spleen on 
MRI (Fig.  14.3 ). It should be noted that CT scans 
cannot determine whether the lesion is a hyper-
functioning or nonfunctioning mass. To summa-
rize, small lesion with low attenuation seen on 
unenhanced CT can be reassuring, while large 
lesion with high attenuation can be worrisome. 
An enhanced CT should be performed for indeter-
minate lesions, and those that have greater than 
40 % washout are less likely to be malignant.

     Historically, adrenal scintigraphy with radio-
cholesterol was used to differentiate benign from 
malignant adrenal masses. However, a lack of 
widespread expertise, lack of tracer availability, 
poor resolution, prolonged time needed to com-
plete the procedure (required over a period of 
1 week to complete), and high radiation dose 
needed are the main limitations of this imaging 
modality [ 3 ,  4 ]. However, when pheochromocy-
toma is suspected, scintigraphy with I-123 
or I-131 metaiodobenzylguanidine (MIBG) 
should be performed [ 3 ] (Fig.  14.4 ). Lastly, 
18F-fl uorodeoxyglucose positron emission 
tomography (FDG-PET) scan might be very 
helpful in differentiating malignant (adrenal car-
cinoma and metastasis) from benign lesions in 
patients with radiological undetermined adrenal 
lesion [ 3 ,  4 ] (Fig.  14.5 ). Adrenal FDG uptake is 
considered to be malignant when the intensity is 
higher than hepatic uptake. False positives may 
be seen in patients with sarcoidosis, tuberculosis, 
pheochromocytoma, and some adenomas, while 
false negatives may be seen in patients with 
necrotic and hemorrhagic cancer lesions as 
well as in some primary malignant lesions. 
In a multicenter prospective study of 77 patients 
who underwent adrenalectomy, preoperative 
18F-FDG-PET imaging successfully distin-
guishes primary adrenal carcinoma from adeno-
mas. An adrenal to liver maximum standardized 
uptake value (SUV) ratio less than 1.45 was 
highly predictive of a benign lesion (sensitivity 
100 %, specifi city 88 %) [ 8 ].
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  Fig. 14.1    A patient with benign bilateral adrenal lesions. 
He has a symptomatic left adrenal myelolipoma and 
underwent a left adrenalectomy. The 5 cm asymptomatic 
lesion on the  right  side was  left  alone. ( a & b ): CT scan – 
a large mass occupying most of the left abdomen, pushing 
the left kidney inferiorly and the gut toward the  right  side 

of the abdomen. ( c ): Intraoperative photo of a large adre-
nal lesion that is not amenable to a minimally invasive 
surgical resection. ( d ): Gross specimen ( e ): Histology 
slide – adrenal myelolipoma: mature adipocytes are 
admixed with hematopoietic cells       
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        Initial Work-Up and Evaluation 
of Hormonal Function 

 Majority of adrenal incidentalomas are benign, 
nonfunctioning adenoma; however, hormonal 
evaluation can reveal a signifi cant number of 
patients of having unsuspected adrenal secreting 
lesions. Adrenalomas ≥1 cm and without prior 
history of malignancy should undergo hor-
monal evaluation. All patients with adrenal inci-
dentaloma should be evaluated for possible 

pheochromocytoma, primary aldosteronism 
(hypertension, hyperkalemia), and Cushing’s 
syndrome (hypercotisolism) (Table  14.1 ). 
Approximately 5–7 % of adrenal incidentalomas 
are clinically silent pheochromocytoma [ 1 – 3 ,  6 , 
 9 ,  10 ]. Primary aldosteronism should be consid-
ered in patients with hypertension and/or hypo-
kalemia, although normokalemia can occur in up 
to 50 % of patients with hyperaldosteronism [ 11 ]. 
However, the diagnosis of primary aldosteronism 
can virtually be excluded in the absence of hyper-
tension. Thus, laboratory testing should begin not 

  Fig. 14.2    A 33-year-old patient presented with Cushing’s 
disease and was found to have a 17 cm left adrenal mass 
(adrenocortical carcinoma – ACC). The patient underwent 
a hand-assisted laparoscopic left adrenalectomy and 
nephrectomy with clear margins. ( a & b ): CAT scan 
shows large lobulated left adrenal mass (ACC) ( c ): 
Histology – low-power photomicrograph (40×) of adrenal 
cortical carcinoma areas of extensive confl uent necrosis 

( d ): Histology – medium- power photomicrograph (200X) 
of an adrenal cortical carcinoma demonstrating cellular 
pleomorphism and atypia, mitotic activity, and trabecular 
growth pattern. The tumor also exhibited capsular inva-
sion, and tumor cells showed a typical adrenocortical 
immunohistochemical profi le with positivity for inhibin, 
melan-A, and synaptophysin, and negativity for EMA and 
pancytokeratin       
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  Fig. 14.3     Patient with a left pheochromocytoma  ( a ): CT 
scan –  black arrow  is pointing toward the left adrenal 
mass. ( b ): MRI –  white arrow  pointing toward the left 
adrenal mass. ( c ): Gross photo ( d ): Histology – this pho-
tomicrograph of a pheochromocytoma illustrates the typi-
cal “Zellballen” architectural pattern in which balls of 

tumor cells are supported by a rich vascular framework. 
The cytoplasm has a fi nely granular appearance, and 
nuclei demonstrate a stippled chromatin pattern. Though 
mitotic activity is typically sparse in these tumors, note 
the enlarged and hyperchromatic nuclei (hematoxylin and 
eosin stain, original magnifi cation 200×)       
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only with the most sensitive tests but also with 
those that are the easiest to perform and the least 
expensive for the patient [ 3 ,  7 ].

       Pheochromocytoma 

 Approximately 4.7 % of adrenalomas are silent 
pheochromocytoma, although some studies quote 
the incidence can be as high as 20 % [ 12 ,  13 ]. 
Almost 1/3 of all pheochromocytomas are 
 discovered incidentally, and this prevalence 
increases over the span of time [ 14 – 16 ]. In an 

Italian retrospective multicenter study, 40 % 
of 234 pheochromocytomas were diagnosed 
between 1978 and 1997, while the remaining 
majority (59 %) were diagnosed in the last 5 
years of the study [ 15 ]. Of note, prior to 1985 
when utilization of ultrasound was limited, 
less than 10 % of pheochromocytomas were 
 incidentally diagnosed [ 17 ]. Thus, the increase 
prevalence in pheochromocytoma may be a 
 function of earlier detection. Of note, patients 
with asymptomatic pheochromocytomas tend 
to be older than those with symptomatic 
 pheochromocytomas [ 3 ,  16 ,  17 ]. 

  Fig. 14.4     A patient with a large left adrenal pheochro-
mocytoma  ( a & b ): CT scan reveals a large adrenal mass. 
( c ): MIBG scan performed whole-body planar scinti-
graphic images of I-123 MIBG scan of a patient shows 

intense uptake in adrenal pheochromocytoma on the  left  
side. The scan did not identify any other sites of disease 
with normal physiologic distribution of the radiotracer 
elsewhere in the body       
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  Fig. 14.5    The patient is a 60-year-old with history of a 
colectomy and right hepatectomy in 2004. She presented 
with a solitary metastasis to the right adrenal. A biopsy 
proved to be a metastatic colon cancer. She underwent a 
successful resection in fall of 2013. ( a ): CT scan shows a 
mass in the right adrenal gland and a postoperative 
changes from a right hepatectomy. ( b ): PET scan reveals 
only uptake in the right adrenal gland. ( c ): Histology – 

image shows a focus of metastatic colorectal adenocarci-
noma involving the adrenal gland. Benign adrenal 
parenchyma is seen on the right and a metastatic, moder-
ately differentiated adenocarcinoma on the left. The tumor 
shows obvious glandular formation and areas of “dirty” 
necrosis, typical of colorectal adenocarcinoma (hematox-
ylin and eosin stain, original magnifi cation, 100×)       

   Table 14.1    Evaluation of adrenal masses   

 Diagnosis  Images  Biochemical listing 

 Primary aldosteronism (aldosteronoma)  CT/MRI  K +  <3.2; increased plasma aldosterone with 
decreased renin 

 Pheochromocytoma  CT/MRI  24-h urine metanephrines; plasma catecholamines 
 MIBG scan 

 Cushing’s syndrome  CT/MRI  1 mg dexamethasone suppression test/ 
 NP-59 scan  24-h urine cortisol; plasma ACTH 

 Adrenal cortical carcinoma  CT/MRI  K + ; 1 mg dex-suppression; 24-h urine free cortisol; 
17-ketosteroids; and catecholamines 

 Sex-steroid adenoma  CT/MRI  17-ketosteroids; 24-h urine free cortisol 

   MIBG  metaiodobenzylguanidine,  ACTH  adrenocorticotropic hormone  
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 Some authors found that incidentally found 
pheochromocytomas tend to be large [ 3 ,  16 ]. By 
contrast, others found no size differences between 
incidentally found pheochromocytoma and 
symptomatic pheochromocytomas; however, 
they did fi nd that patients with clinically silent 
pheochromocytoma had lower plasma catechol-
amine levels than those with symptoms [ 17 ]. 

 Pheochromocytomas can be lethal even when 
they are clinically silent [ 3 ,  14 ]. Clinical presenta-
tion can vary, ranging from patients being entirely 
asymptomatic to those with intermittent headaches, 
palpitations, and sweating or with a hypertensive 
crisis. Patients may also be normotensive, which is 
not uncommon in cases where the pheochromocy-
toma was incidentally detected. In a multicenter 
study, Mantero et al. found that about 50 % of 
patients with incidentally detected pheochromocy-
toma were normotensive, while the others had mild 
to moderate hypertension. None of the patients had 
paroxysmal symptoms of adrenergic excess [ 9 ]. 
Because a signifi cant percentage of patients with 
pheochromocytoma can be asymptomatic and 
 normotensive, any patient with an incidental adren-
aloma should undergo biochemical testing for 
pheochromocytoma [ 3 ]. Outcome for patients with 
malignant pheochromocytoma is poor; the mean 
5-year survival rate is about 40 % [ 18 ].  

    Biochemical Diagnosis 
of Pheochromocytoma 

 The diagnosis of pheochromocytoma has evolved 
over the last six decades. It became apparent in the 
very early century that the clinical signs and symp-
toms of pheochromocytoma were due primarily to 
the excess secretion of catecholamines. In the mid-
dle of the last century, a 24-h urinary catechol-
amines excretion became the test of choice to 
account for the episodic nature of catecholamines 
secretion [ 19 – 21 ]. In recent years, metabolites of 
catecholamine such as normetanephrine and meta-
nephrine, which are respective o-methylated 
metabolites of norepinephrine and epinephrine, 
and vanillylmandelic acid (VMA), the fi nal break-
down product of the catecholamines was included 
as part of the biochemical diagnostic tests [ 19 ]. 

 There is no consensus on what the preferred 
test for pheochromocytoma should be [ 3 ,  4 ,  12 , 
 22 ]. Recently, Lenders et al. assessed 858 patients 
with adrenalomas who were at risk for pheochro-
mocytoma [ 23 ]. Patients were identifi ed as hav-
ing a pheochromocytoma based on signs and 
symptoms suggestive of a pheochromocytoma, 
or on their genetic predisposition to developing 
pheochromocytoma. Plasma and urinary cate-
cholamines, urinary fractionated metanephrine 
and VMA, as well as plasma values of free meta-
nephrine were measured. Findings from this 
study demonstrated that plasma free metaneph-
rine was the optimal screening test for pheochro-
mocytoma, yielding a 99 % sensitivity and 89 % 
specifi city. The false-negative rate was very low 
with only 3/214 patients with pheochromocy-
toma having negative laboratory values [ 23 ]. 
However, plasma metanephrine testing may not 
be readily available in some centers; therefore, a 
24-h urinary metanephrines remains an accept-
able initial screening test. The degree of increase 
in catecholamines and metanephrines can be use-
ful for diagnostic and therapeutic purposes since 
a mild increase may not necessarily be due to a 
pheochromocytoma but be due to other causes 
such as diet and pharmacologic causes [ 24 ].  

    Hereditary Pheochromocytoma 
and Paraganglioma 

 Pheochromocytoma and paraganglioma (pheo-
chromocytomas that are outside of the adrenal 
glands) are neuroendocrine tumors that are 
derived from sympathetic and parasympathetic 
paraganglioma. The most common extra-adrenal 
site of pheochromocytoma is the organ of 
Zuckerkandl, which comprises of small masses of 
chromaffi n cells along the aorta, with the highest 
concentration located at the origin of the inferior 
mesenteric artery and the bifurcation of the aorta. 

 Most leaders in the fi eld would agree that the 
rule of 10 applies to pheochromocytoma: 10 % 
are hereditary (Fig.  14.6 ), 10 % are bilateral, 
10 % are extra-adrenal (Fig.  14.7 ), 10 % 
are malignant (Fig.  14.2 ), and 10 % occur in 
 children. Pheochromocytomas of adrenal and 

G.B. Zibari et al.



323

extra- adrenal sympathetic origin usually secrete 
catecholamines, whereas lesions of parasympa-
thetic origin (head & neck) usually do not [ 14 ]. 
Roughly one third of pheochromocytomas have 
germline mutation, and approximately ten tumor 
susceptibility genes have been identifi ed [ 25 ]. 

These include SDHA/B/C/D (succinate dehydro-
genase complex subunits A, B, C, & D), SDHAF 2  
(succinate dehydrogenase complex assembly 
factor- 2), VHL (von Hippel–Lindau) (Fig.  14.6 ), 
RET (REarranged during Transfection), NF1 
(neurofi bromatosis type 1), and recently reported 

  Fig. 14.6    A patient with von Hippel–Lindau disease with 
a pancreatic head mass and a left adrenal mass. She under-
went a left adrenalectomy (pheochromocytoma) and a 
Whipple procedure (neuroendocrine tumor of the pan-
creas). ( a ): CT shows a mass in the head of the pancreas 
(neuroendocrine tumor) ( b ): CT shows a left adrenal mass 
(pheochromocytoma) ( c ): PET scan shows positive uptake 
in the head of the pancreas ( d ): PET scan shows positive 
uptake in the left adrenal gland as well as in the head of 
the pancreas. ( e ): Histology – this photomicrograph 
depicts a pancreatic endocrine neoplasm. This tumor 
manifests a typical trabecular pattern of uniform cells 

with a granular eosinophilic cytoplasm and round nuclei 
with fi nely granular, “salt-and-pepper” chromatin pattern 
(hematoxylin and eosin stain, original magnifi cation 
200×) ( f ): This photomicrograph of a pheochromocytoma 
illustrates the typical “Zellballen” architectural pattern in 
which balls of tumor cells are supported by a rich vascular 
framework. The cytoplasm has a fi nely granular appear-
ance, and nuclei demonstrate a stippled chromatin pattern. 
Though mitotic activity is typically sparse in these tumors, 
note the enlarged and hyperchromatic nuclei (hematoxy-
lin and eosin stain, original magnifi cation 200×)       
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TMEM127 (transmembrane protein 127) and 
MAX (Myc-associated factor X) [ 25 ,  26 ]. 
Somatic mutations in RET, MAX, VHL, and NF1 
have been reported in 17 % of sporadic lesions 
[ 26 – 29 ]. Succinate dehydrogenase (SDH) is an 
important part of the mitochondrial electron 
transport chain, and when it is mutated, the abil-
ity of cells to phosphorylate is undermined 
[ 30 – 33 ].

        Preoperative and Intraoperative 
Management 
of Pheochromocytoma 

 The treatment of choice for pheochromocytoma 
is surgical excision. In the past, poor outcomes 
following resection of pheochromocytomas were 
due to uncontrolled hypertensive crisis related to 

  Fig. 14.7     Extra-adrenal pheochromocytoma (organ of 
Zuckerkandl)  ( a & b ): CT –  Arrow  points to a retroperito-
neal mass, which is inferior to the superior mesenteric 
artery and between the inferior vena cava, aorta, and left 
renal vein. ( c & d ): Intraoperative photos of extra-adrenal 
pheochromocytomas located between the inferior vena 
cava and aorta and below the left renal vein. ( e ): Gross 
picture ( f ): Histology – the tumor shows nests and tra-
becular composed of large polygonal cells with fi nely 

granular eosinophilic to somewhat basophilic cytoplasm. 
There is mild nuclear pleomorphism, and the nucleoli are 
small and eccentric. The tumor cells reveal positive cyto-
plasm stain for chromogranin and synaptophysin. 
Common sites for extra-adrenal pheochromocytomas: 
between the inferior vena cava and aorta below the left 
renal vein, and in the organ of Zuckerkandl. Small tumors 
under the left renal vein may be overlooked unless the 
area is carefully inspected       
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excess catecholamine secretion. The fi rst report 
of surgical excision of a pheochromocytoma in 
North America was performed by Dr. C. Mayo in 
1927 [ 34 ]. In the 1950s, the group at the Mayo 
Clinic reported a decreased operative mortality 
with successful resection of 61 pheochromocy-
toma over 11 years by using alpha-blockade with 
phenoxybenzamine to treat hypertension and epi-
nephrine to treat intraoperative hypotension [ 35 ]. 

 However, before surgical intervention, periop-
erative management requires adequate hydration 
with isotonic solution and administration of 
selective alpha 1-adrenergic blocking agents (i.e., 
doxazosin, prazosin, or terazosin) followed by 
beta-adrenergic blockade (i.e., propranolol, aten-
olol) (Table  14.2 ). It is very important that beta- 
blockade should never be initiated fi rst because 
blockade of the vasodilatory peripheral beta- 
adrenergic receptors with unopposed alpha- 
adrenergic receptors stimulation can lead to a 
further elevation of blood pressure.

   Calcium channel blockers (i.e., nifedipine) are 
alternative vasodilator to control blood pressure. 
These drugs are necessary to normalize heart rate 
and blood pressure. As mentioned before, it is 
necessary to replete intravascular volume preop-
eratively and take precautionary measures to pre-
vent cardiovascular collapse from surgery-induced 
catecholamine storm [ 22 ,  36 ,  37 ]. Even with 
proper and effective preoperative alpha- and 
beta-adrenergic blockade, hypertensive crisis 

may occur intraoperatively due to catecholamine 
surge secondary to manipulation of the adrenal 
lesion. It is very important for the patient to have 
an arterial line and a central venous line placed. 
Additionally, the anesthesiologist must have 
ready-at-hand premixed intravenous titratable 
drugs to control blood pressure in the event the 
blood pressure fl uctuates during surgery. 
Dihydropyridine calcium channel blocker nicar-
dipine (0.5–1.0 mg/ml) and the direct-acting 
vasodilator sodium nitroprusside (0.5–3 μg/kg/
min) are the agents of choice for uncontrolled 
hypertension. On the other hand, ligation of 
the adrenal vein can cause an abrupt decrease 
of catecholamine release, which can lead to 
 unexpected hypotension. Should this occur, epi-
nephrine or norepinephrine should be adminis-
tered accordingly, along with crystalloid infusion 
as needed [ 15 ,  22 ,  38 ].  

    Operative Management 
and Technique 

 Adrenal lesions can be removed by an open tech-
nique or by a minimally invasive technique, either 
via a transabdominal or retroperitoneal approach. 
Adrenalectomy is effective at treating a number of 
different diseases and conditions (Table  14.3 ) 
including but not limited to pheochromocytoma, 
aldosteronoma, refractory Cushing’s disease, 

   Table 14.2    Drugs used to treat pheochromocytoma   

 Drug  Initial dose  Maximum dose  Suggestion 

 Phenoxybenzamine  10 mg orally twice daily  2 mg/kg/day  Nonselective alpha- blockade may titrate 
to 3 times per day until postural 
hypotension is achieved 

 Prazosin  1 mg orally twice daily  15 mg/day  Selective alpha-blockade, same as above 
 Labetalol  100 mg orally twice daily  1,200 mg/day  After alpha-blockade, may titrate the 

dose with target heart rate of 60–70 bpm 
 Nifedipine  30–90 mg orally once daily  120 mg/day  Calcium channel blocker may increase 

after 1 week, used for paroxysmal 
hypertension 

 Amlodipine  5 mg  10 mg/day  Same as nifedipine 
 Metyrosine  250–750 mg orally four times daily  4,000 mg/day  Used for refractory hypertension 

  Modifi ed from Silberfein and Perrier [ 38 ]. With permission from Elsevier  
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adrenal cortical carcinoma, and selected cases of 
metastatic disease confi ned to the adrenal gland. 
Until 1992 when the fi rst laparoscopic adrenalec-
tomy was reported in the literature by Ganger 
et al., the only operative approach for removal of 
the adrenal gland was an open adrenalectomy 
[ 37 ]. Laparoscopic and more recently robotic 
adrenalectomy techniques have been considered 
by many to be the “gold standard” and the proce-
dure of choice for resecting adrenal lesions. 
In experienced hands, these techniques are safe 
and can lead to less postoperative pain, shorter 
hospital stay, better cosmesis, and less blood loss 
[ 37 – 42 ]. Open surgery is generally reserved for 
large lesions, especially those with malignant fea-
tures and locally advanced. The retroperitoneal 
approach might be an attractive option for patients 
who have multiple prior abdominal surgeries. 
On the other hand, transabdominal approach has 
the advantage of addressing other intra-abdominal 
pathology as well as contralateral adrenal lesion. 
Therefore, most leaders in the fi eld chose the sur-
gical procedure based upon whether the adrenal 
mass is hereditary or sporadic and whether the 
lesion is unilateral or bilateral. More importantly, 
the surgeon should choose the technique for which 
he or she has the most experience and comfort.

   If a patient presents with bilateral hereditary 
disease, the surgeon may consider performing 
a unilateral cortex-sparing adrenalectomy on 
one side and a contralateral total adrenalectomy 
for pheochromocytoma. For patients with a 

 metachronous contralateral pheochromocytoma 
after prior unilateral adrenalectomy, a cortex-
sparing procedure should be attempted [ 38 ,  43 ].  

    Adrenal Carcinoma (ACC) 

 Adrenal cortical carcinoma (ACC) is a very rare 
cancer that accounts for 1 % of all adrenal lesions. 
It affects two person per million, worldwide [ 44 ]. 
It is the second most lethal endocrine tumor after 
anaplastic thyroid malignancy [ 45 ]. There is a 
bimodal age distribution with a peak occurrence 
in the fi rst decade of childhood and another in 
the fourth and fi fth decades of life. The female 
to male ratio is approximately 1.5–1.0 [ 46 ]. 
The majority of these cases occur in a sporadic 
fashion, although ACC can occur in association 
with several hereditary syndromes including Li–
Fraumeni syndrome, Beckwith–Wiedemann syn-
drome, and multiple endocrine neoplasia 
syndrome type 1 (MEN-1) [ 46 ,  47 ]. The progno-
sis of patients with this cancer remains very poor, 
despite its earlier detection by modern imaging 
modalities. 

 The two most important prognostic factors are 
complete resection and stage of disease [ 7 ,  42 ]. 
The World Health Organization (WHO) TNM 
staging system for adrenocortical carcinoma are 
as follow: (1) stage I, tumor size ≤5 cm; (2) stage 
II, tumor size >5 cm; (3) stage III, tumors with 
locoregional lymph node involvement or invading 
peri-adrenal fat; and (4) stage IV, tumors invading 
adjacent organs or metastatic to remote locations 
[ 7 ,  46 ,  48 ]. WHO classifi cation has prognostic 
signifi cance and predicts overall survival. 
Additionally, tumor grade is also an important 
prognostic factor; tumors with mitotic rates >20 
mitoses per 50 high-power fi eld (HPF) are associ-
ated with a shorter disease-free interval compared 
to those with lower mitotic rates [ 3 ,  46 ]. 

 Immunohistochemical assessment of high 
Ki-67 expression is associated with poor clinical 
outcome as reported by the German ACC 
Registry. In experienced hands, stages I, II, and 
most III ACC patients can undergo a successful 
R0 resection ± lymphadenectomy (LND) [ 7 ,  46 , 
 49 ]. The role of LND is not well defi ned due to 

   Table 14.3    Indications for adrenalectomy   

  Hormonally active  
 Aldosteronoma 
 Glucocorticoid adenoma 
 Pheochromocytoma 
 Bilateral macronodular adrenal hyperplasia 
 Selected cases of bilateral adrenal hyperplasia due to 
Cushing’s disease or ectopic ACTH syndrome 
 Adrenocortical carcinoma 
  Hormonally inactive  
 Adrenal carcinoma 
 Metastatic disease with controlled primary site/otherwise 
biopsy and systemic treatment 
 Tumors >5 cm 
 Tumors that demonstrate growth on serial imaging 
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the rarity of the disease. However, in select cases, 
locoregional LND improves tumor staging and 
possibly leads to a favorable outcome in those 
with localized ACC [ 50 ]. Tumor thrombus in the 
renal vein or inferior vena cava is not considered 
a contraindication to surgery. En bloc resection 
of the kidney is recommended for any patient 
with renal capsule invasion [ 44 ,  51 ]. Patients 
with local recurrences after an adrenalectomy 
can be considered for reoperation if a complete 
R0 resection can be achieved. Debulking of met-
astatic cancers should be considered in patients 
with low-grade tumors, those who are symptom-
atic because of hormone secretion from the 
tumor, and those in whom a complete or near- 
complete resection of the tumor is possible [ 46 ]. 
There is little data on adjuvant radiotherapy fol-
lowing adrenalectomy, although radiating the 
surgical bed may be considered in patients who 
are at high risk for developing local recurrence. 
However, the potential advantage of this therapy 
is unproven [ 46 ]. 

 Occasionally, local recurrences and selected 
metastatic lesions can be palliated by surgical 
resection, along with some form of ablative ther-
apy such as radiofrequency ablation and chemo-
embolization. Overall, 5-year survival depends 
on the stage of the tumor. One-year survival rate 
is 40–60 % for stages I and II; 20–30 %, for stage 
III; and 10 %, for stage IV disease. Early diagno-
sis and radical resection offers the only chance 
for long-term cure. Systemic chemotherapy has 
not proven to be very effective. Mitotane is used 
to treat metastatic disease, although with only 
limited success. Further progress in the under-
standing and treatment of this rare and lethal 
entity requires novel treatment strategies [ 46 ].  

    Role of Adrenaloma Biopsy 

 Most experts do not recommend adrenaloma 
biopsy, despite its frequent recommendation in 
the radiology literature. These biopsies can often 
lead to retroperitoneal/adrenal bleed with associ-
ated infl ammatory changes. Additionally, it can 
create diffi culty with the surgical dissection, 
resulting in increased surgical complications 

as well as risk of capsule rupture. Finally, the 
biopsied tissue is rarely adequate to differenti-
ate malignant from benign adrenal lesions. 
Needle biopsy of pheochromocytoma is strongly 
contraindicated due to concerns of tumor seeding 
and triggering a hypertensive crisis [ 48 ,  52 ]. It is 
very important that all patients with an adren-
aloma who require a work-up should undergo a 
hormonal evaluation before undergoing a biopsy. 
An exception to this is when an adrenal metasta-
sis is suspected and a tissue diagnosis is required, 
especially in patients who are known or sus-
pected to have lung, breast, and renal gastrointes-
tinal malignancies, lymphoma, and melanoma. 
As a general rule of thumb, metastases to the 
adrenals tend to be bilateral [ 7 ].  

    Nonfunctioning Incidentaloma 
Follow-Up 

 When an adrenal incidentaloma is detected by 
imaging modalities, the multidisciplinary team 
must make a decision of whether to treat in the 
case of symptomatic, malignant, and functioning 
lesions or to observe in the case of nonfunction-
ing adrenal lesions. While it is relatively straight-
forward to determine the functional status of an 
adrenaloma, it is much more diffi cult to deter-
mine whether it is benign or malignant. Such 
decision must be based on the clinician’s high 
index of suspicion. 

 There is a lack of a standardized approach for 
surveillance of adrenal incidentaloma. As a rule 
of thumb, most protocols call for biochemical 
testing and serial CT scans and MRI scans at 
varying but consistent intervals. In the last 
decade, a number of expert opinion and consen-
sus statements suggest repeating CT scan or MRI 
for a suspicious adrenal mass every 3–6 months 
after the initial diagnostic images. Other lesions 
of low suspicion can be monitored every 6–12 
months and then annually after 3–5 years 
(Fig.  14.8 ) [ 3 – 5 ,  7 ,  53 ].

   Although the threshold for what constitutes as 
a clinically signifi cant size increase remains con-
troversial, most experts recommend an adrenal-
ectomy if the tumor increases in size by ≥1 cm 
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and/or has a change in features suggestive of 
malignancy during the monitoring period [ 3 ,  7 , 
 53 ]. Many authors suggest vigilant clinical moni-
toring with repeat laboratory screening tests 
(24-h urinary collection of catecholamine and 
metanephrine and overnight dexamethasone test) 
annually for at least 5 years, especially in patients 
with subclinical hypercortisolism [ 3 ]. Others do 
not recommend routine biochemical testing 
unless the patient develops symptoms that war-
rant further investigation [ 53 ]. Barry et al. found 
that none of the follow-up asymptomatic patients 
developed hyperfunctioning adrenal lesion [ 53 ]. 
Nonfunctioning lesions require repeat biochemi-
cal tests for pheochromocytoma and Cushing’s 
syndrome on follow-up, although they are not 
necessary for primary aldosteronism. 

 In summary, all nonfunctioning incidentaloma 
>1 cm but less than 4 cm requires close follow-up 
with either a CT scan or an MRI every 6–12 
months. If the lesion is between 4 and 5 cm, an 
adrenalectomy is recommended if the mass has 
the following characteristics: (1) a non-contrast 
CT with HU density >18, (2) contrast-enhanced 
CT washout ratio <40 %, and (3) heterogeneous, 
necrotic, calcifi ed, or evidence of local invasion. 
Finally, if the lesion is >5 cm, it should be resected 
unless the HU density is <10, which suggests that 
it is likely to be a myelolipoma, or if the lesion is 
entirely cystic (Fig.  14.8 ) [ 7 ].  

    Summary 

 The diagnosis of an adrenal incidentaloma 
(adrenaloma) is skyrocketing secondary to the 
increase use of abdominal and chest CT 
and MRI. The clinician’s challenging dilemma 
is to distinguish the majority of benign masses 
from other malignant or hormone-secreting 
lesions which will require further intervention 
and treatment. CT scans and MRI are the best 
imaging modalities to differentiate malignant 
from benign masses. In equivocal cases, PET/CT 
might be a useful adjunct. 

 It is necessary that all patients with an adrenal 
incidentaloma be evaluated for a possible pheo-

chromocytoma or hypercortisolism; aldosteron-
ism should be suspected in a hypertensive patient 
with hypokalemia. The overwhelming majority 
of adrenalomas are asymptomatic, nonfunction-
ing adenomas and do not require surgical inter-
vention. Controversy exists in regard to the 
surgical or medical management of patients with 
subclinical hypercortisolism. Adrenalectomy is 
indicated for patients with malignant lesion, 
pheochromocytoma, aldosteronoma, and ade-
noma with or without subclinical hypercorti-
solism that has grown, becomes symptomatic, or 
is recalcitrant to optimal medical intervention. In 
these patients, an accurate initial diagnostic 
assessment is a prerequisite for optimal manage-
ment. A multidisciplinary approach and tailored 
strategy is important to differentiate the high-risk 
patients who might require careful and extensive 
follow-up from the majority of patients who 
require only a simplifi ed follow-up. 

  Salient Points 
•     Majority of adrenal incidentalomas are hor-

monally inactive adrenal adenomas requiring 
no further treatment.  

•   Clinicians need to determine if incidentalo-
mas are functional or malignant. If yes, they 
will require intervention.  

•   All adrenal lesions ≥1 cm require a work-up.  
•   A work-up for pheochromocytoma and 

Cushing’s syndrome (hypercortisolism) 
should be pursued, whereas primary aldoste-
ronism should be evaluated in a hypertensive 
patient only (See Fig.  14.8 ).  

•   All functional tumors should be considered 
for resection (See Fig.  14.8 ).  

•   Small nonfunctioning tumors (<4 cm) with 
benign characteristics (HU <10 on non- 
contrast CT) can be observed with follow-up 
CT/MRI and biochemical tests (See Fig.  14.8 ).  

•   Tumors ≥4 cm but <5 cm require further 
work-up which include measurement of HU 
on non-contrast CT and washout ratio on con-
trast CT (See Fig.  14.8 ).  

•   Tumors >5 cm that are not cystic and HU >10 
require resection (See Fig.  14.8 ).  
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•   Pheochromocytoma can be clinically silent, 
but nevertheless dangerous. The following 
applies to pheochromocytomas:

 –    When Pheochromocytoma is suspected, 
MIBG should be performed. PET scan 
might be helpful in differentiating malig-
nant from benign lesions; however, false 
positive might be seen in patients with sar-
coidosis, tuberculosis, and pheochromocy-
toma. PET negative scan might be seen in 
necrotic and hemorrhagic cancer as well as 
in some primary tumors.  

 –   Needle biopsy is strongly contraindicated    
due to concerns regarding tumor seeding 
and hypertensive crisis.  

 –   There is no consensus on the test modality 
for screening pheochromocytoma. Plasma 
free metanephrine is the best screening 
test with 99 % sensitivity and 89 % speci-
fi city, although a 24-h urine test for 
 catecholamines and their metabolites 
(metanephrines, normetanephrines, VMA) 
is acceptable.  

 –   Preoperative management of pheochromo-
cytoma requires alpha-blockade before 
beta-blockade and adequate hydration.  

 –   Hypertension crisis may occur intraopera-
tively due to catecholamine surge  secondary 
to adrenal lesion manipulation.  

 –   Anesthesiologist must have premixed intra-
venous titratable drugs such as nifedipine, 
Nipride, and nicardipine to control high 
blood pressure as well as epinephrine and 
norepinephrine in the event the blood pres-
sure drops during surgery.  

 –   Laparoscopic and more recently robotic 
adrenalectomy have become a “gold stan-
dard” technique of choice.  

 –   Retroperitoneal approach is an attractive 
alternative in a patient who has multiple 
prior abdominal surgeries.  

 –   Transabdominal approach has the advan-
tage of addressing other intra- abdominal 
pathology as well as contralateral adrenal 
lesion.  

 –   In a patient with bilateral hereditary 
 disease, the surgeon may attempt a 

 unilateral cortex-sparing adrenalectomy 
and contralateral total adrenalectomy for 
pheochromocytoma.  

 –   For patients with metachronous contralat-
eral pheochromocytoma after prior unilat-
eral adrenalectomy, a cortex-sparing 
procedure should be attempted.     

•   Adrenal cortical carcinoma (ACC) is a very 
rare adrenal cancer and accounts for 1 % of all 
adrenal lesions. It is the second most lethal 
endocrine tumor after anaplastic thyroid 
malignancy. The following are considered 
for ACC:
 –    Prognostic factors include complete resec-

tion, stage of disease, and tumor grade.  
 –   Mitotic rates above 20 mitoses per 50 HPF 

and high Ki-67 are associated with poor 
outcome  

 –   In experienced hands, R0 resection and 
lymphadenectomy are possible for all 
stages.  

 –   Tumor thrombus in the renal vein or infe-
rior cava is not considered a contraindica-
tion to surgery.  

 –   En bloc resection of the kidney is recom-
mended for any patients with renal capsule 
invasion.  

 –   Patients with local recurrences after adre-
nalectomy can still be considered for reop-
eration, especially if a complete resection 
can be achieved.  

 –   Radiation of surgical bed may be consid-
ered, although the potential advantage of 
this therapy is unproven.  

 –   Local recurrences and selected meta-
static lesions can be palliated by surgical 
resection or by some type of ablation 
such as radiofrequency ablation and 
chemoembolization.  

 –   ACC is an aggressive malignancy with a 
very poor prognosis. Early diagnosis and 
radical resection is the only chance for 
long-term cure.  

 –   Systemic chemotherapy has not been 
proven to improve outcome; mitotane is 
indicated for metastatic disease, which has 
yielded only limited success.        
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  Questions 
     1.    A patient in her mid-20s is found to have a 

3.2 cm solitary left adrenal lesion on a CT 
scan obtained for right upper abdominal pain. 
The next step in her treatment should be:
    A.    Laparoscopic vs. robotic adrenalectomy   
   B.    Image-guided biopsy of the mass   
   C.    Dexamethasone 1 mg test dose   
   D.    24-h urine collection for catecholamines   
   E.    Repeat MRI/CT scan in 2 years        

    2.    Which of the following statements about lapa-
roscopic adrenalectomy for pheochromocy-
toma is true?
    A.    It should not be attempted in any patient 

with prior abdominal surgery.   
   B.    During bilateral laparoscopic adrenalecto-

mies, cortical-sparing technique should be 
considered.   

   C.    Lesions more than 5 cm should not 
be attempted with a laparoscopic 
technique.   

   D.    Preoperative alpha- and beta-blockade, in 
contrast to an open adrenalectomy, is not 
necessary for laparoscopic pheochromo-
cytoma resection.   

   E.    Laparoscopic adrenal resection should be 
used only for unilateral lesions.        

    3.    Multiple endocrine neoplasia-2 (MEN-2):
    A.    Is an autosomal recessive.   
   B.    MEN-2 tumors include hyperparathyroid-

ism, pancreatic neuroendocrine tumor, 
and pituitary adenoma.   

   C.    MEN-2 is an autosomal dominant trans-
mitted by germline mutation of the RET 
proto-oncogene.   

   D.    In MEN-2 syndrome, medullary thyroid 
cancer should be addressed prior to 
addressing other associated lesions.   

   E.    Hyperparathyroidism is a necessary com-
ponent of MEN-2 syndrome.        

    4.    When a patient presents with an adrenal inci-
dentaloma (adrenaloma), which of the follow-
ing statements is true?
    A.    All patients with adrenal lesions must 

undergo a biopsy.   
   B.    When an adrenocortical carcinoma is 

diagnosed invading the kidney, the lesion 

should not be resected but rather be treated 
with chemotherapy.   

   C.    All functioning adrenal lesions should be 
resected if the patient is deemed medically 
suited.   

   D.    Follow-up images of an incidentaloma 
should be performed no less than 3 months 
for a minimum of 5 years.   

   E.    By defi nition, an adrenal incidentaloma 
must be bigger than 3 cm at the time of 
diagnosis.        

    5.    Which of the following statements about mul-
tiple neuroendocrine neoplasia (MEN 1 & 2) 
syndrome is true?
    A.    In MEN-2A, the diagnosis of pheochro-

mocytoma usually precedes the diagnosis 
of medullary thyroid cancer.   

   B.    Prophylactic bilateral adrenalectomy 
should be performed when RET mutations 
is detected in patients with MEN-2A.   

   C.    Malignant pheochromocytoma rather than 
medullary thyroid cancer (MTC) in a 
patient with MEN-2A is the most common 
cause of the patient’s demise.   

   D.    The clinical course of MEN-2B is usually 
aggressive with advanced medullary thy-
roid cancer (MTC) as the most common 
cause of death.   

   E.    In MEN-2A, hyperparathyroidism should 
be addressed before addressing 
pheochromocytoma.        

    6.    Which of the following is true about adrenal 
incidentaloma?
    A.    The average frequency of clinically silent 

adrenal nodule was 10 % in autopsy reports.   
   B.    All incidentalomas are benign adrenal 

adenoma and do not require any surgical 
intervention.   

   C.    Less than 1 % of abdominal and chest 
CT scan and MRI exams will identify an 
adrenal incidentaloma.   

   D.    Only adrenal adenomas more than 4 cm 
should be monitored.   

   E.    In radiological imaging, incidentalomas 
were found roughly in 2–4 % of middle- 
aged individuals, and this rate increases to 
about 10 % in the elderlies.        
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    7.    Adrenalectomy might be indicated in all of 
the following conditions EXCEPT   :
    A.    Metastatic disease with uncontrolled pri-

mary site   
   B.    Tumors >3.0 cm that demonstrate growth 

on serial imaging   
   C.    Adrenal cortical carcinomas without evi-

dence of distant disease   
   D.    Glucocorticoid adenoma   
   E.    Asymptomatic pheochromocytoma    

        8.    Which of the following is true about 
pheochromocytoma?
    A.    Scintigraphy with I-123 or I-131 metaiodo-

benzylguanidine (MIBG) is not recom-
mended for evaluating pheochromocytoma.   

   B.    Less than 2 % of adrenaloma hide a silent 
pheochromocytoma.   

   C.    Patients with a clinically silent pheochro-
mocytoma has higher plasma catechol-
amine levels than patients with symptoms.   

   D.    In preparation for surgery, patients with 
pheochromocytoma should be initiated 
with a beta-blockade followed by an 
alpha-blockade.   

   E.    Rule of “10” applies to pheochromocy-
toma (10 % are malignant, 10 % occur in 
pediatrics, 10 % are extra-adrenal, 10 % 
are bilateral, and 10 % are hereditary).        

    9.    Which is NOT    true about adrenal cortical 
 carcinoma (ACC)?
    A.    Adrenal cortical carcinoma is relatively 

common and accounts for 10 % of all 
adrenal lesions.   

   B.    It is the second most lethal endocrine 
tumor after anaplastic thyroid malignancy.   

   C.    It has a bimodal age distribution with peak 
occurrence in the fi rst decade and the 
fourth and fi fth decades of life.   

   D.    The most important prognostic factors are 
complete resection and stage of disease.   

   E.    Mitotic rates >20 mitoses per 50 HPF are 
associated with shorter disease-free inter-
val compared to lower mitotic rates.    

        10.    What statement is NOT true about the role of 
adrenal mass biopsy?
    A.    Adrenal mass biopsy might lead to 

bleeding.   

   B.    Needle biopsy of pheochromocytoma is 
strongly contraindicated due to the risk 
of initiating a hypertensive crisis and 
seeding.   

   C.    Needle biopsy of an adrenal lesion might 
lead to the rupture of the adrenal 
capsule.   

   D.    Needle biopsy should never be attempted 
when metastasis is suspected.   

   E.    Tissue obtained by a biopsy is rarely ade-
quate to differentiate malignant from 
benign adrenal lesion.        

    Answers 
     1.    D   
   2.    B   
   3.    C   
   4.    C   
   5.    D   
   6.    E   
   7.    A   
   8.    E   
   9.    A   
   10.    D          
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     Abbreviations 

      PST    Performance status (ECOG classifi cation)   
  CLT    Cadaveric liver transplantation   
  LDLT    Living donor liver transplantation   
  RF    Radiofrequency ablation   
  PEI    Percutaneous ethanol injection   
  TACE    Transarterial chemoembolization   
  OS    Overall survival   

        Learning Objectives 
 After reading this chapter, you should be able to:
 –    Describe the diagnostic workup for a sus-

pected hepatocellular carcinoma liver lesion  
 –   Understand the multiple staging systems for 

patients with hepatocellular carcinoma  
 –   Appreciate the treatment paradigm for hepato-

cellular carcinoma within the context of HCC 
stage and the severity of underlying liver 
disease  

 –   Understand the indications for hepatic resec-
tion, transplantation, locoregional therapy, 
and systemic therapy for patients with hepato-
cellular carcinoma     

    Introduction 

 Hepatocellular carcinoma (HCC) is the most 
common primary liver malignancy worldwide 
and ranks as the fi fth most common cancer diag-
nosis overall and the third leading cause of can-
cer mortality worldwide [ 1 ]. In Southeast Asia 
and sub-Saharan Africa, regions where hepatitis 
B is endemic and the incidence of HCC is high-
est, HCC is currently the leading cause of cancer 
mortality [ 1 ,  2 ]. In the United States, greater than 
30,000 new cases of HCC are diagnosed each 
year, with over 21,000 deaths due to HCC esti-
mated to occur. The annual incidence of both new 
diagnoses and deaths attributed to HCC contin-
ues to increase; in fact, the incidence of HCC in 
the United States tripled between 1975 and 2005, 
largely due to the increasing prevalence of hepa-
titis C-related cirrhosis [ 1 ,  3 ]. Most cases of HCC 
arise in the setting of chronic liver disease, 
regardless of the etiology, with viral hepatitis B 
and C, alcohol abuse, and nonalcoholic steato-
hepatitis (NASH) constituting the majority of 
cases. Patients with cirrhosis have a signifi cant 
risk, estimated at 1–8 % per year and a greater 
than 30 % lifetime risk, of developing HCC 
within the cirrhotic liver [ 4 ]. Even more concern-
ing are recent data suggesting that the risk of 
developing HCC may be accentuated in the set-
ting of cirrhosis secondary to nonalcoholic fatty 
liver disease (NAFLD) or NASH [ 5 ]. 

 Despite advances in nonsurgical interventional 
therapies, the best potential curative treatment 
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option for HCC remains resection: either in the 
form of partial hepatectomy or liver transplanta-
tion [ 6 – 9 ]. Optimal surgical management of HCC 
patients remains a point of debate, due to vari-
ability in disease status and degree of liver fi bro-
sis, with practices varying among institutions 
worldwide. 

    Diagnostic Workup and Staging 

 Cross-sectional imaging is a key component of 
the diagnostic algorithm for patients with sus-
pected HCC. Ultrasound may be valuable in the 
context of surveillance screening patients at risk 
for HCC or as an initial imaging modality, but 
defi nitive radiologic diagnosis requires contrast- 
enhanced computed tomography (CT) or mag-
netic resonance imaging (MRI). Clinical practice 
guidelines adopted by the American Association 
for the Study of Liver Diseases (AASLD) and by 
the European Association for the Study of the 
Liver/European Organisation for Research and 
Treatment of Cancer (EASL/EORTC) outline 
noninvasive diagnostic imaging criteria for HCC 
[ 10 ]. HCC nodules typically have characteristic 
features of intense arterial enhancement followed 
by contrast washout during delayed or portal 
venous phases, as a result of their hypervascular-
ity and dependence on hepatic arterial circulation 
(Fig.  15.1 ).

   For patients with cirrhosis, lesions greater than 
1 cm in size that display these hallmark imaging 

characteristics are diagnostic of HCC and do not 
require a confi rmatory tissue biopsy. For patients 
with liver nodules suspicious for HCC but lack-
ing these imaging features on one imaging study, 
a second modality should be considered. If imag-
ing remains inconclusive, or for patients with 
liver nodules arising in the absence of underlying 
cirrhosis, histologic confi rmation by core needle 
biopsy is necessary for pathologic diagnosis. 
Improved imaging technology and adoption of 
the diagnostic criteria above have helped limit the 
need for invasive percutaneous biopsy, which car-
ries risks of potential complications such as tumor 
rupture or biopsy track seeding, estimated at 
0–5.1 % [ 11 ,  12 ]. Serum alpha-fetoprotein (AFP) 
may play a role as an adjunctive test in patients 
with suspicious liver lesions, with some degree of 
AFP elevation observed in the majority of 
patients, but elevated AFP levels are not a requi-
site component of the most recent iteration of 
diagnostic criteria [ 13 ]. An initially elevated AFP 
level, however, can be of benefi t to gauge tumor 
response to therapy and monitor for future recur-
rence following treatment. 

 Cross-sectional imaging also provides infor-
mation regarding morphologic features of the 
HCC, including tumor focality (uninodular vs. 
multinodular), macrovascular invasion, presence 
of main portal or hepatic venous thrombus, and 
involvement of the biliary tree, as well as poten-
tial lymph node involvement or extrahepatic 
spread of disease (Figs.  15.2  and  15.3 ). Chest 
imaging is also appropriate, as HCC commonly 

  Fig. 15.1    MRI appearance of an HCC lesion in the left liver lobe demonstrating characteristic enhancement in the early 
arterial phase ( a ), with subsequent contrast washout in the delayed, portal venous phase ( b )       
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metastasizes to the lungs. Clinical management 
of patients with HCC requires an understanding 
of these tumor-specifi c features as well as the 
severity of their liver dysfunction and natural his-
tory of cirrhosis.

    Patients with HCC typically have some degree 
of underlying liver disease, the severity of which 
can be quantifi ed on the basis of the Child-
Turcotte- Pugh (CTP) score or the Model for End- 
Stage Liver Disease (MELD) score. The CTP 
score stratifi es patients with underlying cirrhosis 
on a scale of 5–15 points and incorporates points 
assigned for quantitative serum values for biliru-
bin, albumin, and INR (international normalized 
ratio) as well as the more subjective variables of 

ascites and encephalopathy (Table  15.1 ) [ 14 ,  15 ]. 
Patients with CTP Class A cirrhosis (score of 5–6 
points) have a 2-year mortality risk of 10 % ver-
sus 20–40 % for those with Class B cirrhosis 
(score of 7–9 points) or 50–80 % for those with 
Class C cirrhosis (score 10–15 points) [ 14 ].

   The MELD score, calculated from the patient’s 
serum creatinine, bilirubin, and INR values using 
a linear regression model, is more objective than 
the CTP score as it does not incorporate subjec-
tive variables such as degree of ascites or enceph-
alopathy [ 16 ]. The MELD score ranges from 6 to 
40 and has been demonstrated to have prognostic 
value for survival in patients with underlying 
chronic liver disease, regardless of the etiology. 
Importantly, neither of these scoring systems 
assess tumor involvement. 

 As compared with other solid tumor types, the 
TNM staging system is less commonly employed 
for HCC, as it does not account for liver dysfunc-
tion, a crucial variable when examining treatment 
options for individual patients. The 7th edition 
American Joint Committee on Cancer (AJCC) 
staging system defi nes the stages for HCC as fol-
lows (Table  15.2 ): Stage I as a solitary tumor, any 
size, without vascular invasion; Stage II as a soli-
tary tumor with vascular invasion or multiple 
tumors but none >5 cm in size; Stage IIIA as mul-
tiple tumors with at least one >5 cm in size; Stage 
IIIB as one or more tumors of any size involving 
a major branch of the portal vein or hepatic veins; 
and Stage IIIC as tumor(s) with perforation of 
the visceral peritoneum or direct invasion of 
 adjacent organs other than the gallbladder [ 18 ]. 

  Fig. 15.2    Small HCC lesion arising in the background of 
a cirrhotic liver. In the absence of any evidence of vascular 
invasion or distant metastases, this lesion would meet 
Milan Criteria       

  Fig. 15.3    A large HCC lesion arising in the setting of 
otherwise normal-appearing liver parenchyma       

   Table 15.1    Child-Turcotte-Pugh (CTP) classifi cation of 
hepatic function   

 Variable  1 Point  2 Points  3 Points 

 Serum bilirubin 
(mg/dL) 

 <2.0  2.0–3.0  >3.0 

 Serum albumin 
(g/dL) 

 >3.5  2.8–3.5  <2.8 

 INR  <1.7  1.7–2.3  >2.3 
 Ascites  Absent  Slight  Moderate–severe 
 Encephalopathy 
(grade) 

 None  Mild (I–II)  Severe (III–IV) 

  CTP Class A = 5–6 points; Class B = 7–9 points; Class 
C = 10–15 points. Abbreviations:  INR  international nor-
malized ratio  
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Any regional lymph node involvement or distant 
metastases is classifi ed as Stage IV disease.

   Several alternative staging systems have been 
proposed to better defi ne the prognosis of patients 
with HCC and appropriately stratify patients for 
treatment. One of the more established clinical 
staging systems is the Barcelona Clinic Liver 
Cancer (BCLC) system [ 19 ]. The BCLC classifi -
cation stratifi es patients on the basis of hepatic 
function as represented by the CTP score, clinical 
Eastern Cooperative Oncology Group (ECOG) 
performance status, and tumor stage, which 

encompasses tumor size, number of lesions, pres-
ence of vascular invasion, and extrahepatic spread 
of disease. Subsequent updates to the BCLC clas-
sifi cation scheme have incorporated additional 
evidence-based treatment recommendations [ 6 , 
 20 ]. The widely adopted EASL/EORTC consen-
sus guidelines for management of HCC follow 
the BCLC staging algorithm (Fig.  15.4 ).

   Very early HCC (BCLC Stage 0) includes 
patients with an ECOG performance status 0; 
well-preserved liver function, defi ned as CTP 
Class A along with normal serum bilirubin and 
normal portal pressures; and a solitary HCC 
tumor, measuring less than 2 cm, with no  evidence 
of vascular invasion. While few patients are typi-
cally diagnosed this early in their disease course, 
resection and transplantation both offer excellent 
5-year survival rates of 80–90 % [ 21 ]. Early HCC 
(BCLC Stage A) includes patients with ECOG 
performance status 0, well- compensated CTP 
Class A liver disease, and solitary tumors >2 cm 
or up to three tumors, each <3 cm in diameter. For 
appropriately selected patients, 5-year survival 
approaches 50–70 % following hepatic resection 
or liver transplant [ 22 ]. 

 Intermediate HCC (BCLC Stage B) includes 
patients with ECOG performance status 0, mod-
erate liver dysfunction within CTP Class A or B, 
and large or multinodular tumors. As the majority 
of patients within BCLC Stage B are not surgical 
candidates for resection or transplant, locore-
gional therapy with chemoembolization gener-
ally offers the best chance for improved symptom 
control and survival within this cohort [ 19 ,  23 ]. 

 Patients with advanced HCC (BCLC Stage C) 
include patients with diminished ECOG perfor-
mance status, moderate liver disease within CTP 
Class A or B, and advanced tumors exhibiting 
macrovascular invasion and/or extrahepatic 
spread in the form of nodal disease or distant 
metastases. Stage C patients have a poor progno-
sis, and the multi-kinase inhibitor sorafenib 
(Onyx Pharmaceuticals, San Francisco, CA) is 
currently the only therapeutic option shown to 
have a survival benefi t, demonstrating a 3-month 
improvement in overall survival as compared 
to placebo [ 24 ]. For patients without portal 

   Table 15.2    American Joint Committee on Cancer (AJCC) 
TNM Staging for Hepatocellular Carcinoma (7th edition)   

 Primary tumor (T) 

 TX  Primary tumor cannot be assessed 
 T0  No evidence of primary tumor 
 T1  Solitary tumor without vascular invasion 
 T2  Solitary tumor with vascular invasion or multiple 

tumors, none > 5 cm 
 T3a  Multiple tumors, one or more > 5 cm 
 T3b  Tumor(s), any size, involving major branch of 

portal vein or hepatic veins 
 T4  Tumor(s) with perforation of visceral peritoneum 

or direct invasion of adjacent organs other than 
the gallbladder 

 Regional lymph nodes (N) 

 NX  Regional lymph nodes cannot be assessed 
 N0  No regional lymph node metastasis 
 N1  Regional lymph node metastasis 

 Distant metastasis (M) 

 M0  No distant metastasis 
 M1  Distant metastasis 

 Anatomic stage/prognostic groups 

 Group  T  N  M 

 Stage I  T1  N0  M0 
 Stage II  T2  N0  M0 
 Stage IIIA  T3a  N0  M0 
 Stage IIIB  T3b  N0  M0 
 Stage IIIC  T4  N0  M0 
 Stage IVA  Any T  N1  M0 
 Stage IVB  Any T  Any N  M1 

  Adapted from Compton    et al. [ 17 ]. With permission from 
Springer Verlag  
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 invasion or metastatic disease, locoregional 
liver-directed therapy with chemoembolization 
or radioembolization in addition to sorafenib can 
be considered. 

 Patients within BCLC Stage D include patients 
with extremely poor performance status (ECOG 
3–4), advanced liver disease within CTP Class C, 
and advanced HCC. These patients have a termi-
nal prognosis, with median survival of 3–4 
months, and are treated with best supportive care 
and palliation [ 19 ].   

    Hepatic Resection 

 For patients with normal or minimally diseased 
underlying liver parenchyma and HCC amenable 
to surgical resection, liver resection remains the 
treatment of choice. Most patients, however, 

develop HCC in the setting of some degree of 
underlying liver disease or dysfunction, making 
appropriate patient selection for resection essen-
tial. Most patients with well-compensated CTP 
Class A cirrhosis can typically tolerate hepatic 
resection, while patients with Class C cirrhosis 
and nearly all patients with Class B cirrhosis are 
not candidates for resection. The presence of sig-
nifi cant portal hypertension, the sequelae of 
which are typically detectable on preoperative 
imaging in the form of parenchymal changes, 
splenomegaly, and/or varices, is a risk factor for 
postoperative liver failure following resection. 
Low preoperative platelet count, another hall-
mark of portal hypertension, has also been shown 
to be an important independent risk factor for 
increased complications, postoperative liver 
insuffi ciency, and mortality following hepatic 
resection for HCC [ 25 ]. Pathologically, the 

  Fig. 15.4    BCLC (Barcelona Clinic Liver Cancer) staging 
system for management of HCC (Reprinted from 
European Association for the Study of the Liver, European 
Organisation for Research and Treatment of Cancer. 

EASL-EORTC clinical practice guidelines: management 
of hepatocellular carcinoma. J Hepatol 2012;56(4):908–
43. With permission from Elsevier.)       
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degree of hepatic fi brosis can be quantifi ed by the 
METAVIR scoring system, which assigns a score 
on a fi ve-point scale from 0 to 4, ranging from no 
liver scarring to cirrhosis or advanced scarring 
[ 26 ]. This score in turn is predictive of liver’s 
ability to regenerate following hepatic resection. 

 A key consideration is the extent of the 
 indicated hepatic resection, which must be bal-
anced against the need to preserve an adequate 
functional liver remnant (FLR) with hepatic por-
tal and arterial infl ow, venous outfl ow, and biliary 
drainage [ 27 ]. The volume of the FLR (ideally 
>30 % of the total liver volume for patients with 
normal liver parenchyma or >40 % for well- 
compensated patients with cirrhotic liver paren-
chyma) must be taken into account, particularly 
in the setting of underlying liver disease [ 27 ]. 
Hepatic resection in the setting of fi brosis or cir-
rhosis carries increased risk of hepatic insuffi -
ciency and perioperative complications; this risk 
increases with the extent of resection (Fig.  15.5a, 
b ). Portal vein embolization is a potential option 
to induce hypertrophy and increase the size of the 
FLR in cases where preoperative volumetric cal-
culations suggest an inadequate FLR will remain 
following partial hepatectomy.

   Ideal candidates for resection are patients with 
minimal or well-compensated liver dysfunction 
and unifocal, small lesions < 5 cm [ 7 ]. While 
multifocality and larger tumor size are not abso-
lute contraindications for surgical resection, both 

features are surrogate markers for microscopic 
vascular invasion and more aggressive tumor his-
tology [ 28 ]. Other tumor features associated with 
increased recurrence and worse survival include 
vascular invasion, infi ltrative growth pattern, 
positive margin status, and lymph node involve-
ment [ 29 ,  30 ]. In the absence of other adverse 
features, however, solitary tumors larger than 
5 cm can be considered for resection if they 
involve < 50 % of the liver, as resection may offer 
5-year survival rates of 20–25 % (Fig.  15.6a, b ) 
[ 29 ,  30 ]. Resection margins of ≥2 cm are advo-
cated when possible, as long as the adequacy of 
the FLR size is not compromised, as they are 
associated with improved recurrence-free and 
overall survival outcomes versus resection mar-
gins of 1 cm [ 31 ]. Techniques of resection are 
beyond the scope of this review, and we refer our 
readers to the following excellent sources:
•     Poon RT. Current techniques of liver transec-

tion. HPB. 2007; 9(3): 166–73.  
•   Cunningham SC, Schulick RD. Management 

of Primary Malignant Liver Tumors. In: 
Cameron JL, Cameron AM (eds). Current 
Surgical Therapy, 10th edition. Philadelphia, 
PA: Elsevier Saunders; 2010.  

•   Sicklick JK, D’Angelica M, Fong Y. The Liver. 
In: Townsend CM, Beauchamp RD, Evers 
BM, Mattox KL (eds). Sabiston Textbook 
of Surgery, 19th edition. Philadelphia, PA: 
Elsevier Saunders; 2012.  

  Fig. 15.5    ( a ) Hepatocellular carcinoma arising within a 
cirrhotic liver (note the fi brotic, nodular appearance of the 
uninvolved liver). ( b ) Liver remnant following limited 

hepatic resection of HCC lesion, again demonstrating the 
characteristic nodular appearance of cirrhosis       
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•   Fan ST. Major Hepatic Resection for Primary 
and Metastatic Tumors. In: Fischer JE (ed). 
Mastery of Surgery, 6th edition. Philadelphia, 
PA: Lippincott Williams & Wilkins; 2012.  

•   Maithel SK, Jarnagin WR, Belghiti J. Hepatic 
Resection for Benign Disease and for Liver 
and Biliary Tumors. Jarnagin WR (eds). 
Blumgart’s Surgery of the Liver, Biliary Tract, 
and Pancreas, 5th edition. Philadelphia, PA: 
Elsevier Saunders; 2012.    
 Patients with hepatitis B as the etiology of 

their cirrhosis and HCC often have compara-
tively well-preserved hepatic function versus 
patients with underlying hepatitis C, making 
resection a potentially more viable treatment for 
these patients. In Asia and Africa, where hepatitis 
B is endemic and where cadaveric organs are 
severely limited, resection is commonly 
employed for most patients with HCC amenable 
to surgical treatment. HCC arising secondary to 
NASH presents a new disease paradigm, and 
results to date suggest that these patients have a 
greater tendency to develop HCC within non-
cirrhotic liver parenchyma. These patients may 
possess a theoretical lower risk of HCC recur-
rence in the liver remnant as compared with 

patients with underlying hepatitis B or C, and the 
benefi t of resection may be greater in this patient 
population [ 32 ,  33 ]. 

 One signifi cant advantage of resection is the 
potential for immediate treatment, as opposed to 
the risk of disease progression while on the trans-
plant wait list [ 34 ]. A trade-off for more expedited 
surgical therapy, however, is the signifi cant risk of 
disease recurrence following partial hepatectomy. 
Recurrence rates following resection for HCC, 
whether from true recurrence or de novo tumor 
development in the cirrhotic liver remnant, have 
remained extremely high, reaching 50–75 % at 5 
years in some series (Table  15.3 ) [ 35 – 47 ,  48 ]. 
Some groups have advocated a strategy of initial 
resection in patients with HCC within Milan 
Criteria and with relatively well-preserved liver 
function, followed by “salvage transplantation” or 
“secondary transplantation” for those who subse-
quently develop recurrent disease [ 49 – 52 ]. While 
primary resection of patients with early HCC and 
Child-Pugh Class A cirrhosis may be feasible, a 
signifi cant portion of patients with recurrent dis-
ease following resection will not be candidates 
for transplantation, due to age, comorbidities, or 
recurrence outside of Milan Criteria [ 49 ,  51 ].

  Fig. 15.6    ( a ) Intraoperative photograph of a large HCC lesion. ( b ) Liver remnant after resection of a large HCC lesion       
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       Transplantation 

 Liver transplant offers arguably the most effec-
tive cure for HCC, as it removes both the malig-
nancy and the underlying diseased liver 
parenchyma in which HCC typically arises. 
Transplantation is limited, however, by access to 
donor organs and must be balanced against the 
need for lifelong immunosuppression. Across the 
globe, the most widely accepted transplant selec-
tion criteria are referred to as the Milan Criteria. 
First reported in 1996 by Mazzaferro et al [ 53 ], 
the Milan Criteria defi ned transplant criteria for 
patients as a single HCC lesion < 5 cm in maxi-
mum diameter or ≤ 3 lesions each < 3 cm in size, 
with no evidence of macrovascular invasion or 
extrahepatic disease on imaging. Numerous stud-
ies worldwide, many included in a comprehen-
sive 2011 meta-analysis by the Milan group, have 
confi rmed the favorable outcomes that can be 
achieved with transplantation for patients meet-
ing these criteria [ 54 ]. Others have advocated 
broader transplantation guidelines, such as the 
expanded University of California, San Francisco 
(UCSF) criteria, which include patients with a 
single lesion < 6.5 cm or up to three tumors, each 
measuring less than 4.5 cm and a total tumor 
diameter < 8 cm [ 55 ,  56 ]. 

 As a result of limited organ availability, the 
drawbacks of transplantation include the risk for 
disease progression and resulting patient dropout, 
while patients are on the transplant wait list. 
Particularly in parts of Asia where HCC is more 
prevalent, the number of patients with HCC on 
transplant wait lists far exceeds the supply of 
deceased donor livers available. In the United 
States, the UNOS (United Network for Organ 
Sharing) criteria dictate that patients with HCC 
meeting Milan Criteria radiographically receive a 
MELD “exception points” score of 22 when 
placed on the wait list. If patients remain on the 
wait list after 3 months, they typically receive an 
additional three exception points. Within this 
allocation scheme, wait times vary considerably 
across UNOS regions and globally, with median 
times to transplant of 6–12 months in many 
regions increasing patient dropout and affecting 

intention-to-treat outcomes [ 34 ,  57 ,  58 ]. As a 
result, many centers, particularly those with lon-
ger wait times, now offer locoregional neoadju-
vant or “bridging” therapy to patients on the 
transplant wait list to attempt to minimize tumor 
progression while awaiting a donor organ [ 59 ]. 
Several non-randomized studies to date have 
reported decreased dropout rates, but none have 
demonstrated a correlation between pre- transplant 
bridging therapy with ablation or transarterial 
chemoembolization and improved posttransplant 
survival [ 60 – 64 ]. A cost-effective analysis of pre-
transplantation bridging ablation therapy, how-
ever, demonstrated benefi t if projected wait time 
to transplant exceeded 6 months [ 65 ]. 

    Downstaging 

 No randomized controlled trials have evaluated 
the utility of locoregional therapy for downstag-
ing patients initially outside of Milan Criteria, 
although several small series have demonstrated 
comparable 5-year outcomes for such patients 
successfully treated with radiofrequency ablation 
or chemoembolization followed by transplanta-
tion versus patients who meet Milan Criteria a 
priori [ 66 – 68 ]. In light of limited donor organ 
availability, studies are ongoing to better defi ne 
which patients beyond Milan Criteria are most 
likely to benefi t from downstaging followed by 
transplantation.  

    Living Donor Liver Transplantation 

 Living donor liver transplantation (LDLT) is also 
an option for patients and avoids the potential 
limitations of wait times for allocation of 
deceased donor livers and the restrictions of the 
Milan Criteria, although LDLT has been slow to 
be adopted. Some concerns were raised by early 
studies suggesting patients undergoing LDLT for 
treatment of HCC had higher rates of recurrence 
than seen with deceased donor transplantation 
[ 69 ,  70 ], although overall survival outcomes 
appear comparable [ 71 ,  72 ]. Because wait times 
are minimized, patients with more aggressive 
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tumors that would progress and render them 
ineligible for deceased donor transplant may be 
undergoing LDLT; thus, an observation period 
of 2–3 months has been proposed to assess the 
natural history of a patient’s tumor [ 69 ,  73 ]. 
Markov cost-effectiveness modeling suggests 
that LDLT is most cost-effective in scenarios 
where wait list times are projected to exceed 7 
months [ 74 ].   

    Locoregional Therapy 

    Ablation 

 Local ablation is the treatment of choice for 
patients with early-stage HCC not amenable to 
surgical therapies. Modalities include radiofre-
quency, chemical, and microwave ablation. 

 Radiofrequency ablation (RFA) involves the 
delivery of electrical energy to cause coagulative 
necrosis of tumor tissue and can be performed 
percutaneously, laparoscopically, or as an adjunct 
procedure from an open surgical approach. One 
recent study of early HCC lesions < 2 cm demon-
strated sustained complete response in 95 % of 
patients following ablation, with a local recur-
rence rate of < 1 % [ 75 ]. For tumors >3 cm, the 
effi cacy of ablation diminishes signifi cantly [ 76 ]. 
Only two randomized, controlled comparisons of 
ablation versus resection for early HCC have 
been performed to date, with one study demon-
strating equivalent recurrence and survival rates 
for the two treatment modalities and the other 
study suggesting resection was associated with 
lower recurrence rates and improved survival 
compared to RFA [ 77 ,  78 ]. Thus the use of RFA 
as a fi rst-line defi nitive therapy in patients with 
resectable disease is not widely practiced. For 
patients who are not candidates for resection, 
however, ablation offers an excellent treatment 
option for smaller tumors. RFA also can be 
employed as a bridging therapy for HCC in 
patients awaiting liver transplantation [ 79 ]. 

 Chemical ablation with percutaneous ethanol 
injection (PEI) was among the earliest ablative 
therapies tested and also induces coagulative 
necrosis of the HCC lesion. Effective necrosis 
rates of nearly 90 % for small tumors <2 cm in 

size have been demonstrated [ 80 ], but local recur-
rence rates are signifi cant [ 81 ]. PEI is currently 
most often reserved for cases in which RFA is not 
technically feasible due to tumor location. 

 Microwave ablation is a newer alternative 
thermal treatment modality that may be more 
effi cacious than RFA for treatment of lesions in 
close proximity to large vessels, which can serve 
as a heat sink for RFA and compromise complete 
necrosis of tumors. Early results with microwave 
ablation have been comparable to those with 
RFA [ 82 ,  83 ], although no prospective controlled 
head-to-head comparisons have been conducted.  

    Embolization 

 Embolization therapies take advantage of the 
dual blood supply of the liver and the fact that 
HCC tumors are predominantly supplied by the 
hepatic artery, whereas the uninvolved liver 
parenchyma is predominantly supplied by the 
portal venous circulation, allowing therapeutic 
agents to be delivered via minimally invasive 
arterial catheters under image guidance directly 
to the tumor. Intra-arterial therapeutic options 
include bland embolization, transarterial chemo-
embolization (TACE), drug-eluting bead (DEB) 
chemoembolization, and radioembolization. 

 Bland embolization, or transarterial emboliza-
tion (TAE), involves injection of microparticles 
into the terminal hepatic arterial vessels feeding 
the tumor, causing occlusion of the vessel and 
inducing ischemic necrosis of the tumor. Multiple 
lesions can be treated during the same procedure 
by super-selective targeting of terminal arterial 
branches. This procedure can be serially repeated 
in patients with progressive disease or additional 
lesions with acceptable safety [ 84 ], and multiple 
studies have demonstrated a survival benefi t 
compared to supportive care [ 23 ,  85 ]. 

 TACE, or conventional chemoembolization, 
involves injection of hydrophilic cytotoxic che-
motherapeutic agents, most commonly doxorubi-
cin, into the arterial branches supplying the 
tumor(s), followed by occlusion of the feeding 
vessel with injected embolic particles to prevent 
washout [ 86 ]. This combined cytotoxic and isch-
emic effect is theorized to induce greater tumor 
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necrosis. Meta-analyses of multiple randomized, 
controlled trials evaluating TACE have demon-
strated minimal procedure-related mortality and 
signifi cantly improved survival compared to best 
supportive care, although bland TAE and PEI 
were also associated with similarly improved sur-
vival outcomes [ 87 – 90 ]. 

 Drug-eluting bead chemoembolization (DEB- 
TACE) takes advantage of embolic microbeads 
impregnated with doxorubicin and engineered to 
release the chemotherapeutic agent in a slow, 
controlled rate over days to weeks within the 
tumor after being directly injected into the tumor- 
supplying vessels. This treatment strategy allows 
for increased, sustained chemotherapy concen-
trations locally within the tumor without increas-
ing systemic levels [ 91 ,  92 ]. Signifi cantly 
decreased rates of liver toxicity and systemic side 
effects compared to conventional TACE and 
comparable objective response rates of >50 % 
have been reported, and DEB-TACE has begun 
replacing TACE at many centers [ 93 ,  94 ]. 

 Arterial catheter-based embolic therapies are 
recommended for patients with unresectable 
HCC lesions larger than 4 cm and thus not ame-
nable to RFA or patients with multifocal disease. 
Per EASL/EORTC guidelines, TACE is the treat-
ment of choice for patients with intermediate, 
BCLC Stage B, asymptomatic, multifocal HCC 
in the setting of well-compensated liver dysfunc-
tion [ 10 ,  95 ]. The presence of macroscopic vas-
cular invasion or extrahepatic disease is an 
absolute contraindication to chemoembolization 
[ 23 ,  96 ]. Chemoembolization is typically limited 
to patients with Child-Pugh Class A or B cirrho-
sis, due to the increased risk of liver failure fol-
lowing TACE in patients with more advanced 
liver disease [ 97 – 99 ]. Other contraindications 
outlined by Raoul et al [ 100 ] include refractory 
ascites, encephalopathy, extensive bilobar tumor 
involvement, and renal insuffi ciency.  

    Radioembolization 

 Radioembolization refers to the transarterial 
catheter-based injection of microspheres loaded 
with the radioactive isotope yttrium-90 (Y-90). 

As with chemoembolization, the Y-90 micro-
beads are selectively injected into the terminal 
arterial branches supplying the HCC lesion, 
where they then lodge and deliver a high dose of 
radiation directly to the tumor, with little pene-
trance to the surrounding liver parenchyma [ 101 , 
 102 ]. Pre-procedure arteriogram mapping of the 
vasculature and liver-lung shunt studies are 
required to minimize the risk of radioemboliza-
tion to the gastrointestinal tract or lungs. The 
smaller diameter Y-90 microspheres have less 
embolic effect; therefore portal vein thrombosis 
is not a contraindication to radioembolization 
[ 103 ]. Trials to date have demonstrated radioem-
bolization is safe and effi cacious, with similar 
objective response rates and overall survival to 
that seen with chemoembolization [ 104 ,  105 ]. 
Radioembolization and chemoembolization have 
yet to be directly compared in a randomized, 
controlled prospective fashion. Existing retro-
spective comparisons of these modalities fail to 
show a survival advantage of one over the other 
[ 106 ,  107 ]. 

 Among the catheter-based therapies described 
above, no single therapy has demonstrated a 
defi nitive superior survival benefi t in a random-
ized, controlled fashion when compared to the 
other embolization treatment options. As a result, 
there is signifi cant heterogeneity among centers 
as to which liver-directed locoregional therapy is 
employed.   

    SBRT 

 External beam radiation therapy has little role for 
treatment of HCC due to the risk of radiating the 
liver in the setting of cirrhosis [ 108 ]. Stereotactic 
body radiation therapy (SBRT) offers a more pre-
cise modality for targeting liver lesions with a 
smaller number of higher doses of radiation, 
thereby sparing more of the uninvolved liver 
parenchyma [ 109 ,  110 ]. For unresectable patients 
with single HCC tumors ≤6 cm in diameter or up 
to three lesions with a sum diameter ≤6 cm, local 
control rates of 90 % and overall survival of 60 % 
at 2 years have been demonstrated with SBRT 
[ 111 ,  112 ].  
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    Systemic Therapy 

 Until 2007, no systemic therapeutic agent was 
approved for the treatment of HCC, and conven-
tional chemotherapy such as doxorubicin, the 
standard agent for unresectable or metastatic 
HCC prior to sorafenib, is largely ineffective. 
Sorafenib, an oral multi-tyrosine kinase inhibitor 
with activity against vascular endothelial growth 
factor receptor (VEGFR), platelet-derived growth 
factor receptor (PDGFR), and other molecular 
targets, demonstrated a tolerable side effect pro-
fi le and a nearly 3-month median overall survival 
improvement in patients with advanced (BCLC 
Stage C) metastatic HCC versus the placebo arm 
in phase II and III studies [ 24 ,  113 ,  114 ]. In a 
multicenter, phase III trial of 602 patients with 
HCC who were not eligible for or had disease 
progression after surgical resection or locore-
gional therapies, patients who received sorafenib 
400 mg twice daily had a median survival of 
10.7 months versus 7.9 months in the placebo 
group [ 24 ]. The patients in this study had an 
ECOG performance status ≤ 2 and CTP Class A 
liver dysfunction. Based on these trials, sorafenib 
is currently recommended as standard of care 
systemic therapy for patients with advanced, 
BCLC Stage C disease, or disease progression 
while undergoing locoregional therapies [ 10 ]. 
Treatment guidelines recommend dose mainte-
nance until evidence of disease progression or 
intolerable side effects [ 10 ]. 

 Numerous phase I through III trials are under-
way to examine the effi cacy of additional molec-
ular targeted agents for the treatment of advanced 
HCC, either alone or in combination with 
sorafenib.  

    Conclusion 

 Management of patients with hepatocellular car-
cinoma remains a challenge due to the typical 
combination of malignant disease and organ dys-
function. Resection remains the treatment of 
choice for patients with early solitary HCC and 
normal or well-compensated liver dysfunction. 

Transplantation should be offered to patients 
with HCC meeting Milan Criteria (a single lesion 
<5 cm or up to three lesions each <3 cm), although 
donor organ availability and long wait times pose 
limitations. For patients with early HCC not ame-
nable to surgical management, radiofrequency 
ablation is typically indicated for solitary lesions 
up to 3 cm in size. Patients with multiple HCC 
lesions and without evidence of macrovascular 
invasion or extrahepatic disease are candidates 
for locoregional therapy, typically with TACE, 
DEB-TACE, or radioembolization. For patients 
with advanced HCC, sorafenib is currently the 
only approved therapeutic agent. 

  Salient Points 
•     Hepatocellular carcinoma (HCC) most com-

monly arises in the setting of cirrhosis or 
chronic liver disease, for which the most com-
mon etiologies worldwide include viral hepa-
titis B and C, alcohol abuse, and nonalcoholic 
steatohepatitis (NASH).  

•   HCC lesions characteristically demonstrate 
intense arterial enhancement followed by 
delayed contrast washout on portal venous 
phases of CT or MRI.  

•   For lesions > 1 cm arising in the background of 
known cirrhosis and displaying these hallmark 
imaging characteristics diagnostic of HCC, a 
tissue biopsy is not necessary, particularly if 
the patient may be considered for transplant.  

•   Resection remains the treatment of choice for 
patients with early solitary HCC and normal 
or well-compensated liver dysfunction (i.e., 
CTP Class A).  

•   Recurrence rates following resection of HCC 
remain as high as 50–75 % at 5 years in most 
studies.  

•   The Milan Criteria defi ne transplant criteria 
for patients with HCC as a single HCC 
lesion < 5 cm in size, or ≤ 3 lesions each < 3 cm 
in size, with no evidence of macrovascular 
invasion or extrahepatic disease.  

•   Liver transplantation should be offered to 
patients with HCC meeting Milan Criteria, 
although donor organ availability and long wait 
times pose limitations in many countries and 
some UNOS regions within the United States.  
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•   For patients with early-stage, small HCC 
lesions not amenable to surgical therapies, 
local ablation is the treatment of choice. 
Modalities include radiofrequency ablation 
(RFA), percutaneous ethanol injection (PEI), 
and microwave ablation.  

•   Patients with multiple HCC lesions and with-
out evidence of macrovascular invasion or 
extrahepatic disease are candidates for locore-
gional therapy, typically with transarterial 
chemoembolization (TACE), drug-eluting 
bead (DEB)-TACE, or radioembolization.  

•   The only systemic therapeutic agent approved 
for advanced or metastatic HCC is sorafenib, 
an oral multi-kinase inhibitor.     

  Questions 
     1.    Based on the Milan Criteria, in which of the 

following scenarios would a patient with HCC 
NOT be eligible for consideration for trans-
plantation based on these guidelines:
    A.    A single 2.5 cm lesion   
   B.    Three lesions measuring 2.0 cm, 2.5 cm, 

and 3.0 cm respectively   
   C.    A single 3.5 cm lesion with evidence of 

portal vein invasion   
   D.    Two 2.0 cm lesions involving both the 

right and left hepatic lobes        
    2.    The characteristic feature of an HCC lesion on 

cross-sectional imaging with CT or MRI is:
    A.    Intense, homogenous contrast enhance-

ment on arterial phase images, with a dis-
tinct hypointense central scar   

   B.    Initial peripheral nodular contrast 
enhancement with peripheral-to-central 
progressive infi lling of the lesion on 
delayed phases   

   C.    Lesion enhancement on arterial phase 
imaging with contrast washout on delayed 
phases   

   D.    Low-attenuation, delayed arterial 
enhancement        

    3.    The only FDA-approved systemic therapy for 
a patient with metastatic, Stage IV HCC is:
    A.    Everolimus   
   B.    Sorafenib   
   C.    Imatinib   
   D    Herceptin        

    4.    A patient with a serum bilirubin of 2.5, nor-
mal serum albumin and INR levels, and no 
evidence of ascites or encephalopathy would 
be described as what Child-Turcotte-Pugh 
(CTP) Class?
    A.    CTP Class A   
   B.    CTP Class B   
   C.    CTP Class C   
   D.    CTP Class 3        

    5.    Given a patient with a 7 cm HCC lesion in the 
setting of cirrhosis and ascites, the most 
appropriate therapy recommended by BCLC 
guidelines would be:
    A.    Resection   
   B.    Transplantation   
   C.    Radiofrequency ablation (RFA)   
   D.    Transarterial chemoembolization (TACE)        

    6.    Which of the following lab values does 
NOT factor into the calculation of a patient’s 
MELD (Model for End-Stage Liver Disease) 
score?
    A.    Bilirubin   
   B.    Albumin   
   C.    Creatinine   
   D.    INR        

    7.    In a patient with known cirrhosis and chronic 
hepatitis C and a large liver lesion suspicious 
for HCC found on routine surveillance ultra-
sound, initial workup and staging includes all 
of the following except:
    A.    CT or MRI of abdomen and pelvis   
   B.    Serum AFP   
   C.    Percutaneous needle biopsy   
   D.    Chest imaging        

    8.    All of the following are associated with 
increased risk of morbidity and mortality fol-
lowing hepatic resection for HCC except:
    A.    Splenomegaly   
   B.    Esophageal varices   
   C.    Female gender   
   D.    Low preoperative platelet count        

    9.    All of the following are benefi ts of transplan-
tation over hepatic resection for the treatment 
of HCC except:
    A.    Clear resection margins   
   B.    Reduced risk of HCC recurrence   
   C.    Treatment of the underlying liver disease   
   D.    Decreased time to surgery        
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    10.    Given a patient with CTP Class B cirrhosis, 
evidence of portal hypertension, and two 
HCC nodules, each < 3 cm in size, which of 
the following is the least appropriate therapy 
by BCLC guidelines?
    A.    Transplantation   
   B.    Radiofrequency ablation (RFA)   
   C.    Transarterial chemoembolization (TACE)   
   D.    Hepatic resection        

    Answers 
     1.    C   
   2.    C   
   3.    B   
   4.    A   
   5.    D   
   6.    B   
   7.    C   
   8.    C   
   9.    D   
   10.    D          
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         Learning Objectives 
 After reading this chapter, you should be able to:
•    Know screening protocol for colorectal cancer 

(CRC).  
•   Understand how to evaluate and manage 

patients with colon cancer.  
•   Comprehend the surgical principles of resect-

ing colon cancer.  
•   Know what circumferential radial margin 

(CRM) is.  
•   Identify the high-risk features of stage 2 colon 

cancer.  
•   Recognize the indication for adjuvant therapy 

for colon cancer.  

•   Appreciate the role of microsatellite instabil-
ity (MSI) in colon cancer.  

•   Be cognizant of the data on laparoscopic col-
ectomy for colon cancer.     

    Background 

 Colon and rectal cancer (CRC) is the 3rd most 
common cause of cancer and the 2nd most com-
mon cause of cancer death in the United States. 
In women, it ranks 3rd after breast and lung, 
whereas in men it is preceded by prostate and 
lung [ 1 ]. It is estimated that in 2013 over 50,000 
will die from CRC in the United States [ 2 ]. The 
lifetime probability of developing a colon and 
rectal cancer in the United States is 5.5 % and 
5.1 % in men and women, respectively. 

 The adenocarcinoma sequence in CRC is well 
described, and it is clear that early detection of 
CRC and removal of adenomatous polyps have 
decreased the mortality from the disease [ 3 – 9 ]. 
Unfortunately, it is estimated that only 50 % of adults 
over the age of 50 underwent screening for CRC 
by fecal occult blood test or endoscopy in 2005 [ 10 ].  

    Etiology and Risk Factors 

 The genesis of CRC is not fully understood; how-
ever, it is well established that a combination of 
genetic predisposition and environmental factors 
plays a great role [ 11 ]. Genomic and epigenetic 
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alterations are common in CRC, and the two rec-
ognized pathways of carcinogenesis are the chro-
mosomal instability pathway (CIN) and the 
microsatellite instability pathway (MSI). It is 
thought that colorectal carcinogenesis is a four- 
step process that begins with the transformation 
of normal epithelium to an adenoma, proceeding 
to in situ carcinoma, and ultimately to invasive 
and metastatic tumor (Fig.  16.1 ). It was Fearon 
and Vogelstein who in 1990 proposed specifi c 
events that are essential to the development of 
CRC [ 12 ]. These events involved the accumula-
tion of mutations of multiple genes that are 
involved with cell growth and differentiation [ 13 ].

       Dietary Fat 

 Dietary fat and more specifi cally animal fat have 
been linked to a higher incidence of CRC [ 11 ,  14 , 
 15 ]. The so-called western diet rich in animal fat 

has been incriminated due to a higher incidence 
of CRC in the western world. However, this con-
cept has been challenged by well-conducted case 
control studies. An association with the total 
energy consumption rather than animal fat is 
thought to be responsible for a higher incidence 
of CRC [ 16 ].  

    Red Meat 

 The relationship between red meat consump-
tion and an increased incidence of CRC is 
well established [ 17 ]. The proposed hypothesis 
is that red meat contains high amounts of 
heme, which in turn damages the colonic 
mucosa and stimulates epithelial proliferation. 
Also involved is the role of heme iron that is 
associated with the increase concentration of 
fecal N-nitroso compounds, a known carcinogen 
[ 18 ,  19 ].  

  Fig. 16.1     Fearon and Vogelstein proposed genetic model of colorectal carcinogenesis . CRC is the result of accumu-
lated mutations of multiple genes that are involved with cell growth and differentiation       
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    Fruits and Vegetables 

 Due to their signifi cant source of antioxidants, 
fruits and vegetables have been described in ear-
lier studies as protective against CRC. However, 
more recent analyses provide confl icting conclu-
sions on their protective/deleterious effect [ 20 ].  

    Dietary Fibers 

 Because of the low incidence of CRC in high fi ber-
consuming societies, it was a popular belief that 
high consumption of dietary fi bers was protective 
against colon cancer. Burkitt has observed the clear 
differences in the incidence of CRC between the 
western world and areas of Africa. He concluded 
that high residue diet was protective by decreasing 
the transit time of stools and colon carcinogens. 
These same carcinogens were diluted by the bulk 
and size of the stools in a high fi ber diet [ 21 ]. 

 Some authors have challenged this. Studies have 
attempted to study the relationship between high 
consumption of fi ber and low incidence of recurrent 
colorectal adenomas [ 22 – 26 ]. A meta- analysis con-
cluded that there was no evidence to suggest that 
high dietary fi ber will reduce the incidence or recur-
rence of adenomatous polyps within 2–4 years [ 27 ]. 

 This being said, these studies were criticized 
for their weaknesses; compliance to a high fi ber 
diet was not uniform in some of the patients, the 
duration of the studies was short, the arbitrary 
amount of daily fi ber consumption designated as 
being suffi cient was lower than the amount nor-
mally consumed by the high fi ber-consuming 
societies, and patients had a lifelong exposure to 
a western diet before being enrolled in the stud-
ies. In a subsequent subgroup analysis, it was 
shown that it was possible to decrease the inci-
dence of adenoma recurrence in the highly moti-
vated and compliant patient, thus confi rming the 
protective role of dietary fi bers [ 28 ].  

    Insulin Resistance and Obesity 

 Obesity is linked to insulin resistance, increased 
levels of insulin, as well as increased activity of 
insulin-like growth factor type I (IGF-I). This 
hormone, in turn, is thought to be responsible for 
increasing cell proliferation, which can lead to an 
increased risk of developing colon cancer [ 29 ]. 
Weight gain in an adult is associated with an 
increase in colon cancer risk, thus stressing the 
importance of weight management as a measure 
for colon cancer prevention [ 30 ].  

    Folate and Alcohol 

 Folate is a vitamin commonly found in leafy veg-
etables, legumes, and some fruits. It plays a role 
in DNA methylation. A defi ciency in folate 
may interfere with DNA repair and could be 
associated with certain cancers including CRC. 
Paradoxically, antifolate chemotherapy agents 
such as methotrexate and fl uorouracil play an 
essential role in reducing the proliferation of neo-
plastic cell by inhibiting DNA synthesis. 
Supplementary folate could have either a benefi -
cial or detrimental effect on CRC development, 
depending on the timing of the intake. 

 Recent data suggest that folic acid has a pro-
tective role in preventing CRC before its estab-
lishment. However, excess intake of folate will 
increase tumor genesis by providing nucleotide 
precursors to the multiplying neoplastic cells 
[ 31 – 33 ]. 

 Alcohol has a role in decreasing the availabil-
ity of folate in the body by altering its absorption. 
The consumption of alcohol has an association 
with CRC and seems to be related to the amount 
consumed. Compared to nondrinkers, moderate 
drinkers and heavy drinkers have a 21 % and 
52 % increased risk of developing CRC, respec-
tively [ 34 ].  
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    Smoking 

 The link between smoking and adenoma forma-
tion as well as the increased incidence of CRC has 
been demonstrated and seems to be dose depen-
dent [ 35 ]. The carcinogens include aromatic 
amines and nitrosamines, compounds that cause 
gene mutation by forming aberrant DNA [ 36 ].  

    Bile Acids and Cholecystectomy 

 High fecal bile acid, mainly deoxycholic acid and 
lithocholic acid, appears to have a role in the 
increased incidence of CRC. Similarly, a chole-
cystectomy increases the quantities of fecal bile 
acid, resulting in an increase incidence of proxi-
mal colonic carcinoma [ 37 ].  

    Infl ammatory Bowel Diseases 

 Crohn’s disease and ulcerative colitis (UC) are 
well-established risk factors for developing 
CRC. It seems that the duration of the disease, 
the extent of the colitis, and the severity of the 
infl ammation are related to that increased risk. 
The age of onset of affected individuals at the 
time of diagnosis is generally 10–15 years 
younger than those with sporadic CRC [ 38 ].  

    Family History and Genetic 
Predisposition 

 There is a signifi cant risk of developing CRC in 
individuals with a family history of CRC with a 
hazard ratio of 2.25 if a patient has a fi rst-degree 
relative with CRC [ 39 – 41 ]. It is believed that the 
increased risk is attributed to genetic inheritance 
and/or exposures to similar environmental 
factors. 

 Inheritance of known susceptibility genes such 
as the APC gene, p53 gene, or the mismatch repair 
gene also predisposes an individual to developing 
CRC. Further discussion of the genetics associ-
ated with CRC is addressed in Chap.   20     ,  

 Hereditary Colorectal Cancer and Polyposis 
Syndromes . It is important to stress that the 
majority of CRC associated with a family history 
have no known susceptibility genes.  

    Screening for Asymptomatic Colon 
Cancer 

 The goal of screening is early detection of a sur-
gically resectable and curable cancer in an 
asymptomatic individual. Multiple tests are avail-
able to achieve that goal. For average-risk 
patients, screening should begin at age 50, 
whereas high-risk individuals should begin 
screening at age 40 or ten years prior to the diag-
nosis of the youngest affected family member. 

 The digital rectal examination (DRE) should 
be part of any routine examination in patients 
over 40 years of age, along with a fecal occult 
blood testing (FOBT) or a fecal immunochemical 
testing (FIT). The FOBT is an easy and inexpen-
sive method to identify rectal masses and detect 
occult fecal blood. It is a proven method of 
decreasing the mortality from CRC. However, 
the test has inherent fl aws, with approximately 
50 % of patients with proven CRC having a nega-
tive result, while less than 10 % of test-positive 
patients will be found to have a CRC. Like all 
tests, FOBT has to be performed correctly by 
well-trained healthcare providers to optimize its 
value. Simply performing an offi ce DRE with a 
fecal occult blood test or immunochemical test-
ing is inadequate. The correct method is to collect 
three different stool samples at home. A special 
diet is recommended and should be free of any 
type of meat and high in fi ber to stimulate bleed-
ing and avoid false negatives. This test should be 
performed yearly as a screening method. 

 Colonoscopy is the only test that visualizes 
the entire colon and should be done every 10 
years (Fig.  16.2 ). It is diagnostic because it can 
identify small polypoid lesions that would other-
wise be missed by other screening modalities. 
Additionally, it is therapeutic because it can 
remove existing polyps. In addition to colonos-
copy, FOBT should be performed yearly. Flexible 
sigmoidoscopy every 5 years is another test that 
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can be used for screening. Double contrast bar-
ium enema every 5 years and, more recently, vir-
tual CT colonoscopy every 5 years are offered as 
alternatives.

   CT colonography (CTC) is also a screening 
option for average-risk individuals and has been 
endorsed by the American College of Radiology, 
the United States Multi-Society Task Force on 
Colorectal Cancer, and the American Cancer 
Society [ 8 ]. CTC has a staging accuracy of 81 %, 
with a sensitivity of 93 % and a specifi city of 97 % 
for detecting polyps <1 cm. For polyps <1 cm, 
both sensitivity and specifi city fall to 86 % and 
86 %, respectively [ 42 ,  43 ]. The advantages with 
CT colonography include low risk of complica-
tions, minimal invasiveness, and high patient tol-
erance [ 44 ]. Although radiation exposure is a 
concern, the use of newer techniques has decreased 
the amount of radiation to a level that is close to 
background level. CT colonography does require 
colonic cleansing on the day prior to examination, 
and the patient is also instructed not to eat solids 
or dairy products a day prior to examination. 

 Fecal DNA testing is considered an evolving 
topic. Currently, it is not commercially available 
in the United States. The FDA molecular and 
clinical genetics panel of the medical devices 
advisory committee determined that Cologuard®, 
the fi rst of its kind stool-based DNA screening 
test for CRC, has demonstrated safety, 
 effectiveness, and a favorable risk benefi t profi le. 
This was based on a recent study that reported a 
sensitivity for detecting CRC of 92.3 % with 
DNA testing compared to 73.8 % with FIT 
( P  = 0.002). The sensitivity for detecting advanced 
precancerous lesions (adenomas or large sessile 
serrated polyps) was 42.4 % with DNA testing 
and 23.8 % with FIT ( P  < 0.001) [ 45 ]. A positive 
test should be followed by a direct visualization 
of the colon by a colonoscopy. 

 Two categories of patients should be screened 
according to the American Cancer Society guide-
lines based on their risk factors (Table  16.1 ). The 
screening should begin by determining the indi-
vidual’s level of risk, which could either be aver-
age risk or increased risk.

  Fig. 16.2    Endoscopic view of colonic cancer (Courtesy of Michael Polcino, MD)       
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   For the average-risk patient, screening should 
start at age 50; the patient should be offered to 
choose from each screening method after explain-
ing the advantages and disadvantages of each. 
The high-risk patient includes those with a per-
sonal history of adenomatous colon polyp or 
colon cancer, a family history of colon cancer, or 

a personal history of infl ammatory bowel disease. 
A known family history of familial adenomatous 
polyposis (FAP) or hereditary nonpolyposis 
colon cancer (HNPCC) also puts the patient at an 
increased risk of developing CRC. These patients 
should be offered a screening colonoscopy at a 
younger age or at more frequent intervals. 

   Table 16.1    Screening recommendations for colorectal cancer   

  Average risk (age > 50 years, without risk factors)  
 Annual fecal occult blood test (FOBT) or † § 
 Annual fecal immunochemical test (FIT) or † § 
 Flexible sigmoidoscopy every 5 years or 
 Colonoscopy every 10 years or 
 Double contrast barium enema every 5 years or 
 CT colonography every 5 years 
  †Proceed with colonoscopy if test is positive  
  §Take-home multiple sample should be used  

  Increased risk  
  Personal history of polyps removed  

 Small rectal hyperplastic polyps: treat like average-risk individuals 
 1–2 small tubular adenomas with low-grade dysplasia: colonoscopy 5–10 years after initial polypectomy 
 3–10 adenomas or 1 adenoma > 1 cm or any adenoma with villous features or high-grade dysplasia: colonoscopy 3 
years after initial polypectomy 
 >10 adenomas on a single exam: colonoscopy < 3 years after initial polypectomy 
 Sessile adenomas that are removed piecemeal: colonoscopy 2 to 6 months to confi rm complete excision 

  Personal history of CRC (had curative resection)  
 Colonoscopy one-year anniversary after initial colon resection; if normal, then 
 Repeat colonoscopy in 3 years; if normal, then 
 Repeat colonoscopy in 5 years 
 Following curative rectal cancer resection 

 Periodic examination every 3–6 months for the fi rst 2 to 3 years 
  Family history  

 First-degree relative (parent, sibling, or child) with CRC or adenomas diagnosed at age ≤60 years or two 
fi rst-degree relatives at any age 

 Colonoscopy every 5 years, beginning at age 40 years or 10 years before the age of the youngest affected relative 
(whichever comes fi rst) 

 First-degree relative with CRC or adenoma diagnosed at age >60 years, or two second-degree relatives with CRC 
 Same options as average risk but begin at age 40 years 

  High risk  
  Infl ammatory bowel disease  

 Annual or every 2-year screening colonoscopy with biopsies for dysplasia. Signifi cant risk of cancer begins 8 
years after onset of pancolitis or 12 to 15 years after onset of left-sided colitis 

  FAP or suspected to have FAP  
 Annual screening sigmoidoscopy, beginning at age 10–12 years or refer for genetic testing 

  HNPCC or suspected to have HNPCC  
 Colonoscopy every 1–2 years, beginning at age 20–25 years; or 10 years younger than youngest age of CRC 
diagnosis in family, or refer for genetic testing 

  Adapted from Levin  et al. [ 8 ]. With permission from Elsevier  
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 An individual with a fi rst-degree relative diag-
nosed with a CRC before age 60 should undergo 
a screening colonoscopy at age 40 or 10 years 
earlier than the affected family member, which-
ever comes fi rst. A colonoscopy should then be 
offered every 5 years if no polyps are found. 

 An individual with proven FAP or at risk of 
FAP should have an annual sigmoidoscopy begin-
ning at age 10–12. Genetic testing should be con-
sidered in these individuals. An individual with a 
genetic or clinical diagnosis of HNPCC should 
have a colonoscopy every 1–2 years starting at 
age 20–25 or 10 years earlier than the youngest 
age of colon cancer diagnosed in the family. 

 An individual with infl ammatory bowel dis-
ease should have a surveillance colonoscopy with 
systematic random biopsies to rule out dysplasia. 
This should start 8–10 years after the onset of 
disease and be performed every 1–2 years. 

 The surveillance of individuals with a per-
sonal history of small hyperplastic polyps should 
be managed the same as those at average risk. 
However, those with hyperplastic polyposis syn-
drome are at an increased risk of developing ade-
nomatous polyps and cancer and should therefore 
have more intensive follow-up according to the 
fi ndings of the colonoscopy [ 46 ].  

    Presentation 

 Most CRC diagnosed are asymptomatic and are 
detected during a screening examination; more-
over the majority of patients who develop CRC 
have no identifi able risk factor. For those who 
have symptoms, the location of the cancer usu-
ally dictates the symptoms. The most common 
presenting symptom is abdominal pain, and this 
can occur regardless of the location of the cancer 
or whether or not the tumor is obstructive. Change 
in bowel habits ranks second as the common 
complaint and varies from being a subtle change 
to a signifi cant change. Change in frequency, 
shape, and consistency, usually presenting thin-
ner or looser stools than usual, could be the alert-
ing signs for CRC, especially if these symptoms 
persist. The location of the tumor can infl uence 
the timing of when these symptoms appear; 

 compared to left-sided tumors, right-sided tumors 
tend to present with symptoms at a later time due 
to its larger colonic lumen, which can accommo-
date a larger tumor (Fig.  16.3 ).

   Rectal bleeding could either be dark or bright 
red, depending on the location of the cancer, with 
bright red blood being associated with distal can-
cers. Very often this is a neglected symptom, and 
its presence should not be taken lightly. Patients 
with this complaint should be investigated, at the 
very least, with an endoscopy, even if they are 
young, to avoid a disastrous outcome stemming 
from the wrong assumption that such bleed-
ing was due to symptomatic hemorrhoids. 
Hemorrhoids, if found, should be appropriately 
treated to avoid them from being blamed for per-
sistent bleeding that may be attributed to cancer. 
Unexplained weight loss could be associated 
with advanced CRC, and when present, it usually 
portends a poor prognosis. Iron defi ciency ane-
mia is often due to a digestive disease and there-
fore deserves an investigation to avoid the risk of 
missing a malignancy [ 47 ]. 

 In up to 15 % of the cases, a colon or rectal 
cancer will present as an obstructed or perforated 
cancer with septicemia, the latter of which can be 
diffi cult to distinguish from a perforated diver-
ticulitis, thus making the management that much 
diffi cult [ 48 ].  

    Evaluation and Staging 

 When possible, every patient with a presumed or 
proven CRC diagnosis should undergo a full colo-
noscopy before initiation of treatment. Although 
the majority of patients will be diagnosed with a 
CRC after a full colonoscopy, some will be 
referred to a surgeon after an alternative method 
was performed (i.e., rigid sigmoidoscope). A tis-
sue diagnosis must be obtained and synchronous 
carcinoma should be excluded, as the risk of syn-
chronous carcinoma can be as high as 10 % in the 
general population [ 49 – 51 ]. In addition, synchro-
nous benign polyps can occur in 13–62 % of cases 
[ 49 – 51 ], and when identifi ed, they should be 
removed. In the event that a colonoscopy cannot 
be completed due to technical problems, a barium 
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enema or a CT colonography and a rigid or fl exi-
ble sigmoidoscopy should be performed. 

 Preoperative radiological staging is routinely 
performed. A CT of the chest abdomen and pel-
vis will help detect synchronous metastasis 
(Fig.  16.3 ); alternatively a PET CT of MRI could 
be obtained if an allergy to iodine is a concern. 

 A complete blood count and a carcinoembry-
onic (CEA) antigen level should be obtained. 
The latter test establishes a baseline value for 

which it can be used to compare to subsequent 
CEA levels during the surveillance phase to 
detect for possible recurrence. 

 Colon cancer is staged using the 7th edition 
of American Joint Committee on Cancer (AJCC)/
TNM Staging system (Table  16.2 ) [ 53 ]. While 
distant disease can be detected prior to treatment, 
tumor depth (T-stage) and nodal involvement 
(N-stage) will only be known after surgical resec-
tion. The completeness of resection should be 

  Fig. 16.3    ( a ) CT of a patient with a large cecal mass and 
metastasis to the liver. ( b ) CT of a patient with synchro-
nous sigmoid mass and bilateral liver metastases. This 
patient had a colonic stent and underwent chemotherapy. 
He    subsequently underwent a staged operation that 

included a sigmoidectomy, a left lateral segmentectomy 
and a right segmentectomy, rendering him disease free (A: 
Courtesy of Michael Polcino, MD) (B: Courtesy of Quyen 
D. Chu, MD, MBA, FACS)       
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   Table 16.2    American Joint Committee on Cancer (AJCC) 
TNM staging for colorectal carcinoma (7th edition)   

 Primary tumor (T)* 

 TX  Primary tumor cannot be assessed 
 T0  No evidence of primary tumor 
 Tis  Carcinoma in situ: intraepithelial or invasion 

of lamina propria* 
 T1  Tumor invades submucosa 
 T2  Tumor invades muscularis propria 
 T3  Tumor invades through muscularis propria into 

pericolorectal tissues 
 T4a  Tumor penetrates to the surface of the visceral 

peritoneum** 
 T4b  Tumor directly invades or is adherent to other 

organs or structures**, *** 

 * Note : Tis includes cancer cells confi ned within the 
glandular basement membrane (intraepithelial) or mucosal 
lamina propria (intramucosal) with no extension through 
the muscularis mucosae into the submucosa 
 ** Note : Direct invasion in T4 includes invasion of other 
organs or other segments of the colorectum as a result of 
direct extension through the serosa, as confi rmed on 
microscopic examination (e.g., invasion of the sigmoid 
colon by a carcinoma of the cecum) or, for cancers in a 
retroperitoneal or subperitoneal location, direct invasion 
of other organs or structures by virtue of extension 
beyond the muscularis propria (i.e., respectively, a tumor 
on the posterior wall of the descending colon invading 
the left kidney or lateral abdominal wall, or a mid- or 
distal rectal cancer with invasion of prostate, seminal 
vesicles, cervix, or vagina) 
 *** Note : Tumor that is adherent to other organs or 
structures, grossly, is classifi ed cT4b. However, if no 
tumor is present in the adhesion, microscopically, the 
classifi cation should be pT1-4a depending on the 
anatomical depth of wall invasion. The V and L 
classifi cations should be used to identify the presence or 
absence of vascular or lymphatic invasion, whereas the PN 
site-specifi c factor should be used for perineural invasion 

 Regional lymph nodes (N) 

 NX  Regional lymph nodes cannot be assessed 
 N0  No regional lymph node metastasis 
 N1  Metastasis in 1–3 regional lymph nodes 
 N1a  Metastasis in 1 regional lymph node 
 N1b  Metastasis in 2–3 regional lymph nodes 
 N1c  Tumor deposit(s) in the subserosa, mesentery, 

or non-peritonealized pericolic or perirectal 
tissues without regional nodal metastasis 

 N2  Metastasis in ≥4 regional lymph nodes 
 N2a  Metastasis in 4–6 regional lymph nodes 
 N2b  Metastasis in ≥7 regional lymph nodes 

(continued)

Table 16.2 (continued)

 Regional lymph nodes (N) 

  Note : A satellite peritumoral nodule in the pericolorectal 
adipose tissue of a primary carcinoma without histologic 
evidence of residual lymph node in the nodule may 
represent discontinuous spread, venous invasion with 
extravascular spread (V 1/2), or a totally replaced lymph 
node (N1/2). Replaced nodes should be counted 
separately as positive nodes in the N category, whereas 
discontinuous spread or venous invasion should be 
classifi ed and counted in the site-specifi c factor category 
tumor deposits (TD) 

 Distant metastasis (M) 

 M0  No distant metastasis 
 M1  Distant metastasis 
 M1a  Metastasis confi ned to one organ or site (e.g., 

liver, lung, ovary, nonregional node) 
 M1b  Metastases > one organ/site or the peritoneum 

 Anatomic stage/prognostic groups 

 Stage  T  N  M  Dukes*  MAC* 

 0  Tis  N0  M0  –  – 
 I  T1  N0  M0  A  A 

 T2  N0  M0  A  B1 
 IIA  T3  N0  M0  B  B2 
 IIB  T4a  N0  M0  B  B2 
 IIC  T4b  N0  M0  B  B3 
 IIIA  T1-2  N1/N1c  M0  C  C1 

 T1  N2a  M0  C  C1 
 IIIB  T3-T4a  N1/N1c  M0  C  C2 

 T2- T3   N2a  M0  C  C1/C2 
 T1- T2   N2b  M0  C  C1 

 IIIC  T4a  N2a  M0  C  C2 
 T3-T4a  N2b  M0  C  C2 
 T4b  N1-N2  M0  C  C3 

 IVA  Any T  Any N  M1a  –  – 
 IVB  Any T  Any N  M1b  –  – 

  Note:  cTNM is the clinical classifi cation, and pTNM is 
the pathologic classifi cation. The y prefi x is used for those 
cancers that are classifi ed after neoadjuvant pretreatment 
(e.g., ypTNM). Patients who have a complete pathologic 
response are ypT0N0cM0 that may be similar to stage 
group 0 or I. The r prefi x is to be used for those cancers 
that have recurred after a disease-free interval (rTNM) 
 *Dukes B is a composite of better (T3 N0 M0) and worse 
(T4 N0 M0) prognostic groups, as is Dukes C (any TN1 
M0 and any T N2 M0). MAC is the modifi ed Astler-
Coller classifi cation 

  Adapted from Compton et al. [ 52 ]. With permission from 
Springer Verlag  
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noted and designated by letter R where R0 
 represents a complete tumor resection, R1 repre-
sents an incomplete tumor resection because of 
involved microscopic surgical margin, and R2 
represents an incomplete resection that leaves 
behind gross residual tumor. Histologic grade 
should also be noted as it plays a role in the prog-
nosis and treatment consideration [ 54 ].

       Surgical Management 

 Surgical resection is the defi nitive treatment for 
colon cancer. The depth of bowel wall invasion 
and lymph node status are the two most important 
prognostic indicators. A defi nitive, oncologic 
resection for colon cancer should include a bowel 
resection which may require an en bloc resection 
of adherent structures and removal of the blood 
supply and lymphatics at the origin of the primary 
feeding vessel. For colon cancer surgery, 5 cm is 
an adequate proximal and distal margin so as 
to decrease the rate of anastomotic recurrence. 
This distance also allows for adequate nodal clear-

ance. The 2000 National Cancer Institute guidelines 
for the surgical management of colon cancer rec-
ommend that a minimum of 12 lymph nodes 
should be examined [ 55 ]. Additionally, there is 
improved accuracy in the fi nal pathologic state 
when there are more lymph nodes examined [ 56 ]. 
Tumor spillage should also be avoided to reduce 
risk of seeding the cancer into the peritoneum. 

 The surgeon should be cognizant of the status 
of the circumferential radial margin (CRM) 
(Fig.  16.4 ). CRM pertains to the non- 
peritonealized (part of the colon that is attached 
to the retroperitoneum) portion of the colon, and 
CRM is essentially the retroperitoneal margin. 
The non-peritonealized colon includes the cecum, 
ascending colon, descending colon, and upper 
rectum, areas that are fi xed to the retroperito-
neum and therefore are “immobile.” The fi xed 
portion of the colon limits the surgeon’s ability to 
achieve a wider surgical margin. It is conceivable 
to appreciate how a bulky, posteriorly located 
cecal tumor is more likely to have a positive 
CRM than the same tumor whose bulk is located 
more anteriorly on the surface of the cecum. 

  Fig. 16.4     Circumferential radial margin (CRM) in colon 
cancer : The example is a cecal cancer. Note that a tumor 
that invades posteriorly into the retroperitoneal space runs 
the risk of having a positive CRM (panel A), whereas an 

anteriorly located tumor that penetrates into the serosa is 
not considered to have a positive CRM (panel B) (Redrawn 
by Quyen D. Chu based on data from Ref. [ 57 ])       
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In contrast, mid-transverse colon and mid-sigmoid 
colon are mobile and are not likely to result in a 
positive CRM following resection.

   A positive CRM is defi ned as tumor that is 
≤1 mm from the non-peritoneal (i.e., retroperito-
neal) surface of the specimen [ 58 ]. Although 
CRM for colon cancer may not be as well recog-
nized as its rectal cancer counterpart, it neverthe-
less is important because it has prognostic 
signifi cance. Patients with positive CRM are at 
risk of developing local recurrence [ 57 ,  59 ,  60 ]. 
Note that when the tumor encroaches on the sero-
sal (peritoneal) surface but is not adherent to 
adjacent structures, it is not considered as having 
a positive surgical margin. This is an important 
distinction to make because a T3N0 tumor with-
out CRM involvement does not normally require 
further treatment following resection, whereas 
the same tumor with a positive CRM may be 
treated with adjuvant therapy. 

 Because there is no anatomic landmark to dif-
ferentiate the peritonealized and non- peritonealized 
portion of the colon, the surgeon should work 
closely with the pathologist to help indicate areas of 
the tumor that were in close contact with other 

organs and/or abdominal wall and specify the 
retroperitoneal margin. Full-thickness tumor with 
serosal involvement of the peritonealized colon 
could easily be confused as having a positive CRM 
when in reality, it represents a T3 lesion. Therefore 
it is imperative that the surgeon clarifi es this subtle 
difference with the  pathologist so as to ensure accu-
rate recording on the fi nal pathology report. 

 For colon cancer, both the open and minimally 
invasive techniques have been well described and 
studied. The discussion of the landmark studies 
comparing these techniques is done towards the 
end of this chapter. However, several technical 
considerations that are common to both surgical 
approaches shall be highlighted. Of note, safe 
colorectal oncologic surgery includes the clear-
ance of lateral margins, resection of lymph node- 
bearing mesentery, and creation of a 
well-vascularized and tension-free anastomosis. 

 For a right colectomy, multiple approaches 
have been described with the two most common 
being the lateral-medial and the medial-lateral 
approach (Fig.  16.5 ). The important surgical 
tenets for an oncologic right colectomy are 
 elevating the mesentery off of the retroperitoneum 

  Fig. 16.5     Anatomy of the colon, its blood supply, and type of 
operation (A–D).  Note that for cancer involving the cecum, 
ascending colon, hepatic fl exure, and proximal transverse 

colon (Fig. 16.5B-2), the ileocolic artery, right colic artery, and 
the right branch of the middle colic artery are ligated. If the 
middle colic artery is ligated at its origin (Fig. 16.5B-3), then 
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Fig. 16.5 (continued) the distal bowel should be transected 
just to the distal third of the transverse colon to avoid bowel 
ischemia. Tumors in the splenic fl exure (Fig. 16.5C-4) or 
descending colon (Fig. 16.5C-5) can be resected by taking the 
left colic artery without having to ligate the IMA at its origin. 

Alternatively, if the IMA is ligated at its origin, a sigmoidec-
tomy will be required to ensure bowel viability. Tumors in the 
transverse colon can be approached with a segmental resec-
tion (Fig. 16.5D-6) or an extended right hemicolectomy 
(Fig. 16.5B-3) (Courtesy of Quyen D. Chu, MD, MBA, FACS)         
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and duodenum, identifying and incising the lateral 
attachments, mobilizing the hepatic fl exure, and 
taking care of not injuring the right ureter. The 
ileocolic artery, right colic artery, and right 
branch of the middle colic artery should be 
ligated at the origin in order to gain an optimal 
lymph node resection (Fig.  16.6 ). In the case of 
proximal transverse colon malignancies, an 
extended right hemicolectomy should be per-
formed (Fig.  16.5 ). In the procedure, the entire 
middle colic artery is ligated at the origin. A 
well-vascularized and tension-free anastomosis 
between the ileum and transverse colon should 
then be created.

    For left colectomies, there are similar surgical 
principles as compared to the right colectomy 
(Fig.  16.5 ). The lateral attachments are incised, 
the mesentery is dissected free from the retro-
peritoneum, the left ureter is clearly identifi ed, 
and the splenic fl exure is mobilized. The mesen-
tery is ligated at the origin of the main feeding 
vessel, either at the origin of the IMA or just dis-
tal to it at the left colic artery. The main feeding 
vessel ligated is contingent upon the exact loca-
tion of the malignancy within the left colon. 
As mentioned previously, both the medial-lateral 
and the lateral-medial approach have been 
described. The medial-lateral approach begins 
with the identifi cation of both the IMA and IMV. 
For a true splenic fl exure lesion, the left colic 

artery can be ligated at its origin, thus preserving 
the remainder of IMA and its branches (Fig.  16.5 ). 
The splenic fl exure can be approached from pos-
terior as the mesentery is dissected free from the 
anterior surface of pancreas and Gerota’s fascia. 
Alternatively, the left colon can be dissected in 
the lateral to medial approach where the white 
line of Toldt is incised and the dissection is con-
tinued proximally until the left colon is com-
pletely free from the spleen and retroperitoneal 
attachments. The IMV is ligated as it enters 
below the inferior border of the pancreas in order 
to allow the mobilized proximal bowel to reach 
the pelvis. The origin of the IMA is ligated, 
which necessitates a sigmoidectomy to avoid 
anastomotic dehiscence from an ischemic sig-
moid. Both approaches can be utilized as long as 
the vascular pedicle is ligated at the origin so as 
to ensure an adequate lymph node harvest. 

 In the past, it was thought that adhering to the 
“no touch isolation technique” by early ligation 
of the regional mesenteric vessels prior to mobi-
lizing the primary tumor would reduce the 
occurrence of systemic disease. It was believed 
that such a technique would prevent cancer dis-
semination into the venous and lymphatic path-
ways. Unfortunately, this theory has been 
disproven. A randomized clinical trial of 237 
colon cancer patients demonstrated no benefi t 
with this technique [ 61 ]. Similarly, a study of 

  Fig. 16.6    A right 
colectomy with ligation of 
its blood supply (Courtesy 
of Michael Polcino, MD)       
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over 1800 patients showed that early ligation of 
regional mesenteric vessels had no impact on 
the 5- and 10-year disease-free survival (DFS) 
as compared to late ligation after the tumor was 
mobilized [ 62 ].  

    Laparoscopic Versus Open 
Colectomy 

 Laparoscopic colon surgery has been practiced 
for the past 15–20 years. Over these past decades, 
at least 3 major randomized clinical trials and 
several systemic reviews and meta-analysis have 
demonstrated the oncologic equivalency of lapa-
roscopic colectomy (LC) with open colectomy 
(OC) [ 63 – 66 ] (Table  16.3 ). The COST study 
(Clinical Outcomes of Surgical Therapy Study 
Group) was the fi rst landmark study that demon-
strated oncologic equivalency between LC and 
OC [ 63 ]. COST was a multicenter, prospective 
study that randomized 872 patients into two 
groups, LC and OC. The study demonstrated that 
not only was overall survival (OS) equivalent in 
both groups but also that there was no signifi cant 
difference in cancer recurrence between them. At 
a median follow-up of 4.4 years, the 3-year OS 
rate was 86 % in the LC group versus 85 % in the 
OC group ( P  = 0.51), and the recurrence rate was 
16 % in the LC group versus 18 % in the OC 
group ( P  = 0.32). Of note, the LC group had a 
shorter median hospital stay of one day (5 days 
vs. 6 days;  P  < 0.001) and briefer use of paren-
teral narcotics (3 days vs. 4 days;  P  < 0.001) and 
oral analgesics (1 day vs. 2 days;  P  = 0.02) com-
pared to the OC group.

   Since the time of the COST study, there have 
been additional confi rmatory trials. The 
CLASICC (Medical Research Council 
Conventional versus Laparoscopic-Assisted 
Surgery in Colorectal Cancer) [ 64 ] and the 
COLOR (Colon Cancer Laparoscopic or Open 
Resection) Study Group are the two additional 
prospective randomized studies that produced 
similar results as the COST study [ 64 ,  66 ]. 

 The CLASICC trial randomized 794 patients 
with both colon and rectal cancer to either LC or 

OC. There was no signifi cant difference in the 
DFS or OS between the two groups. The 3-year 
DFS was 66.3 % for the LC versus 67.7 % for the 
OC group ( P  = 0.70), and the 3-year OS was 
68.4 % for the LC group versus 66.7 % for the 
OC group ( P  = 0.55) [ 64 ]. In their long-term fol-
low- up of more than 10 years, they reported the 
durability of their initial fi ndings. The DFS was 
77 months for the LC group versus 89.5 months 
for the OC group, and the OS was 82.7 months 
for the LC group versus 78.3 months for the OC 
group ( P  = 0.78) [ 65 ]. There were no differences 
in distant recurrences between OC and LC 
groups; the 10-year rates were 19.8 % and 
22.7 %, respectively ( P  = 0.588). Finally, the inci-
dence of wound/port-site recurrences was also 
not signifi cantly different. 

 The COLOR trial randomized 1248 patients 
to either LC or OC. At a median follow-up of 53 
months, there was no signifi cant difference in 
DFS or OS between the two groups. The 3-year 
DFS for the LC and OC was 74.2 % and 76.2 %, 
respectively ( P  = 0.70), and the 3-year OS for the 
LC and OC was 81.8 % and 84.2 %, respectively 
( P  = 0.45). There were no signifi cant differences 
in the morbidity and mortality rates, positive 
resection margin rate, local recurrence rate, or 
distant recurrence rate between LC and OC [ 66 ]. 

 Robotic surgery has recently emerged as an 
alternative minimally invasive technique to lapa-
roscopic colon surgery. The benefi t of robotic 
colon cancer surgery as compared to laparoscopic 
surgery is currently being evaluated. Specifi c 
attention is currently being directed towards 
intracorporeal anastomoses for right colon cancer 
surgery [ 68 ]. 

 In summary, laparoscopic colectomy yielded 
similar oncologic outcomes as open colectomy; 
OS, DFS, local recurrence rate (i.e., port-site 
recurrence), distant recurrence rate, and long- 
term quality of life were not signifi cantly differ-
ent between the LC group and the OC group [ 65 ]. 
Unlike laparoscopic proctectomy for rectal can-
cer (please see Chap.   18     , Rectal Cancer ), laparo-
scopic colectomy has been accepted by the 
healthcare community as a viable option for 
patients with colon cancer.  

S. Amrani et al.
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    Systemic Therapy: Overview 

 Stage I colon cancer has an excellent prognosis 
with a 95 % 5-year survival after resection and 
therefore does not require adjuvant systemic ther-
apy. Stage II disease also has a favorable progno-
sis with a 5-year survival rate in the range of 
70–80 % after surgical resection. The role of 
adjuvant systemic therapy is controversial. Stage 
III disease, on the other hand, has a 40–60 % sur-
vival after curative resection. Adjuvant systemic 
chemotherapy for stage III colon cancer is stan-
dard of care. Adjuvant therapy for stage II colon 
cancer is controversial and will be discussed after 
the discussion of adjuvant therapy for stage III 
colon cancer, which is well established.  

    Adjuvant Therapy for Stage 3 Colon 
Cancer 

 The 5-year survival for patients with resected 
stage 3 colon cancer (positive lymph nodes, irre-
spective of T-status) is in the range of 75 %. 
Adjuvant systemic therapy signifi cantly improves 
this rate to nearly 79 %. In 1990, the Intergroup 
Trial INT-0035 was the fi rst to report a signifi cant 
reduction (33 %) in the risk of death with one 
year of adjuvant 5-FU and levamisole in patients 
with stage 3 colon cancer [ 69 ]. These fi ndings 
were later confi rmed in 1995 [ 70 ,  71 ]. 
Subsequently, one year of levamisole was 
replaced with 6 months of leucovorin such that 
up until 2004, the current standard of care for 
patients with stage 3 colon cancer was 6 months 
of 5-FU and leucovorin (5-FU/LV) [ 72 – 74 ]. 
More recent data established the effi cacy of add-
ing oxaliplatin to the fl uoropyrimidine-based 
chemotherapy [ 75 – 77 ] (Table  16.4 ).

      MOSAIC Trial 

 Over the past decades, multiple newer cytotoxic 
(irinotecan, oxaliplatin) and targeted therapies 
(bevacizumab, cetuximab, panitumumab) were 

successfully combined with 5-FU-based therapy 
in stage IV colon cancer patients. Naturally, clini-
cians began testing them in combination with 
5-FU-based therapy in the adjuvant setting. 
Unfortunately, only oxaliplatin, when combined 
with 5-FU/LV, had any effi cacy, and such impact 
was mainly observed in stage III patients. These 
fi ndings were reported from two major trials, the 
MOSAIC (Multicenter International Study of 
Oxaliplatin/5-Fluorouracil/Leucovorin in the 
Adjuvant Treatment of Colon Cancer) [ 75 ,  76 ] 
and the NSABP (National Surgical Adjuvant 
Breast and Bowel Project) C-07 trials [ 77 ,  78 ]. 

 The MOSAIC investigators were the fi rst 
to report the effi cacy of adding oxaliplatin 
to  infusional  5-FU/LV regimen in 2004 
(Table  16.4 ). This phase III clinical trial random-
ized 2,246 patients who had surgically resected 
stage II ( N  = 899) or III ( N  = 1,347) colon cancer 
to either traditional 5-FU/LV regimen or  infu-
sional  5-FU/LV plus oxaliplatin (FOLFOX4). 
The initial study reported a 3-year DFS improve-
ment with FOLFOX4 compared to 5-FU/LV 
(FOLFOX4 = 78.2 %; 5-FU/LV = 72.9 %;  P  = 0.002) 
[ 75 ]. Overall survival was too immature at that 
time to be reported. In the longer follow- up report 
with a median follow-up time of 81.9 months, 
while the DFS benefi t remains durable (5-year 
DFS rates were 73.3 % and 67.4 % in the 
FOLFOX4 and 5-FU/LV groups, respectively; 
 P  = 0.003), there was an absolute 6-year overall 
survival benefi t of 2.5 % in the FOLFOX4 group 
(78.5 % vs. 76.0 %;  P  = 0.046) [ 76 ]. However, OS 
benefi t was observed in the stage III group but 
not the stage II group. The 6-year OS rates for 
patients with stage III were 72.9 % and 68.7 % 
( P  = 0.023) for the FOLFOX4 and 5-FU/LV 
groups, respectively, while they were 86.9 % and 
86.8 % ( P  = 0.986) for FOLFOX4 and 5-FU/LV 
groups, respectively, for stage II disease. 
Similarly, oxaliplatin resulted in a signifi cant 
5-year DFS, which was seen only in stage III dis-
ease; the 5-year DFS for stage II disease was 
83.7 % for FOLFOX4 and 79.9 % for 5-FU/LV 
( P  = 0.258), whereas for stage III disease, it was 
66.4 % for FOLFOX4 and 58.9 % for 5-FU/LV 
( P  = 0.005).  

S. Amrani et al.
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    NSABP C-07 Trial 

 Results of the NSABP C-07 are very similar to 
MOSAIC’s, except that OS was not signifi cantly 
impacted with the addition of oxaliplatin 
(Table  16.4 ). NSABP randomized 2,407 patients 
with stage II ( N  = 696) and stage III (1711) disease 
to either 6 months of 5-FU/LV or  bolus  5-FU/
LV + oxaliplatin (FLOX) ( note that infusional 
5-FU/LV + oxaliplatin is referred to as FOLFOX4, 
whereas bolus form is termed FLOX ). At a median 
follow-up time of 42.5 months, the DFS was 74 % 
for the FLOX group and 70 % for the 5-FU/LV 
group ( P  = 0.005) [ 77 ]. Similar to MOSAIC, OS 
was too immature at that time to be meaningful. In 
their follow-up report with a median follow-up 
time of 96 months, DFS benefi t remains durable 
but OS was not impacted. The 5-year OS was 
80.2 % for those who received FLOX and 78.4 % 
for those treated with 5-FU/LV ( P  = 0.08). Similar 
to MOSAIC, when 5-year OS was analyzed based 
on the stage of disease, stage III disease was 
mostly impacted by the addition of oxaliplatin 
(76.5 % vs. 73.8 %;  P  = 0.052), whereas the 5-year 
OS was nearly identical in stage II disease (89.7 % 
vs. 89.6 %;  P  = 0.84) [ 78 ].  

    Capecitabine Plus Oxaliplatin (CapeOx) 

    Capecitabine (Xeloda®; Genentech) is an oral 
prodrug of 5-FU that is commonly used as an oral 

alternative to intravenous 5-FU in gastrointestinal 
cancer. Recent clinical trials demonstrated that 
capecitabine plus oxaliplatin (CapeOx) yielded 
better DFS compared to 5-FU-based therapy [ 79 , 
 80 ]. Because of this, CapeOx is an option for 
patients with stage III colon cancer. 

 The above major trials galvanized the role of 
oxaliplatin as adjuvant therapy for stage III colon 
cancer. The addition of oxaliplatin to 5-FU/LV 
increases OS by an absolute value of 3–5 %. 
Thus, 6 months of FOLFOX4, FLOX, or single 
agent CapeOx or 5-FU/LV in patients whom 
oxaliplatin therapy is inappropriate is now the 
standard of care for patients with resected stage 
III colon cancer.  

    Adjuvant Therapy for Stage 2 Colon 
Cancer 

 The 5-year survival for patients with resected 
stage 2 colon cancer (i.e., no evidence of nodal 
disease) is in the range of 85–89 %. Whether 
adjuvant systemic therapy can further improve 
upon this rate remains an area of intense debate 
(Table  16.5 ).

       NSABP Pooled Analysis 

 In 1995, Moertel et al., representing the 
Intergroup Trial INT-0035, reported the results of 

    Table 16.5    Selected trials evaluating the role of adjuvant chemotherapy for stage II colon cancer   

 Trials, years, authors  N  Groups  5-year DFS  5-year OS 
 Comments about adjuvant 
chemotherapy 

 IMPACT B2, 1992 
[ 81 ], [ 82 ] a  

 1,016  Stage 2  Observation: 73 %  Observation: 80 %  No signifi cant DFS, OS benefi t 
with adjuvant therapy  FU/LV: 76 %  FU/LV: 82 % 

 ( P  = 0.061)  ( P  = 0.057) 
 Gill, 2004 
(Intergroup analysis) 
[ 83 ] a  

 3,302  Stages 2 
and 3 

 Observation: 72 %  Observation: 80 %  Included stage II/III 
 5-FU/LV/LM: 76 %  5-FU/LV/LM: 81 %  No signifi cant DFS, OS benefi t 

with adjuvant therapy  ( P  = 0.49)  ( P  = 0.1127) 
 Gray, 2007 
(QUASAR) [ 84 ] 

 3,239  Stage 2  Relative risk of 
recurrence = 0.78 b  
(95 % CI 0.67–0.91; 
 P  = 0.001) 

 Relative risk 
of dying = 0.82 b  
(95 % CI 0.70–0.95; 
 P  = 0.008) 

 Only trial that demonstrated OS 
benefi t with adjuvant 
chemotherapy for stage II disease 

   IMPACT  International Multicenter Pooled Analysis of B2 Colon Cancer Trials,  QUASAR  Quick and Simple and 
Reliable,  5-FU  5-fl uorouracil,  LV  leucovorin,  LM  levamisole 
  a Pooled or meta-analysis 
  b Calculated as risk of chemotherapy versus observation  

S. Amrani et al.
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318 eligible stage 2 patients and demonstrated no 
survival benefi t with adjuvant 5-FU-based che-
motherapy [ 85 ]. In 1999, Mamounas et al., repre-
senting the National Surgical Adjuvant Breast 
and Bowel Project (NSABP) group, performed a 
pooled analysis of four adjuvant studies (C-01 
through C-04) and reported that adjuvant chemo-
therapy improved outcomes for patients with 
stage 2 colon cancer [ 86 ]. A follow-up study 
reported by Wilkinson et al. in 2010 included an 
additional trial, the C-05 trial, confi rming the 
advantage of adjuvant chemotherapy in patients 
with stage 2 colon cancer [ 87 ]. Unfortunately, 
several criticisms were launched against NSABP 
pooled analysis; only trials C-01 and C-02 had a 
true control group (surgery alone), different che-
motherapy regimens were used, and non- 
orthodox statistical methods were utilized [ 88 , 
 89 ]. Additionally, some of the trials were dated 
back to the 1970s, and because the quality of 
lymph node resection was not standardized in 
many of these older trials, the possibility of incor-
rectly classifying stage 3 as stage 2 disease (i.e., 
stage migration) might have had an impact on the 
results (Table  16.5 ).  

    IMPACT B2 Pooled Analysis 

 In contrast to the results of NSABP pooled analy-
sis, multiple meta-analyses demonstrated that 
although DFS was signifi cantly improved with 
adjuvant chemotherapy, there is no overall sur-
vival advantage with it [ 82 ,  83 ,  90 ,  91 ]. The 
International Multicenter Pooled Analysis of B2 
Colon Cancer Trials (IMPACT B2) pooled analy-
sis of fi ve different trials on 1,016 patients 
reported no signifi cant advantage with adjuvant 
chemotherapy for stage II colon cancer; the non-
signifi cant absolute risk reduction for treated 
patients was 2 % for 5-year OS [ 81 ,  82 ].  

    Intergroup Analysis 

 Similarly, Gill et al. performed a pooled individ-
ual data analysis from 7 intergroup trials of 3302 
patients with stage 2 or 3 colon cancer and 

reported a nonsignifi cant OS difference of 1 % 
between the two groups (80 % in surgery alone 
vs. 81 % in adjuvant arm;  P  = 0.113) [ 83 ].  

    Ontario Cochrane Meta-analysis 

 Figueredo from Ontario performed a Cochrane 
meta-analysis of over 35 trials and also reported 
no statistically signifi cant difference in OS with 
adjuvant chemotherapy, although there was an 
improved DFS in patients who received adjuvant 
chemotherapy [ 90 ].  

    SEER-Medicare Analysis 

 Finally, O’Connor et al. reported no benefi t of 
adjuvant chemotherapy in patients with stage 2 
colon cancer [ 91 ]. In their 2011 analysis of 
43,032 Medicare benefi ciaries with stage 2 or 3 
colon cancer, O’Connor et al. found that although 
adjuvant fl uorouracil-based chemotherapy 
improved outcome in stage 3 disease, the same 
benefi t was not seen for stage 2 disease, irrespec-
tive of whether the patients had poor prognostic 
features [ 91 ]. Poor prognostic features include 
elevated preoperative carcinoembryonic antigen 
(CEA) > 5 ng/mL, need for emergent operation, 
T4 tumors, lymphovascular invasion, poorly dif-
ferentiated histology, inadequately sampled 
nodes, and bowel obstruction and perforation. A 
criticism of this study is that it is based on 
Surveillance, Epidemiology, and End Results 
(SEER)-Medicare database, which is an adminis-
trative rather than a clinical database. Patients in 
such a database come from heterogenous popula-
tions with major variations in treatment, comor-
bidities, and follow-up.  

    QUASAR Results 

 The recent QUASAR trial (Quick and Simple 
and Reliable) is the only phase III trial that dem-
onstrated OS benefi t with fl uoropyrimidine- 
based adjuvant chemotherapy for patients with 
resected stage 2 colon cancer [ 84 ]. In this trial, 
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3,239 patients with stage 2 colon cancer were 
randomly assigned to either adjuvant 5-FU/leu-
covorin or observation alone. After a median fol-
low-up of 5.5 years, there was an absolute 
improvement of 3.6 % in the adjuvant group 
(95 % CI, 1.0 to 6.0;  P  = 0.04). 

 Unfortunately, QUASAR has several limita-
tions. Of the over 3,239 patients with a presumed 
diagnosis of stage 2 colon cancer, 8.5 % actually 
had stage I or 3 disease and 29 % had rectal can-
cer (many of these patients received radiation 
therapy). Additionally, the median number of 
lymph nodes examined was only six, which is far 
less than the recommended 12, suggesting that 
there is possible contamination by stage 3 
patients, a group of patients whose outcome is 
positively impacted by adjuvant chemotherapy. 
There were other quality issues associated with 
the study such as the lack of uniformity in admin-
istering chemotherapy and suboptimal method of 
recording survival (data derived from national 
mortality records instead of direct  communication 
with the treating physicians), and only 20 % of 
the pathology was reviewed [ 92 ]. 

 One of the challenges facing adjuvant clinical 
trial is the recruitment of suffi cient number of 
patients to detect a signifi cant difference, if one 
exists. As such, many of the adjuvant colon can-
cer trials included both stage 2 and stage 3 colon 
cancers for which the majority of patients have 
stage 3 disease. The INT-0035 had 26 % stage 2 
and 74 % stage 3 colon cancers [ 85 ], and NSABP 
pooled analysis contained 42 % stage 2 and 58 % 
stage 3 cancers [ 87 ]. Consequently, results tend 
to be skewed in favor of adjuvant therapy because 
of the overwhelming majority of stage 3 disease.  

    ACCENT Studies 

 To adequately perform an adjuvant clinical trial 
for stage 2 colon cancer, it would require an 
enrollment of an astronomical number of patients. 
To detect a 4 % survival benefi t at 5 years with a 
baseline 5-year survival prognosis of 75 % that 
includes a nontreatment control arm would 
require at least 4,700 patients [ 93 ]! 

 Given the large number of patients that are 
required, a number of investigators evaluated 
whether disease-free survival (DFS) can be used 
as a surrogate marker for overall survival (OS). 
By so doing, the required number of patients 
needed for a clinical trial would be lower. In 
2007, investigators reporting for the ACCENT 
(Adjuvant Colon Cancer Endpoints) analyzed 18 
randomized adjuvant trials in colon cancer and 
demonstrated a weak correlation between DFS 
with OS. Whether DFS should be universally 
accepted as a surrogate marker for OS remains 
debatable [ 94 ,  95 ].  

    Impact of Adding Oxaliplatin 

 As mentioned in the previous section, both the 
MOSAIC and the NSABP C-07 trials demon-
strated that oxaliplatin had no impact on stage II 
colon cancer. Tournigand et al. recently per-
formed a subgroup analyses of stage II colon can-
cer and elderly patients who were enrolled in the 
MOSAIC trial and found that the addition of 
oxaliplatin yielded no statistically signifi cant 
benefi t (DFS and OS) [ 96 ]. Oxaliplatin’s long- 
term side effects include neurotoxicity, which 
can occur in 10–15 % of patients who receive 
FOLFOX4 or FLOX [ 76 ,  97 ]. Thus, it could be 
argued that adding oxaliplatin to 5-FU/LV should 
not be routinely given for patients with stage 2 
colon cancer.  

    Signifi cance of Microsatellite 
Instability (MSI) 

 Prognostic factors and predictive factors are two 
important concepts that need further emphasis. 
These concepts were discussed in Chap.   4     ,   Early 
Invasive Breast Cancer , but will be reiterated 
here. Prognostic factors are those that are linked 
to survival but are not affected by treatment, 
whereas predictive factors are those that predict 
response to treatment. For example, T-stage is a 
prognostic factor but not a predictive factor; a T2 
lesion has a better prognosis than a T3 or T4 
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lesion (prognostic factor) but does not necessarily 
mean that it is less or more responsive to chemo-
therapy (predictive factor). Of note, it is possible 
for a factor to be both prognostic and predictive. 

 There are multiple prognostic as well as predic-
tive molecular markers that have been evaluated 
for colon cancer. Among these are 18q deletion, 
thymidylate synthetase (TS) overexpression and/
or genotype, K-ras, BRAF, p53 mutations, hyper-
methylation, multigene assays, and microsatellite 
instability (MSI)/defi cient mismatch repair 
(MMR). Of all these, only MSI/MMR has proven 
to be a predictive molecular factor. 

 The human genome contains at least 500,000 
microsatellites [ 98 ]. Microsatellites are regions 
of DNA that contain repeated sequence of either 
a single nucleotide or units of two or more nucle-
otides. The actual number of repeated units to be 
defi ned as being microsatellites is debatable [ 98 ]. 
During DNA replication, DNA polymerase 
sometimes makes errors by incorporating the 
incorrect nucleotides along the long repetitive 
DNA sequences (i.e., instead of pairing G with C, 
it might erroneously pair it with T). The DNA 
mismatch repair (MMR) system is comprised of 
genes (MLH1, MSH3, PMS1, PMS2) that are 
involved in identifying and correcting these 
errors to enhance genomic stability. However, 
when one of these repair genes is mutated, the 
fi delity of replication is compromised, resulting 
in the production of a DNA chain of altered 
length. This phenomenon is termed microsatel-
lite instability (MSI) [ 99 ]. 

 MSI is often considered as the footprint of the 
DNA mismatch repair (MMR) defi ciency. Tumors 
showing the presence of MSI are classifi ed as 
being MSI-high (MSI-H) or MSI-low (MSI-L). 
MMR is classifi ed as either being DNA-repair 
defi cient (dMMR) or DNA-repair profi cient 
(pMMR). MSI/MMR affects not only patients 
with hereditary nonpolyposis CRC syndrome 
(HNPPC or Lynch syndrome) but also in about 
15–20 % of patients with sporadic colon cancer. 
Of note, most sporadic CRC have point mutations 
in tumor suppressor genes and proto- oncogenes 
including K-ras, p53, and APC, whereas the 
defect in Lynch syndrome is due to a mutation in 
the DNA mismatch repair genes [ 100 ]. 

 Pathologically, MSI-H tumors are generally 
located in the proximal colon, poorly differenti-
ated, and mucinous with tumoral lymphocytic 
infi ltration, characteristics that are typical of an 
aggressive phenotype. However, several large 
randomized clinical trials [ 101 – 106 ] and a meta- 
analysis [ 107 ] have demonstrated that the pres-
ence of MSI-H is associated with a favorable 
outcome. The mechanism underlying this obser-
vation is not clear, but it may be due to the immu-
nogenicity of the mutated or aberrantly expressed 
proteins that are recognized by the host’s immune 
system as foreign [ 98 ]. This is in contrast to spo-
radic tumors, which are not recognized by the host 
as being foreign and therefore likely to evade the 
immune system. A more thorough discourse on 
MSI/MMR can be found in Chap.   20    , Hereditary 
Colorectal Cancer and Polyposis Syndromes. 

 Most studies report that patients with MSI-H 
tumors not only derive no benefi t from adjuvant 
fl uoropyrimidine-based chemotherapy but also 
may be harmed by it. Consequently, it is recom-
mended that poorly differentiated stage II colon 
tumors that are MSI-H should not be offered 
adjuvant chemotherapy. 

 To be complete, BRAF will be briefl y men-
tioned. BRAF mutation in a patient with defi cient 
MMR CRC is a negative prognosticator. Its role 
in deciding whether or not to give adjuvant che-
motherapy for patients with stage II or III colon 
cancer has not been defi ned.  

    Signifi cance of Multigene Assays 

 In the above discussion, the decision to adminis-
ter adjuvant chemotherapy for patients with 
resectable colon cancer has relied mainly on clin-
ical factors. The advent of multigene platforms 
has ushered a new era of using molecular tech-
nology to prognosticate and predict response to 
chemotherapy. Although there are a number of 
multigene platforms available, this chapter will 
only discuss the three more commonly recog-
nized assays: (1) Oncotype DX Colon Cancer 
Assay, (2) ColDx, and (3) ColoPrint (Table  16.6 ).

   The Oncotype DX Colon Cancer Assay 
(Genomic Health, Inc) is also referred to as the 
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12-gene recurrence score assay [ 108 ]. The assay, 
which uses similar principle to the one developed 
for breast cancer, quantifi es the expression of 7 
recurrence-risk genes and 5 reference genes and 
classifi es patients into low, intermediate, or high 
risk of recurrence groups based on the recurrence 
score (RS). Data from QUASAR [ 111 ], NSABP 
B-07 [ 112 ], and CALGB 9581 [ 113 ] validated 
the utility of Oncotype DX as an independent 
prognosticator for colon cancer. Based on data 
from the QUASAR trial, the risk of recurrence at 
3 years for patients with stage II colon cancer 
who have low, intermediate, and high RS was 
12 %, 18 %, and 22 %, respectively [ 111 ]. These 
results are similar to data from CALGB 9581; the 
5-year recurrence risk in patients with stage II 
colon cancer who have low and high RS was 
13 % and 21 %, respectively [ 113 ]. 

 Although Oncotype DX was a useful prognos-
ticator, it did not predict response to  chemotherapy. 
Gray et al. reported that the continuous 12-gene 
RS was successful at determining the risk of 
recurrence in stage II colon cancer but not predic-
tive of which patient who will benefi t from che-
motherapy [ 111 ]. 

 The ColDx assay (Almac Diagnostics) is a 
634-probe set signature that identifi es patients 
with stage II colon cancer who are at high risk of 
recurrence [ 109 ]. After developing a prognostic 
signature from their training set, the investigators 
used the same threshold score to independently 
validate their fi ndings in a set of 144 patients. The 
hazard ratio for recurrence and cancer- related 
death for the high-risk group was 2.53 ( P  < 0.001) 

and 2.21 ( P  = 0.0084). ColDx performed indepen-
dently from known clinical prognostic factors 
such as tumor stage, grade, histology (mucinous), 
and number of nodes retrieved. 

 Finally, ColoPrint (Agendia) uses the expres-
sion of 18 genes and classifi es tumors as either 
low or high recurrence risk [ 110 ]. From a set of 
206 samples from patients with stages I–III CRC, 
ColoPrint demonstrated that the 5-year relapse- 
free survival rates were 87.6 % for those with low 
recurrence risk and 67.2 % for those with high 
recurrence risk. Among the stage II patients, the 
HR for recurrence between the high and low 
groups was 3.34 ( P  = 0.017) [ 110 ]. Similar to the 
previous two assays, ColoPrint classifi er per-
forms independently from other prognosticators 
such as T-stage, N-stage, and lymphatic/vascular/
perineural invasion. 

 Despite these encouraging results, current 
NCCN guidelines and assessment from the US 
Agency for Healthcare Research and Quality 
concluded that multigene assays are not yet ready 
for prime time in the clinical setting [ 114 ,  115 ].  

    Summary of Adjuvant Chemotherapy 
for Stage II Colon Cancer 

 Adjuvant chemotherapy for stage II colon cancer 
improves DFS but does not necessarily translate 
to an improved OS. There are multiple divergent 
viewpoints about this, and it is recommended that 
clinicians should fully engage their patients with 
the discussion of the promises and limitations of 

   Table 16.6    Multigene assays for colon cancer   

 Authors  Assays  Genetic platforms  Results 

 O’Connell, 2010 [ 108 ]  Oncotype Dx  12-gene RS  Low RS: 12 % 
 Intermediate RS: 18 % 
 High RS: 22 % 

 Kennedy, 2011 [ 109 ]  ColDx  634-probe set signature  HR for high-risk group 
 Recurrence: 2.53 (P < 0.001) 
 Death: 2.21 (P = 0.0084) 

 Salazar, 2011 [ 110 ]  ColoPrint  18-gene RS  5-year relapse-free survival rate 
 Low RS: 87.6 % 
 High RS: 67.2 % 

   RS  recurrence score  
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adjuvant chemotherapy. It is reasonable to con-
sider adjuvant chemotherapy for the high-risk 
stage II colon cancer patients who have the fol-
lowing characteristics: elevated preoperative car-
cinoembryonic antigen (CEA) > 5 ng/mL, T4 
tumors, lymphovascular invasion, poorly differ-
entiated histology (except those with MSI-H fea-
ture), inadequately sampled nodes, and bowel 
obstruction and perforation [ 85 ,  116 ] (Table  16.7 ). 
It should be stressed that although these features 
are associated with poor outcomes, they are not 
predictive of a successful response to adjuvant 
chemotherapy [ 117 ,  118 ]. NCCN guidelines sup-
port adjuvant chemotherapy for high-risk group 
of patients with stage II colon cancer and even 
included the addition of oxaliplatin to 5-FU/LV 
as an option [ 114 ].

        The Role of Radiotherapy in Colon 
Cancer 

 Unlike rectal cancer, the role of postoperative 
radiation therapy for colon cancer is ill defi ned. 
Retrospective data from Massachusetts General 
Hospital (MGH) of 203 patients demonstrated 
that postoperative radiation decreased local 
recurrence for patients with resected colon can-
cer who had tumor adherence to surrounding 
structures or tumor penetration through the bowel 
wall and involvement of regional lymph nodes. 
The local control rate was 69 % for the group that 
received postoperative radiation, but 47 % in the 
group had surgery alone [ 119 ]. The largest and 
only randomized trial of postoperative radiation 
for colon cancer was conducted by the North 
Central Cancer Treatment Group. The trial, 

Intergroup 0130, intended to accrue 700 patients 
but only accrued 222 patients of whom only 187 
patients were evaluable. They reported that the 
addition of postoperative radiation to conven-
tional chemotherapy had no impact on the out-
come of these high-risk patients. High risk was 
defi ned as tumor that was adherent or invading 
into surrounding structures (T4, excluding peri-
toneal invasion) and T3N + tumor of the ascend-
ing and descending colon [ 120 ]. The trial did not 
meet its accrual objective, and because of this, it 
was thought to lack suffi cient statistical power to 
detect potentially clinically signifi cant differ-
ences in outcome. It is unlikely that there will be 
a randomized trial of adjuvant radiation for 
patients with colon cancer. As such, the decision 
to utilize radiation should be tailored on a case-
by- case basis. Postoperative radiation may be 
considered in patients who have CRM < 1 mm. 
Example of such tumors is the posterior transmu-
ral T3 lesion of the right colon or T4 lesions that 
are adherent or perforated into the abdominal 
wall for which a wide resection was not achieved.  

    Metastatic Disease 

 Unlike rectal cancer which has a dual drainage 
system (portal venous system and systemic circu-
lation via the inferior and middle rectal veins), 
colon cancer drains primarily through the portal 
system. As such its common site of metastasis is 
the liver (Fig.  16.3 ). The management of CRC 
that has metastasized to the liver will be briefl y 
discussed here, but a more thorough discourse on 
the topic is addressed in Chap.   19     , Management 
of Liver Metastasis from Colorectal Cancer.  
The management of CRC carcinomatosis is dis-
cussed in Chap.   21     , Cytoreductive Surgery and 
Hyperthermic Intraperitoneal Chemotherapy.  

 Despite being classifi ed as stage 4 disease, 
patients with primary colon cancer with resectable 
metastatic liver disease have an approximately 
40 % 5-year survival [ 121 ]. Furthermore, meta-
static liver lesions that are initially unresectable 
can be downstaged with chemotherapy and can 
ultimately be resected. The 5- and 10-year survival 
in this group is 33 % and 23 %, respectively [ 122 ]. 

   Table 16.7    Indications for adjuvant therapy 
for stage II colon cancer   

 CEA >5 ng/mL 
 Poorly differentiated histology (exclusive of 
those cancers that are MSI-high) 
 Bowel obstruction 
 Bowel perforation 
 T4 lesions 
 Inadequate nodal resection (<12 nodes) 
 Peritumoral lymphatic/vascular invasion 
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There is considerable debate and no clear consen-
sus regarding whether the primary colon cancer 
and the metastatic liver disease should be resected 
at the same time. The potential advantage of a sin-
gle operation is the avoidance of two laparotomies 
and the operative risk associated with two major 
operations. In contrast, staged procedures allow 
for accurate staging of the hepatic metastases and 
the avoidance of a major liver resection in the set-
ting where disseminated metastatic disease might 
develop in a short time interval. Furthermore, there 
is debate as to whether the primary colon cancer 
should be resected in the setting of unresectable 
metastatic disease. While local complications 
from the colon primary tumor will prompt the sur-
geons to resect the primary tumor, an abdominal 
operation will delay the initiation and continuation 
of systemic chemotherapy. Furthermore, patients 
generally die of uncontrolled metastatic liver dis-
ease such that some believe that the liver should be 
treated before resecting the primary. This is espe-
cially true if the patient present with an asymptom-
atic primary CRC.  

    Conclusions 

 Colon cancer is one of the most common cancers 
diagnosed in developed countries. With the 
advent of colonoscopic screening, colon cancer 
continues to be diagnosed at early stages. Surgery 
offers defi nitive treatment, and early stage colon 
cancer has excellent survival after surgical resec-
tion. Adjuvant chemotherapy comprising of 6 
months of FOLFOX4 (infusional 5-FU/
LV + oxaliplatin), FLOX (bolus 5-FU/LV + oxali-
platin), or CapeOx (capecitabine + oxaliplatin) 
is indicated for patients with stage III colon 
 cancer. However, its role in patients with stage II 
colon cancer remains controversial. It could be 
considered in select patients such as those with 
elevated preoperative carcinoembryonic antigen 
(CEA) > 5 ng/mL, need for emergent operation, 
T4 tumors, lymphovascular invasion, poorly dif-
ferentiated histology (except those with MSI-H 
feature), inadequately sampled nodes, and bowel 
obstruction and perforation. Patients with stage II 
colon cancer that has MSI-H do not benefi t from 
adjuvant chemotherapy. Multigene arrays hold    

promise to better select which stage II colon can-
cer patients will benefi t from adjuvant chemo-
therapy, but at this time, they have not been 
widely accepted to be used in the clinical setting. 

  Salient Points 
•     Early detection through screening for CRC 

and removal of adenomatous polyps decrease 
the mortality from CRC.  

•   Fecal occult blood testing (FOBT) or fecal 
immunochemical testing (FIT) should be done 
at home rather than in the offi ce to be an effec-
tive screening tool.  

•   Optimal surgical resection requires:
 –    Resecting the affected bowel with at least 

5 cm proximal and distal margins  
 –   En bloc resection of adherent structures  
 –   Ligating primary feeding vessels  
 –   Harvesting at least 12 lymph nodes  
 –   Obtaining greater than a 1 mm circumfer-

ential radial margin.     
•   High-risk groups who may need more vigilant 

CRC screening include:
 –    Patients with personal history of adenoma-

tous polyp or colon cancer  
 –   Family history of colon cancer  
 –   Personal history of infl ammatory bowel 

disease  
 –   Family history of FAP or HNPCC  
 –   Affected fi rst-degree relative with CRC.     

•   For patients with stage 3 colon cancer, adju-
vant chemotherapy for 6 months is the stan-
dard. Options include:
 –    FOLFOX4 (infusional oxaliplatin + 5-FU/

LV) × 6 months  
 –   FLOX (bolus oxaliplatin + 5-FU/LV) × 6 

months  
 –   CapeOX (capecitabine + oxaliplatin) × 6 

months  
 –   Capecitabine alone or 5-FU/LV alone × 6 

months in those who cannot tolerate 
oxaliplatin     

•   For patients with stage 2 colon cancer, adju-
vant chemotherapy can be considered for 
patients who are considered to have high-risk 
features. These are:
 –    CEA > 5 ng/mL  
 –   T4 tumors  
 –   Lymphovascular invasion  
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 –   Poorly differentiated histology (except for 
MSI-H)  

 –   Inadequately sampled nodes (<12 LNs)  
 –   Bowel obstruction and perforation     

•   Laparoscopic colectomy yielded oncologic 
equivalency to open colectomy and is a viable 
option for patients with colon cancer. However, 
laparoscopic proctectomy is not widely 
accepted as an alternative option for patients 
with rectal cancer (please see Chap.   18     , Rectal 
Cancer ).  

•   Microsatellite instability (MSI):
 –    Refers to new alleles with small repeated 

DNA sequences.  
 –   Considered as footprint of the DNA mis-

match repair defi ciency (dMMR).  
 –   MMR is classifi ed as either defi cient 

(dMMR) or profi cient (pMMR).  
 –   MSI/MMR is the only proven molecular 

predictive marker for colon cancer.  
 –   Is classifi ed as being high (MSI-H) or low 

(MSI-L).  
 –   MSI-H or dMMR tumors have a better 

prognosis than MSI-L or pMMR.  
 –   MSI-H/dMMR stage II colon cancer 

patients will not derive benefi t from adju-
vant chemotherapy and therefore should 
not receive it.     

•   Multigene platforms are attempting to classify 
colon cancers based on molecular signatures. 
Their wide clinical use, however, has not been 
endorsed by NCCN or other organizations.     

  Questions 
     1.    At what age should a person with a family his-

tory of a mother with colon cancer at age 47 
begin screening for colon cancer?
    A.    50   
   B.    47   
   C.    37   
   D.    40       

   2.    What is the minimum number of lymph nodes 
that should be harvested during an oncologic 
colon resection?
    A.    5   
   B.    10   
   C.    20   
   D.    12       

   3.    A 58-year-old woman who otherwise has no 
signifi cant comorbidities underwent a suc-
cessful right hemicolectomy. The fi nal pathol-
ogy demonstrated a T1N1 disease. Which of 
the following statement is true?
    A.    Because the tumor is small (T1), she will 

not need further treatment.   
   B.    Given her small tumor, she is considered 

to have stage II disease.   
   C.    Optimal treatment includes adjuvant che-

motherapy, which includes 5-FU, leucov-
orin, and oxaliplatin.   

   D.    Addition of oxaliplatin to standard 5-FU 
and leucovorin has not shown to improve 
outcome.       

   4.    The following statements regarding microsat-
ellite instability (MSI) and DNA mismatch 
repair gene (MMR) are true EXCEPT   
    A.    MSI high is a good prognostic factor for 

patients with stage II colon cancer.   
   B.    MMR profi cient tumors have better prog-

nosis than MMR-defi cient tumors.   
   C.    MSI/MMR is the only proven predictive 

molecular marker for colon cancer.   
   D.    Patients with hMSI stage 2 tumors do not 

need adjuvant chemotherapy.    
      5.    All of the following are considered high-risk 

features for stage II colon cancer, EXCEPT
    B.    T3 tumor   
   C.     Lymphovascular invasion   
   D.     Less than 12 lymph nodes harvested   
   E.     Bowel obstruction/perforation       

   6.    A 60-year-old otherwise healthy man under-
went a sigmoidectomy for a cancer and a 
 partial cystectomy due to tumor adherence. 
The fi nal pathology demonstrated a 5.5 cm 
adenocarcinoma of the sigmoid colon that 
has invaded into the bladder. However, 
 margins were all negative. There were 0 out of 
10 lymph nodes involved and the tumor is 
MSI- high. Which of the following statement 
is true regarding management of this patient?
    A.    The patient has stage 3 disease because of 

the invasion into the bladder.   
   B.    The patient may benefi t from adjuvant 

chemotherapy because of its involvement 
into the bladder.   
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   C.    Adjuvant therapy is not likely to be help-
ful because of the tumor being MSI-high.   

   D.    The nodal status is likely to be accurate 
because he had adequate number of lymph 
nodes retrieved.       

   7.    ALL of the following statements are true 
regarding the circumferential radial margin 
(CRM), EXCEPT:
    A.    CRM status has prognostic value for both 

colon and rectal cancer.   
   B.    CRM pertains to the non-peritonealized 

part of the colon.   
   C.    CRM is more likely to be positive in 

patients with cecal/ascending colon and 
descending colon cancer than those with 
transverse colon cancer.   

   D.    Any tumor that penetrates into the serosal 
is considered to have positive CRM.       

   8.    The principles of resecting colon cancer 
include ALL of the following, EXCEPT:
    A.    Adhere to the “no touch isolation tech-

nique” so as to avoid tumor dissemination 
into the systemic circulation.   

   B.    Achieve at least a 5 cm proximal and distal 
margin of resection.   

   C.    Retrieve at least 12 lymph nodes so as to 
accurately stage the patient.   

   D.    Ligate the major feeding vessels at its 
origin.          

  Answers 
     1.    C   
   2.    D   
   3.    C   
   4.    B   
   5.    A   
   6.    B   
   7.    D   
   8.    A          
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         Learning Objectives 
 After reading this chapter, you should be able to:
•    Understand the role of local excision as alterna-

tive less radical treatment of early-stage rectal 
cancer (mainly T1N0 and select T2N0 lesions)  

•   Recognize selection criteria for local excision 
of early-stage rectal cancer based on clinical 
and radiological staging and histopathological 
features of the primary rectal cancer  

•   Appreciate the surgical options for local exci-
sion of early-stage rectal cancer  

•   Know the outcome of local excision of early- 
stage rectal cancer with and without adjuvant 
therapy     

    Introduction 

 Colorectal cancer is the fi fth most common can-
cer in adults worldwide and is the most common 
gastrointestinal (GI) malignancy in the United 
States. It is the second leading cause of death in 
the western countries. About 30 % of the colorec-
tal cancers are located in the rectum, and 40,000–
42,500 new cases of rectal cancer are diagnosed 
in the United States annually [ 1 ]. 

 Rectal cancer differs from colon cancer in that 
it is located in the pelvis, in close proximity to the 
anal sphincter complex, surrounded by major 
neurovascular structures, and constrained by the 
bony pelvis. Surgery remains the mainstay treat-
ment modality. The primary goals of treatment are 
to cure the patient, reduce local recurrence (LR), 
maximize disease-free survival (DFS), maintain 
function, and optimize quality of life. Mortality is 
related to metastatic spread prior to resection and 
locoregional recurrences after resection, which is 
related in part to surgical technique.  

    Evolution of Surgical Treatment 
of Rectal Cancer 

 The surgical treatment of rectal cancer continues 
to evolve, and such evolution is the culmination 
of our better understanding of the surgical anat-
omy of the rectum and biologic behavior of the 
cancer and appreciation of the signifi cance of 
surgical margins (distal and radial). In addition, 
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the development of new instruments, the intro-
duction of reconstructive surgery, and the advent 
of effective adjuvant therapy have all contributed 
to outcome improvement. 

 Radical resection is standard surgical treat-
ment for cure or palliation. It can be used either as 
single modality or part of multimodality treat-
ment. For upper, middle, and few distal rectal 
cancers, the standard surgical treatment is an 
anterior resection (AR) with or without recon-
struction. Abdominoperineal resection (APR) is 
reserved for very distal rectal cancer (a more in- 
depth discussion can be found in Chap.   18    ). 
Radical resection is associated with low LR and 
high cure rate and a low 30-day mortality rate 
(5–7 %). However, radical surgery is associated 
with a signifi cant morbidity rate of 35 %, a poor 
or suboptimal bowel and urological functional 
outcome, a moderate risk of sexual dysfunction, 
and a high permanent colostomy rate. These dis-
advantages occur mainly in patients with distal 
rectal cancers [ 2 – 5 ]. The desire for a less aggres-
sive treatment especially for those with early can-
cer prompted many to search for an alternative 
strategy. Such a strategy, coupled with the need to 
demonstrate oncologic equivalency to radical sur-
gery, prompted many investigators to evaluate the 
role of local excision. 

 Local treatment of rectal cancer was described 
by Lisfranc in 1826 [ 6 ]. The anus and distal rec-
tum were removed through an oval perineal inci-
sion, leaving the patient with a perineal 
colostomy. In 1885, Kraske [ 7 ] described a trans-
sacral or posterior approach for rectal excision 
accompanied by the placement of a sacral colos-
tomy or proctotomy and local excision of the 
cancer. As would be expected, these procedures 
were associated with suboptimal stoma location, 
poor healing, and high LR and anastomotic fail-
ure, resulting in a poor quality of life for the 
affected patients. 

 In the late 1800s, Czerny [ 8 ] suggested a more 
radical resection of rectal cancer that included 
incorporating the lymphovascular pedicle 
because it represented the main mode of cancer 
spread. In 1907, Miles [ 9 ] described the APR 
whereby the entire pelvic colon and mesocolon 
were removed and a colostomy created. Advances 

in surgical technique, anesthesia, preoperative 
and postoperative care, and antibiotic coverage 
made proctectomy a safer procedure. In the sub-
sequent years, the necessity of obtaining at least 
a 5 cm margin distal to the tumor was challenged, 
and the importance of a wide circumferential 
radial margin (CRM) was recognized [ 10 ,  11 ]. 

 In the 1980s, Heald et al. described the total 
mesorectal excision (TME) technique whereby 
the rectum is removed as a package with an intact 
envelope containing lymph nodes (LN) [ 12 ]. With 
development of newer instruments and the intro-
duction of the concept of multimodality approach 
to cancer care, other novel approaches were 
spawned such as sphincter-saving procedures 
with or without reconstruction, intersphincteric 
resection, and laparoscopic or robotic surgery. 

 About 80 % of rectal cancers present with dis-
ease beyond the rectal wall (T3) with either direct 
extension to adjacent organ (T4) or lymphatic 
spread. The standard treatment is neoadjuvant 
chemoradiotherapy (neoCRT) followed by radi-
cal resection [ 13 ]. However, 5–15 % of rectal 
cancers are T1 or T2 (early stage rectal cancer) 
that have no or low probability of having LN 
spread. For these cases, a less radical surgery is a 
viable option [ 14 ]. On occasions, less radical sur-
gery is the only option because of patient’s choice 
(some patients refuse to accept having a perma-
nent colostomy) or because of the biology of the 
disease (i.e., patients with metastatic disease 
from a small tumor may prefer local excision fol-
lowed by palliative chemotherapy for symptom-
atic relief). Local excision, described by Parks in 
the 1950s [ 15 ], and transanal endoscopic micro-
surgery (TEM), developed by Buess in 1980s 
[ 16 ], were added to the armamentarium of surgi-
cal treatment of rectal cancer as alternative treat-
ment for the 5–15 % of patients with ERC.  

    Techniques of Local Excision 
of Early Rectal Cancer 

 ERC is defi ned as invasive adenocarcinoma into 
but not beyond the submucosa (T1) and may 
present as a small ulcerating or polypoid adeno-
carcinoma or a focus of adenocarcinoma within 
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an adenoma, i.e., malignant polyp [ 17 ]. ERC is 
stage I, i.e., early-stage rectal cancer (ESRC) 
[ 15 ]. However, stage I cancer also include tumors 
that have extended to but not through the muscu-
laris propria of the rectum (T2). T3–T4 lesions 
and/or those that have nodal involvement but 
without distant metastases are considered as 
high-risk resectable rectal cancer, a topic that is 
discussed in Chap.   18     , Rectal Cancer . 

 About 30 % of rectal adenocarcinomas are 
stage I and historically were treated with radical 
resection which resulted in excellent local control 
(local recurrence ranges from 4 % to 16 %) and 
survival (5-year overall survival (OS) of 90 %) 
[ 18 ,  19 ]. As mentioned previously, radical resec-
tion carries a signifi cant risk of morbidity and 
mortality and may not be an attractive option for 
some patients with ESRC.  In select cases, local 
excision is an acceptable alternative for T1 tumors 
that encompass <30 % of the bowel circumfer-
ence, are <3 cm in size, are mobile, are well to 
moderately differentiated, and lack lymphovas-
cular invasion (Table  17.1 ). These strict criteria 
are accepted by the National Comprehensive 
Cancer Network and the American Society of 
Colon and Rectal Surgeons    [ 20 ,  21 ]. For T2 
cancer, local excision must be viewed with high 
reservation since LR after surgery alone is unac-
ceptably high (22 %). 

    Posterior Approach 

 The approach to locally resect rectal cancer can 
be grouped into a posterior approach and the 
transanal approach (Table  17.2 ). For the posterior 
approach, Kraske posterior proctotomy [ 7 ] and 
York-Mason transsphincteric approach [ 22 ] are 
established procedures. However, they are not 
frequently used nowadays because of the associated 

complications (sacral pain after coccygectomy, 
rectal fi stulas, and impairment of sphincter func-
tion), the fear of seeding tumor in the retrorectal 
space, the concern of compromising salvage 
resection, and the advent of newer and less inva-
sive procedures [ 23 ,  24 ].

    Regardless, the approach is briefl y mentioned 
for completeness. The patient is placed in the 
prone position, an incision is made over the sacrum 
to the upper border of the sphincter and the coc-
cyx, and the anococcygeal ligament is removed to 
facilitate exposure. To obtain exposure of the 
upper rectum, the lower margin of the gluteus 
maximus muscle and sacrotuberous and sacrospi-
nous ligaments are cut, and the lower most part of 
the left wing of the sacrum is excised (the classical 
excision of the lower sacrum is not practiced). The 
levator muscle is incised in the midline to expose 
the posterior aspect of the rectum. Proximal dis-
section is carried along the presacral fascia poste-
riorly and laterally all the way posterior to the 
prostate gland. The fascia propria of the rectum is 
incised, and the mesorectum is divided to the rec-
tal wall that is opened transversely and the lesion 
is excised. With transsphincteric approach, the 
sphincter complex is divided, and the cut edges are 
marked with sutures for precise repair.  

    Transanal Local Excision (TLE) 

 Parks’ per anal excision [ 15 ] [transanal local exci-
sion (TLE)] describes excision of tumors under 
direct visualization through the anal orifi ce. The 

   Table 17.1    Criteria for local excision of rectal cancer   

 T1N0 
 No evidence of lymphovascular invasion 
 Well-differentiated to moderately differentiated tumor 
 Tumor < 3 cm in diameter 
 Involved < 30 % circumference of rectal wall 

   Table 17.2    Approaches for local excision of rectal 
adenocarcinoma   

  Posterior approach  
 Kraske transsacral proctotomy 
 York-Mason transsphincteric approach 

  Transanal excision  
 Park’s per anal excision 
 Transanal endoscopic microsurgery (TEM) 

 With endoscopic posterior mesorectal excision 
 With intraperitoneal anastomosis 
 With two-stage total mesorectal excision 

 Transanal minimally invasive surgery (TAMIS) 
 Robotic-TEM 
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procedure is limited to small tumors (<3–4 cm or 
<30 % of the circumference of the rectal lumen) 
that are not fi xed to the levator muscle. 

 The procedure is performed under general or 
spinal and local anesthesia (Fig.  17.1 ). The 
patient is place in a jackknife position or on stir-
rups depending on the location of the tumor. 
Using various retractors, the lesion is assessed, 
and the tissues surrounding the tumor are infi l-
trated with epinephrine-containing solution. 
Traction sutures may be applied at the lateral or 
superior edge of the tumor to help prolapse the 
lesion. The lesion is excised with the Bovie cau-
tery to include a 1 cm circumferential mucosal 
margin and deep into the perirectal fat (full thick-
ness disc excision). The surgical specimen is ori-
ented for the pathologist. The resulting defect is 
closed transversely with simple interrupted 
sutures. For anterior lesions, care must be taken 
not to injure the vagina. Excision using endo-
scopic linear stapler-cutter does not reliably 

excise the full thickness of bowel wall. Morbidity 
of TLE is minimal and usually related to bleeding 
or urinary retention.

       Transanal Endoscopic 
Microsurgery (TEM)  

 Transanal endoscopic microsurgery (TEM) 
describes transanal local excision using special-
ized equipment that allows for clear and magni-
fi ed visualization of the rectal lumen and 
facilitates dissection and removal of larger 
lesions located higher up in the rectum that are 
not amenable to be removed by TLE (up to 
20 cm from the anal verge) [ 25 ,  26 ] (Fig.  17.2 ). 
Compared to TLE, TEM allows exploration of 
perirectal fat and regional LN basin, provides 
superior quality of resection, prevents frag-
mentation of the specimen, and minimizes mar-
gin positivity [ 27 ]. The tumor is excised, and 

  Fig. 17.1    Depiction of transanal local excision (TLE) (Reprinted from Beck et al. [ 186 ]. With permission from 
Springer Verlag)       
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dissection is performed with a spatula, hook, or 
needle point tip monopolar cautery. A 0.5–1 cm 
margin with pyramidal volumetric excision of 
perirectal fat for possible retrieval of regional 
LN is performed.

   Initially, TEM was considered inappropriate 
for advanced neoplastic lesions and lesions 
beyond the peritoneal refl ection for risk of perito-
neal breach and contamination. However, repair 
of the defect prevents conversion to an open pro-
cedure and is not associated with major compli-
cation or oncological compromise [ 28 – 30 ]. With 
larger and more locally advanced lesions, seg-
mental resection with end-to-end anastomosis 
has been described [ 31 – 33 ]. 

 TEM was developed in early 1980s in 
Tubingen, Germany, by Dr. Gerald Buess in col-
laboration with the Richard Wolf Medical 
Instruments company [ 25 ,  26 ]. The equipment 
for TEM is prepackaged and includes all that is 
necessary to perform the surgery: operating proc-
toscope (4 cm diameter, 12–20 mm long, beveled 
or straight end, and removable faceplate), angled 
camera that provides a 3-dimensional stereo-
scopic vision, and carbon dioxide insuffl ator. 

A faceplate with clear window is attached for ini-
tial insertion and positioning of the proctoscope 
over the tumor and then replaced with another 
faceplate for carrying out the procedure. The 
 faceplate is airtight and has four ports sealed by 
capped rubber/silastic sleeves and accommodates 
3 fl exible channels [2 working instruments (5 mm 
long handle instruments for dissection, excision, 
and suturing) and one suction irrigation instru-
ment] and one optical stereoscope (binocular 
eyepiece that provides precise 3-dimentional 
view of the operative fi eld with up to sixfold 
magnifi cation). At least 3 mm negative deep and 
mucosal margins are required. After excision of 
the lesion, the defect is closed, but for the extra-
peritoneal rectum, the defect may be left opened. 

 TEM has been used with other techniques to 
widen the extent of resection. TEM excision of 
lower third T1 rectal cancer with mesorectal exci-
sion using dorsoposterior extraperitoneal pelvis-
copy has been described [ 34 ,  35 ]. Also TEM 
excision of the primary tumor and a two- stage 
TME have been described as sphincter- saving 
procedures for locally advanced ultralow rectal 
cancer after neoCRT [ 36 ]. However, long- term 

  Fig. 17.2    ( a ,  b ) Depiction of surgical equipments and 
technique of transanal endoscopic microsurgery (TEM) 
(A: Reprinted from Allaix [ 185 ]. With permission from 

Springer Verlag) (B: Reprinted from Kosinski et al. [ 184 ]. 
With permission from John Wiley & Sons, Inc)       
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oncologic outcome from such a procedure is not 
known, and the approach is not widely accepted. 

 TEM is widely accepted in Europe but is used 
only in select centers in the United States. The 
equipment is expensive, and the procedure is 
technically challenging requiring a long learning 
curve [ 37 ].  

    Transanal Minimally Invasive Surgery 
(TAMIS) 

 Transanal minimally invasive surgery (TMIS) 
describes transanal excision of rectal tumors 
using laparoscopic instruments, traditional insuf-
fl ation device, and a platform adapted from lapa-
roscopic single-port device (Fig.  17.3 ). It is 

essentially a hybrid between TEM and single- 
port laparoscopy. A 5 mm port for the assistant 
and a fl exible endoscope are used to improve 
functionality and access and visualization of the 
rectal lumen as high as 15 cm [ 38 – 40 ]. Compared 
to TEM, the equipment is less expensive, the 
device is easier to place, setup time is quicker, 
and operative time is faster [ 41 ].

       Robotic Transanal Endoscopic 
Microsurgery (Robotic-TEM) 

 Robotic-TEM describes TEM using customized 
“glove port” fi tted to circular anal dilator and the 
da Vinci system that allows maneuverability in 
deep spaces to overcome some technical diffi cul-
ties (limited mobility of laparoscopic instru-
ments) with TEM and TAMIS [ 41 – 44 ] (Fig.  17.4 ). 
Furthermore, an experienced camera operator is 
not required. Compared to TEM, the learning 
curve is shorter [ 37 ].

        Selection Criteria for Local Excision 
of Rectal Adenocarcinoma 

 Surgical treatment of rectal cancer depends on 
the location of the tumor. Cancers of the upper 
rectum behave like colon cancer and are treated 
with anterior resection. Middle and distal third 
cancers are treated with low anterior resection 
and mesorectal excision with or without recon-
struction or AP resection for lesions too distal to 
permit an anterior resection. Select cases of rectal 
cancer, especially distal rectal cancer, may be 
treated with local excision with or without adju-
vant therapy. Thus, the discussion of local treat-
ment of rectal cancer is primarily focused on 
distal rectal tumors. 

 Selecting patients for local excision is based on 
patient factors, location, and clinical stage of the 
tumor as determined by a digital rectal examina-
tion (DRE) and endoscopy, staging radiological 
studies, and endoscopic biopsies and at the time of 
excisional biopsy results. The ideal candidates for 
“curative” local excision are those whose tumors 
are confi ned to the rectal wall, more likely to be 
free of LN involvement and less likely to locally 

  Fig. 17.3    Transanal minimally invasive surgery (TAMIS) 
(Reprinted from Atallah et al. [ 39 ]. With permission from 
Springer Verlag)       
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recur. These strict clinical criteria, however, 
remain imperfect, and surgeons therefore must be 
vigilant in their follow-up of these patients. 

    Examination 

 The initial assessment of the patient includes a 
history and physical examination, a DRE, and a 
proctoscopic examination. The patient’s medical 
conditions (comorbidities), physical limitations, 
and anal control are assessed. On DRE, the size, 
morphology, location, and mobility of the tumor 
and its distance from the anal verge are assessed. 
On proctoscopy, characteristics of the tumor such 
as its gross appearance, whether it is ulcerated or 
polypoid; its dimensions; its distance from the 
anal verge or dentate line; and its relationship to 
anatomical luminal landmarks are determined as 
well as a tissue biopsy for diagnosis is obtained. 

 Tumor size predicts LR and LN involvement. 
The risk of LN involvement is 29 % for lesions 
<2 cm, 17–31 % for lesions <3 cm, and 43–50 % 
for lesions <4 cm [ 45 – 47 ]. In a recent study, 

tumor size with a threshold of 34 mm has been 
suggested to complement clinical staging of 
patients with rectal cancer [ 48 ] 

 Ulcerated lesions are associated with a greater 
failure rate and increased risk for LN involve-
ment when compared to polypoid lesions, 49 % 
versus 11 % [ 45 ,  48 ,  49 ] (Fig.  17.5 ). It is advis-
able that patients with such a characteristic and 
without contraindication are best considered for 
radical surgery.   

    Radiological Studies 

    Endorectal Ultrasound (ERUS) 
 ERUS has the ability to delineate the layers of 
rectal wall and identifi es enlarged regional 
LN. Based on the depth of invasion and LN 
involvement, the tumor is classifi ed into uT0 to 
uT4 and uN0 or uN1 (Table  17.3 ) [ 50 ].

   The accuracy of ERUS is operator dependent 
and varies with pathological stage of the primary 
tumor and quality of the scanner used (length of the 
probe, 7 vs. 10 MHz, and resolution). It is superior 

  Fig. 17.4    Robotic transanal endoscopic microsurgery (Robotic-TEM) (Reprinted from Valls [ 183 ]. With permission 
from Springer Verlag)       
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to conventional CT scan and MRI in detecting 
LN. ERUS does not determine whether the 
enlarged LN is infl ammatory or neoplastic and 
does not assess the involvement of the mesorec-
tum or the mesorectal envelope. Unlike the 2-D 
ERUS, 3-D ERUS has the ability to demonstrate 
spatial relationship of the tumor in the transverse, 
sagittal, and coronal planes and determine distance 
to anal sphincter and is better at differentiating LN 
from blood vessels [ 51 ,  52 ]. Compared to 2-D 
ERUS, the accuracy of 3-D ERUS for T stage is 
85–91 % versus 83–90 % and for N stage is 
76–88 % versus 67–83 % respectively [ 51 – 55 ].  

    Magnetic Resonance Imaging (MRI) 
 MRI is more accurate than CT scan at assessing 
the circumferential radial margin (CRM). With 
the use of the endorectal coil (EMRI), the accu-
racy of MRI approaches that of ERUS. The accu-
racy of EMRI for T and N staging is 85 % and 
82 %, respectively, compared to 87 % and 74 %, 
respectively for ERUS. When compared to CT 
scans, the accuracy of EMRI for T and N staging 
is 82 % and 74 %, respectively, and 73 % and 
66 % for CT scan [ 56 – 60 ]. However, the wide 
use of MRI is prohibitive in many centers because 
of its high cost. 

 Since up to 50 % of positive LNs in the meso-
rectum are <1 cm in size, LN staging by size cri-
terion alone is inaccurate and understages the 
cancer. Spiculated or indistinct border and a 
mottled heterogeneous appearance are new crite-
ria used to increase the accuracy of predict-
ing LN involvement [ 61 ]. The 3 tesla MRI 
accurately predicts tumor depth and CRM 
involvement as well as reliably stages the LNs 
by morphologically evaluating it and the blood 

  Fig. 17.5     Small distal rectal lesions not amenable to local rectal excision . Ulcerated, bleeding small distal rectal can-
cer should undergo radical surgery due to a greater failure rate and risk of lymph node involvement       

   Table 17.3    Ultrasound staging of rectal adenocarcinoma   

 uT0 – tumor confi ned to the mucosa 
 uT1 – tumor confi ned to the mucosa and submucosa 
 uT2 – tumor penetrates into but not through the 
muscularis propria 
 uT3 – tumor extends into the perirectal fat 
 uT4 – tumor extends into the adjacent structure 
 uN0-N1 – absence or presence of suspicious 
metastatic LN 
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vessels within the mesorectum [ 62 – 64 ]. 
Regardless of the imaging modality being used, 
accurate staging remains imperfect. This may 
partly explain the sobering recurrence rate of 
10–29 % for T1 and 26–47 % for T2 cancers fol-
lowing local excision [ 65 – 67 ].  

    Computerized Tomography Scan 
(CT Scan)  
 CT scan is useful in detecting distant metastasis 
and tumor extension into adjacent organs, but it is 
inadequate for T staging of ESRC since it does 
not delineate the layers of the rectal wall. 
Additionally, CT scan is limited in its ability to 
detect regional LN. The accuracy for T staging is 
46–75 % and for LN staging is 56–72 % [ 58 ,  68 ].  

    Positron Emission Tomography Scan 
(PET Scan) 
 PET scan can help detect locoregional and distant 
spread and has been used to determine response 
to chemoradiation therapy (CRT) in patients with 
advanced rectal cancer. Its role in staging the can-
cer preoperatively is yet to be determined, 
although some studies have shown that PET scan 
alters management in up to a third of patients.   

    Histopathological Features 
of the Primary Tumor 

 The histopathological features of the primary 
tumor are helpful in selecting patients who may be 
candidates for local excision. Such features are 
determined from endoscopic biopsies or after 
complete removal of the tumor (Table  17.4 ). These 
features are discussed in details in the following 
section, and recommendations assumed that the 
patient is a surgical candidate for cure. Of note, 
the decision for defi nitive operation is easily made 
when many or all of the histological features are 
available from the initial biopsy. However, in situ-
ations where some or all of the features are known 
only after a defi nitive local rectal excision has 
been performed, the surgeon must consider coun-
seling the patient to undergo a defi nitive operation 
within a thirty-day window period [ 69 ].

      Tumor Type 
 The World Health Organization (WHO) classifi -
cation of rectal cancer is depicted in Table  17.5  
with the most common carcinoma being adeno-
carcinoma [ 70 ].

   Tumor type is not an independent prognostic 
factor, except for signet cell and small cell carci-
nomas. Small cell carcinoma is a high-grade car-
cinoma with neuroendocrine differentiation that 
presents with higher stage and has dismal prog-
nosis even with early lesions than non-signet cell 
carcinomas [ 71 – 73 ]. Local rectal excision must 
not be performed with these histologies.  

   Table 17.4    Histopathological features important in 
selecting patients for local excision of rectal 
adenocarcinoma   

 Histological type 
 Grade 
 Depth of invasion 
 Presence or absence of 

 Blood vessel invasion 
 Perineural invasion 
 Angiolymphatic invasion 

 Lymphocytic infi ltration 
 Increased tumor infi ltration with lymphocytes 
 Extramural lymphocytosis 

 Infi ltration in the stroma in the region of tumor and 
lymphoid nodules often in the region of the tumor edge 
 Infi ltration at the edge of the muscularis propria 
analogous to Crohn’s Disease 

 Budding at edge of tumor 
 Surgery-related factors: 

 Completeness of excision 
 Fragmentation 

   Table 17.5    Histologic classifi cation of rectal cancer   

 Adenocarcinoma 
 Mucinous adenocarcinoma (>50 % mucinous) 
 Signet cell adenocarcinoma (>50 % signet cell) 
 Small cell (oat cell) carcinoma 
 Squamous cell carcinoma (epidermoid) 
 Adenosquamous carcinoma 
 Medullary carcinoma 
 Undifferentiated carcinoma 
 Others (e.g., papillary carcinoma) 
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    Grade 
 The College of American Pathologists recom-
mends a two-tier classifi cation scheme of rectal 
cancer: low-grade (well-differentiated and mod-
erately differentiated) and high-grade (poorly dif-
ferentiated and undifferentiated) carcinomas 
[ 74 ]. Grade of the tumor is a stage-independent 
prognostic factor with high-grade predicting LN 
metastasis and adverse outcome [ 74 – 77 ]. 

 Lymph node involvement in well- differentiated 
to moderately differentiated adenocarcinomas is 
0–30 % compared to 50–69 % for poorly differ-
entiated carcinomas [ 74 ,  78 ]. Lymph node 
involvement is <10 % for T2 well-differentiated 
adenocarcinoma without adverse histological 
features compared to 70 % for poorly differenti-
ated with lymphovascular invasion [ 79 ]. Thus, 
patients with high-grade histology are not candi-
dates for local excision.  

    Depth of Tumor Invasion 
 The primary tumor in rectal cancer is classifi ed 
into Tx to T4 depending on the depth of invasion 
into the rectal wall (Table  17.6 ) [ 71 ]. On occa-
sion, a malignant polyp is found following a rou-
tine lower endoscopic examination. T1 malignant 
polyps are further classifi ed into substages 
depending on the extent of invasion into the 
polyp (Haggitt classifi cation) [ 80 ] (Fig.  17.6 ) or 
into the submucosa (Kikuchi classifi cation) [ 81 ] 
(Fig.  17.7 ). The Haggitt classifi cation applies 
mainly for pedunculated polyps with levels of 
invasion ranging from 0 to 4. The Haggitt clas-
sifi cation is as follows: level 0, carcinoma in 
situ; level 1, invasion of the submucosa but lim-
ited to the head of the polyp; level 2, invasion 
extending into the neck of the polyp; level 3, 
invasion into any part of the stalk; and level 4, 
invasion beyond the stalk but above the muscula-
ris propria. By defi nition, sessile polyps are clas-
sifi ed as Haggitt level 4. However, not all sessile 
polyps behave the same. Because Haggitt clas-
sifi cation does not take this into account, the 
Kikuchi classifi cation of sessile polyp becomes 
a useful tool to further identify patients who are 
candidate for local excision. Essentially, Kikuchi 
classifi cation divides the submucosa layer into 
thirds, Sm1 through Sm3.

     The risk of LN involvement is related to T 
stage. Carcinoma in situ is not a “true carcinoma” 
and has no risk of LN metastasis; patients with 
carcinoma in situ only require wide excision with 
a negative margin. The risk of LN involvement 
based on T stage is as follows: T1 = 5–25 %, 
T2 = 20–28 %, T3 = 36–67 %, and T4 = 53 % [ 78 , 
 82 – 89 ]. The risk of LN metastasis is <1 % for 
Haggitt levels 1–3 and 12–25 % for level 4 [ 80 , 
 86 ,  87 ,  90 ]. The depth of the submucosal inva-
sion is related to LN metastasis with none found 
if invasion is less than 1,075 μm [ 91 ,  92 ]. For 
pedunculated polyps, LN metastasis is zero for 
invasive cancer confi ned to the head and neck and 
for those where the stalk invasion is less than 
3,000 μm without evidence of lymphatic invasion 
[ 92 ,  93 ]. Lymph node metastasis increases with 
Kikuchi level: 1–3 % for Sm1, 8 % for Sm2, and 
23 % for Sm3 [ 81 ,  87 ,  94 ].  

    Angiolymphatic Invasion 
 Lymphatic invasion is associated with increased 
regional LN metastasis particularly with pT1 and 
superfi cial pT2 lesions [ 39 ,  80 ,  95 – 100 ]. Invasion 
of extramural large vessel in the perirectal fat 
and outside the muscularis propria is associated 
with a predisposition for hepatic metastasis. 
Angiolymphatic invasion is a stage-independent 
prognostic factor and identifi es patients at 
increased risk for LN metastasis and diverse 
 outcome [ 76 ,  101 ,  102 ]. Patients with angiolym-
phatic invasion are not candidates or local 
excision.  

   Table 17.6    T staging of colorectal adenocarcinoma   

 Tx = primary tumor cannot be assessed 
 T0 = no evidence of primary 
 Tis = carcinoma in situ (intraepithelial invasion of the 
lamina propria or muscularis mucosae) 
  High-grade dysplasia = no stromal invasion 
  Intramucosal carcinoma = stromal invasion identifi ed 
 T1 = tumor invades into the submucosa 
 T2 = tumor invades into the muscularis propria 
 T3 = tumor invades through the muscularis propria into 
the subserosa or into nonperitonealized pericolic or 
perirectal fat (pT3a-3d) 
 T4 = tumor directly invading other organs or structure 
T4a or perforates the visceral peritoneum T4b 
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  Fig. 17.6     Haggitt classifi cation . Level 0, carcinoma in 
situ; level 1, invasion of the submucosa but limited to the 
head of the polyp; level 2, invasion extending into 
the neck of the polyp; level 3, invasion into any part of 

the stalk; and level 4, invasion beyond the stalk but above 
the muscularis propria (Courtesy of Quyen D. Chu, MD, 
MBA, FACS)       

  Fig. 17.7     Kikuchi levels.  Sm1, invasion of superfi cial third of the submucosa; Sm2, invasion of middle third of the 
submucosa; and Sm3, invasion of deep third of the submucosa (Courtesy of Quyen D. Chu, MD, MBA, FACS)       
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    Neural Invasion 
 Perineural invasion identifi es rectal carcinomas 
that are at increased risk for LN metastasis and 
worse prognosis [ 97 ,  101 – 103 ]. Local excision is 
contraindicated for those with neural invasion.  

    Tumor Budding 
 This refers to microscopic clusters of undifferen-
tiated cancer cells located ahead of the invasive 
front of a well-differentiated to moderately dif-
ferentiated tumor. It has greater prognostic value 
than overall grade and predicts regional LN 
metastasis in APR specimens of T1 and superfi -
cial T2 rectal cancers [ 97 ,  104 ]. Patients with this 
feature are not considered for local rectal 
excision.  

    Host Lymphoid Response to Tumor 
 Lymphoid infi ltration of tumor or peritumoral tis-
sue is indicative of host immunologic response to 
invasive malignancy and is associated with mic-
rosatellite instability and favorable prognosis 
[ 105 ,  106 ]. This favorable feature is not a contra-
indication for local rectal excision.  

    LN Involvement 
 Perirectal LNs include mesorectal, lateral sacral, 
presacral, sacral promontory, and superior, mid-
dle, and inferior rectal LNs. None of these LNs 
are included in TLE but may be included in the 
TEM or TAMIS. The absence of LN in the surgi-
cal specimen limits their predictive value. 
Perhaps this partly explains [ 107 ] the higher 
recurrence rate seen with TLE when compared to 
TEM. The presence of LN metastasis is deter-
mined on radiological studies and is predicted 
based on histopathological features of the pri-
mary tumor. A high suspicion of LN involvement 
as determined on preoperative imaging (i.e., 
ERUS, MRI, CT) must prompt the surgeon and 
patient to consider a radical operation over local 
rectal excision.  

    Surgery-Related Factors 
 Following anterior or AP resection, margins 
assessed are proximal, distal, transverse, and cir-
cumferential. After local excision, margins 
assessed are lateral (circumferential around the 

tumor) and deep. Surgical margins involved by 
tumor, either microscopically or grossly, are 
indicative of residual tumor within the operative 
fi eld, which predispose the patient to having LR. 
Piecemeal excision (fragmented excision) is an 
adverse prognostic factor resulting in a higher 
proportion of local failures [ 108 ]. Thus, patients 
with positive margins after local rectal excision 
or those whose tumors underwent piecemeal 
excision must be considered for defi nitive radical 
operation.    

    Candidates (Patient/Tumor) 
for Local Excision 

 Local excision is an attractive treatment option 
since it preserves rectal function, is associated 
with rapid recovery, low morbidity, and mortal-
ity, and does not result in the need for a colos-
tomy. The operation, however, is controversial 
since there is lack of level I/level II evidence sup-
porting its oncologic equivalency with standard 
radical surgery [ 18 ,  109 ]. As an aside, prospec-
tive clinical trials are classifi ed as being phase I, 
II, or III. Phase III trials compare new treatments 
with the best currently available treatment (i.e., 
the standard treatment) and are considered the 
highest level of evidence to guide treatment deci-
sion. In the literature on local excision of rectal 
cancer, although there are a number of phase II 
trials, there are no phase III trials. 

 Breen et al. [ 110 ] summarized the results of 
retrospective studies and reported a local recur-
rence (LR) rate of 0–33 % for ERC following 
local excision. Yet, local excision has been on the 
rise despite poor locoregional control with and 
without adjuvant CRT therapy [ 18 ,  66 ,  111 ,  112 ]. 
Local excision of T2 lesions has tripled in the 
past 25 years, especially for elderly patients who 
often have multiple comorbidites [ 18 ]. Stitzenberg 
et al. recently confi rmed this trend using the 
National Cancer Data Base [ 111 ]. There is also an 
increasing rate of local excision in patients with 
advanced rectal cancer who develop complete 
response after neoCRT where the risk of occult 
LN is reportedly to be as low as 3–6 % [ 113 – 116 ]. 
Surgeons must be aware of the limitations of the 
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current available data and be cautious when 
selecting patients for local rectal excision. When 
selecting local excision, patient and tumor factors 
must be considered, and clinical and radiological 
staging of local tumor is the most important 
aspect of the selection. 

    Patient Factors 

 Patients with anal incontinence and poor mobil-
ity are not candidates for a sphincter-saving pro-
cedure. On the other hand, those who are unfi t or 
refuse to undergo major abdominal surgery, even 
with advance disease such as those with ≥T3 or 
≥N1, may be considered for local excision for 
symptomatic relief (bleeding and discharge) 
[ 117 ]. Local excision is also an attractive alterna-
tive to radical surgery in patients with recurrent 
cancer for whom a major operation is prohibitive. 
This is especially applicable to elderly patients 
with multiple comorbidities [ 118 ].  

    Tumor Factors 

 Local excision is restricted to tumors that are 
confi ned to but do not involve full thickness rec-
tal wall (T2 or less) or regional LN and have 
favorable histopathological features. Classically, 
tumors that are polypoid and not ulcerated, 
located with proximal margin <10 cm from the 
anal verge, appeared <3–4 cm in size, encom-
passed <30 % of luminal circumference of the 
rectum, and not fi xed to the sphincter or puborec-
talis muscle may be considered for local exci-
sion. Conversely, local excision is not appropriate 
for:
 –    Large lesions encompassing >40 % of rectal 

circumference, since local excision can lead to 
a loss of rectal volume and/or stricture forma-
tion resulting in poor function  

 –   Proximal anterior or lateral lesions since exci-
sion is associated with a risk of peritoneal con-
tamination and potential tumor dissemination  

 –   Stage III cancer since local excision does not 
adequately address the LN and nodal involve-
ment is substantial high in this population    

 However, there is no conclusive evidence that 
size is a limiting factor in the selection criteria for 
local excision. A more suitable criterion is the 
ability to achieve an adequate tumor-free margin. 
It is thought that adjuvant therapy may improve 
LR rates after local excision, although these 
highly selected results are based on uncontrolled 
studies (i.e., retrospective studies). Reduction in 
tumor size after neoadjuvant therapy is found to 
be a reliable prognostic factor of success of local 
excision [ 109 ,  119 ]. Again, such data are limited 
due to their retrospective nature. TEM, TAMIS, 
and Robotic-TEM do not only facilitate the resec-
tion of more proximal, larger, and locally 
advanced lesions but allow for more complex 
excision/resection. With the advent of effective 
neoCRT that results in signifi cant or complete 
response of locally advanced rectal cancer, the 
use of such modality along with local excision 
has been on the rise [ 113 ,  115 ,  116 ,  120 ,  121 ]. 
Whether such a practice yields oncologic equiva-
lence with standard radical resection remains a 
controversial topic. 

 As mentioned in the previous section, factors 
that affect recurrence rate and outcome after local 
excision of rectal adenocarcinoma include T 
stage, degree of differentiation, lymphovascular 
invasion, and positivity of resection margins [ 67 , 
 78 ,  94 ,  109 ,  122 – 126 ]. Local recurrence for ERC, 
especially those with adverse histopathological 
features, i.e., high-risk early ERC [poorly differ-
entiated and mucinous adenocarcinoma, signet 
ring and undifferentiated adenocarcinomas, lym-
phovascular invasion (absence of lymphoid infi l-
tration and tumor budding are relative factors)], 
is higher than previously reported [ 66 ,  127 ]. 
More importantly, the risk of leaving behind 
nodal disease after local excision of a T2 lesion 
with adverse histopathological features is 70 % 
compared to 10 % for T2 with no adverse histo-
pathological features [ 101 ,  128 ]. 

 Hence, local excision alone is ideal for inci-
dental adenocarcinoma following polypectomy, 
especially for sessile polyp that was incidentally 
removed and found to have involved margins. It 
is ideal for Haggitt 1–3 or Kikuchi Sm1 T1 with 
favorable histological features and T1 lesions 
that have no adverse features and clear margin. 
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Local excision alone is controversial for Kikuchi 
Sm2 T1N0 and T2N0. 

 The following situations require further treat-
ment after local excision:
 –    Positive margins or inadequate tissue for accu-

rate pathological staging histological: patient 
can be considered for re-excision or proceed 
with radical surgery.

 – Radical resection for:  
•   T1 with unfavorable histological features  
•   For T1 Kikuchi Sm3 where risk of LN 

metastasis mirrors T2  
•   T2  
•   T3 lesions because of high LR rate  

 –   Adjuvant therapy has been considered for the 
following patient population, although radical 
surgery should seriously be considered:
•    T1 with unfavorable histopathological 

features  
•   T2  
•   Higher-risk patient not amenable to more 

radical surgery       
 An algorithm for evaluating patients with dis-

tal rectal cancer is depicted in Fig.  17.8 .

        Outcome of Local Excision of Rectal 
Adenocarcinoma 

    Transanal Local Excision (TLE) 

 There is great variation in the oncological results 
following TLE that is mostly related to the num-
ber of patients included in the study, patient selec-
tion for TLE, and follow-up period after TLE 
[ 109 ]. With short-term follow-up, local excision 
is associated with a favorable outcome, 10–13 % 
LR [ 18 ,  66 ,  77 ,  82 ,  83 ,  110 ,  112 ,  129 ]. With long-
term follow-up, however, the risk of LR is higher 
15–30 %, 12–18 % for T1 and 28–47 % for T2, 
and recent studies have shown even higher recur-
rence rate [ 65 – 67 ,  130 – 135 ]. The pattern of fi rst 
recurrence is predominantly local, 50 % LR only, 
18 % local and distant, and 32 % distant [ 66 , 
 130 ]. Local recurrence after local excision devel-
ops quickly, whereas distal recurrence is delayed 
[ 67 ]. The overall recurrence (local + systemic) is 
higher with TLE compared to radical resection, 
21 % versus 0% for T1 and 47 % versus 16 % for 

  Fig. 17.8    Algorithm for evaluating small distal rectal cancer       
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T2 [ 65 ,  131 ,  132 ]. With radical resection, failure 
is mostly distal with LR occurring in 6–10 % 
[ 136 ,  137 ]. 

 Bhangu et al. [ 138 ] reported the survival out-
come of TLE ( n  = 7,378) versus radical resection 
( n  = 36,116) of colon and rectal cancer in a 
Surveillance, Epidemiology, and End Results 
(SEER)-based study in 2013. Cancer survival 
rates for carcinoma in situ and T1 rectal cancer 
were not signifi cantly different but reduced for 
T2 rectal cancer. In a nationwide cohort study 
from the National Cancer Data Base, 2124 
patients with T1 and T2 diagnosed with rectal 
cancer between 1994 and 1996 were treated with 
TLE ( n  = 765) and standard surgery ( n  = 1,359) 
[ 18 ]. The 5-year LR rate in the TLE group was 
12.5 % for T1 and 22.1 % for T2 compared to 
6.9 % for T1 and 15.1 % for T2 in the standard 
surgery group. The 5-year OS rate in the TLE 
group was 77.4 % for T1 and 67.6 % for T2 com-
pared to 69 % for T1 and 76.5 % for T2 in the 
standard surgery group. For ERC with favorable 
histology, low LR and high 5-year OS rate 
approaching 100 % are possible [ 18 ,  133 ,  139 ]. 
Since about half of the recurrences are locore-
gional, radical resection may be curative. 
However, there is limited data on salvage surgery 
[ 65 ,  133 ]. Few patients can be treated success-
fully, at the fi rst clinical recurrence, but the actu-
arial survival after salvage surgery for LR is low 
(30–50 %% at 5 years) [ 65 ,  66 ]. In a retrospective 
study of 155 patients, Baron et al. reported defi -
nite survival advantage with immediate radical 
surgery. The 5-year DFS was 94 % compared to 
55 % for delayed salvage [ 140 ].  

    Transanal Local Excision 
and Adjuvant Therapy 

 Since LR in patients with T2 cancers treated with 
TLE is high, it is thought that adjuvant therapy 
may reduce the risk of recurrence. Minsky [ 141 ] 
noted that with local excision and postoperative 
RT, local failure was 3 % for T1, 10 % for T2, and 
24 % for T3. Fortunato et al. [ 142 ] reported less 
favorable outcome in 21 patients (mostly T2 
lesions) with 19 % LR that occurred up to 48 

months following resection and 19 % of patients 
developing distant metastasis; the 5-year DFS 
was 59 %. Paty et al. [ 66 ] noted that RT delayed 
LR (median 2.1 years vs. 1.1 years for LE only), 
but overall rates of local and overall recurrence 
and survival rates were similar to patients not 
receiving RT. Thus, postoperative RT had no 
impact on recurrences. 

 In a phase II multi-institutional trial of TLE or 
TLE + adjuvant CRT, the overall recurrence rate 
at 3 years for T1 or T2 was 4 % [ 143 ]. In another 
prospective study of patients with T1 treated with 
TLE and T2 with TLE and adjuvant CRT, no T2 
patient recurred [ 144 ]. In an initial prospective 
phase II study by the Radiation Therapy Oncology 
Group, low-grade T1 tumors with negative mar-
gins were observed, and CRT or RT was adminis-
tered based on post-excision results. Local 
recurrence rates were 7 %, 8 %, and 23 % for T1, 
T2, and T3 tumors, respectively [ 145 ]. Recent 
data suggest that the recurrence rate for T1, espe-
cially those with unfavorable histopathological 
features, was high and that neoCRT may be 
administered to sterilize the regional LN, espe-
cially when further surgery is not contemplated 
[ 128 ,  139 ,  146 ]. The results of other studies are 
depicted in Table  17.7 .

        TEM and TAMIS 

 There is a paucity of well-designed studies com-
paring TLE to TEM, but TEM is superior in 
terms of visualizing and resecting more proximal 
lesions and may have better oncologic outcome 
[ 147 ]. Moore et al., in a systematic review of all 
TEM over 22 years (including 55 case series and 
3 comparative studies), noted that TEM is supe-
rior to Park’s per anal excision with a 6 % local 
recurrence rate for TME versus 22 % for Park’s; 
TEM was more likely to yield negative margins 
(90 % vs. 71 %) and non-fragmented specimen 
(94 % vs. 65 %) [ 148 ]. Compared to radical sur-
gery, TEM has signifi cantly shorter operating 
time, lower blood loss, shorter hospital stay, and 
lower perioperative analgesia requirement [ 26 , 
 27 ,  149 ]. Early and late complications of TEM 
patients are similar or lower than those undergoing 
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open radical surgery [ 149 – 151 ]. Complication 
rate is low <10 % (ranges from 6 % to 31 %) and 
complications are minor [ 26 ,  27 ,  152 – 156 ]. 
Perioperative complications that require convert-
ing to laparotomy are hemorrhage and peritoneal 
entry. However, primary repair of the peritoneal 
entry can prevent the need to convert to open pro-
cedure and is not associated with major compli-
cations or oncological compromise [ 28 ,  29 ]. 

 It should be noted that evidence to support 
TEM is based on case series and retrospective 
studies, which mostly focused on the technical 
aspect of the procedure, individual selection crite-
ria, and its value in comparison with TLE and radi-
cal resection rather than on its oncologic impact. 

    T1N0 

 For T1 cancer, local failure of 0–13 % has been 
reported with TEM [ 99 ,  100 ,  153 ,  154 ,  157 ]. 
However, Doornebosch and colleagues, in a sys-
tematic review of T1 lesions treated with TEM, 
noted LR varied between 4 % and 33 % [ 156 ]. In 
a series of 88 patients who underwent TEM for 

T1 rectal cancer, 18 patients (20.5 %) had LR 
[ 158 ]. Local recurrence rates depend on margin 
positivity, tumor grade, status of lymphovascular 
invasion, and muscle penetration (T2) [ 122 – 126 ]. 
The recurrence rate for low-risk T1 is 6 % and for 
high-risk T1 is 39 %, and immediate operation 
for high-risk T1 lesions results in a reduction of 
LR to 6 % [ 126 ]. 

 Carefully selected patients have excellent sur-
vival, low recurrence rate, and outcomes compa-
rable to radical resection [ 149 ,  159 – 162 ]. Lee 
and colleagues retrospectively compared the out-
comes of 74 patients with TEM to 100 patients 
with radical surgery [ 162 ]. For T1 cancer, there 
was no difference in 5-year recurrence or survival 
between the two groups, but for T2 lesions, there 
was a higher recurrence rate for the TEM group, 
although OS was similar for both. In a systematic 
review of 55 case series, one randomized study 
and two nonrandomized comparative studies, 
Middleton et al. noted there was no difference in 
the recurrence or survival rates or complication 
rates between TEM and radical resection [ 27 ]. In 
a meta-analysis of 5 studies (one prospective and 
4 retrospective, nonrandomized; total of 397; T1 

   Table 17.7    Studies evaluating outcome of transanal local excision with and without adjuvant therapy   

 Study  Treatment  Local recurrence 

 CALBG [ 182 ]  T1 = TLE (n =59)  T1 = 7 % 
 T2 = TLE (n = 51)  T2 = 14 % 
 T1 and T2  6-year OS = 85 % 

 6-year DFS = 78 % 
 MEDLINE database 
 Retrospective review, 41 studies [ 109 ]  TLE  T1 = 9.7 % (0–24 %) 

 T2 = 25 % (0–67 %) 
 T3 = 38 % (0–100 %) 

 TLE + adjuvant CRT  T1 = 9.5 % (0–50 %) 
 T2 = 16.6 % (0–24 %) 
 T3 = 18.8 % (0–50 %) 

 National Cancer Data Base [ 18 ]  TLE: 
 T1 ( n  = 601)  12.5 % 
 T2 ( n  = 164)  22.1 % 

 Standard surgery: 
 T1 ( n  = 493)  6.9 % 
 T2 ( n  = 866)  15.1 % 

   CALGB  Cancer and Leukemia Group B,  CRT  chemoradiation therapy,  DFS  disease-free survival,  OS  
overall survival,  TLE  transanal local excision  

M. Sanders et al.



399

rectal cancer), Wu et al. [ 163 ] noted that patients 
with T1 cancer who received TEM ( n  = 216) had 
higher rates of local or distant metastasis at 40 
months’ follow-up but with no signifi cant differ-
ence in the 5-year OS rate compared to patients 
receiving radical surgery ( n  = 181). In another 
meta-analysis of 11 studies (three randomized 
controlled, one prospective, 7 retrospective; total 
of 1,191 patients; T1 and T2) in which 514 
patients received TEM, 386 TAE, and 291 stan-
dard resection, Sgourakis et al. found that for T1 
tumors, local and overall recurrence rates were 
signifi cantly higher for TEMS versus standard 
surgery, but there was no signifi cant difference in 
the distant metastasis rate or OS rate between the 
groups [ 164 ]. 

 The outcome of salvage surgery depends on 
the timing of surgery. Baatrup et al. reported the 
outcome of 143 consecutive individuals (multi-
center study) treated with TEM for rectal cancer, 
curative in 43 % and palliative in 5 % [ 165 ]. 
Immediate reoperation was performed in 15 % of 
cases. Cancer-specifi c survival for T1 was 94 % 
[ 165 ]. In a series of 88 patients who underwent 
TEM for T1 rectal cancer, 18 patients developed 
local recurrence, and of those, 16 underwent sal-
vage surgery with a 3-year OS rate of 31 % and 
cancer-related survival of 58 % [ 156 ].  

    T2N0 

 The LR rate of T2 with TEM alone is unaccept-
ably high at ≥17 % [ 162 ,  166 ,  167 ]. However, 
compared to radical resection, OS is similar 
(80.5 % vs. 83.3 %). The addition of neoCRT to 
downstage T2 lesion may improve results. 
However, several studies have shown that overall 
recurrence after TEM for T2 lesions with or with-
out neoCRT or adjuvant therapy was 6–18 % 
[ 122 ,  128 ,  150 ,  154 ,  155 ,  157 ,  168 ]. 

 On the other hand, in one study of 21 patients, 
recurrence with TEM followed by RT was 0 % 
compared to 50 % in those without RT [ 169 ]. In 
another study where 196 patients with rectal can-
cer with T1, T2, or T3 underwent TEM (T2 and 
T3 patients received neoadjuvant therapy), the 
overall LR rate was 4.1 % [ 154 ]. Other studies 

suggested equivalent results to radical resection 
when neoCRT was used [ 113 ,  151 ,  170 ]. Lezoche 
et al. recruited 70 patients with T2N0 and treated 
them with neoCRT and then randomized them to 
receive either TEM or laparoscopic surgery with 
total mesorectal excision. At a median follow-up 
of 56 months, the local failure rate and distant 
metastasis rate were similar (5 %), and the prob-
ability of survival was 95 % for TEM and 83 % 
for laparoscopic group [ 151 ]. In another prospec-
tive randomized trial, patients with clinical stage 
T2N0, histological grade 1–2, and tumors less 
than 3 cm and within 6 cm from anal verge 
received neoadjuvant therapy followed by TEM 
or laparoscopic TME [ 170 ]. Downstaging and 
downsizing were similar in both groups and all 
had R0 resection. Long- term follow-up showed 
that LR developed in 8 % in the TEM group and 
6 % in the laparoscopic TME group and distant 
recurrence was 4 % in both groups. There was no 
difference in DFS or OS; OS rate was 75 % for 
TEM and 80 % for laparoscopic TME. Other data 
also suggest equivalent results with TEM after 
CRT. 

 The American College of Surgeons Oncology 
Group (ACOSG) Z6041 trial is a prospective, 
multicenter, single-arm, phase II trial that 
assesses the effi cacy and safety of neoCRT and 
local excision for T2N0 rectal cancer [ 113 ]. A 
recent preliminary publication on 90 patients 
reports a high complete pathological response 
rate (44 %), a high rate of tumor downstaging 
(64 %), and a high negative resection margin rate 
(99 %). However, the complication rate was sub-
stantially high; 39 % of patients developed CRT- 
related grade ≥3 complications. 

 It should be stressed that given the current 
data on multimodality therapy for locally excised 
rectal cancer, such an approach should be consid-
ered as investigational and not standard of care.  

    Local Excision of Local Tumor After 
Major Response to CRT 

 It is well accepted that neoCRT improves local 
control of more advanced rectal cancers (T3/T4, 
N0/N+) and that some patients achieve complete 
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pathological response, i.e., no residual tumor, 
following neoCRT. Complete pathological 
response after neoCRT is associated with 
improved outcome. In some patients, neoCRT 
may be curative [ 171 ]. The standard-of-care 
treatment for patients with T2 lesion or more 
advanced rectal cancer who have had a major 
response after CRT is radical resection. Local 
excision may be offered not only to patients who 
are unfi t for surgery or refuse surgery but as an 
organ-preserving alternative procedure to radical 
resection for select patients with T2 lesion. The 
selected patients are those with luminal but no 
rectal wall or LN disease (no risk of leaving 
tumor behind after excision). Since there is 
20–30 % discordance between clinical and path-
ological complete response (pCR), patient selec-
tion is based on imaging and excisional biopsy 
results [ 172 ,  173 ]. 

 Restaging with CT or MRI has a negative pre-
dictive value for LN metastasis of 88–100 % 
[ 120 ]. PET/CT scan can predict early and sus-
tained clinical response after CRT [ 174 – 176 ]. 
Endoscopic biopsies will exclude only luminal 
disease but not rectal wall disease [ 177 ,  178 ]. On 
the other hand, complete local excision will 
exclude rectal wall involvement [ 120 ]. A 0.5–1 cm 
margin is considered adequate, but in irradiated 
tumors, a wide circumferential excision is 
required since microscopic tumor can be found 
outside the ulcer boundary overlying normal 
mucosa in 50 % of the cases [ 121 ]. Defect closure 
may be performed, but dehiscence occurs in 70 % 
of the times, and signifi cant symptoms (pain, 
tenesmus, discharge, and bleeding) are common 
after surgery [ 113 ,  171 ,  179 ]. The complication 
rate with this approach is high, 27–56 % [ 120 ]. 

 There has been an increase in the use of local 
excision in patients with T2 lesion who had a 
major response after neoadjuvant therapy where 
the risk of occult LN is low (3–6 %) [ 113 – 116 ]. 
In a review of 8 studies (237 patients underwent 
LE after CRT), Borscht et al. [ 179 ] reported LR 
ranging from 6 % to 20 % for ypT2. In a prospec-
tive multicenter phase II clinical trial, Pucciarelli 
et al. [ 120 ] reported the results of 63 patients with 
clinically T3 or low-lying T2 rectal adenocarci-
noma treated with neoCRT followed by local 

excision. Patients ( n  = 43) with ypT0 or ypT1 (all 
with negative margins after LE) were observed, 
and none developed LR. Patients ( n  = 11) with 
ypT ≥ 2 or positive margins after LE underwent 
TME, and none developed LR. The estimated 
cumulative 3-year OS rate was 91.5 %, 3-year 
DFS was 91 %, and local DFS was 96.9 %. 
Again, it should be reiterated that these modali-
ties are investigational and have not been 
embraced as standard of care.  

    Outcomes After Salvage Surgery 
for Recurrence of Locally Excised 
Rectal Cancer 

 There is no prospective data reporting the out-
comes of patients who had salvage surgery for 
recurrence of locally excised rectal cancer. 
Retrospective data, however, revealed that sal-
vage surgery is not very promising. Most recur-
rent cancers present at a more advanced stage 
than the original tumor, and the salvage rate is 
approximately 50–59 % at best. This implies that 
40–50 % of patients who otherwise would have 
been cured by conventional radical surgery had 
they undergone this at the onset will die [ 65 ,  119 , 
 180 ]. These grim statistics should be put in con-
text with the realization that radical surgery for 
stage I disease carries a local control rate of 
approximately 95 % and 5-year OS rate in excess 
of 90 % [ 181 ]. Additionally, the morbidity rate of 
salvage operation following failed local excision 
is also substantial at 34 %, and the surgery gener-
ally requires multivisceral organ resection that 
frequently leaves the patient with a permanent 
stoma. Finally, patients are generally treated with 
chemoradiation prior to salvage surgery, a treat-
ment regimen that is unnecessary in patients with 
stage I disease for whom a defi nitive radical sur-
gery was all that is needed. 

 Whether immediate salvage surgery within 30 
days of the local excision could make a difference 
was reported by Hahnloser et al. [ 69 ]. In a review 
of 52 patients who underwent an APR (24 patients) 
or LAR (28 patients) for a cancerous polyp, posi-
tive margins, lymphovascular invasion, or T3 can-
cer, there was no signifi cant  difference in LR in this 
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patient population (3 %) versus matched patients 
who had primary radical surgery (5 %) or those 
who had local excision alone (8 %). Additionally, 
there was no difference in the 5-year OS rate 
among these groups. Although encouraging, the 
study was small and retrospective in nature.   

    Summary 

 Patients with early distal rectal cancer are faced 
with diffi cult choices. On the one hand, standard 
radical operation is highly curative but poten-
tially leaves the patient with less than quality of 
life (i.e., permanent stoma, urologic/sexual dys-
function). On the other hand, local excision 
avoids many of the quality of life issue associated 
with radical surgery, but the trade-off is recurrent 
disease and chance of a cure. There are multiple 
studies, none of which are phase III trials, exam-
ining the impact of adjuvant or neoadjuvant ther-
apy to reduce recurrences in patients who undergo 
local excision of their rectal cancer. However, 
such strategies are considered investigational at 
this time. Accepted indications for local excision 
include T1N0, no evidence of lymphovascular 
invasion, well-differentiated to moderately dif-
ferentiated tumor, size <3 cm in diameter, and 
tumor encompassing less than 30 % of the cir-
cumference of the rectal wall. ACOSOG Z6041 
is a phase II trial that is evaluating the role of 
neoCRT for T2N0 rectal cancer. Although 
response rate is promising, toxicity is high and 
long-term oncologic implication is unknown. 

  Salient Points 
•     Early-stage rectal cancer includes stage I, 

which encompasses TIN0M0 and T2N0M0.  
•   Preoperative risk stratifi cation in addition to 

the patient’s desire for sphincter preservation, 
colostomy, and maintaining sexual and geni-
tourinary function must be considered in 
choosing the best therapy.  

•   Radical resection such as low anterior resec-
tion or APR is the mainstay therapy for stage I 
rectal cancer. It offers excellent oncologic out-
comes, albeit limited by signifi cant morbidity, 
compromised bowel, sexual and urological 

function, and permanent colostomy, espe-
cially with distal rectal cancer.  

•   Local excision is a rectum-preserving, function- 
maintaining limited surgery that is associated 
with low morbidity and mortality, rapid recov-
ery, and no colostomy. The oncological ade-
quacy of this treatment is controversial.  

•   Recurrence rates for T1N0 and T20 range 
from 8 % to 30 %.  

•   There are no randomized trials comparing 
local excision with radical surgery for stage 
T1N0 and T2N0 cancers.  

•   The indications for local excision based on rec-
ommendations by the National Comprehensive 
Cancer Network (NCCN) and the American 
Society of Colorectal Surgeons are:
 –    T1N0  
 –   No evidence of lymphovascular invasion  
 –   Well-differentiated to moderately differen-

tiated tumor  
 –   Tumor <3 cm in diameter  
 –   Involved <30 % circumference of rectal wall     

•   The Haggitt classifi cation classifi es polyp into 
level 0–4. It is useful for pedunculated polyps 
but not for sessile polyps (all sessile polyps 
are classifi ed as Haggitt level 4).  

•   Kikuchi classifi cation divides T1 sessile pol-
yps into thirds, based on the extent of the sub-
mucosal invasion.  

•   Local excision is ideal for Haggitt 1–3 or 
Kikuchi Sm1.  

•   Multimodality treatment (chemoradiation) 
along with local excision has been proposed to 
reduce local recurrence. However, this is con-
sidered investigational and has not been 
accepted as standard of care.  

•   Selection of patients for local excision is based 
on patient factors, location, and clinical stage 
of the tumor that are determined by digital rec-
tal examination (DRE) and endoscopy, staging 
radiological studies, and  histopathological 
features of the primary tumor.  

•   Recurrence rates after local excision are 
higher than after radical resection. Patients 
must be informed about the compromise 
between lower surgical morbidity and higher 
disease recurrence. For the frail and high-risk 
patients, recurrence rate may not be an issue.  
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•   The risk of LR after local excision of ERC is 
related to T stage (and substage of T1) and 
adverse histopathological features of the pri-
mary tumor [poorly differentiated and muci-
nous adenocarcinoma, signet ring and 
undifferentiated adenocarcinomas, lympho-
vascular invasion (absence of lymphoid infi l-
tration and tumor budding are relative factors)] 
and positivity of excision margins.  

•   Compared to radical resection, the fi rst recur-
rence is predominantly local, and the overall 
recurrence (local + systemic) is higher.  

•   Survival after local excision of in situ and T1 
rectal cancer is not signifi cantly different but 
reduced for T2 rectal cancer.  

•   The outcome of salvage surgery depends on 
the timing of surgery with more favorable out-
come with immediate reoperation.  

•   There has been an increase in the use of local 
excision in patients with advance rectal cancer 
who have major response after neoadjuvant 
therapy. Short-term follow-up has shown 
favorable outcome. However, long- term data 
are needed.  

•   Salvage multimodality therapy with radical 
resection and adjuvant or neoadjuvant chemo-
radiation remains a viable option for patients 
with recurrent disease, although outcome is 
suboptimal.  

•   ACOSOG Z6041 is evaluating the role of 
neoCRT in T2N0 rectal cancers. Preliminary 
results demonstrate:
 –    High complete pathological response rate 

(44 %).  
 –   High rate of tumor being downstaged 

(64 %).  
 –   High negative margin rate (99 %).  
 –   High toxicity rate of almost 40 %.  
 –   Long-term oncologic outcome is not known.        

  Questions 
    A 65-year-old man complains of a 2-month his-

tory of rectal bleeding on defecation. Other 
than constipation, he denied other associated 
symptoms including abdominal pain, nausea, 
vomiting, tenesmus, or unintentional weight 

loss. He takes hydrochlorothiazide and aspirin 
81 mg prescribed by his primary care physician 
and has never had any surgeries in the past. 
Physical exam including a digital rectal exam 
was pertinent for an anterior 4 cm mobile 
mass located approximately 5 cm from the 
anal verge. Fecal occult blood testing was 
positive.  

  The following series of questions pertains to the 
above case scenario.

    1.    What is the next best approach in the manage-
ment of this patient?
   A.    Reassure him that his clinical presentation 

is classic for grade I internal hemorrhoids 
and reschedule a repeat physical exam in 
one year.   

  B.    Schedule the patient for examination under 
anesthesia (EUA) and excision of the 
mass.   

  C.    Perform proctoscopy and biopsy of the 
mass.   

  D.    Refer the patient to gastroenterology 
associates for a screening colonoscopy 
as he likely has infl ammatory bowel 
disease.       

   2.    Upon further evaluation, the patient is found 
to be anemic, and the rectal lesion reveals a 
3 cm polypoid, fungating mobile lesion occu-
pying one-third of the rectal mucosal circum-
ference at about 2 cm above the sphincter 
complex. Multiple biopsies are obtained. 
What should be the next step in managing this 
patient?
   A.    Nothing can be done at this point until 

pathology results are available.   
  B.    Obtain CT scan of the abdomen and 

pelvis.   
  C.    Consent for abdominoperineal resection.   
  D.    Counsel and proceed with a completion 

diagnostic colonoscopy to further evalu-
ate for synchronous rectal and colonic 
lesions.       

   3.    What is the role of CT scan in the evaluation 
of a patient with a suspected rectal cancer?
   A.    It is the gold standard diagnostic tool in the 

evaluation of patients with rectal lesions.   
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  B.    It provides morphologic details that can 
exclusively help differentiate benign versus 
malignant lesions.   

  C.    It is useful in the detection of distant 
metastases and local tumor extension into 
adjacent structures.   

  D.    It can clearly identify nodal invasion into 
the mesorectal space and therefore be 
helpful in the N staging of rectal cancer.       

   4.    Endorectal rectal ultrasound (ERUS) revealed 
a lesion that had extended into the second 
hypoechoic line corresponding to the submu-
cosal layer. There was no ultrasonographic 
evidence of perirectal lymph node invasion. 
Based on this information alone, what is the 
ultrasound stage of this lesion?
   A.    uT0N0   
  B.    uT1N0M0   
  C.    uT1N1   
  D.    uT1N0       

   5.    Had the tumor extended through the muscula-
ris propria and into the perirectal tissue (meso-
rectum) and only two lymph nodes were 
identifi ed sonographically, what would be the 
new stage for this rectal lesion?
   A.    uT1N0   
  B.    uT1N0M0   
  C.    uT2N2   
  D.    uT2N0   
  E.    uT3N1       

   6.    What is the most predictive factor determining 
the risk of nodal invasion and distant metasta-
ses in patients with rectal cancer?
   A.    Depth of rectal wall invasion   
  B.    Presence of tumor ulceration   
  C.    Tumor size   
  D.    Distance from anal verge and sphincter 

complex   
  E.    Presence of synchronous lesions       

   7.    The tumor was staged as T1N0, what is the 
best treatment option for this patient with the 
least morbidity and potential for cure?
   A.    Transanal local excision   
  B.    Neoadjuvant chemoradiation therapy fol-

lowed by low anterior resection, TME, and 
primary anastomosis   

  C.    Neoadjuvant chemoradiation therapy 
(CRT) to downstage the tumor and then 
subsequent local excision under local 
anesthesia   

  D.    Observation with frequent surveillance 
and only offer surgery if tumor is >4 cm       

   8.    What characteristics would potentially pro-
hibit transanal local resection of rectal cancer 
and may require further treatment? SELECT 
ALL    THAT APPLIES.
   A.    Tumor size >4 cm.   
  B.    Well-differentiated to moderately differen-

tiated tumor.   
  C.    Presence of ulceration on rigid 

proctoscopy.   
  D.    Tumor occupies LESS than one-third of 

the rectal mucosal circumference.   
  E.    Tumor shows evidence of active bleeding 

at time of rigid proctoscopy.   
  F.    Evidence of perirectal lymphatic 

invasion.   
  G.    Negative margins after transanal excision.    

           Answer Key 
     1:    C   
   2:    D   
   3:    C   
   4:    D   
   5:    E   
   6:    A   
   7:    A   
   8:    A,C,E,F          
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         Learning Objectives 
 After reading this chapter, you should be able to:
•    Recognize what constitutes operable rectal 

cancer  
•   Understand how to evaluate and manage 

patients with rectal cancer  
•   Appreciate the treatment paradigm of rectal 

cancer  
•   Understand the role of neoadjuvant chemora-

diation and total mesorectal excision (TME) 
in controlling rectal cancer  

•   Select options for local, regional, and sys-
temic control of the disease     

    Introduction, Incidence, 
and Epidemiology 

 Colorectal cancer (CRC) is currently the third 
most common cancer and the third leading cause 
of cancer death for women and men in the United 
States [ 1 ]. It is estimated that 136,830 new cases 
of CRC will be diagnosed in 2014, of which 
40,000 will be rectal cancer (29 %) [ 1 ,  2 ]. The 
overall incidence rate of CRC has decreased by 
an average of 3.4 % per year during 2001–2010 
[ 1 ]. Outcomes for patients with rectal cancer 
have signifi cantly improved over the decades; 
the relative 5-year survival rate for rectal can-
cer for the years from 1975 to 1977 was 48 % 
and has risen to 68 % for the years between 
2003 and 2009 ( P  < 0.05) [ 2 ]. The 5-year sur-
vival rates for patients with localized disease, 
regional disease, and distant disease are 88 %, 
70 %, and 13 %, respectively [ 1 ,  2 ]. Such prog-
ress is a testament to our advances in the treating, 
introduction and dissemination of early detection 
tests, and addressing the risks factors associated 
with CRC (i.e., smoking cessation, reduction in 
red meat consumption, and increased use of aspi-
rin) [ 1 ,  3 ]. This chapter addresses the evaluation 
and management of patients with stage II/III 
rectal adenocarcinoma, while the other chapters 
address related topics:  Chapter     17      - Local Exci-
sion of Early-Stage Rectal Cancer, Chap.     19      - 
Management of Liver Metastases from Colorectal 
Cancer, and Chap.     21      - Cytoreductive Surgery and 
Hyperthermic Intraperitoneal Chemotherapy.  
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 Risk factors for CRC include advancing age, 
obesity, personal behavioral (lack of physical 
activity, cigarette smoking, and excessive alcohol 
consumption) and dietary habits (high-fat diet, 
high red or processed meat consumption), and 
personal history of adenomatous polyps, CRC, 
infl ammatory bowel disease, and prior treatment 
for Hodgkin’s lymphoma. More details regarding 
these factors are discussed in  Chap.     16      , Colon 
Cancer . Also inherited genetic risk (FAP and 
HNPCC) and family history of CRC and adeno-
matous polyps are also risk factors. By and large, 
the majority of CRC is sporadic for which the 
underlying etiology is unknown. HNPCC accounts 
for 2–6 % of CRC and FAP <1 % of all CRC. 
Further elucidation of their natural history and 
treatment can be found in  Chap.     20      , Hereditary 
Colorectal Cancer and Polyposis Syndromes .  

    Clinical Presentation 

 While rectal cancer may not be associated with 
symptoms in a minority of patients, most gener-
ally present with complaints of change in bowel 
habits, rectal pressure, a constant urge to move 
their bowels (tenesmus), and/or rectal bleeding 
that is often mistaken for hemorrhoids. 
Complaints of constant anal pain, pain upon def-
ecation, and fecal incontinence suggest advanced 
disease such as cancer invading into the sphincter 
complex or pelvic fl oor (Fig.  18.1 ). Straining at 
defecation, constipation with periods of diarrhea, 
and increased abdominal girth are suggestive of 
partial large bowel obstruction from the cancer.

       Evaluation 

 The initial evaluation of a patient who presents with 
the above complaints includes a complete physical 
examination, digital rectal examination (DRE), and 
proctoscopy. The patient’s nutritional status should 
also be recorded, although unlike patients with 
upper gastrointestinal cancers (i.e., esophageal can-
cer, pancreatic cancer, gastric cancer), poor nutri-
tion is often not observed in patients with CRC. If 
present, this would suggest advanced disease. 

 Abdominal examination may reveal enlarged 
liver suggestive of liver metastasis, ascites indic-
ative of intra-abdominal carcinomatosis, and 
nodules in the umbilicus or abdominal wall that 
may represent Sister Mary Joseph nodule. The 
presence of inguinal adenopathy may be sugges-
tive of metastatic disease. On DRE, if a rectal 
mass is palpated, location, size, mobility, and 
distance of the distal edge from the anal verge or 
anorectal ring are assessed. The integrity and 
adequacy of the anal sphincter complex are eval-
uated. Knowing the length of one’s own examin-
ing digit is helpful in estimating the distance of 
the cancer from the anal verge. Information on 
DRE is helpful in ordering appropriate imaging 
studies and designing treatment plan. A small 
tumor within 8 cm from the anal verge may be 
considered for a transanal excision, while a large 
fi xed tumor is best treated with neoadjuvant 
chemoradiation (neoCRT) and radical resection. 
In a male, a large anterior tumor that appears 
to involve the prostate may require a concomi-
tant prostatectomy at the time of a defi nitive 

  Fig. 18.1    A 62-year-old woman who presents with a rec-
tal adenocarcinoma involving the sphincter complex. She 
is not a candidate for sphincter-preserving operation. The 
patient underwent neoadjuvant chemoradiation therapy 
followed by a successful abdominoperineal resection 
(Courtesy of Quyen D. Chu, MD, MBA, FACS)       
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operation, especially if the tumor has not 
regressed signifi cantly following neoadjuvant 
therapy. Similarly, in a female, anterior involve-
ment of the posterior vagina might necessitate a 
partial vaginectomy with reconstruction. Patients 
with fecal incontinence and compromised anal 
sphincter function or integrity are not candidates 
for sphincter-sparing operation (Fig.  18.1 ). 
Patients presenting with obstructive symptoms 
may be candidates for an endoluminal stent or a 
diverting colostomy, the latter of which can be 
performed laparoscopically. 

 Proctoscopy is important not only to accu-
rately visualize and localize the lesion but also to 
help determine its gross appearance, size, and 
distance from the anal verge and obtain biopsies. 
Morphologic features help in prognosticating 
patients with small rectal cancers who may be 
candidate for local excision. Ulcerated or fl at 
raised tumors (nonexophytic) tend to have a 
worse prognosis than those that are polypoid 
or sessile (exophytic) lesions [ 4 ,  5 ]. Biopsies 
determine the type of tumor (adenocarcinoma, 
squamous cell carcinoma, small cell carcinoma, 
undifferentiated carcinoma, etc.) and histopatho-
logical features that are essential in the selection 
of small tumors for local versus local + adjuvant 
versus radical resection. 

 As part of the complete work-up, a colonos-
copy is warranted to exclude synchronous 
lesions in the colon and determine the proximal 
extent of the tumor. Synchronous benign polyps 
occur in 13–62 % of cases, while synchronous 
cancers occur in 2–8 % of cases [ 6 – 8 ]. The rec-
tum can be divided into thirds: upper, middle, 
and lower thirds. Such division can be based on 
the valves of Houston or by dividing the rectum 
into thirds using either the 12 cm or 15 cm as the 
cutoff point (Fig.  18.2 ). The National Cancer 
Institute Guidelines for Colon and Rectal 
Cancer defi ned the most proximal boundary of 
the rectum as no more than 12 cm from the anal 
verge [ 9 ], while the European Society for 
Medical Oncology (ESMO) defi ned rectal 
tumors as those with  distal extension < 15 cm 
from the anal verge [ 10 ] . Establishing which 
thirds of the rectum to which the tumor belongs 

is essential in determining the treatment modality 
and type of operation the patient will ulti-
mately require.

   Unlike colon cancer which drains mainly into 
the portal venous system (route that leads to 
metastasis to the liver), rectal cancer drains into 
both the portal venous system and the systemic 
circulation, the latter via the inferior and middle 
rectal veins to the iliac veins and fi nally to the 
inferior vena cava. Consequently, rectal cancer 
can bypass the portal venous system to reside in 
the lungs, which explains why the incidence of 
isolated lung metastases is higher in rectal cancer 
(12 % vs. 6 %) than it is in colon cancer [ 11 ,  12 ]. 
Given rectal cancer’s affi nity to metastasize to 
the lungs, it is reasonable to obtain CT scans of 
the chest as part of the work-up of patients with 
rectal cancer.  

    Imaging Modalities 

 Computed tomography (CT) scanning, mag-
netic resonance imaging (MRI), and transrectal 
ultrasound (TRUS) have all been extensively 
evaluated in the initial staging of rectal carci-
noma [ 13 – 15 ]. Pretreatment imaging to accu-
rately stage the patient is extremely important 
because it can potentially alter treatment and 
affect patients’ outcome. For a patient with a 
low-lying T1 lesion who is concerned about 
having a permanent colostomy and/or sexual 
dysfunction, a local rectal excision may be an 
option. However, the same patient with a T2 
lesion will likely be treated with radical surgery, 
which may result in a permanent colostomy 
and/or sexual dysfunction. Thus, these deci-
sions cannot be made without accurate presurgi-
cal staging. Although reports suggest that MRI 
and TRUS are better at staging rectal cancer 
than CT, to date, they have not been reliable 
enough to be used routinely as the sole imaging 
modality [ 16 ,  17 ]. Furthermore, because of the 
prohibitive cost associated with MRI, such 
modality may not be widely available in many 
centers. 
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    Computed Tomography 

 CT was the fi rst “staging” modality used to eval-
uate rectal cancer (Figs.  18.3  and  18.6a ). Early 
enthusiasms reported its accuracy to range 
between 85 % and 90 % [ 18 ], and it was champi-
oned to be an excellent preoperative staging 
modality for characterizing both tumor and 
metastases. CT is still recommended in the initial 
evaluation of all patients scheduled for colorectal 
carcinoma surgery because of its ability to obtain 
a rapid global evaluation of the extent of disease 
and helpful in revealing complications (perfora-
tion, obstruction) that may not be clinically 
apparent. Larger, more carefully controlled stud-
ies, however, have shown that the overall accu-
racy of CT is in the 50–70 % range, varying 
directly with the stage of the lesion (i.e., T4 
lesions are more accurately assessed than T2 or 
T3 lesions) [ 13 ,  15 ,  19 ]. Overstaging is a far 
more common problem as it is diffi cult to accu-
rately determine T-stage (depth of bowel wall 
penetration) on CT [ 20 ]. Another complicat-
ing factor, particularly in rectal cancer, is that 

perirectal spiculation can be confused with des-
moplastic peritumoral infl ammation, which can 
lead to overstaging.

   There is little agreement on the critical cutoff 
diameter to determine if lymph nodes are 
involved. One study suggests that the cutoff value 
should be 4.5 mm; however, nodal size does not 
correlate with nodal status [ 21 ,  22 ]. The specifi c-
ity for detecting lymph nodes involved with 
tumor is only 45 % [ 23 ]. 

 Liver metastases are detected by CT with an 
85 % accuracy rate and a 97 % specifi city rate 
[ 15 ]. Detection of liver metastases by CT 
improves with increasing stage of disease. 
Among a group of 100 patients who underwent 
CT, CT arterioportography (CTAP), and MRI, 
the sensitivity and specifi city for liver metastases 
were 73 % and 96.5 % for CT, 87.1 % and 89.3 % 
for CTAP, and 81.9 % and 93.2 % for MRI [ 19 ]. 
In addition, abdominal/pelvic CT has a high neg-
ative predictive value of 90 % [ 21 ]. 

 As mentioned previously, rectal cancer can 
spread to the lungs via the systemic portal circu-
lation route. Among patients with potentially 

  Fig. 18.2     Anatomy of the rectum : the rectum can be 
divided into thirds: upper, middle, and lower thirds. Such 
division can be based on the valves of Houston or by 
dividing the rectum into thirds using either the 12 cm or 

15 cm as the cutoff point (Illustrated by Paul Tomljanovich, 
MD and modifi ed by Karen Howard and Lory Tubbs. 
Courtesy of Quyen D. Chu, MD, MBA, FACS)       
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resectable liver metastases and a negative initial 
chest radiograph, additional imaging with a chest 
CT revealed pulmonary metastases in only 5 % of 
patients [ 24 ]. However, one study showed that 
rectal cancer is more likely than colon cancer to 
present with lung metastases without liver metas-
tases and that this risk increases with advancing 
T-stage. Although this study advised CT imaging 
of the chest in all rectal cancer patients, it was 
limited by the lack of pathologic correlation [ 25 ].  

    Magnetic Resonance Imaging 

 The Radiology Diagnostic Oncology Group 
(RDOG) study showed that MRI had an accuracy 
rate of 58 % for detecting local staging of rectal 
cancer [ 15 ] (Fig.  18.4 ). Accuracy in identifying 
lymph node metastases was similar to CT with a 
sensitivity of 85 %, but MRI was slightly supe-
rior for detecting liver metastases. Endorectal 
MR coils and 3.0 T magnets [ 27 ] have shown 
impressive results in depicting the layers of the 
rectal wall with resultant improvement in the 
accuracy of assessing the depth of bowel wall 
penetration [ 17 ]. There is no consensus in the lit-
erature as to whether endorectal coils should be 
used routinely in practice. Some studies contend 
that endorectal coils provide improved diagnostic 

accuracy as compared to phased-array coils alone 
for T-stage, with sensitivity reaching 100 % and 
specifi city of 86 %. Endorectal coils have limita-
tions in assessing upper rectal tumors and lateral 
pelvic and inferior mesenteric lymph nodes. 
Although phased-array coils are far superior in 
detecting lymph node metastases, they are lim-
ited in the imaging of obese patients and in the 
evaluation of lower rectal tumors [ 28 ,  29 ]. With 
the advent of 3.0 T imaging, most imaging can be 
performed with a pelvic phased-array coil only.

   MRI is accurate at identifying high-risk fea-
tures such as extramural venous invasion, extra-
mural spread beyond 5 mm, and potentially 
positive circumferential resection margin (CRM). 
CRM, which is the distance of the leading edge 
of the tumor to the mesorectal fascia, is an impor-
tant prognostic factor for determining risk of 
local recurrence. The accuracy, sensitivity, and 
specifi city of MRI to predict CRM involvement 
are 86 %, 94–100 %, and 85–88 %, respectively 
[ 30 ]. From a surgical perspective, assessment of 
the mesorectal fascia involvement and tumor-free 
CRM is crucial for surgical planning [ 31 ]. 

 Diffusion-weighted imaging (DWI) has shown 
to be more sensitive and specifi c than standard 
contrast-enhanced MRI with gadolinium- 
enhanced MRI, with values of 82 % and 94 %, 
respectively [ 32 ]. It is believed to be superior for 

  Fig. 18.3    A 64-year-old woman with an advanced rectal cancer. She underwent neoadjuvant chemoradiation therapy 
and a laparoscopic abdominoperineal resection (Courtesy of Quyen D. Chu, MD, MBA, FACS)       
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tumor detection and characterization and for 
monitoring tumor response. Adding DWI to con-
ventional MRI yields better diagnostic accuracy 
than conventional MRI alone [ 32 ]. DWI does not 
use contrast and is more sensitive than contrast- 
enhanced CT in detecting metastases [ 33 ]. It also 
has the potential to be clinically effective for the 
evaluation of preoperative TNM staging and the 
postoperative follow-up of colorectal cancer.  

    Transrectal Ultrasound 

 TRUS has become the standard imaging proce-
dure for staging rectal carcinoma [ 34 ]. Because 
TRUS enables one to distinguish the layers 
within the rectal wall, it is an accurate method for 
detecting depth of tumor penetration and perirec-
tal spread. Reported sensitivities range between 
83 % and 97 %. The T-stage accuracy for TRUS 
(84.6 %) is far superior to that of CT (70.5 %) 
[ 22 ]. TRUS is of value in assessing apparently 
superfi cial rectal carcinomas that are potentially 
suitable for treatment by transanal or local exci-
sion or endocavitary radiation [ 23 ]. Detection of 
lymph node involvement with TRUS is diffi cult; 
the sensitivity rate is 50–57 % [ 29 ] and the over-
all accuracy is between 62 % and 83 % [ 35 ]. 
Although TRUS is frequently used to assess 
regional lymph nodes, it is not very reliable in 
predicting actual nodal involvement. Many 
lymph nodes measuring <5 mm in diameter have 
associated micrometastases, while some early 
stage T1 and T2 tumors that have lymph node 
micrometastases were missed by TRUS. Such 
limitations partly explain the high pelvic recur-
rence rate observed within this patient population 
who underwent local rectal excision.  

    Nuclear Medicine 

 Positron emission tomography (PET) and PET/
CT have been shown to alter therapy in almost a 
third of patients with advanced primary rectal 
cancer. In a study comparing PET/CT with TRUS, 
MRI, and helical CT in imaging patients with low 
rectal carcinoma, PET/CT identifi ed discordant 
fi ndings and was far superior in 38 % of patients. 
The result was an upstaging in half the patients 
while downstaging in almost a quarter of patients 
(21 %) [ 36 ]. A relatively new concept of using 
PET/CT has been reported to be signifi cantly 
more accurate in defi ning TNM stage than CT 
alone [ 36 ]. However, it is not used routinely in 
most centers. The accuracy of PET/CT is similar 
to that of CT in terms of T-stage but is far superior 
in detecting hepatic and peritoneal metastases 
(sensitivity, 89 %, and specifi city, 64 %) [ 37 ]. The 

  Fig. 18.4     MRI of the rectum , high‐resolution magnetic 
resonance imaging of rectal cancer used for staging. ( Top ) 
An axial, T2‐weighted, nonfat‐saturated image demonstrat-
ing a rectal tumor identifi ed invading the muscularis pro-
pria (*). There is an adjacent enlarged heterogenous lymph 
node ( arrow ) in contact with the mesorectal fascia ( arrow 
heads ). Incidental note is made of another heterogenous 
lymph node to the left of the rectum. ( Bottom ) Vascular 
invasion in the linear area of an abnormal T2 signal extend-
ing from the tumor margin ( arrow ) (Reprinted from Ref   . 
[ 26 ]. With permission from John Wiley & Sons, Inc.)       
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sensitivity of detecting nodal metastases is only 
43 % with a specifi city of 80 %, and again, size is 
not a helpful characteristic. There is also a poten-
tial role for PET in restaging colorectal cancer 
after chemoradiotherapy by measuring the pre-
treatment and posttreatment standard uptake vol-
ume (SUV) and assessing response by the amount 
of decreasing SUV [ 38 ]. Limitations of PET 
include decreased sensitivity in detecting small 
colonic lesions (5–10 mm in diameter) and 
decreased 18F-fl uorodeoxyglucose (FDG) uptake 
by mucinous tumors. 

 The 2012 European Society for Medical 
Oncology consensus guidelines recommend pel-
vic MRI for staging of primary rectal cancer [ 39 ], 
while NCCN guidelines (version 4.2013) recom-
mend either a pelvic MRI or endorectal ultra-
sound [ 40 ].  

    Staging 

 Clinical stage of rectal cancer is determined by 
preoperative DRE and imaging studies (CT scan, 
ERUS, endorectal coil MRI, and/or PET scan). 
Pathologic staging is determined after excision of 
the cancer. Rectal cancer is staged using the sev-
enth edition of the American Joint Committee on 
Cancer (AJCC)/TNM staging system (Table  18.1 ) 
[ 42 ]. By defi nition, stage II has uninvolved nodes, 
whereas stage III has involved lymph nodes. 
There are several important changes made to the 
sixth edition. T4 lesions are subdivided into T4a 
(tumor penetrates to the surface of the visceral 
peritoneum) and T4b (tumor directly invades or 
is adherent to other organs or structures). The 
number of involved lymph nodes also has an 
impact on outcomes; thus, N1 is subdivided into 
N1a (metastasis in 1 regional lymph node), N1b 
(metastasis in 2–3 lymph nodes), and N1c (no 
nodal disease, but tumor deposits in the subse-
rosa, mesentery, or non-personalized pericolic or 
perirectal tissues); N2 is subdivided into N2a 
(metastasis in 4–6 nodes) and N2b (metastasis 
in ≥ 7 nodes) [ 40 ].

   In the seventh edition, stage group II was sub-
divided into three subdivisions instead of two: 
stage IIA (T3N0), IIB (T4aN0), and IIC (T4bN0). 

   Table 18.1    American Joint Committee on Cancer (AJCC) 
TNM staging for colorectal carcinoma (7th edition)   

 Primary tumor (T)* 

 TX  Primary tumor cannot be assessed 
 T0  No evidence of primary tumor 
 Tis  Carcinoma in situ: intraepithelial or invasion of 

lamina propria* 
 T1  Tumor invades submucosa 
 T2  Tumor invades muscularis propria 
 T3  Tumor invades through muscularis propria into 

pericolorectal tissues 
 T4a  Tumor penetrates to the surface of the visceral 

peritoneum** 
 T4b  Tumor directly invades or is adherent to other 

organs or structures**, *** 

 * Note : Tis includes cancer cells confi ned within the 
glandular basement membrane (intraepithelial) or 
mucosal lamina propria (intramucosal) with no extension 
through the muscularis mucosae into the submucosa 
 ** Note : Direct invasion in T4 includes invasion of other 
organs or other segments of the colorectum as a result of 
direct extension through the serosa, as confi rmed on 
microscopic examination (e.g., invasion of the sigmoid 
colon by a carcinoma of the cecum) or, for cancers in a 
retroperitoneal or subperitoneal location, direct invasion 
of other organs or structures by virtue of extension 
beyond the muscularis propria (i.e., respectively, a tumor 
on the posterior wall of the descending colon invading 
the left kidney or lateral abdominal wall or a mid or 
distal rectal cancer with invasion of prostate, seminal 
vesicles, cervix, or vagina) 
 *** Note : Tumor that is adherent to other organs or 
structures, grossly, is classifi ed cT4b. However, if no 
tumor is present in the adhesion, microscopically, the 
classifi cation should be pT1–4a depending on the 
anatomical depth of wall invasion. The V and L 
classifi cations should be used to identify the presence 
or absence of vascular or lymphatic invasion, whereas 
the PN site-specifi c factor should be used for 
perineural invasion 

 Regional lymph nodes (N) 

 NX  Regional lymph nodes cannot be assessed 
 N0  No regional lymph node metastasis 
 N1  Metastasis in 1–3 regional lymph nodes 
 N1a  Metastasis in 1 regional lymph node 
 N1b  Metastasis in 2–3 regional lymph nodes 
 N1c  Tumor deposit(s) in the subserosa, mesentery, or 

nonperitonealized pericolic or perirectal tissues 
without regional nodal metastasis 

 N2  Metastasis in ≥4 regional lymph nodes 
 N2a  Metastasis in 4–6 regional lymph nodes 
 N2b  Metastasis in ≥7 regional lymph nodes 

(continued)
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Additionally, several stage group III were reclas-
sifi ed (i.e., T4bN1 is reclassifi ed as IIIC instead 
of IIIB, T1N2a is IIIA instead of IIIC, T1N2b, 
T2N2a–b, and T3N2a are IIIB instead of IIIC). 
Finally, M1 is subdivided into M1a (single meta-
static site) and M1b (multiple metastatic sites).  

    Treatment 

 Management of rectal cancer requires a multidis-
ciplinary approach. However, surgery remains 
the mainstay treatment modality of rectal cancer. 
The primary goals are to cure the patient, main-
tain function, reduce local recurrence, maximize 
disease-free survival (DFS), and optimize quality 
of life. Locoregional recurrence after surgery is 
related in part to surgical technique. Treatment of 
rectal cancer depends on location of the tumor 
and staging information. Selected cases of rectal 
cancer can be treated with local excision (dis-
cussed in  Chap.     17      , Local Excision of Early- 
Stage Rectal Cancer ); however, the majority of 
rectal cancers are treated with radical resection 
with or without adjuvant therapy.   

    Upper Rectal Cancer 

 The rectosigmoid junction is identifi ed at the 
level of the promontory of the sacrum and where 
the teniae coli coalesce to form the continuous 
longitudinal muscle layer around the rectum. The 
anterior and lateral wall of the upper rectum is 
covered with peritoneum, and unlike the middle 
and distal rectum, it is not confi ned within the 
bony pelvis. The concern of sphincter preserva-
tion is therefore not relevant. 

 While it is widely accepted that combination 
therapy comprising of chemoradiation therapy 
(CRT) and surgery is the treatment of choice for 
patients with stage II and III rectal cancer in the 
mid and distal rectum, the benefi t of CRT does 
not extend to patients with upper rectal or recto-
sigmoid cancers. Lopez-Kostner et al found that 
local recurrence and survival for upper rectal 
cancer were similar to those of sigmoid cancer 

Table 18.1 (continued)

 Regional lymph nodes (N) 

  Note : A satellite peritumoral nodule in the pericolorectal 
adipose tissue of a primary carcinoma without histologic 
evidence of residual lymph node in the nodule may 
represent discontinuous spread, venous invasion with 
extravascular spread (V 1/2), or a totally replaced lymph 
node (N1/2). Replaced nodes should be counted 
separately as positive nodes in the N category, whereas 
discontinuous spread or venous invasion should be 
classifi ed and counted in the site-specifi c factor category 
tumor deposits (TD) 

 Distant metastasis (M) 

 M0  No distant metastasis 
 M1  Distant metastasis 
 M1a  Metastasis confi ned to one organ or site 

(e.g., the liver, lung, ovary, nonregional node) 
 M1b  Metastases > one organ/site or the peritoneum 

 Anatomical stage/prognostic groups 

 Stage  T  N  M  Dukes*  MAC* 

 0  Tis  N0  M0  –  – 
 I  T1  N0  M0  A  A 

 T2  N0  M0  A  B1 
 IIA  T3  N0  M0  B  B2 
 IIB  T4a  N0  M0  B  B2 
 IIC  T4b  N0  M0  B  B3 
 IIIA  T1–2  N1/N1c  M0  C  C1 

 T1  N2a  M0  C  C1 
 IIIB  T3–T4a  N1/N1c  M0  C  C2 

 T2–T3  N2a  M0  C  C1/C2 
 T1–T2  N2b  M0  C  C1 

 IIIC  T4a  N2a  M0  C  C2 
 T3–T4a  N2b  M0  C  C2 
 T4b  N1–N2  M0  C  C3 

 IVA  Any T  Any N  M1a  –  – 
 IVB  Any T  Any N  M1b  –  – 

  Note:  cTNM is the clinical classifi cation; pTNM 
is the pathologic classifi cation. The y prefi x is used 
for those cancers that are classifi ed after neoadjuvant 
pretreatment (e.g., ypTNM). Patients who have a 
complete pathologic response are ypT0N0cM0 that 
may be similar to stage group 0 or I. The r prefi x is to be 
used for those cancers that have recurred after a 
disease-free interval (rTNM) 
 *Dukes B is a composite of better (T3N0M0) and 
worse (T4N0M0) prognostic groups, as is Dukes C 
(any TN1M0 and any TN2M0). MAC is the modifi ed 
Astler-Coller classifi cation 

  Adapted from Ref   . [ 41 ]. With permission from Springer 
Verlag  
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and because of this, the upper rectum is treated 
more like colon cancer than rectal cancer [ 43 ]. In 
other words, chemoradiation and possibly total 
mesorectal excision (TME) may be spared in 
patients with upper rectal/rectosigmoid cancer, 
especially those that are T3N0 (Stage II). Both 
the Swedish Rectal Trial and Dutch Rectal Trial 
found that, compared to surgery alone, preopera-
tive radiation followed by surgery had no signifi -
cant impact on local recurrence rate for upper 
rectal tumors [ 44 ]. 

 For upper rectal cancer, anterior resection 
with tumor specifi c rather than TME is required. 
The mesorectum is divided 3–5 cm below the 
lesion [ 45 ]. Alternatively, anterior resection with-
out TME for upper rectosigmoid cancer is also an 
acceptable option.  

    Mid and Distal Rectal Cancer 

 Unlike the colon, the mid and distal rectum are 
confi ned in the pelvis, constrained by the bony 
pelvis, surrounded by major neurovascular struc-
tures, and in close proximity to urogenital organs 
which makes it diffi cult to achieve a wide resec-
tion around the tumor. Consequently, the risk of 
local recurrence is higher than with colon cancer. 
Also, unlike colon cancer, adjuvant radiation is 
required with stage II rectal cancer. 

 For the majority of rectal cancers, radical or 
major surgical resection is optimal, sphincter- 
sparing operation such as a low or ultralow ante-
rior resection (LAR or ULAR) with or without 
reconstruction for mid to low rectal cancer, and an 
abdominoperineal resection (APR) for some mid 
rectal cancers and all low rectal cancer (Fig.  18.5 ). 
Better stapling devices have increased the success 
of low anastomoses, thus allowing more liberal 
use of sphincter-sparing surgeries. The decision to 
perform an LAR versus an APR depends mainly 
on whether an adequate distal margin can be 
achieved and whether the sphincter complex is 
compromised. With LAR, the colorectal anasto-
mosis is performed hand sewn or stapled. To per-
form ULAR without reconstruction, a straight low 
rectal or coloanal anastomosis is performed either 
with hand sewn at the dentate line after excision 

of the columnar to the level of the anorectal ring 
or stapled at or just above the level of the anorectal 
ring. For ULAR with construction, the neorectum 
is fashioned (transverse coloplasty or colonic 
J-pouch) and anastomosed to the low rectum or 
just above the anorectal ring. With reconstruction, 
the functional outcome is superior to straight 
coloanal or low colorectal anastomosis [ 47 ,  48 ]. 
Other procedures that involve posterior or inter-
sphincteric resection are not widely used and will 
not be further discussed. Kraske transsacral and 
York- Mason transphincteric resections are of his-
toric interest. Transabdominal coloanal anastomo-
sis after removal part of or the entire internal 
sphincter (intersphincteric resection) is associated 
with high positive circumferential margin.

   Mortality of rectal cancer is related to meta-
static disease present prior to surgery and recurrence 

  Fig. 18.5     Surgical approaches to rectal cancer . In 
addition to resecting suffi cient segment of bowel proximal 
and distal to the tumor and mesorectal excision, the major 
feeding vessel accompanied by lymphatics and LN are 
ligated at the level of their origin from the aorta. The infe-
rior mesenteric artery (IMA) close to the aorta is taken 
(high ligation, Fig.  18.5A ), but ligation above the bifurca-
tion of the aorta distal to the left colic artery is suffi cient 
(low ligation at the level of the superior rectal artery, 
Fig.  18.5B ) (Reprinted from Ref. [ 46 ]. Available from 
  http://www.intechopen.com/books/cancer-treatment- 
conventional- and-innovative-approaches/current-
strategies- in-the-management-of-adenocarcinoma-of-the- 
rectum         with permission from InTech)       
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after surgery. Local recurrence is related to tech-
nique and adequacy of resection. Pelvic recur-
rence poses a management dilemma because the 
morbidity is quite substantial and the majority of 
patients who recurred are not amenable to a reop-
eration. The high LR rate observed in the past is 
likely due to suboptimal surgical techniques as 
well as the medical community’s lack of knowl-
edge about the biology of the disease. 

 The goal of radical or major resection is to (1) 
obtain adequate clearance around the tumor and 
tumor-free resection margins (proximal, distal, 
and circumferential), (2) remove LN-bearing 
mesorectum with an intact envelope, (3) ligate 
the IMA at its origin, (4) harvest at least ≥12 
regional LN, (5) minimize the risk of tumor per-
foration or rupture, and (6) en bloc resection of 
any adherent structure. 

    Margins 

 Surgery requires resection of a suffi cient segment 
of bowel proximal and distal to the tumor. 
Generally, proximal margin ≥ 5 cm is suffi cient 
and 2 cm for distal margins is ideal. However, for 
distal rectal cancers a 1–2 cm is acceptable. 
Appreciable distal intramural spread of rectal 
adenocarcinoma is noted in only 25 % of cases 
and is almost always within 1.5 cm of the pri-
mary tumor. Tumor spread > 1.5 cm is found in 
poorly differentiated or widely metastatic cancer. 
In the era of neoCRT, the required 2 cm distal 
margin can be reduced to 1 cm [ 49 ]. To reiterate, 
patients whose tumors that cannot be safely 
resected with a clear distal margin or have evi-
dence of sphincter involvement or dysfunction 
should undergo an APR. Inadequate number of 
lymph nodes retrieved is associated with 
increased mortality in both node-negative and 
node-positive rectal cancer [ 50 ,  51 ]. 

 Circumferential margin is the nonperitoneal-
ized surface of the rectal specimen created by 
mesorectal dissection at surgery (Fig.  18.6c ). 
Circumferential margin is considered positive if 
the distance between the deepest extent of the 
tumor and closed surgical clearance around the 
tumor, i.e., circumferential resection margin 

(CRM), is 0 to 1 mm. In radical resection, 
a > 1 mm circumferential resection margin 
(CRM) is optimal. CRM has been found to be an 
independent predictor of outcome in patients 
with rectal cancer. An involved CRM is defi ned 
as tumor within or equal to 1 mm or less from the 
CRM [ 52 ]. When CRM is < 1 mm, local recur-
rence rate was 22 %, but when it was more than 
1 mm, this rate drops to 5 % [ 53 ]. Furthermore, 
CRM < 1 mm was predictive of an increased risk 
of distant metastases (37 % vs. 15 % for those 
with CRM > 1 mm) and shorter survival (70 % vs. 
90 % at 2 years for those with CRM > 1 mm) 
[ 54 ]. However, other investigators have consid-
ered 2 mm as the cutoff point [ 55 ]. Nagtegaal 
reported that the local recurrence was 16 % for 
CRM <2 mm versus 6 % for patients with radial 
margins > 2 mm [ 55 ]. Although the ideal CRM 
has not been universally accepted, the general 
principle is that the operating surgeon should 
strive for as wide of a CRM margin as possible.

       Mesorectal Excision 

 Radical surgery also requires resection of the 
mesorectum that contains fat, LN (regional LN), 
and the lymphatics. Heald et al described total 
mesorectal excision (TME) that involves com-
plete removal of the LN-bearing mesorectum 
along with its intact enveloping fascia [ 56 ]. TME 
requires sharp dissection, instead of the conven-
tional blunt dissection, in the extrafascial plane 
between the presacral fascia and the fascia pro-
pria of the rectum. TME requires the complete 
excision of the visceral mesorectal tissue not only 
the proximal mesorectum but also the distal 
mesorectum down to the level of the levators [ 57 , 
 58 ] (Figs.  18.6b, c  and  18.7a–c ). TME does 
require intense training, but when done properly, 
it can result in substantial locoregional control in 
long-term outcomes for patients with rectal can-
cer. Proper identifi cation and preserving branches 
of the hypogastric nerves innervating the pelvic 
organ can spare the patient the sequelae of uri-
nary retention and sexual dysfunction (retrograde 
ejaculation). TME results in a higher number of 
lymph nodes retrieved because the lymph node 
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bearing the mesorectum is resected. Finally, 
TME accomplishes adequate circumferential 
radial margin (CRM) (Fig.  18.6b, c .)

       Vascular Pedicle 

 In addition to resecting suffi cient segment of 
bowel proximal and distal to the tumor and meso-
rectal excision, the major feeding vessel accompa-
nied by the lymphatics and LN are ligated at the 

level of their origin from the aorta. The inferior 
mesenteric artery (IMA) close to the aorta is taken, 
but ligation above the bifurcation of the aorta dis-
tal to the left colic artery is suffi cient (Figs.  18.5  
and  18.8 ). Along with mobilization of the splenic 
fl exure, the inferior mesenteric vein (IMV) may be 
ligated at the lower edge of the pancreas to allow 
the colon to reach the pelvis so as to construct a 
tension-free anastomosis. The IMV can be identi-
fi ed after taking down the ligament of Treitz; it is 
located just to the left of the ligament.

  Fig. 18.6    A 67-year-old woman with a rectal cancer 
located approximately 5 cm from the anal verge. CT dem-
onstrated an advanced rectal cancer ( a ). She underwent 
preoperative chemoradiotherapy, followed by a low ante-
rior resection, total mesorectal excision, and a diverting 

loop ileostomy ( b ). The fi nal pathology demonstrated a 
T3N0M0 disease. None of the 16 lymph nodes were 
involved; the distal margin was 3 cm from the tumor and 
the circumferential margin was 8 mm ( c ) (Courtesy of 
Quyen D. Chu, MD, MBA, FACS)       
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  Fig. 18.7    ( a ) Total mesorectal excision (TME): TME 
requires resection of the mesorectum that contains fat, 
LN (regional LN), and the lymphatics, along with its 
intact enveloping fascia.  Panel A  of Fig.  18.7a  demon-
strates inadequate TME when the line of resection ( red 
dotted lines ) does not incorporate the mesorectum.  Panel 
B  of Fig.  18.7a  depicts an adequate TME that incorpo-
rates the lymph node-bearing mesorectum. ( b ) Sagittal 
view of a male pelvis: the mesorectum is resected at least 
5 cm below the tumor.  Dotted lines  depict extent or resec-
tion to achieve suffi cient TME. ( c ) Cross section showing 

TME and the relationship with other pelvic structures: 
care should be taken to avoid injury to the hypogastric 
nerve. ( a : Illustrator-Paul Tomljanovich, MD, modifi ed 
by Karen Howard and Quyen D. Chu, MD; Courtesy of 
Quyen D. Chu, MD, MBA, FACS) ( b : Reprinted from 
Ref. [ 46 ]. Available from   http://www.intechopen.com/
books/cancer-treatment-conventional-and-innovative-
approaches/current-strategies-in-the-management-of-
adenocarcinoma- of-the-rectum     with permission from 
InTech.) ( c : Courtesy of Quyen D. Chu, MD, MBA, 
FACS)       

 

http://www.intechopen.com/books/cancer-treatment-conventional-and-innovative-approaches/current-strategies-in-the-management-of-adenocarcinoma-of-the-rectum
http://www.intechopen.com/books/cancer-treatment-conventional-and-innovative-approaches/current-strategies-in-the-management-of-adenocarcinoma-of-the-rectum
http://www.intechopen.com/books/cancer-treatment-conventional-and-innovative-approaches/current-strategies-in-the-management-of-adenocarcinoma-of-the-rectum
http://www.intechopen.com/books/cancer-treatment-conventional-and-innovative-approaches/current-strategies-in-the-management-of-adenocarcinoma-of-the-rectum
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       Lymph Node Dissection 

 For adequate staging of rectal cancer, at least 
≥12 regional lymph nodes, as recommended by 
the American College of Surgeons, the American 
College of Pathology, the National Comprehensive 
Cancer Network (NCCN), and the American 
Association of Clinical Oncology (ASCO) 
for colorectal cancers [ 40 ,  59 – 61 ], must be 
harvested. 

 The lymphatics from the rectum drain to the 
mesorectal LN then upward along the superior 
rectal artery (or superior hemorrhoidal artery, 
SHA) toward the mesenteric LN along the IMA 
to the lateral aortic and para-aortocaval LN 
(Figs.  18.5  and  18.8 ). Drainage into paracolic LN 
is unusual. From the middle and lower rectum, 
there are two pathways for lymphatic drainage: 
upward along SHA and laterally to lateral pelvic 
LN. Downward spread is uncommon. Lateral 
drainage occurs to intermediate lateral LN (LN 
along the middle hemorrhoidal artery outside fas-
cia propria) and lateral main LN (along internal 

iliac artery and obturator artery) to para-aortic 
LN. The lower rectum however has a cloacal ori-
gin and its lymphatic channels are part of the 
pedicles draining to lateral LN. The number of 
LN found in the mesorectum ranges from 14 to 
28 depending on the method of preparation of 
specimens. The majority of the mesorectal LNs 
are located posteriorly with few on each side. 
There are relatively few LNs in the mesorectum 
of the lower rectum. Most of the LNs (70 %) are 
found around the branches of the SHA proximal 
to the peritoneal refl ection, and 30 % are found 
distal to the peritoneal refl ection. In surgical 
terms, the lymphatic spread of cancer occurs to 
perirectal (mesorectal LN) and upward along the 
IMA. With mesorectal excision and ligation of 
the IMA close to its origin, enough LN will be 
harvested. Lateral spread to lateral LN is more 
clinically important in tumors with lower margin 
below 5 cm from the dentate line, and the inci-
dence becomes signifi cantly higher with lower 
margin below 3 cm above the dentate line. Spread 
from the lower rectum laterally to the iliac LN 

  Fig. 18.8    Lymph nodes of the rectum. Note that the 
upper 2/3 of the rectum is drained by lymph nodes along 
the superior rectal artery to the lymph nodes along the 
inferior mesenteric artery (IMA). The lower 1/3 of the rec-
tum is drained by lymph nodes along the superior rectal 
artery to the lymph nodes along the IMA. It also drains 

into the lymph nodes along the middle rectal artery, which 
drains into the nodes along the internal iliac artery and 
then to the nodes along the para-aortic LN. (Illustrator-
Paul Tomljanovich, MD, modifi ed by Karen Howard and 
Quyen D. Chu, MD; Courtesy of Quyen D. Chu, MD, 
MBA, FACS)       
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occurs in about 15 % of cases. Lateral spread 
occurs to LN along the middle rectal artery that 
lies outside the fascia propria. More extensive 
nodal dissection such as lateral LN dissection 
that removes nodal tissue along the common and 
internal iliac artery demonstrated no survival 
benefi ts but increased morbidity (18 % urinary 
dysfunction, 50 % sexual dysfunction) and there-
fore should not be performed [ 62 – 64 ]. To reiter-
ate, a TME should be a part of the surgical 
operation, especially for tumors in the middle 
and lower rectum.  

    Tumor Rupture and En Bloc Resection 

 Inadvertent rupture of the tumor during dissec-
tion is associated with increase in LR and decrease 
in 5-year survival. Separation of structure adher-
ent to the tumor is considered incomplete resec-
tion and associated with adverse outcome [ 9 ].   

    Adjuvant and Neoadjuvant Therapy 

    Patients with early stage rectal cancer (T1-2, N0, 
M0, or stage I disease) enjoy a 5-year survival 
rates greater than 90 % after radical surgery alone, 
and therefore, adjuvant or neoadjuvant therapy is 
not necessary. For patients with clinical stage II 
(cT3–4, N0, M0) and III (any T, N+, M0) diseases 
according to the AJCC/TNM and International 
Union Against Cancer (IUCC), multimodality 
therapy (chemotherapy, radiotherapy, surgery) is 
the treatment of choice. However, this has not 
always been the case. Historically, surgery alone 
in this high-risk group resulted in an unaccept-
ably high rate of local recurrence (LR); pelvic 
recurrence occurs in approximately 30–65 % 
when surgery alone was performed [ 65 – 69 ]. 

 Pelvic recurrence poses a management dilemma 
because the morbidity is quite substantial and the 
majority of patients who recurred are not amenable 
to a reoperation. The high LR rate observed in the 
past was likely due to suboptimal surgical tech-
niques (the use of blunt dissection rather than sharp 
dissection) as well as the paucity of knowledge 
about the natural history of the disease. 

 In 1985, the Gastrointestinal Tumor Study 
Group (GITSG), spearheaded by members of 
Roswell Park Cancer Institute, Buffalo, 
New York, conducted a randomized trial to assess 
the effi cacy of postoperative chemoradiation 
(postCRT) in a group of high-risk patients who 
underwent “curative” rectal resection [ 70 ,  71 ] 
(Table  18.2 ). This landmark study altered the 
landscape of the management of rectal cancer 
because it established that adjuvant therapy was 
better than surgery alone; combination of postop-
erative chemotherapy (5-fl uorouracil or 5-FU 
based) and radiation therapy signifi cantly reduced 
recurrence rate from 55 % in the surgery alone 
group to 33 % in the postCRT group ( P  < 0.04). A 
subsequent study comparing postoperative radia-
tion alone with postCRT confi rmed the superior-
ity of postCRT [ 73 ]. In this study, postCRT not 
only signifi cantly reduced rectal recurrence by 
34 % ( P  = 0.0016) but also reduced cancer-related 
deaths by 36 % ( P  = 0.0071) and overall deaths 
by 29 % ( P  = 0.025).

   The National Surgical Adjuvant Breast and 
Bowel Project (NSABP) R01 trial reported that 
adjuvant 5-FU after rectal surgery was associated 
with improved survival compared with either sur-
gery alone or surgery with adjuvant radiation [ 72 ]. 
Based on these studies, the National Institute of 
Health (NIH) consensus conference in circa 1990 
recommended  postCRT  as standard treatment for 
patients with stage II and III rectal cancer [ 79 ]. 
These recommendations, however, have changed 
with the advent of subsequent clinical trials. 

    Role of Preoperative Radiation 
Therapy 

 In 1997, the Swedish Rectal Cancer Trial group 
reported a large phase III trial of over 1100 
patients comparing a short course of preoperative 
radiation therapy followed by surgery ( please see 
section on short-course versus long-course radi-
ation therapy below ) versus surgery alone and 
found that the preoperative radiation group not 
only had a signifi cantly lower local recurrence 
rate (11 % vs. 27 %;  P  < 0.001) but also an 
improved 5-year overall survival (OS) rate 
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(58 % vs. 48 %;  P  = 0.004) [ 75 ]. These results 
were demonstrated to be durable in their follow-
up report (median follow-up time = 13 years 
[ 76 ]). In 2001, the Colorectal Cancer 
Collaborative Group performed a systematic 
review of over 8,500 patients from 22 random-
ized trials and found that both preoperative XRT 
(neoRT) and postoperative XRT (postRT) were 
effective at decreasing local recurrence rate when 
compared to surgery alone [ 77 ]. Of note, while 
multiple subsequent rectal cancer trials by other 
investigators demonstrated an improved local 
control rate, the Swedish trial is the only one thus 
far that had demonstrated an additional OS ben-
efi t with combination therapy (Table  18.2 ).  

    Total Mesorectal Excision (TME) Era 

 Almost all of the above earlier studies did not 
emphasize the importance of surgical techniques 
in reducing locoregional recurrences. The Dutch 
Colorectal Cancer Group was the fi rst to assess 
the role of TME in controlling LR [ 44 ]. Over 1800 
patients with resectable rectal cancer were ran-
domized to either a short course of neoRT fol-
lowed by TME or TME alone. Although 2-year 
OS was not signifi cantly different between the 
groups (82 % vs. 81.8 %;  P  = 0.84), the rate of 
local recurrence at 2 years was signifi cantly 
reduced in the neoRT/TME group (2.4 % vs. 
8.2 %;  P  < 0.001) [ 44 ]. The 12-year follow-up 
results confi rmed a 10-year cumulative incidence 
of local recurrence of 5 % in the neoRT/TME 
group versus 11 % in the TME alone group 
( P  < 0.0001) [ 78 ] (Table  18.2 ). The Dutch study 
galvanized the importance of TME in the manage-
ment of patients with rectal cancer, which became 
standard procedure in subsequent clinical trials.  

    Preoperative Chemoradiotherapy 
Versus Preoperative 
Radiotherapy Alone  

 Although neoRT was effective at controlling 
local disease, signifi cant tumor downsizing rarely 
occurred, especially when short-course radiation 

regimen is used. To improve tumor response, sev-
eral investigators evaluated the effi cacy of adding 
chemotherapy to neoadjuvant radiation (neoCRT) 
[ 80 – 85 ] (Table  18.3 ).

   A large phase III trial conducted by the 
European Organisation for Research and 
Treatment of Cancer (EORTC) found that 
neoCRT was better at controlling local disease 
than neoRT [ 86 ,  88 ]. EORTC 22921 randomized 
over 1000 patients into four groups, neoRT 
alone, neoCRT alone, neoRT + adjuvant chemo-
therapy, and neoCRT + adjuvant chemotherapy. 
The initial results were reported in 2006 [ 88 ] and 
the latest long-term results were reported in 
2014 [ 86 ]. With a median follow-up of 
10.4 years, the 10-year cumulative risk of local 
relapse was signifi cantly higher in the preRT 
alone arm than in any of the three chemotherapy 
groups ( P  = 0.0017). This confi rms the effi cacy 
of neoCRT over neoRT in controlling local dis-
ease. OS, disease-free survival (DFS), rate of 
distant metastases, and long-term side effects 
were not signifi cantly different among the differ-
ent groups. 

 A 2013 Cochrane meta-analysis of fi ve major 
clinical trials reported that although 5-year OS 
(63.9 % in neoCRT vs. 65.2 % in neoRT;  P  = 0.58) 
and DFS (57.5 % in neoCRT vs. 54.9 % in neoRT; 
 P  = 0.27) were not statistically different between 
the two groups, the incidence of LR was signifi -
cantly lower in the neoCRT group compared to 
neoRT group (9.4 % vs. 16.5 %;  P  < 0.001). 
Although moderate acute toxicity and postopera-
tive complications ( P  = 0.05) were higher when 
chemotherapy was added, there was no increase 
in the postoperative mortality (2.8 % in neoCRT 
vs. 1.9 % in neoRT;  P  = 0.17) or anastomotic leak 
rate ( P  = 0.81). Finally, neoCRT increased the 
rate of pathologic complete response (pCR; 
11.8 % in neoCRT vs. 3.5 % in neoRT group; 
 P  < 0.00001) but did not result in a higher sphinc-
ter preservation rate (50.4 % in neoCRT vs. 
48.3 % in neoRT;  P  = 0.32).  Based on these 
results, one can surmise that the major advan-
tage of adding chemotherapy to neoRT is the sig-
nifi cant reduction of local recurrence in patients 
with stage II/III resectable rectal cancer  
(Table  18.3 ).  
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    Table 18.3    Selected randomized trials comparing preoperative chemoradiotherapy with preoperative radiotherapy 
alone in resectable rectal cancer   

 Authors/year  N 
 Median 
follow-up (mos)  Outcome  Summary 

 Boulis-Wassif 
1984 [ 80 ] 

 247  84  5-year OS  NeoCRT had borderline 
signifi cance in OS   NeoCRT, 59 % 

  PreRT, 46 % ( P  = 0.06) 
 5-year LR rates 
  NeoCRT, 85 % 
  PreRT, 85 % 

 Bosset 2014 
[ 86 ] (EORTC 
22921) 

 1011  125  10-year OS  LR signifi cantly higher in 
preRT 

  NeoCRT, 50.7 %  No differences in 
  PreRT, 49.9 % ( P  = 0.91)    OS, DFS, distant 

metastases rate 
 10-year DFS   Long-term side effects 
  NeoCRT, 46.4 % 
  PreRT, 44.2 % ( P  = 0.38) 
 10-year LR rate 
  NeoCRT, 11.8 % 
  PreRT, 22.4 % ( P  = 0.0017) 

 Bujko 2004, 
2006 [ 82 ,  87 ] 
(Polish Trial) 

 316  48  4-year OS  No differences in 
  NeoCRT, 66.2 %   OS, DFS, LR rate 
  PreRT, 67.2 % ( P  = 0.96)    Incidence of distant 

metastases 
 4-year DFS   Late toxicity 
  NeoCRT, 55.6 % 
  PreRT, 58.4 % ( P  = 0.82) 
 LR rate 
  NeoCRT, 14.2 % 
  PreRT, 9 % ( P  = 0.17) 

 Gerard 
2006 [ 83 ] 
(FFCD 9203) 

 742  81  5-year OS  Grade 3 and 4 toxicity higher 
in neoCRT 

  NeoCRT, 67.4 %  No differences in 
  PreRT, 67.9 % ( P  = 0.684)   Sphincter preservation rate 

  OS 
 LR was lower in neoCRT  5-year PFS 

  NeoCRT, 59.4 % 
  PreRT, 55.5 % ( P  = 0.82) 
 5-year LR rate 
  NeoCRT, 8.1 % 
  PreRT, 16.5 % ( P  = 0.004) 

 Latkauskas 
2012 [ 85 ] 

 83  N/A  N/A  NeoCRT signifi cantly 
downsizes and downstages 
tumor 
 No difference in 
  R0 resection rate 
  Sphincter preservation rate 
   Postoperative morbidity 

rate 

(continued)
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    Preoperative Chemoradiotherapy 
Versus Postoperative 
Chemoradiotherapy 

 Whether preoperative chemoradiotherapy 
(neoCRT) is better than postoperative chemora-
diotherapy (postCRT) was the focus of three ran-
domized trials, the Intergroup (INT) 0147, the 
National Surgical Adjuvant Breast and Bowel 
Project (NSABP) R-03 [ 89 ], and the German 
Rectal Cancer Study Group (Working Group of 
Surgical Oncology/Working Group of Radiation 
Oncology/Working Group of Medical Oncology 
of the Germany Cancer Society or CAO/ARO/
AIO) [ 90 ] (Table  18.4 ). Unfortunately, INT 0147 
had to close prematurely because it accrued only 
53 patients, while NSABP R-03 accrued 267 
patients instead of the intended 900 patients [ 93 ]. 
The latter trial, with a median follow-up of 
8.4 years, demonstrated a signifi cantly improved 
DFS and a trend toward improved OS in favor of 
the preoperative arm, although there was no 
improvement in the rate of local control [ 89 ].

   It was the German group that in 2004 success-
fully defi ned the ideal sequence of therapy for 
patients with stage II/III rectal cancer [ 90 ]. Over 
800 patients with clinical stage T3/T4 or node- 
positive disease were randomized to receive 
either neoCRT or postCRT. TME was performed 
in all patients. At a median follow-up of 46 
months, OS was not statistically signifi cant 

between the groups (76 % in neoCRT group vs. 
74 % in the postCRT group;  P  = 0.80). However, 
the 5-year cumulative incidence of local relapse 
was 6 % in the neoCRT group versus 13 % in the 
postCRT group ( P  = 0.006). In addition, the pre-
operative group had lower incidence of grade 3 or 
4 acute toxicities (27 % vs. 40 %;  P  = 0.001), 
lower long-term toxic effects (14 % vs. 24 %; 
 P  = 0.01), and higher sphincter preservation rate 
in patients for whom an APR would have been 
required as deemed by the surgeon (39 % vs. 
19 %;  P  = 0.004) [ 90 ]. Additionally, postopera-
tive complications were similar, assuaging the 
fear that preoperative chemoradiation might lead 
to an increased rate of wound breakdown. 

 An update of this study with a median follow-
 up of 11 years confi rmed the durability of these 
results; the 10-year cumulative incidence of local 
relapse was 7.1 % and 10.1 % in the neoCRT and 
postCRT groups, respectively, ( P  = 0.048) [ 91 ]; 
for low-lying tumors that required up-front APR, 
the rates of local recurrences increased to 20.7 % 
at 10 years with the postoperative approach, 
which could have been reduced to 12.3 % had the 
tumors been treated with the preoperative 
approach. Both DFS and OS were not signifi -
cantly different between the two groups (10-year 
OS was 59.6 % in the preoperative arm and    
59.9 % in the postoperative arm;  P  = 0.85). In 
fact, the rate of distant recurrences was 30 % at 
10 years in both arms ( P  = 0.9). This, alone, allays 

Table 18.3 (continued)

 Authors/year  N 
 Median 
follow-up (mos)  Outcome  Summary 

 De Caluwé, 2013 
[ 84 ] (Cochrane 
meta-analysis) 

 2399  N/A  5-year OS  NeoCRT 
 NeoCRT,  63.9 %   Higher toxicity with neoCRT 
 PreRT, 65.2 % ( P  = 0.58)  Lower LR rate 

 5-year DFS  No differences in 
 NeoCRT, 57.5 %  OS, DFS 
 PreRT, 54.9 % ( P  = 0.27)  Sphincter preservation rate 

 5-year LR rate,  Postoperative mortality 
 NeoCRT, 9.4 %  Anastomotic leak rate 
 PreRT, 16.5 % ( P  < 0.001) 

   neoCRT  neoadjuvant chemoradiation therapy,  preRT  preoperative radiotherapy,  LR  local recurrence,  N/A  not available, 
 EORTC  European Organisation for Research and Treatment of Cancer,  FFCD  Fédération Francophone de Cancérologie 
Digestive,  PFS  progression-free survival,  DFS  disease-free-survival,  OS  overall survival  
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   Table 18.4    Selected trials comparing neoadjuvant chemoradiotherapy versus adjuvant chemoradiotherapy   

 Authors, year   N  

 Median 
follow-up 
(mos)  Treatment groups 

 TME 
performed?  Outcome 

 German Trial, 
2004 2012 
(Sauer) [ 90 ,  91 ] 

 800  134  1. NeoCRT/TME 
 2. PostCRT/TME 

 Yes  10-year OS, 59.6 % vs. 59.9 % 
( P  = 0.85) 

 (5-FU-based 
chemotherapy) 

 10-year DFS, 68.1 % vs. 67.8 % 
( P  = 0.65) 
 10-year local relapse, 7.1 % vs. 10.1 % 
( P  = 0.048) 
 10-year distant relapse, 29.8 % vs. 
29.6 % ( P  = 0.9) 
 NeoCRT/TME has better local control 
than postCRT/TME 
 NeoCRT regimen doubled sphincter 
preservation rate from 19 % to 39 % 

 NSABP R-03, 
2009 [ 89 ] (Roh) 

 267  100  1. NeoCRT  No/yes  Low accrual rate (only 267 instead of 
900 patients). Trial closed early  2. PostCRT 

 (5-FU-based 
chemotherapy) 

 Included patients who had local 
excision 
 Not all patients had TME 
 5-year DFS 

 NeoCRT, 64.7 % 
 PostCRT, 53.4 % ( P  = 0.011) 

 5-year OS 
  NeoCRT, 74.5 % 
  PostCRT, 65.6 % ( P  = 0.065) 
 5-year LR control rates (10.7 % vs. 
10.7 %;  P  = 0.693) 

 Korean Trial, 
2011 [ 92 ] 
(Park) 

 240   52  1. NeoCRT/TME  Yes  No signifi cant differences in 
 2. PostCRT/TME   5-year DFS (74 % vs. 74 %;  P  = 0.86) 
 (Capecitabine 
chemotherapy) 

 5-year OS (90 % vs. 85 %;  P  = 0.62) 
 LR rate (6 % vs. 6 %;  P  = 0.39) 
  Distant metastasis rate (24 % vs. 
24 %;  P  = 0.73) 
 Acute or late complication rates 

 Sphincter preservation is higher in 
neoCRT group for low-lying tumors 
(68 % vs. 42 %;  P  = 0.008) 

   NSABP  National Surgical Adjuvant Breast and Bowel Project,  neoCRT  neoadjuvant chemoradiation therapy,  postCRT  
postoperative chemoradiation therapy,  TME  total mesorectal excision,  DFS  disease-free survival,  OS  overall survival  

the theoretical concern that delaying surgery 
might lead to a loss opportunity of a cure for 
patients undergoing neoadjuvant therapy. Thus, 
the German trial cemented the role of neoCRT in 
treating patients with stage II/III rectal cancer 
because it demonstrated that neoCRT had better 
local control, sphincter-sparing rate, and 
treatment- related toxicities compared to neoCRT, 
although DFS or OS was not affected. 

 Some investigators questioned whether 
neoCRT actually leads to a higher rate of 
sphincter- sparing surgery. Although the German 
trial reported a doubling of sphincter preserva-
tion rate in patients undergoing neoCRT for 
whom an APR would have been required as 
deemed by the surgeon (39 % vs. 19 %;  P  = 0.004), 
the absolute rate of APR was not statistically dif-
ferent when compared to the postCRT group. 
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Additionally, a review of 17 randomized trials 
found that compared to postCRT, neoCRT did 
not necessarily increase the rate of sphincter- 
sparing surgery [ 94 ]. 

 One of the concerns of the preoperative 
approach is overtreatment. Up to 18 % of patients 
in the German trial who were thought to have had 
cT3N0 disease based on endorectal ultrasound 
(ERUS) underwent up-front surgery and were 
found to actually have pT1–2 N0 disease (stage I 
disease). Obviously, surgery alone in these 
patients is all that is required. However, preoper-
ative staging using MRI/TRUS is imperfect and 
can also understage patients. In a review of 188 
patients who underwent neoCRT and were 
deemed to have T3N0 disease by MRI/TRUS, 
22 % actually had nodal involvement (i.e., stage 
III disease) [ 95 ]. This rate may actually be higher 
given that preoperative treatment can sterilize 
involved LNs. 

 One is tempted to argue that cT3N0 patients 
should undergo surgery fi rst while waiting for the 
fi nal pathology. CRT can then be spared in those 
who were downstaged, while postCRT can be 
given to those who had stage II or III disease. 
While this is a legitimate argument, it should be 
recalled that compared to neoCRT, postCRT is 
associated with increased toxicity and local recur-
rence rates (German trial), as well as decreased 
compliance to adjuvant chemotherapy following 
surgery, and abnormal bowel function due to radi-
ation of low pelvic anastomosis [ 77 ,  95 ]. 

 Given these reasons, neoCRT is the preferred 
approach for patients with stage II/III cancer. 

 Of note, guidelines on the minimal number of 
lymph nodes retrieved (≥12 LNs) are extrapo-
lated from data for colon cancer, and the number 
of lymph nodes retrieved may be infl uenced by 
neoadjuvant therapy. In a study of over 700 
patients by Govindarajan et al at Memorial Sloan 
Kettering Cancer Center, there was a signifi cantly 
fewer number of lymph nodes retrieved in the 
neoadjuvant group compared to surgery alone 
(10.8 vs. 15.5;  P  < 0.001). The investigators con-
cluded that in a major tertiary cancer center such 
as theirs, the 12 LN threshold may not be relevant 
and may not be an accurate quality indicator 
since lower LN count following neoadjuvant 

therapy was not associated with understaging or 
inferior survival [ 96 ]. Like many things in clini-
cal practice, guidelines should be used in a 
context of clinical judgment. Surgeons caring for 
patients with rectal cancer should be aware of 
these guidelines, but also be cognizant of their 
own outcomes.  

    Short-Course Versus Long-Course 
Radiation Therapy 

 Preoperative external beam radiation therapy 
(RT) for rectal cancer is given either as short- 
course (SC) regimen or long-course (LC) therapy. 
The SC regimen delivers 25 Gy over a 5-day 
period (5 × 5 Gy regimen) followed by immediate 
surgery within 1–2 weeks of completing RT, 
while the LC regimen delivers smaller fraction of 
radiation (1.8–2 Gy) over a period of 25–28 days, 
giving a higher total dose of radiation (45–54 Gy); 
chemotherapy can be given concurrently with the 
LC regimen but not with the SC because of 
potential toxicity. Unlike the SC regimen, sur-
gery is delayed for 6 weeks to 8 weeks after RT 
in the LC regimen. The LC regimen is used 
mainly in the United States as well as some part 
of Europe, whereas the SC schedule is used 
mainly in Europe; in fact, a number of rectal can-
cer clinical trials stemming from Europe use the 
SC regimen. 

 Compared to LC regimen, the benefi ts of SC 
schedule include lower rate of early toxicity, less 
expense, and more convenience to the patients 
[ 82 ]. However, SC does not allow enough time 
for the tumor to shrink (i.e., downsizing) and thus 
has no effect on sphincter preservation rate. 
Proponents of the LC argue that chemotherapy 
can be given concomitantly with RT and that the 
6–8-week interval before surgery allows time for 
the tumor to shrink, thus increasing the rate of 
sphincters being spared. Whether this is true is 
controversial because recent data would suggest 
otherwise [ 87 ,  97 ]. 

 Several randomized trials comparing SC with 
LC regimen found that the two are equivalent. 
There are no statistically signifi cant differences 
in survival, local recurrence rate, incidence of 
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distant metastases, or late toxicity rates between 
the two (Table  18.5 ). Although some investigators 
have found a difference in the degree of down-
staging, rate of complete tumor response, or rate 
of R0 surgery in one regimen over another, the 
lack of a difference in the more important metrics 
such as local control and OS has prompted some 
to abandon the other metrics used to assess effi -
cacy [ 82 ].

   For patients who had TME and SC preopera-
tive radiotherapy, the late side effects can be sub-
stantial when compared to those who just had 
TME. At a median follow-up of 5 years, the 
Dutch Colorectal Cancer Group Study reported a 
signifi cantly higher rates of fecal incontinence 
(62 % vs. 38 %;  p  < 0.001), pad wearing as a 
result of incontinence (56 % vs. 33 %,  P  < 0.001), 
anal blood loss (11 % vs. 3 %,  P  = 0.004), and 
mucus loss (27 % vs. 15 %,  P  = 0.005) in those 
who had SC radiotherapy [ 98 ].  

    Choice of Chemotherapy 
for Neoadjuvant Chemoradiotherapy 

 The fl uoropyrimidine 5-fl uorouracil (5-FU) is the 
widely used chemotherapeutic agents in the man-

agement of patients with advanced colorectal 
cancer. 5-FU is given intravenously and can be 
delivered either as a bolus or continuous infu-
sions. Infusional chemotherapy during RT is 
preferred over bolus because it increases the like-
lihood of a pCR [ 99 ]. Unfortunately, administra-
tion of 5-FU requires central venous access via a 
Port-a-Cath, Hickman catheter, or Groshong, 
which can be an inconvenience to patients. These 
catheters can be infected or thrombosed and 
compliance can also be a problem. In the EORTC 
22921 study, less than 43 % of patients who were 
randomized to receive postoperative chemother-
apy received the planned dose within the sched-
uled time interval [ 88 ]. Thus, the need for an oral 
agent such as capecitabine would potentially 
address many of these concerns. 

 Capecitabine (Xeloda®) is an oral fl uoropy-
rimidine that has been used as an oral alternative 
to continuous infusion 5-FU in gastrointestinal 
cancer. It has been tested in several phase III tri-
als in patients with rectal cancer and was found to 
be comparable to concurrent intravenous 5-FU 
with radiotherapy in the neoadjuvant setting 
[ 100 ,  101 ]. 

 Five phase III trials reported that adding 
oxaliplatin to preoperative 5-FU or capecitabine 

   Table 18.5    Selected randomized trials comparing preoperative short-course with long-course radiation therapy in 
resectable rectal cancer   

 Authors/year  N  Stage 

 Median 
follow-up 
(mos)  Survival 

 Local 
recurrence 
rate 

 Late 
toxicity rate  Summary 

 Bujko 2004, 
2006 [ 82 ,  87 ] 
(Polish Trial) 

 312  cT3–4  48  4-year OS  SC, 9 %  SC, 10.1 %  No differences in 
  SC, 67.2 %  LC, 14.2 %  LC, 7.1 %  Survival 
  LC, 66.2 %   P  = 0.17   P  = 0.36  LR rate 
   P  = 0.96   Incidence of distant 

metastases  4-year DFS 
 Late toxicity   SC, 58.4 % 

  LC, 55.6 % 
   P  = 0.82 

 Ngan 2012 
[ 97 ] TROG 

 326  T3N0–2M0  70.8  5-year OS  3-years  SC, 5.8 %  No differences in 
  SC, 74 %  SC, 7.5 %  LC, 8.2 %  Survival 
  LC, 70 %  LC, 4.4 %   P  = 0.53  LR rate 
   P  = 0.62   P  = 0.24  Incidence of 

distant metastases 
 Late toxicity 

   TROG  Trans Tasman Radiation Oncology Group,  SC  short-course radiation therapy,  LC  long-course radiation therapy, 
 LR  local recurrence,  OS  overall survival,  DFS  disease-free survival  
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chemoradiation regimen added no benefi t to the 
patients, but instead, resulted in high toxicity and 
noncompliance rate [ 102 – 107 ]. Grade 3/4 toxic-
ity such as diarrhea was signifi cantly higher in 
patients receiving oxaliplatin compared to con-
trols. At this time, NCCN guidelines recommend 
infusional 5-FU or daily capecitabine for patients 
with T3/T4 rectal cancer, but advised against 
adding oxaliplatin [ 40 ].  

    Is Postoperative Chemotherapy 
Necessary After Neoadjuvant 
Chemoradiotherapy? 

 Although current multimodality therapy is excel-
lent at controlling local disease, distant disease 
remains a problem; approximately 20–25 % of 
patients who underwent curative treatment for 
apparently localized disease will succumb to the 
disease. The rationale for adding adjuvant che-
motherapy following neoCRT and surgery is to 
eliminate micrometastatic disease. However, the 
value of such an approach remains an area of 
intense controversy. There are four randomized 
trials that demonstrated that adjuvant chemother-
apy following neoCRT had no impact on out-
come or incidence of metastasis when compared 
to observation [ 86 ,  108 – 110 ] (Table  18.6 ). The 
Italian study compared observation versus adju-
vant chemotherapy (5-FU/LV) in 634 patients 
with clinical T3/T4 rectal cancer, all of whom 
had neoCRT and TME surgery, and found that 
adding adjuvant chemotherapy had no impact on 
OS [ 108 ]. Similar results were also reported by 
the Dutch Colorectal Cancer Group (PROCTOR/
SCRIPT) (PROCTOR, Preoperative Radiotherapy 
and/or Adjuvant Chemotherapy Combined with 
TME Surgery in Operable Rectal Cancer; 
SCRIPT, Simply Capecitabine in Rectal Cancer 
after Irradiation Plus TME Surgery) [ 109 ]. The 
European Organisation for Research and 
Treatment of Cancer (EORTC) 22921 recently 
reported their long-term results of a phase III 
study that evaluated 5-FU-based adjuvant che-
motherapy after neoCRT in rectal cancer [ 86 ]. 
EORTC 22921 randomized 1,011 patients with 
clinical stage T3 or T4 resectable rectal cancer to 

receive neoCRT followed by either adjuvant che-
motherapy or surveillance. At a median follow-
 up of 10.4 years, postoperative chemotherapy 
provided no improved DFS or OS (Table  18.6 ). 
Possible reasons for the lack of benefi t might be 
poor compliance to the postoperative chemother-
apy regimen; more than a quarter of patients were 
not able to start the adjuvant regimen due to post-
operative complications.

   Besides the large EORTC 22921 trial, the 
other three trials accrued small number of 
patients and were published in abstract form 
only. The UK Chronicle trial originally intended 
to accrue 800 patients but had to terminate the 
study prematurely due to poor accrual (only 
accrued 113 patients). In addition, compliance 
was poor [ 110 ]. The lack of suffi cient power 
might be the reason why the smaller studies were 
unable to demonstrate a signifi cant difference 
with adjuvant chemotherapy. A meta-analysis 
that will combine data from the 470 patients of 
the PROCTOR/SCRIPT, 113 patients from 
Chronicle (who are receiving capecitabine/
oxaliplatin), and 634 from the Italian study is 
currently in progress to evaluate the role of adju-
vant chemotherapy. 

 Members of the European Registration of 
Cancer Care (EURECCA) consensus conference 
could not arrive at a consensus on recommending 
adjuvant chemotherapy following neoCRT [ 111 ], 
while NCCN guidelines recommend 6 months of 
postoperative chemotherapy, irrespective of 
whether or not pCR was achieved following 
neoCRT [ 40 ]. The European Society for Medical 
Oncology (ESMO) recommends adjuvant che-
motherapy for pT3–4 or N + tumors, but ques-
tioned its routine use in pT3N0 tumors [ 10 ]. A 
2012 Cochrane meta-analysis of randomized 
controlled trials supports the use of 5-FU-based 
adjuvant chemotherapy for patients who had 
resectable rectal cancer [ 112 ] 

 It is not known what the preferred adjuvant 
chemotherapy regimen should be for patients 
with rectal cancer. 5-FU and leucovorin have tra-
ditionally been used in the past, and in more 
recent years, oxaliplatin has been added to the 
5-FU/leucovorin (FOLFOX) regimen. The ratio-
nale for adding oxaliplatin was based on the 
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    Table 18.6    Role of postoperative chemotherapy following neoadjuvant chemoradiotherapy for resectable rectal 
cancer   

 Authors, year  N 
 Study 
group  Treatment group 

 Median 
follow-up  Outcome  Conclusions 

 Cionini 
2010 [ 108 ] 

 634  cT3–T4  1. Postop 5-FU/LV  25 mos   5-year OS   Postoperative 
chemotherapy had 
no impact on OS 
and did not have an 
impact on the  
incidence of distant 
metastasis 

 2. Observation   Postop chemo 68 % 
  Observation, 69.8 % 
    P  = NS 
  LR  
  Postop chemo, 7.4 % 
  Observation, 8.7 % 

 Breugom 
2013 [ 109 ] 
PROCTOR/
SCRIPT 

 470  Stage II  1.  Postop 
5-FU/LV or 
capecitabine 

 4 years   5-year OS   Postoperative 
chemotherapy had 
no impact on OS 
and DFS 

 Stage III   Postop chemo, 74.4 % 
  Observation, 75.9 % 

 2. Observation     P  = 0.527 
  5-year DFS  
  Postop chemo, 62.0 % 
  Observation, 58.4 % 
    P  = 0.247 

 Glynne-Jones 
2013 [ 110 ] 
CHRONICLE 

 113  N/A  1.  Postop 
capecitabine + 
oxaliplatin 

 44.8 mos   3-year OS   Postoperative 
chemotherapy had 
no impact on OS 
and DFS 

  Postop chemo, 89.0 % 

 2. Observation   Observation 88.0 % 
    P  = 0.75  Poor accrual and 

poor compliance   3-year DFS  
  Postop chemo, 78.0 % 
  Observation 71.0 % 
    P  = 0.56 

 Bosset 2014 
[ 86 ] EORTC 
22921 

 1011  cT3–T4  1.  Preop 
XRT alone 

 10.4 years   10-year OS  
  Postop chemo, 51.8 % 

 Postoperative 
chemotherapy had 
no impact on OS 
and DFS. No 
difference in 
incidence of distant 
metastasis 

 2.  Preo chemoX
RT alone 

  Observation, 48.4 % 
    P  = 0.32 

 3.  Preoperative 
XRT and postop 
chemo 

  10-year DFS,  
  Postop chemo, 47 % 
  Observation, 43.7 % 

 4.  Preop chemo
XRT and postop 
chemo 

    P  = 0.29 

 (Chemo: 
5-FU/LV) 

   PROCTOR , Preoperative Radiotherapy and/or Adjuvant Chemotherapy Combined with TME Surgery in Operable 
Rectal Cancer,  SCRIP , Simply Capecitabine in Rectal Cancer After Irradiation Plus TME Surgery,  EORTC  European 
Organisation for Research and Treatment of Cancer,  LR  local recurrence,  OS  overall survival,  DFS  disease-free survival, 
 5-FU/LV  5-fl uorouracil and leucovorin  

MOSAIC trial, an adjuvant trial that demon-
strated a 40–50 % reduction in recurrence when 
oxaliplatin was added to the fl uorouracil regimen 
versus a 30–50 % reduction with fl uorouracil 
alone for patients with stage III colon cancer 

[ 113 ]. Capecitabine, with or without oxaliplatin, 
is also an acceptable option as adjuvant therapy 
[ 40 ]. Of note, oxaliplatin is acceptable as  adju-
vant therapy , but not as  neoadjuvant therapy  
along with 5-FU.  
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    Induction Chemotherapy Before 
Standard Neoadjuvant 
Chemoradiation Therapy 

 As mentioned above, postoperative chemother-
apy following neoCRT and TME surgery is 
optional. However, one of the concerns with 
postoperative chemotherapy is the low adherence 
rate; up to one third of patients are not able to 
start adjuvant chemotherapy due to postoperative 
complications, absence of tumor resection, dis-
ease progression, clinician discretion, or patient 
refusal [ 86 ,  88 ]. Therefore, instead of giving che-
motherapy postoperatively, several investigators 
have thought about giving the entire intended 
chemotherapy preoperatively with the standard 
neoCRT [ 114 – 118 ]. Such a strategy is called 
induction chemotherapy. The advantage with this 
strategy is that the patient benefi ts from having 
received the full scheduled dose and intensity of 
the planned chemotherapy without the worries 
associated with postoperative chemotherapy. 
While this strategy does sound attractive in prin-
ciple, however in practice, induction chemother-
apy has not been demonstrated to improve 
OS. Thus, induction chemotherapy should be 
considered investigational at this time.   

    Other Considerations 

    Is a Diverting Ostomy Necessary? 

 A temporary diverting stoma (colostomy or ileos-
tomy) to reduce the risk of symptomatic anasto-
motic leaks and urgent reoperation is highly 
recommended. This is especially applicable in 
patients who had very low anastomosis. A multi- 
institutional study found that patients who had a 
stoma had signifi cantly less symptomatic leaks 
(10.3 % vs. 18.0 %;  P  < 0.001) and three times 
less likely to require an urgent abdominal reop-
eration compared to those who did not have a 
stoma [ 119 ]. A 2010 Cochrane review and a 
meta-analysis also confi rmed the role of a defunc-
tionalized stoma to reduce the rate of clinically 
relevant anastomotic leakages and urgent abdom-
inal reoperation [ 120 ,  121 ]. The stoma, however, 
does not prevent an anastomotic separation but 

limits the extent of dehiscence that can lead to 
pelvic sepsis from fecal contamination. Patients 
at high risk for an anastomotic leak include obese 
patients, those who had preoperative radiation 
therapy or on steroids, and those whose anasto-
mosis is 5 cm or less from the anal verge.   

    T3N0M0 Mid to Distal Rectal Cancer 

 Chemoradiotherapy does come with a price, 
despite all of its advantages. This price comes in 
a form of radiation enteritis, diarrhea, ileus, 
bowel obstruction, hematologic toxicities, and 
treatment-related deaths. In the era before TME 
and neoCRT, retrospective data suggest that adju-
vant therapy can be avoided in a subset of patients 
with pT3N0M0 rectal cancer, mainly patients 
who had adequate node dissection and whose 
tumors (1) have well-differentiated to moderately 
differentiated histology, (2) extend ≤ 2 mm into 
the perirectal fat, (3) possess no evidence of lym-
phovascular invasion, and (4) located in the upper 
rectum [ 43 ,  122 – 125 ]. However, with the wide-
spread preference of the neoCRT approach, it 
becomes diffi cult to identify preoperatively those 
patients who are truly pT3N0M0. As mentioned 
previously, the German Rectal Cancer Study 
Group trial reported an 18 % of overtreatment of 
patients who were thought to have had cT3N0 but 
actually had T1–2N0 disease [ 90 ]. This study 
reveals the limitations of being able to accurately 
predict T-stage in the preoperative setting. 

 Guillem et al performed a retrospective analy-
sis of 188 patients from six institutions who were 
deemed to have cT3N0 mid to distal rectal cancer 
by preoperative ERUS/MRI [ 95 ]. All patients had 
neoCRT followed by surgery. The investigators 
found that 22 % of patients were upstaged 
because they had mesorectal lymph node involve-
ment (N+), suggesting that ERUS/MRI had 
 understaged  a signifi cant proportion of patients 
who were thought to have had N0 disease. 
Although 18 % of patients may be overstaged, a 
larger percentage of patients were understaged 
(22 %). Thus, Guillem et al concluded that 
because of the limited accuracy of preoperative 
ERUS/MRI in staging mid to distal cT3N0 rectal 
cancer, neoCRT should be given to all patients 
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with cT3N0M0 disease [ 95 ]. As mentioned pre-
viously, one might argue in favor of up-front sur-
gery, reserving postCRT to those with more 
advanced disease. To reiterate, compared to 
neoCRT, postCRT was associated with inferior 
local control, higher toxicity, and worse func-
tional outcome [ 90 ,  91 ]. 

 Given the limitations of current pretreatment 
imaging modality to accurately predict T3N0 dis-
ease, it is recommended that all mid to distal 
cT3N0 rectal cancer should be treated using the 
neoCRT approach [ 126 ].  

    Optimal Timing of Surgery After 
NeoCRT 

 The optimal time between neoCRT and surgery is 
debatable. The Lyon R90-01 is the only random-
ize trial that compared short-interval (within 2 
weeks) and long (6–8 weeks)-interval groups fol-
lowing preoperative radiotherapy and reported 
that the long interval group resulted in better 
clinical response, pathologic downstaging, and a 
nonsignifi cant trend toward increased sphincter 
preservation [ 127 ]. Following this report, the 
6–8-week interval following completion of RT 
became the accepted time frame for treating mid 
to low rectal cancer [ 128 ]. 

 Radiation-induced necrosis is a time- 
dependent event, and over the recent years, sev-
eral investigators have advocated extending this 
time interval up to 12 weeks so as to increase the 
rates of pCR and downstage the tumor [ 128 ,  129 ]. 
However, most surgeons are more comfortable 
using the 6–8-week interval because of the con-
cern of radiation-induced pelvic fi brosis, which 
can make the surgery more technically challeng-
ing, which can result in a higher risk of surgical 
complications and locoregional recurrence [ 130 ].  

    Laparoscopic Proctectomy 

 Laparoscopic colectomy has proven to be onco-
logically equivalent to open colectomy in at least 
4 large, prospective, randomized trials [ 131 – 134 ] 
and is considered an acceptable option to open 
colectomy. Laparoscopic proctectomy (LP), 

however, has not received such universal endorse-
ment due to a lack of long-term follow-up data 
from randomized trials. LP is demanding in that 
TME and autonomic nerve preservation are 
required for acceptable functional and oncologic 
outcomes. Several prospective clinical trials have 
demonstrated that LP had similar short-term 
oncologic outcomes as well as perioperative 
advantages when compared with open rectal sur-
gery [ 135 – 138 ] (Table  18.7 ). LP resulted in a sig-
nifi cantly lower amount of blood loss, quicker 
recovery of bowel function, and less analgesic 
requirement, although the operative time was 
 signifi cantly longer than the open technique. 
Surgical quality indicators such as the number of 
lymph nodes retrieved, involvement of CRM, 
quality of TME, length of hospital stay, morbid-
ity, mortality, and OS and DFS were similar 
between LP and open rectal surgery [ 135 – 138 ].

   The COLOR II (Colorectal Cancer 
Laparoscopic or Open Resection) trial is an 
ongoing clinical trial that compares laparoscopic 
with open surgery for rectal cancer [ 138 ]. Short- 
term results on 1044 patients found no differ-
ences in circumferential or distal margin, 
anastomotic leak rate (13 % vs. 10 % after LP vs. 
open surgery, respectively;  P  = 0.46), or number 
of nodes retrieved. However, LP had less blood 
loss and analgesic use, earlier return of GI func-
tion, and shorter hospital stay. Approximately 
17 % of patients required conversion from lapa-
roscopic to open approach [ 138 ]. 

 The American College of Surgeons Oncology 
Group (ACOSOG) Z6051 trial is a phase III ran-
domized trial that will test the hypothesis that LP 
is not inferior to open resection in patients with 
stage IIA–IIIB rectal cancer. The expected enroll-
ment is 650 patients and the primary objectives 
will compare the incidence of circumferential 
and radial margin involvement and completeness 
of TME. Secondary objectives will compare 
amount of blood loss, length of hospital stay, pain 
medication requirements, sexual function, bowel 
and stoma function, quality of life, and disease- 
free survival and local pelvic recurrence at 2 
years (NCT00726622). 

 Another ongoing phase 3 trial is the Japan 
Clinical Oncology Group Study (JCOG 0404), 
which began in 2004 and intended to recruit 818 
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patients with T3/T4 colorectal cancer. Its plan is 
to evaluate the benefi ts of laparoscopic surgery 
with open surgery [ 139 ]. Finally, the ROLARR 
(Robotic versus Laparoscopic Resection for 
Rectal Cancer) trial is an international, multi-
center, randomized trial that will compare 
robotic-assisted versus laparoscopic surgery for 
rectal cancer [ 140 ]. As of 2014, laparoscopic 
proctectomy is still considered investigational in 
the United States. NCCN prefers that laparo-
scopic surgery for rectal cancer be done in a clini-
cal trial [ 40 ].  

    Is There a Role to “Watch and Wait” 
and Not Operate After 
Chemoradiotherapy? 

 Similar to other malignancies (breast, esopha-
geal), there is a subset of patients with resectable 
rectal cancer who achieve a complete clinical 
response (cCR) and pathologic complete response 
(pCR) following neoCRT. cCR means no evi-
dence of disease on clinical exam, although there 
may be residual cancer on the fi nal pathologic 
specimen. pCR means no evidence of residual 
cancer in the primary and draining lymphatic 
nodal basin on fi nal pathologic specimen. pCR 
occurs in about 10–40 % of patients and obvi-
ously can only be known after surgical resection 
[ 88 ,  90 ,  107 ]. Patients who achieve pCR have 
excellent 5-year survival rates of 95 % and local 
recurrence rates close to 0 % [ 141 ,  142 ]. 

 Given the excellent outcomes when pCR is 
achieved and the signifi cant postoperative mor-
bidity associated with radical TME, Habr-Gama 
from Brazil questioned the paradigm of subject-
ing every patient with rectal cancer to immediate 
surgery [ 143 ]. Using cCR as a surrogate marker 
of pCR, Habr-Gama reported a series of patients 
who had cCR following neoCRT who did not 
undergo immediate radical surgery. Such a strat-
egy is referred to as the “watch and wait” 
approach and is a topic of intense debate. 

 In their seminal 2004 studies, Habr-Gama 
reported 5-year OS, DFS, and LR of 100 %, 
92 %, and 3 %, respectively, in a series of 71 

patients who were observed after achieving cCR 
8–10 weeks after neoCRT and sustained such a 
status at 1 year after neoCRT. An updated report 
of 99 patients demonstrated the 5-year OS and 
DFS rates to be 93 % and 85 %, respectively 
[ 144 ]. Maas et al from the Netherlands also 
reported similar fi ndings as Habr-Gama’s. Using 
high-resolution MRI, Maas identifi ed 21 patients 
who underwent the watch and wait strategy and 
found only one LR and no DRs at a median fol-
low- up of 25 months [ 145 ]. 

 The Memorial Sloan Kettering also reported a 
cohort of 32 patients who were managed nonop-
eratively after being deemed to have pCR follow-
ing neoCRT. At a median follow-up of 28 months, 
there were six cases (19 %) that had recurred 
locally, of which three had concomitant distant 
disease [ 146 ]. 

 Although provocative, the watch and wait 
strategy should be approached with extreme cau-
tion. A recent systematic review of 30 published 
articles on this subject concluded that patients 
who were observed but failed to sustain cCR had 
worse outcome than those who had undergone 
immediate surgical resection [ 147 ]. Furthermore, 
there are no randomized trials comparing surgery 
versus the “watch and wait” approach. Therefore, 
prospective randomized trials and long-term fol-
low- up are needed to determine the safety of the 
watch and wait strategy. Therefore, the standard 
of care for patients with rectal cancer remains 
neoCRT followed by TME surgical resection, 
even in those who appear to have a complete clin-
ical response to neoCRT.  

    Management of Local Recurrences 

 Recurrent rectal cancer, although not as common 
as it once was, remains a challenge. Factors asso-
ciated with local recurrence include tumor depth 
of invasion (T-stage), number of lymph nodes 
involved (N-stage), status of CRM and radial 
margin, evidence of lymphovascular invasion, 
and poor differentiation [ 148 ,  149 ]. 

 The work-up of patients suspected to have 
recurrent rectal cancer should include CT scans 
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of the chest, abdomen, and pelvis and a PET scan to 
rule out for possible distant disease. A colonoscopy 
may be warranted to assess for possible anasto-
motic recurrence. Patients who have no evidence 
of distant disease but recurrent local disease can 
be considered for salvage re- resection. Almost 
50 % of recurrences occurred in the low pelvic or 
presacral areas with an additional 14 % occurring 
in the high to mid pelvis [ 150 ]. 

 For patients who do not have metastatic dis-
ease, preoperative chemoradiotherapy can be 
given if the patient is radiotherapy naïve, fol-
lowed by re-resection. Alternatively, adjuvant 
chemoradiotherapy is also an option. Some stud-
ies have reported acceptable toxicity with re- 
irradiation [ 151 ,  152 ]. To prepare the patient for 

surgery, the surgeon should counsel her/him that 
an extensive resection, which may include a 
sacral resection and/or pelvic exenteration (resec-
tion of bladder, prostate, or a hysterectomy), may 
be required to achieve an R0/R1 resection 
(Figs.  18.9  and  18.10 ). Such extensive operations 
may require the assistance of urologic or neuro-
surgical colleagues. Debulking that leaves gross 
disease behind is not recommended.

        Surveillance 

 Surveillance recommendations for rectal cancer 
are similar to those for colon cancer, except that a 
proctoscopy is recommended every 6 months for 

  Fig. 18.9    A 43-year-old gentleman who presented with a recurrent rectal cancer that necessitated a pelvic exenteration 
(total proctectomy, bladder resection, and prostatectomy) (Courtesy of Quyen D. Chu, MD, MBA, FACS)       

  Fig. 18.10    A 56-year-old woman who presented with a recurrent rectal cancer that involved the sacrum. She underwent 
a successful abdominosacral resection (Courtesy of Quyen D. Chu, MD, MBA, FACS)       
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3–5 years for those who had an LAR or transanal 
excision. The purpose of surveillance following 
curative intent surgery is to detect recurrent dis-
eases that are amenable for further surgical inter-
vention. CRC metastases to the liver and local 
recurrences are examples of recurrent diseases 
that can potentially extend survival following 
re-resection. 

 Approximately 80 % of CRC recurrences 
occur within the fi rst 3 years after surgical resec-
tion of the primary tumor [ 125 ]. This is the basis 
for an intensive surveillance program within the 
fi rst 3 years following curative intent surgery. 
The optimal strategy of surveillance is controver-
sial and based on consensus rather than high 
level of evidence. In general, following surgery, 
the patient should be seen every 3–6 months for 
the fi rst 2 years and then every 6 months thereaf-
ter up to year 5. The patient can be seen annually 
after reaching the 5-year anniversary. A complete 
history and physical examination should be per-
formed as well as a CEA level obtained during 
these visits. A colonoscopy and a proctoscopy for 
those with a low anastomosis should be per-
formed at the 1-year anniversary of the surgery. 
If negative, a repeat colonoscopy is recom-
mended to be done at 3 years and then every 5 
years thereafter. If there is evidence of advanced 
adenoma(s) (villous polyp, polyp >1 cm, or high-
grade dysplasia), then a colonoscopy should be 
repeated in 1 year. The choice of proctoscopy 
(i.e., rigid vs. fl exible) and ERUS is left at the 
discretion of the clinician. 

 It is recommended that an annual chest, abdo-
men, and pelvic CT should be done up to 5 years. 
Routine PET scans are not recommended and 
CEA monitoring and CT scans beyond 5 years 
are also not recommended. 

 On occasions, a patient may present with a 
rising CEA level, and despite all investigative 
efforts, the source remains elusive. In such a 
situation, it is recommended to practice the wait 
and see approach, which entails a repeat CT 
scan every 3 months until the source is found or 
CEA level stabilizes or declines, rather than per-
forming a blind or CEA-directed laparotomy.  

    Future Prospects 

 It has become apparent that perhaps not all 
patients with rectal cancer will require 
neoCRT. How to identify such a group is an area 
of investigation. Perhaps using a high-resolution 
MRI to stage and identify high-risk features such 
as positive CRM, extramural venous invasion, 
and extramural spread beyond 5 mm might help 
with predicting the risk of local or systemic 
relapse and thereby spare those who do not have 
these features. 

 A preliminary study from Memorial Sloan 
Kettering Cancer Center found that preoperative 
FOLFOX or FOLFOX plus bevacizumab without 
XRT followed by TME had resulted in no local 
recurrences in a small group of select patients 
with 4 years of follow-up [ 153 ]. This study 
prompted a validation study, the PROSPECT 
(Preoperative Radiation or Selective Preoperative 
Radiation and Evaluation Before Chemotherapy 
and TME; NCT01515787) study, which intends 
to recruit 1,000 patients to determine whether a 
subgroup of patients with low-risk rectal cancer 
can be treated with neoadjuvant chemotherapy 
alone. High-risk tumors such as T4 tumors, 
tumors with bulky nodal disease (defi ned as 
4LNs > 1 cm), and those that are adjacent to 
(defi ned as within 3 mm of) the mesorectal fascia 
on preoperative MRI or ERUS/pelvic CT scan 
are excluded from the study. Final results will not 
be available until the foreseeable future.  

    Summary 

 In summary, for patients with stage II or III rectal 
cancer, multimodality therapy is the standard of 
care. Although surgery followed by adjuvant 
chemoradiotherapy (postCRT) is an acceptable 
option, neoadjuvant chemoradiotherapy 
(neoCRT) is the preferred approach for patients 
with T3/T4, N + disease, and/or mesorectal fascia 
involvement as seen on pretherapy imaging. Even 
though neoCRT overtreats 18 % and undertreats 
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22 % of patients, it is still preferred over post-
CRT. NeoCRT results in tumor regression, tumor 
downstaging, improved respectability rate, 
improved local control, and increased in patho-
logic complete response rates. There is no overall 
survival advantage with the neoCRT approach 
compared to the postCRT approach. Patients who 
achieved pCR tend to have better long-term out-
comes compared to those who only have a partial 
response or no response at all [ 154 ]. Regardless, 
besides the Swedish trial, none of the clinical tri-
als demonstrated a survival advantage of using 
one multimodal therapy over another. 

  Salient Points 
•     Unlike colon cancer, which drains into the 

portal system, rectal cancer drains through 2 
systems: the portal venous system and systemic 
circulation through the inferior and middle rec-
tal veins (bypassing the portal venous system). 
This explains why rectal cancer can metasta-
size to the lungs without liver involvement.  

•   TRUS is good for assessing tumor stage but 
not very good at assessing nodal involvement.  

•   MRI is good at assessing tumor stage, nodal 
involvement, and involvement of the circum-
ferential radial margin (CRM).  

•   PET scan is important because it can alter the 
management in almost a third of patients with 
advanced rectal cancer.  

•   PET scan is not useful in mucinous tumors.  
•   Important principles to keep in mind when 

operating on patients with rectal cancer:
•    Strive to obtain > 1 mm circumferential 

radial margin (employ total mesorectal 
excision or TME).  

•   Obtain ≥ 12 lymph nodes.  
•   5 cm proximal margin and 2 cm distal mar-

gin (1 cm distal margin for those who had 
neoadjuvant chemoradiation therapy.     

•   Preoperative chemoradiotherapy (neoCRT) 
and optimal surgery with TME are standard of 
care for patients with stage II/III rectal cancer.  

•   NeoCRT + TME results in:
•    Reduced local recurrence rate  
•   Increased tumor downstaging  
•   Possibly greater rates of sphincter pre-

servation     

•   Preoperative and postoperative chemoradio-
therapy resulted in similar 10-year OS (60 %) 
and DFS (68 %), but preoperative CRT 
resulted in:
•    Lower local recurrence rate  
•   Lower incidence of acute toxicities  
•   Lower incidence of long-term morbidity     

•   Although neoCRT overstages 18 % and under-
stages 22 % of patients, it is still preferred 
over adjuvant CRT because of the above 
advantages.  

•   NeoCRT may not necessarily increase the rate 
of sphincter-sparing surgery compared to 
postCRT.  

•   Indications for neoCRT:
•    T3/T4.  
•   N + disease.  
•   CRM is “threatened”; the tumor is within 

1–2 mm of the mesorectal fascia as deemed 
by preoperative imaging.     

•   Both short-course preoperative radiotherapy 
and long-course preoperative radiotherapy are 
acceptable radiation techniques. Short-course 
XRT is more common in Europe and select 
centers in the United States, while long-course 
XRT is more common in the United States.  

•   Short-course radiation therapy:
•    Does not include chemotherapy  
•   Is given over a 5-day period followed by 

immediate surgery within 1–2 weeks  
•   Has lower rate of early toxicity compared 

to long-course therapy  
•   More convenient to patient than long- 

course therapy     
•   Capecitabine is an oral a fl uoropyrimidine, 

which is similar to 5-FU. It is an alternative to 
infusional 5-FU.  

•   Adding oxaliplatin to conventional neoCRT 
regimen should not be used because it increases 
toxicity without any additional benefi ts.  

•   Postoperative chemotherapy is recommended 
by NCCN following neoCRT and surgery. 
However, recent phase 3 trials found no 
benefi t.  

•   Induction chemotherapy (giving chemother-
apy along with standard neoCRT instead of 
adjuvant chemotherapy) is considered investi-
gational at this time.  
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•   T3N0 upper rectal cancer can be treated like 
colon cancer:
•    Combination chemoXRT might not be 

necessary.  
•   TME might not be necessary.     

•   T3N0 mid to distal rectal cancer should 
receive neoCRT.  

•   Laparoscopic proctectomy:
•    Appears to be similar to open in oncologic 

outcome, although long-term follow-up 
from phase 3 trials is needed.  

•   Has many advantages over open, although 
the operative time is longer than the open 
technique.  

•   Is considered investigational in the United 
States. NCCN prefers that it be done in a 
clinical trial.     

•   Diverting ostomy should be considered in:
•    Obese patients  
•   Those who had neoCRT or on steroids  
•   Those whose anastomosis is ≤ 5 cm from 

anal verge     
•   Watch and wait approach has been suggested 

by some for patients with complete clinical 
response. However, such an approach is con-
sidered investigational at this time. Current 
standard of care requires surgical resection 
following neoCRT, irrespective of tumor’s 
response.     

  Questions 
     1.    A 65-year-old man presented with a rectal 

mass located approximately 8 cm from the 
anal verge. A biopsy confirmed a poorly 
differentiated adenocarcinoma and an endo-
scopic ultrasound demonstrated a T3 lesion. 
Which of the following is the most appropri-
ate treatment option?
    A.    Surgery alone   
   B.    Chemoradiation therapy followed by 

surgery   
   C.    Radiation therapy followed by surgery fol-

lowed by chemotherapy   
   D.    Surgery followed by chemotherapy   
   E.    Chemotherapy followed by surgery       

   2.    Which of the following statement is true 
regarding laparoscopic proctectomy (LP)?

    A.    LP is a standard option for patients with 
rectal cancer.   

   B.    LP retrieves a lower number of lymph 
nodes than open proctectomy.   

   C.    LP is considered investigational at this time.   
   D.    LP requires less operative time than open 

proctectomy.   
   E.    LP results in a better overall survival than 

open proctectomy.       
   3.    Compared to adjuvant chemoradiation ther-

apy, neoadjuvant chemoradiation has:
    A.    Lower recurrence rate   
   B.    Better overall survival   
   C.    No impact on tumor downstaging   
   D.    Lower rate of sphincter preservation   
   E.    Higher acute toxicities       

   4.    Which statement is correct regarding neoadju-
vant chemoradiation therapy (neoCRT) for 
patients with rectal cancer?
    A.    NeoCRT results in better overall survival 

than adjuvant therapy.   
   B.    Adding oxaliplatin to neoCRT regimen 

resulted in improved outcome.   
   C.    NeoCRT is not necessary in patients with 

T3 mid rectal tumor.   
   D.    Capecitabine or 5-FU is acceptable che-

motherapy regimen.   
   E.    Induction chemotherapy to neoCRT is the 

current standard of care.       
   5.    Which of the following is true regarding the 

“watch and wait” approach to rectal cancer?
    A.    It is the preferred approach to most patients 

who had a complete clinical response to 
neoCRT.   

   B.    Randomized clinical trials confi rmed its 
role in patients with mid to distal rectal 
cancer.   

   C.    Retrospective data demonstrated it to 
yield a higher survival rate in elderly 
patients.   

   D.    It is preferred in patients with upper rectal 
cancer.   

   E.    It is considered investigational at this time.       
   6.    Which of the following is a correct statement 

regarding surgical management of rectal cancer?
    A.    The behavior of upper rectal cancer is sim-

ilar to mid rectal cancer than it is to colon 
cancer.   
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   B.    Total mesorectal excision (TME) should 
be performed for patients with mid and 
distal rectal cancer   

   C.    Lateral lymph node dissection results in 
better outcome since more lymph nodes 
are retrieved.   

   D.    A distal margin of 5 cm is needed for mid 
rectal cancer.   

   E.    The minimum number of lymph nodes 
recommended is 15.       

   7.    Which of the following is true regarding short- 
course radiation therapy for rectal cancer?
    A.    Short-course therapy yields equivalent 

outcome as long-course therapy.   
   B.    Short-course therapy has a higher rate of 

early toxicity.   
   C.    Short-course therapy allows more tumor 

downsizing due to the intensity of therapy 
given.   

   D.    Short-course therapy can be administered 
along with chemotherapy.   

   E.    Short-course therapy has lower compli-
ance rate than long-course therapy.       

   8.    All of the following statements are correct 
EXCEPT:
    A.    NeoCRT overstaged approximately 18 % 

of patients with rectal cancer.   
   B.    NeoCRT understaged approximately 22 % 

of patients with rectal cancer.   
   C.    To avoid overstaging and understaging, 

surgery followed by adjuvant therapy is 
recommended.   

   D.    NeoCRT results in lower local recurrence 
rate compared to adjuvant therapy.   

   E.    Circumferential radial margin (CRM) of 
greater than 1 mm results in a local recur-
rence rate of 5 %.          

  Answers 
     1.    B   
   2.    C   
   3.    A   
   4.    D   
   5.    E   
   6.    B   
   7.    A   
   8.    C          
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Learning Objectives
After reading this chapter, you should be able to:

Recognize how to determine surgical indication 

for patients with colorectal liver metastases.

Understand how to expand surgical indication 

and improve safety of major hepatectomy.

Appreciate new prognostic predictors in patients 

undergoing preoperative chemotherapy.

 Background

Colorectal cancer (CRC) is the second leading 

cause of cancer mortality in the United States. 

Approximately 20–25 % of patients are found to 

have synchronous colorectal liver metastases 

(CLM) [1, 2], and 35–55 % of patients develop 

CLM during the course of the disease [3]. 

However, the 5-year survival after curative resec-

tion of CLM has been reported to be as high as 

58 % [4–6], while the median survival of CLM 

without any treatment is approximately 6 months 

[2]. Therefore, adequate assessment and preop-

erative management are important in selecting 

patients with resectable or potentially resectable 

CLM who are candidates for liver resection.

With recent advancements in chemother-

apy and surgical management, resectability 

of CLM has dramatically increased, and long-

term survival after resection of CLM has also 

significantly improved [7]. The practical points 

in the initial clinical evaluation and manage-

ment of patients with CLM include (1) pre-

cise assessment of extension of disease and 

(2) proper selection of the initial therapeutic 

options. Surgical resection is potentially the 

most curative therapeutic strategy for liver 

metastases. However, to select the patients 

who would benefit the most from surgery, a 

multidisciplinary approach by surgeons, medi-

cal oncologist, radiologist, and pathologist is 

essential (Fig. 19.1) [8].

 Pre-therapeutic Imaging Evaluation

Adequate imaging is essential for patients with 

suspected CLM for diagnosis, staging, treatment 

planning, and evaluation of response to chemo-

therapy. The choice of imaging technique for pre-

treatment assessment of CLM depends on the 

local expertise and availability of imaging modal-

ities. However, computed tomography (CT) and 

magnetic resonance imaging (MRI) are the most 

common modalities utilized for diagnosing and 

evaluating patients with CLM.

Niekel et al. [9] reviewed 39 articles (3,391 

patients) and showed that the estimated sensi-

tivities on a per-lesion basis for CT, MRI, and 
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18F-fluorodeoxyglucose positron emission 

topography (18

80.3 %, and 81.4 %, respectively. Per-patient 

sensitivities were 83.6 %, 88.2 %, and 94.1 %, 

respectively. MRI combining gadolinium eth-

oxybenzyl diethylenetriamine pentaacetic acid 

-

sion-weighted imaging has the best perfor-

mance characteristics for detecting and 

characterizing liver lesions, particularly those 

smaller than 10 mm in size [10]. In addition, 

the usefulness of 18

reported especially for detecting extrahepatic 

metastases or local recurrence [11, 12]. 

However, increased sensitivity is usually asso-

ciated with reduced specificity. Also, limita-

tions of these new imaging modalities include 

limited availability, high cost, limited access to 

 specialized techniques, and lack of expertise to 

interpret the results. Therefore, from a practical 

clinical perspective, CT still plays a central role 

in characterizing CLM because of its accessi-

bility, practicality, low cost, and acceptable 

sensitivity/specificity to characterize CLM. At 

MD Anderson Cancer Center, a CT of chest, 

abdomen, and pelvis is routinely performed for 

evaluating patients with CLM [13

MRI are selectively used.

 Evaluation of Resectability

After confirming the patient’s physical status to 

tolerate surgery and determining his/her tumor 

distributions, the eligibility for resection in 

patients with CLM is determined by two factors: 

oncological benefit and technical feasibility.

 Oncological Resectability

From an oncological standpoint, complete 

resection of all viable disease in patients with 

CLM is crucial if the patient is to derive the 

most benefit from surgery. Selection of surgical 

candidate depends on the presence or absence of 

extrahepatic disease and tumor response to 

chemotherapy.

Because lack of extrahepatic disease is associ-

ated with the ability to perform curative surgery, 

careful preoperative screening is important to 

make this determination. Lung, abdominal lymph 

nodes, and peritoneum represent the most com-

mon sites of extrahepatic disease. However, loca-

tion of extrahepatic disease plays less of a role in 

determining outcome so long as complete resection 

is feasible [14]. In appropriately selected patients, 

the presence of extrahepatic disease does not 

Fig. 19.1 Multidisciplinary 

approach for CLM (Adapted 

from Ref. [8]. With permis-
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 necessarily represent an absolute contraindica-

tion for surgery, since there are reports of rela-

tively favorable long-term survivals in those who 

had extrahepatic metastasectomy [15]. Isolated 

lung metastases or periportal adenopathy has 

reportedly been associated with a high 5-year 

survival rate (30–40 %) when complete resection 

is feasible [16]. Localized peritoneal disease 

correlates with intermediate 5-year survival rates 

(15–30 %), whereas para-aortic adenopathy or 

evidence of multiple sites of extrahepatic disease 

is rarely associated with good survival after 

resection of CLM (5-year survivals <15 %) [17]. 

These data suggest that patients harboring lim-

ited extrahepatic disease are amenable to surgical 

resection with a reasonable expectation for long- 

term control with adjuvant therapies [18]. When 

the extrahepatic disease burden is unresectable or 

uncontrollable, hepatic resection for CLM is 

contraindicated.

Another important factor in determining 

resectability is response to chemotherapy. 

When patients are treated with preoperative 

systemic therapy, biologic behavior of the 

tumor can be assessed during treatment. With 

modern effective chemotherapy, disease pro-

gression during preoperative systemic therapy 

is relatively rare. However, there are patients 

who occasionally (5–15 %) do have disease 

progression during receipt of systemic therapy, 

and development of new lesions is associated 

with a poor prognosis after CLM resection [19]. 

In contrast, growth of preexisting intrahepatic 

lesion itself does not seem to be associated with 

poor outcomes as long as new lesions do not 

develop during treatment. Therefore, patients 

who show this pattern of progression who have 

resectable lesions should remain candidates for 

a hepatectomy.

A recent study reviewing LiverMetSurvey 

international registry reported that although 

tumor progression during chemotherapy is a neg-

ative prognostic factor, surgical resection might 

still be a viable option with acceptable long-term 

liver metastases, liver tumor size ≥50 mm, and/or 

≥200 ng/mL; in such situations, further chemo-

therapy is recommended [20].

 Technical Resectability

Technical resectability is based on adequate 

knowledge of liver anatomy, histopathology, and 

hepatic function, all of which are best evaluated 

in a multidisciplinary setting with inputs from 

hepatobiliary surgeons, radiologists, hepatolo-

gists, and pathologists. Conventionally, technical 

resectability has been defined as removal of all 

viable tumors with a negative margin, leaving 

behind a minimum of two contiguous segments 

of hepatic parenchyma that have adequate vascu-

lar inflow and outflow and adequate biliary drain-

age [21]. More recently, the selection of patients 

with resectable CLM has greatly improved from 

the enhanced ability to predict future liver rem-

nant (FLR) volume and liver function.

Currently, functional reserve of the liver is 

estimated by both static and dynamic measure-

ments. The most reliable static variable is the 

FLR volume. Because absolute volume of FLR 

against standardized liver volume (SLV) (i.e., 

sFLR: standardized FLR) has strong correlation 

with the rates of postoperative morbidity and 

mortality (Fig. 19.2) [22, 23], minimal require-

(Fig. 19.3) [22, 24–27]. In a recent analysis on 

the clinical impact of duration of systemic ther-

apy and the minimal requirement of sFLR in 

patients undergoing preoperative chemotherapy, 

those who underwent more than 3 months of sys-

temic therapy required at least 30 % of sFLR to 

prevent postoperative hepatic insufficiency [27]. 

These cutoff values offer a good practical deci-

sion making metric in patients requiring major 

hepatectomy.

In addition to the FLR volume, dynamic mea-

surements such as degree of hypertrophy [23] and 

28] after portal vein 

be sensitive predictors of functional liver reserve 
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in patients undergoing extended hepatectomy. 

divided by the number of weeks elapsed after por-

tal vein embolization, well predicts underlying 

liver function and short-term surgical outcomes 

independent of sFLR or the timing of initial vol-

reduces hepatic complications and liver failure-

related deaths [28].

Furthermore, indocyanine green clearance test 

[29] or hepatic scintigraphy [30] has also been 

reported to be a good indicator of hepatic func-

tional reserve with regard to metabolic function. 

Because FLR volume itself is not correlated with 

functional reserve, dynamic measurements should 

be integrated to estimate the total functional 

reserve of FLR in individual patients.

 Strategies to Increase Resectability

 Portal Vein Embolization (PVE)

leads to atrophy of the liver to be resected and 

compensatory hypertrophy of FLR [31–33]. Based 

should be considered if a patient is found to have 

Fig. 19.2 FLR volume and surgical outcomes (Adapted from Ref. [22]. With permission from Wolters Kluwer Health)

Fig. 19.3 Minimal 

requirement of FLR 

volume

1.  Kishi Y, et al. Ann Surg 
2009 [22]

2.  Shindoh J, et al. Ann 
Surg Oncol 2013 [27]

3.  Azoulay D, et al., Ann 
Surg 2000 [25]

4.  Kubota K, et al. 
Hepatology 1997 [26]
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insufficient volume in the pretreatment measure-

ment of FLR. To maximize the regeneration of 

-

als [34] and concurrent embolization of segment 

IV portal vein [35, 36] have been recommended, 

the latter often has evidence of disease. Our previ-

segment IV embolization revealed significant dif-

ference in volume increase rates in segment II + III 

(median, 26 % vs. 54 %; p = 0.021).

 Two-Stage Liver Resection

With limited liver tumor burden including 

small tumors and anatomically favorably posi-

tioned bilateral metastases, a one-stage strategy 

involving one or more simultaneous partial to 

lobar hepatic resection is safe and effective 

[37–42]. In contrast, when extensive bilobar 

metastases are present (i.e., extensive right lobe 

disease including disease in segment 4 and one 

or more lesions in the left lateral segment and/

caudate lobe), different surgical strategies are 

required.

Two-stage liver resection (TSR) is indicated in 

patients with advanced bilateral CLM who 

responded to chemotherapy and in whom limited 

resection can clear the less affected side of the 

liver before a planned extended contralateral liver 

resection. In the majority of cases, patients 

undergo first-stage limited resection of metasta-

segment IV embolization to allow hypertrophy of 

Fig. 19.4  Pathologic response to preoperative chemotherapy (Adapted from Ref. [54]. With permission from 

American Society of Clinical Oncology)
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the FLR (i.e., left lateral segment and segment 1), 

and extended right hepatectomy is completed 

after sFLR meets the volume criteria. A previous 

study from MD Anderson Cancer Center reported 

that 72.3 % (47/65) of the patients among planned 

TSR completed TSR, and the 5-year survival in 

these patients was 51 % compared to 15 % in the 

cases treated with chemotherapy only [44].

 Associating Liver Partition and Portal 
Vein Ligation for Staged 
Hepatectomy (ALPPS) Procedure

efficacy data for a short-interval (median waiting 

period of 9 days) two-stage liver surgery 

 technique consisting of an initial open right por-

tal vein ligation with in situ splitting of the liver 

parenchyma followed by re-exploration for right 

trisectionectomy, named Associating Liver 

Partition and Portal Vein Ligation for Staged hep-

atectomy or “ALPPS” [45]. Wedge resection of 

the left lobe is generally performed at the initial 

operation so as to render the left lobe disease- 

free. The combination of portal vein ligation and 

in situ splitting of the liver to prevent cross-portal 

circulation between the lobes of the liver was 

believed to lead to a profound hypertrophy of the 

FLR. However, preliminary data suggested a 

high incidence of major morbidity (40 %) and 

inpatient mortality (12 %) associated with this 

new procedure.

In our recent study comparing the ALPPS and 

embolization may offer equivalent hypertrophy 

of FLR (62 % vs. 74 %) but with less periopera-

tive bile leak (5.8 % vs. 24 %) and sepsis (0 % vs. 

20 %) compared to the ALPPS procedure [46]. 

Although the time duration from the hemody-

namic modulation to surgery was significantly 

waiting period is oncologically meaningful 

because it allows selection of patients who would 

truly benefit from surgical resection while avoid-

ing unnecessary resection of those with disease 

progression.

 Strategies for Synchronous 
Metastases

Nearly 25 % of patients with colorectal cancer 

have CLM at the same time the primary tumor is 

diagnosed (synchronous presentation). The major 

problem in these patients is that both colectomy 

and hepatectomy are needed to resect all tumor 

burdens, either by a simultaneous or in a stepwise 

fashion. The traditional surgical strategy for 

patients with resectable synchronous CLM 

includes resection of the primary tumor followed 

by chemotherapy and then liver resection (classic 

strategy). A combined strategy that includes 

simultaneous resection of the primary colorectal 

lesion and the liver metastases has also been used 

to avoid delaying surgical resection of metastatic 

lesions. However, the limitation with the com-

bined strategy is the associated increased risk of 

postoperative complications.

With recent advancements in effective chemo-

therapy, a reverse strategy, in which preoperative 

chemotherapy is followed by resection of the 

CLM and then by resection of the colorectal pri-

mary at a second operation, has been proposed 

especially for patients with advanced synchro-

nous CLM. A study comparing these three 

approaches (classic, combined, and reverse 

approaches) demonstrated similar surgical out-

comes among the three approaches despite 

patients undergoing the reverse strategy having 

more extensive disease. Therefore, a reverse 

strategy should be considered as an alternative 

approach for treating advanced CLM in patients 

with synchronous liver metastases and an asymp-

tomatic primary tumor (i.e., no evidence of 

obstruction, bleeding, intractable pain, or perfo-

ration) [47].

 Surgical Outcomes

 Short-Term Outcomes

A systematic review of short-term results of liver 

resection reported a mortality rate of 0 % to 6.6 % 

(median 2.8 %) [48]. The main cause of mortality 
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related to liver resection was hepatic failure 

(18.4 %), followed by hemorrhage (17.5 %) and 

sepsis (16.5 %). However, the definition of liver 

failure varied among institutions, making it diffi-

cult to compare surgical risk according to indi-

vidual criteria for FLR volumes.

Mullen et al. have reviewed 1,059 noncir-

rhotic patients who underwent major hepatec-

tomy at 3 hepatobiliary centers and found that 

potent predictor of any (odds ratio [OR] 83.3) 

or major complication (OR 10.0), 90-day mor-

tality (OR 10.8), and 90-day liver-related mor-

tality (OR 250). Importantly, combining INR 

with bilirubin did not improve the high sensi-

tivity (93 %) and high specificity (94 %) of bili-

rubin alone in the predicting liver failure. 

defined as “postoperative hepatic insufficiency” 

and is a potent predictor of “death from liver 

failure” [49].

Based on the clear definition of hepatic insuf-

ficiency, minimal requirement of FLR volume 

could be analyzed and determined according to 

the histopathologic status of underlying liver [22, 

27], This has also contributed to develop further 

advance the concept of dynamic measurement of 

liver volumes such as degree of hypertrophy [23] 

or kinetic growth rate [28 -

tioned in the previous section.

The reported overall complication rates after 

hepatectomy range from 16 % to 44 %. Factors 

associated with the risk for postoperative com-

plications include complexity of liver resection 

(number of liver segments to be resected, 

whether or not a biliary-enteric anastomosis is 

performed, the need for vascular resection, etc.), 

intraoperative blood loss and blood transfusion, 

concomitant major extrahepatic procedure, and 

patient medical conditions [50]. In a recent 

study, we compared short-term outcomes of 

2,628 liver resections at MD Anderson Cancer 

Center in two different periods (before and after 

2006) and found that overall morbidity rates, 

hepatic insufficiency, and 90-day mortality have 

not changed over time, even though the com-

plexity of surgery such as extended hepatectomy, 

repeated resection, two-stage surgery, or use of 

rate of bile leak has increased over time (3.7 vs. 

5.9 % before and after 2006, respectively) which 

is likely related to the increasing complexity of 

liver resection. With the systematic use of a new 

air leak test to detect bile leak, the rate of biliary 

fistula has significantly decreased over the recent 

years [51, 52].

 Long-Term Outcomes and Prognostic 
Factors

With the development of effective chemotherapy 

and strategies for surgical management as men-

tioned previously, recent series reported the 

5-year survival rate after curative resection of 

CLM to be as high as 58 % [4–6]. However, there 

is considerable heterogeneity in oncological fea-

ture of the tumor and patients and variable degree 

of aggressiveness of CLM among patients, which 

lead to a variable 5-year survival rates reported in 

the literature

Traditionally, large liver tumor size and num-

ber of tumor, evidence of bilobar distribution, 

level before hepatectomy have been regarded as 

important poor prognostic factors following 

resection of CLM [38, 39, 53]. However, increas-

ing evidence has suggested that these traditional 

prognostic factors are losing their clinical signifi-

cance in the era of effective chemotherapy and 

increasing use of biologic agents. In the era of 

effective preoperative chemotherapy, several new 

criteria have been proposed that appeared to be 

sensitive in predicting patient survival.

 Pathologic Response
Pathologic response to preoperative chemotherapy 

is a strong predictor of survival outcomes in 

patients undergoing hepatic resection after preop-

erative chemotherapy (Fig. 19.4) [54, 55]. 

Pathologic response is excellent in stratifying both 

overall and recurrence-free survival of patients 

who undergo hepatic resection of CLM. However, 

the limitation in the clinical setting is that patho-

logic response is difficult to assess prior to 

surgery.
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 Radiologic Response
Radiologic response to chemotherapy was con-

ventionally assessed by changes in tumor size 

56–58]. However, 

criteria may underestimate the response to che-

motherapy since the traditional size-based 

response criteria can be unreliable [59–62]. To 

overcome this issue, our group first reported 

that changes consisting of a “cystic-like” alter-

ation in the texture of tumor seen on CT image 

(morphologic response) is a better alternative 

criterion for evaluating response to preopera-

tive therapy in patients with CLM (Table 19.1 

and Fig. 19.5) [63, 64]. In a recent validation 

study with 209 patients, we confirmed that 

these non-size-based observations were also 

applicable for patients who were not given beva-

cizumab. Morphologic response was well corre-

lated with pathologic response, and suboptimal 

morphologic response was a strong “preopera-

tive” prognostic factors for both overall sur-

vival (Hazard ratio [HR] 2.1, 95 % CI 1.2–3.8) 

and recurrence-free survival (HR 1.8, 95 % CI 

1.2–2.8) [64].

Fig. 19.5 Morphological response to preoperative chemotherapy (Adapted from Ref. [64]. With permission from 

American Society of Clinical Oncology)

Table 19.1 Definition of CT morphologic groups

Overall attenuation Tumor-liver interface Peripheral rim of enhancement

3 Heterogeneous Ill defined May be present

2 Mixed Variable If initially present, partially resolved

1 Homogeneous and hypoattenuating Sharp If initially present, completely resolved

Reprinted from Ref. [63]. With permission from the Journal of the American Medical Association

Optimal response, from group 3 or 2 to group 1; incomplete response, group 3 to group 2; no response, no change in 

group 2 or 3, or progression
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 Somatic Mutational Status
The variability of the individual CLM in clinical 

presentation, degree of aggressiveness, and pat-

terns of treatment failure suggests the presence of 

variability in genotypes and phenotypes among 

the individual patients. Over the past decades, 

numerous biomarkers and molecular pathways 

have been investigated to explain such biologic 

heterogeneity. Among the molecular candidates, 

RAS mutation is the most important marker that 

growth factor receptor) biologic agents. Recent 

studies have clarified that RAS mutation status in 

clinical practice is likely to expand beyond its 

current role just as a predictor of response to 

First, RAS mutations independently predict 

worse overall and disease-free survival after 

resection of CLM [65–67]. Second, RAS  mutation 

status is also predictive of patterns of recurrence 

or metastases to other organs. Tie et al. reported 

higher KRAS mutation rates in lung (62 %), and 

brain (56 %) colorectal metastases than in pri-

mary colorectal cancer (35 %) [68]. Our group 

also confirmed that patients with RAS mutation 

undergoing resection of CLM had a worse lung 

recurrence-free survival than patients with RAS 

wild type [67]. In another study, RAS mutational 

status also predicted radiologic and pathologic 

response in patients treated with preoperative che-

motherapy for CLM (Fig. 19.6) [69]. Though the 

clinical significance of mutation in RAS has not 

been fully understood, it may offer clinicians the 

ability to predict  outcome at presentation before 

response to chemotherapy and can serve as a basis 

for personalized medicine in the near future.

Salient Points
Prior to considering resection of colorectal 

liver metastases (CLM), pretreatment radio-

logic staging is required to assess for the pres-

ence and extent of intra- and extrahepatic 

disease.

Resectability includes the expectation that a 

margin-negative resection (i.e., R0) can be 

achieved leaving sufficient volume of future 

liver remnant (FLR) with adequate blood flow 

and biliary drainage.

Patients harboring limited extrahepatic disease 

amenable to surgical resection or with reason-

able expectations for long-term control with 

adjuvant therapies may be considered for 

hepatic resection.

Patients with significant progression of meta-

static disease during preoperative systemic 

therapy should have surgical resection 

deferred until achieving disease control with 

second-line systemic or regional therapies.

when FLR volume is expected to be insufficient 

according to the status of the underlying liver. 

At least 20 % of standardized FLR volume is 

Fig. 19.6 RAS mutations 

and pathologic response 

(Adapted from Ref. [69]. 

With permission from 

Annals of Surgical 

Oncology)

19 Management of Liver Metastases from Colorectal Cancer



458

required for patients with normal liver, 30 % 

for patients heavily pretreated with prolonged 

chemotherapy greater than 3 months, and 

40 % for patients with cirrhosis.

In the era of effective modern chemotherapy, 

conventional prognostic factors are losing 

their priority in predicting surgical outcomes 

and determining surgical indication.

CT morphologic response and pathologic 

response are powerful prognostic factors that 

can be evaluated before and after surgical 

resection, respectively.

RAS mutations predict patterns of recurrence 

and long-term outcomes of patients undergo-

ing resection of CLM.

Questions
 1. Regarding two-stage resection of advanced 

bilateral colorectal liver metastases, which of 

the following statements is true?

 A. The procedure is associated with an intent 

 B. The procedure is associated with a 

90-day perioperative mortality of more 

than 10 %.

 C. The results are not better than those of a 

match cohort of medical patients with best 

response to chemotherapy alive after 1 year 

of chemotherapy.

 D. Is contraindicated in patients with more 

than 10 metastases.

 2. Methods to improve resectability include:

 A. Two-stage hepatectomy

 B. The “reverse approach” (resection of liver 

metastases before primary in patients with 

synchronous liver metastases)

 C. Portal vein embolization extended to seg-

ment IV

 D. All of the above

 3. Regeneration after portal vein embolization 

can be compromised

 A. By the use of spherical microspheres in 

addition to coils

 B. If right portal vein embolization is 

extended to segment IV prior to extended 

right hepatectomy

 C. If performed while chemotherapy with 

bevacizumab is administered

 D. If performed in patients with splenomegaly

 4. Major pathologic response to chemotherapy 

(<50 % viable cancer cells):

 A. Is easy to assess preoperatively

 B. Is associated with improved overall sur-

vival after resection

 C. Has no association with morphologic 

response on computed tomography

 D. Has no impact on outcome

 5. Which of the following is the strongest pre-

dictor of postoperative liver-related death?

 C. Postoperative total bilirubin level 

 D. Postoperative alanine aminotransferase 

 6. All of the following statements are true 

regarding the ALPPS procedure (associated 

liver partition and portal vein ligation for 

staged hepatectomy) :

 A. The long-term results of the procedure are 

unknown.

 B. It is the only effective approach to resect 

liver tumors in patients with a very small 

future liver remnant (liver to patient 

weight ratio of less than .5).

 C. The reported perioperative mortality is 

more than 10 %.

 D. It induces hypertrophy of the liver 

 remnant without the need for portal vein 

embolization.

 7. Major resection for CLM can be performed 

safely in patients with:

 A. Standardized future liver remnant (sFLR) 

week following portal vein embolization

 C. Standardized future liver remnant (sFLR) 

-

 D. All of the above

 8. Optimal morphologic radiologic response to 

chemotherapy is:

 A. Defined by a “cystic-like” appearance of 

colorectal liver metastases on computed 

tomography (CT)

 B. Associated with a two-fold (HR2.0) 

decrease in overall survival after resection 

of CLM

J. Shindoh et al.
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 C. More commonly observed in liver metas-

tases with a RAS mutation

 D. All of the above

Answers
 1. A

 2. D

 3. D

 4. B

 5. C

 6. B

 7. D

 8. A
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         Learning Objectives 
 After reading this chapter, you should be able to:
•    Describe the epidemiology, genetic mutation, 

clinical presentation, surveillance recommen-
dations, and treatment options for Lynch syn-
drome and familial adenomatous polyposis 
(FAP) and attenuated FAP (aFAP)  

•   Describe the various extracolonic manifestations 
associated with Lynch syndrome and FAP  

•   Understand the various medical and surgical 
treatment options for FAP and its various extra-
colonic manifestations especially duodenal 
polyps and periampullary neoplasm  

•   Understand the difference between FAP and 
aFAP  

•   Describe the epidemiology, genetic mutation, 
clinical presentation, surveillance recommen-
dations, and treatment options for MYH- 
associated polyposis, Peutz–Jeghers syndrome, 
and juvenile polyposis syndrome     

    Background 

 Colorectal cancer (CRC) is the leading cause of 
death in the United States, with an estimated diag-
nosis of approximately 140,000 cases per year [ 1 ]. 
Approximately 10–30 % of patients with CRC have 
a positive family history [ 2 ]. The majority of these 
inherited CRC are accounted by two syndromes, 
Lynch syndrome and familial adenomatous polypo-
sis (FAP). Lynch syndrome accounts for approxi-
mately 2–3 % of all CRC cases. Next most common 
is FAP, which accounts for 1 % of CRC cases [ 3 ] 
(Fig.  20.1 ). In addition, attenuated FAP (aFAP) and 
MUTYH-associated polyposis (MAP) are being 
seen with more frequency. This chapter will also 
focus on two additional less common polyposis syn-
dromes, Peutz–Jeghers syndrome (PJS) and juve-
nile polyposis syndrome (JPS).

       Lynch Syndrome 

 The most common form of heritable CRC is 
Lynch syndrome, which accounts for 1–3 % of 
all cases of CRC [ 4 ,  5 ]. It is inherited in an 

        E.  E.   Cho ,  M.D., Sc.M.      
     Department of Surgery ,  Kaleida Health/Buffalo 
General Med Center ,   State University of New York at 
Buffalo ,  100 High St. Buffalo ,  14203 NY ,  USA   
 e-mail: eecho@buffalo.edu   

    J.  F.   Gibbs ,  M.D.      
  Department of Surgery, Jersey Shore University 
Medical Center/Meridian Health ,   1945 State 
Highway 33 ,  4 fl oor Ackerman ,  Neptune , 
 07753 NJ ,  USA   
 e-mail: jgibbs@meridianhealth.com   

    M.   Rodriguez-Bigas ,  M.D.      
  Department of Surgical Oncology ,  UT MD Anderson 
Cancer Center ,   1400 Pressler Street, Unit 1484 , 
 Houston   77044 ,  TX ,  USA   
 e-mail: mrodbig@mdanderson.org   

    L.  M.   Rodriguez ,  M.D.      (*) 
  Department of Surgery ,  Walter Reed National 
Military Medical Center/National Cancer Institute , 
  9609 Medical Center Drive, Rm 5E- 228, MSC 9782 , 
 Bethesda   20892-9782 ,  MD ,  USA   
 e-mail: rodrigul@mail.nih.gov  

 20      Hereditary Colorectal Cancer 
and Polyposis Syndromes 

           Edward     Eun     Cho      ,     John     F.     Gibbs      , 
    Miguel     Rodriguez- Bigas            , and     Luz     Maria     Rodriguez     

mailto:rodrigul@mail.nih.gov
mailto:mrodbig@mdanderson.org
mailto:jgibbs@meridianhealth.com
mailto:eecho@buffalo.edu


464

autosomal- dominant fashion. Lifetime risk of 
CRC in Lynch syndrome is approximately 
10–69 % depending on gender and mismatch 
repair gene mutations [ 6 – 8 ]. Lynch syndrome is 
used in preference to hereditary nonpolyposis 
colorectal cancer (HNPCC) given that polyps can 
occur, and it involves a group of extracolonic 
cancer types. 

    Genetics 

 Lynch syndrome is characterized by a mutation in 
one of the DNA mismatch repair (MMR) genes – 
MLH1, MSH2, MSH6, and PMS2 (Fig.  20.2 ). 
These genetic mutations lead to errors in the num-
ber of repetitive sequences replicated, causing 
microsatellite instability (MSI). The errors that 
occur during DNA replication are not effi ciently 
repaired, causing mutant changes and subsequent 
unrestrained growth that leads to adenoma and 
then to carcinoma. MSI occur in approximately 
90–95 % of cancers in Lynch syndrome due to 
uncorrected errors in DNA replication [ 3 ].

   In a report published by the International 
Collaborative Group on HNPCC, 63 % of total 
mutations reported in Lynch patients were MLH1 
mutations, 25 % were MSH2 mutations, 6 % 
were MSH6 mutations, and 0.4 % were PMS2 
mutations [ 3 ]. No clear genotype–phenotype 
relationship has been established except in Lynch 
patients that present with endometrial cancer, 

which is most commonly associated with MSH6 
mutations [ 3 ]. However, patients with mutations 
in the other MMR genes can develop endometrial 
cancer. 

 Sometimes, patients will display mutations in 
mismatch repair proteins or high microsatellite 
instability (MSI-H) without evidence of germline 
mutations. This can be due to current technology 
that cannot identify the mutations. Also, dele-
tions in epithelial cell adhesion molecule gene 
( EpCAM ), also known as TACSTD1, located just 
upstream of MSH2 can account for Lynch syn-
drome [ 9 ]. This mutation leads to hypermethyl-
ation of MSH2 that can ultimately lead to an 
 EpCAM – MSH2  fusion protein that can cause 
aberrant protein transcription. This is responsible 
for the Lynch phenotype in 6–19 % of families 
without MMR gene mutation [ 10 ].  

    Clinical Evaluation 

 A detailed family history of at least three genera-
tions should be obtained in all patients being 
evaluated for Lynch syndrome. Clinical criteria 
such as the Amsterdam I and II were developed to 
identify high-risk families to aid in the discovery 
of the MMR genes. These criteria are useful and 
are still being used to identify Lynch syndrome 
kindreds. Lynch syndrome is suspected in those 
that fi t the Amsterdam II criteria [ 11 ]. This crite-
ria requires that at least three relatives, of which 

  Fig. 20.1    Distribution of 
colorectal cancer cases 
(Courtesy of Quyen 
D. Chu, MD, MBA, FACS)       
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one must be a fi rst-degree relative of the other 
two, have a diagnosis of some cancers associated 
with Lynch syndrome (CRC, endometrial, ureter/
renal pelvis, small bowel), that at least two suc-
cessive generations be affected, that at least one 
relative had a diagnosis of cancer associated with 
Lynch syndrome before the age of 50, and where 
FAP has been excluded. The Bethesda guidelines 
[ 12 ] linked the diagnostic criteria of Lynch 

syndrome to the presence of microsatellite insta-
bility (Table  20.1 ). However, with the advent of 
molecular technologies such as polymerase chain 
reaction (PCR) and immunohistochemistry for 
MMR gene protein expression in colorectal 
tumors (and in some cases extracolonic tumors), 
neoplasms can be screened for mismatch repair 
defi ciency (and profi ciency) thus identifying 
individuals that would be missed if only clinical 

  Fig. 20.2    The DNA MMR system functions through a 
series of steps. ( a ) MSH2–MSH6 (MutSα) recognizes 
single base-pair mismatches, in which the DNA poly-
merase has matched the wrong base (G) with the T on the 
template (shown on  left ), and creates a sliding clamp 
around the DNA. This step that requires the exchange of 
adenosine triphosphate (ATP) for adenosine diphosphate 
(ADP) (by MSH2, but not MSH6 or MSH3). The complex 
diffuses away from the mismatch site, which is then 
bound by the MLH1–PMS2 (MutLα) complex ( right ). 
This “matchmaker” complex moves along the new DNA 
chain until it encounters the DNA polymerase complex. 
( b ) The DNA MMR protein sliding clamp interacts with 
exonuclease-1, proliferating cell nuclear antigen (PCNA), 

and DNA polymerase. This complex excises the daughter 
strand back to the site of the mismatch (shown on  left ). 
Eventually, the complex falls off the DNA and resynthesis 
occurs, correcting the error. ( c ) Variations on the DNA 
MMR theme. Whereas MSH2–MSH6 recognizes single-
pair mismatches and small IDLs, MSH2–MSH3 (MutSα) 
complements this by also recognizing larger IDLs (shown 
on  left ). The right side shows the possible interactions 
with different MutL dimers, as MLH1 can dimerize with 
PMS2, PMS1, or MLH3. The preferred interaction with 
MSH2–MSH3 is MLH1–MLH3 (MutLα), but the precise 
roles of the other MutL heterodimers in this reaction are 
not entirely understood (Reprinted from Ref. [ 128 ]. With 
permission from W.B. Saunders Co.)       
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criteria were used for guidance in identifying 
Lynch syndrome patients.

   Extracolonic cancers include endometrial, 
gastric, urinary tract, pancreas, biliary tract, 
brain, sebaceous gland adenomas, keratoacan-
thomas in Muir–Torre syndrome, carcinoma of 
the small bowel, and ovarian neoplasias [ 13 ,  14 ]. 

 Muir–Torre variant of Lynch syndrome is 
associated with dermatologic manifestations 
such as sebaceous adenomas and carcinomas, 
keratoacanthomas, and basal carcinomas with 
sebaceous differentiation in addition to the other 
Lynch-associated tumors [ 15 ].  

    Surveillance 

 Those patients that meet the Bethesda guidelines 
should be offered screening by MSI testing or by 
immunohistochemistry to look for loss of MMR 
protein expression. However, the Bethesda guide-
lines were sensitive but not specifi c enough. 
There has been a move toward universal testing 
of colorectal tumors because it will help identify 
patients with Lynch syndrome as well as the status 

of the mismatch repair (either profi cient or 
defi cient) [ 16 ]. A more selective approach for 
testing colorectal cancers has been recommended 
by Moreira et al. and the Epicolon consortium 
[ 17 ]. These authors recommend testing all CRC 
diagnosed at age 70 or less and in older patients 
who fulfi ll the revised Bethesda guidelines. 
Using this approach, 4.9 % of Lynch syndrome 
cases were missed, but 34.8 % fewer cases 
required tumor MMR testing and 28.6 % fewer 
patients underwent germline mutation testing 
compared to a universal approach to all colorec-
tal tumors [ 17 ]. It must be emphasized that 
tumors that show loss of protein expression of 
MLH 1 should undergo BRAF mutation and/or 
methylation testing of the promoter of MLH1. 
BRAF mutations are demonstrated in high levels 
in sporadic MSI CRC and rarely in Lynch syn-
drome CRC [ 18 ] (Fig.  20.3 ). Those patients 
whose tumors display loss of MSH2 protein are 
considered to have Lynch syndrome either sec-
ondary to the mutation in MSH2 or less com-
monly a mutation in EpCAM causing epigenetic 
silencing of MSH2. Less commonly isolated loss 

   Table 20.1    Amsterdam II criteria/Bethesda guidelines   

 Greater than 3 relatives with Lynch/HNPCC-associated 
cancer and 
 1. One should be a fi rst-degree relative of the other two 
 2. At least two successive generations should be 

affected 
 3. At least one diagnosed before the age of 50 
 4. FAP should be ruled out 
 5. Tumors verifi ed by pathological examination 

 Tumors should be tested for microsatellite instability in 
following situations: 
 1. Colorectal cancer under age of 50 
 2. Presence of synchronous, metachronous colorectal, or 

other HNPCC-related cancers 
 3. Colorectal cancer with high microsatellite instability 

histology diagnosed in patients below age of 60 
 4. Colorectal cancer diagnosed in patient with one or 

more fi rst-degree relatives with an HNPCC-related 
tumor confi rmed under age of 50 

 5. Colorectal cancer diagnosed in patient with two or 
more fi rst-degree relatives with an HNPCC-related 
tumor confi rmed at any age 

  Fig. 20.3    Algorithm for genetic testing for Lynch syn-
drome. CRCs are tested via immunohistochemistry fi rst 
for presence or absence of DNA mismatch repair proteins. 
If all proteins are present, then Lynch syndrome is ruled 
out. If MLH1 is absent, then the tumor is analyzed for 
BRAF mutations. If BRAF protein is present in its original 
state or if MSH 2 or 6 is absent, then the patient is tested 
genetically for Lynch syndrome. If BRAF protein is pres-
ent as a mutant state, then CRC is likely a sporadic tumor 
due to microsatellite instability (Reprinted from Ref. 
[ 129 ]. With permission from Nature Publishing Group)       
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of either PMS2 and MSH6 will be noted directing 
the clinician to test for germline mutations in 
these genes. Most commonly loss of MSH6 is 
accompanied by loss of MSH2 and loss of PMS2 
by loss of MLH1.

   Annual full colonoscopy starting at age 20–25 
is recommended for those with diagnosis of 
Lynch syndrome 3 . Strong clinical evidence 
suggests more rapid transition from adenoma to 
carcinoma in those with Lynch syndrome, thus a 
more frequent endoscopic surveillance than for 
the general population is warranted. Colonoscopic 
surveillance in Lynch syndrome has been shown to 
decrease CRC incidence and decrease mortality 
from CRC [ 19 ]. 

 Some literature advocates for annual trans-
vaginal ultrasonography, measurement of CA 
125 levels and annual endometrial aspiration 
for affected females starting at age 25–35 [ 20 ]. In 
those patients with Lynch syndrome and family 
history of gastric cancer, annual EGD is recom-
mended. Ultrasonography and urine cytology can 
be considered annually or every other year to 
screen for urinary tract malignancy. Data for 
these screening tools to decrease mortality is lim-
ited at best.  

    Surgical Treatment 

 Due to a high lifetime risk of CRC, prophylactic 
surgical options should be presented to patients 
diagnosed with Lynch syndrome. However, if the 
colon is normal in appearance on colonoscopic 
exam, surgery is not recommended unless there 
are extenuating circumstances. The options of 
treatment in Lynch syndrome include total 
abdominal colectomy with ileorectal anastomosis 
(IRA) with yearly fl exible sigmoidoscopy in those 
with normal rectal and anal sphincter function or 
segmental colectomy with yearly colonoscopy. To 
date, there have been no prospective or retrospec-
tive studies demonstrating a survival improve-
ment in patients undergoing a total abdominal 
colectomy versus a segmental colectomy. What 
has been demonstrated is a decrease in metachro-
nous colorectal cancer and abdominal procedures 
related to CRC in patients undergoing more 

extensive procedures [ 21 ,  22 ]. In the study by 
Parry et al., the risk of metachronous CTC after a 
segmental colectomy was 16 %, 41 %, and 62 % 
at 10, 20, and 30 years after segmental resection 
in MMR mutation carriers, respectively. Careful 
surveillance should also be advocated for those 
that opt for IRA, since the risk of metachronous 
rectal cancer after total colectomy was reported to 
be approximately 12 % at 10–12 years [ 23 ]. 
Because of the risk of metachronous CRC, most 
recommend a total abdominal colectomy at the 
time of diagnosis of colon cancer in Lynch syn-
drome. If the index cancer is in the rectum, the 
alternatives include segmental resection versus 
restorative proctocolectomy with ileal pouch-anal 
anastomosis (IPAA) if the sphincters are not 
involved. Similar to the colon, there is an increased 
incidence of metachronous colon cancer in 
patients undergoing segmental rectal resection. 
These have been reported to be 19%, 47% and 
69% at 10, 20, and 30 years post- segmental rectal 
resection in mutation carriers [ 24 ].  

    Extracolonic Manifestations 

 Endometrial cancer risk has been reported to be 
from 15 % to 71 % in MMR gene carriers [ 6 – 9 ,  25 ]. 
Endometrial cancer can be the index cancer in a 
Lynch syndrome patient. Similar to CRC, the age 
of presentation is younger than the general popu-
lations. There is retrospective data reported where 
females who underwent prophylactic hysterec-
tomy and salpingo-oophorectomy did not develop 
endometrial or ovarian cancer. In those that did 
not have the prophylactic procedure, 61 out of 
315 females developed cancer [ 26 ]. In patients 
who have completed their families or are post-
menopausal, discussion about prophylactic hys-
terectomy and salpingo-oophorectomy should be 
entertained, especially at the time of colectomy 
for CRC. 

 Other extracolonic manifestations associated 
with Lynch syndrome include gastric, urinary 
tract, pancreatic, biliary, brain cancers, sebaceous 
glands, and keratoacanthomas. There has been a 
suggestion that both prostate and breast cancer are 
part of the tumor spectrum of Lynch syndrome, 
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but because these tumors are so common in the 
general population, there is still controversy 
about their link to Lynch syndrome [ 24 ].   

    Familial Adenomatous Polyposis 

 Familial adenomatous polyposis (FAP) is the 
second most common inherited colon cancer, 
affecting approximately 1 in 10,000 individuals 
and accounting for approximately 1 % of all 
colon cancers [ 27 ]. It is inherited in an autosomal- 
dominant fashion with nearly 100 % penetrance. 
Those affected are at nearly 100 % risk of CRC 
by the age of 60 [ 3 ]. 

    Genetics 

 Adenomatous polyposis coli (APC) gene is a 
tumor suppressor gene that spans 108 kb of DNA 
on chromosome 5q21. The gene encodes a protein 
that negatively regulates the β-catenin oncopro-
tein. In the absence of the APC gene, the β-catenin 
protein interacts with various transcription factors 
as it accumulates in the nucleus to upregulate 
genes that propagate the cell cycle progression 
[ 28 ]. Germline mutations include deletions, inser-
tions, nonsense, and missense mutations. Overall, 
it is predicted that a mutant truncated APC protein 

is produced as a consequence of these mutations 
in as much as 92 % of the cases [ 29 ] (Fig.  20.4 ).

   Majority of the germline mutations are clus-
tered in the 5′ portion of exon 15. Miyoshi and 
colleagues reported that 40 % of all mutations 
occurred in fi ve specifi c codons (302, 625, 1061, 
1309, and 1546), and 65 % of somatic mutations 
and 23 % of germline mutations in FAP patients 
occurred between codons 1286 and 1513 in exon 
15 [ 30 ]. Genotype–phenotype correlation studies 
have demonstrated that severe polyposis in FAP 
patients usually have mutations between codons 
1250 and 1464. Correlation between severe FAP 
and earlier age of onset (defi ned as symptoms in 
teen years, cancer before 30), higher number of 
polyps, and higher mean of diagnosis and death 
were seen in those with codon 1309 mutations 
and those more downstream [ 31 – 33 ]. However, 
subsequent studies have shown more heterogene-
ity and variability between and within family 
members with FAP and codon 1309 mutations, 
showing that a specifi c APC mutation was not the 
only determinant of phenotype [ 34 ].  

    Clinical Evaluation 

 Classically, FAP is diagnosed in those with greater 
than 100 adenomatous colorectal polyps. Polyp 
development is usually evident around puberty. 

  Fig. 20.4    Wnt/β-catenin 
pathway and adenomatous 
polyposis. APC (adenoma-
tous polyposis coli) 
normally targets β-catenin 
for degradation. In familial 
adenomatous polyposis 
and in sporadic adenoma-
tous polyps, mutations in 
APC are associated with an 
increase in β-catenin 
(Reprinted from Ref. 
[ 130 ]. With permission 
from Springer Verlag)       
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In a review of a national polyposis registry, median 
age for development of colorectal adenomatous 
polyps was 16 years (range 5–38 years), fi rst 
symptoms from lower GI tract developed by 
median age of 29 years (range 2–73 years), and 
development of colorectal carcinoma occurred at 
a median age of 36 years (range 17–67 years) [ 3 ]. 
Earliest symptoms and signs of lower GI involve-
ment in patients with FAP are blood per rectum, 
vague abdominal pain, tenesmus, diarrhea and/or 
constipation, or obstipation. 

 Polyps develop by age 20 in 75 % of cases and 
are usually less than 1 cm in size [ 3 ]. They may 
be pedunculated or sessile and may have tubular, 
villous, or tubulovillous histology. In severe pol-
yposis, thousands may carpet the colorectal epi-
thelium. The risk of invasive cancer is 
proportional to the severity of polyposis. CRC in 
the setting of FAP tends to be more commonly 
located on the left side, unlike CRC in the setting 
of Lynch syndrome [ 4 ]. 

 A number of extracolonic manifestations have 
been reported in patients with FAP. Those include 
desmoid tumors, periampullary neoplasms, oste-
omas, odontomas, supernumerary teeth, fused 
teeth roots, sebaceous and epidermoid cysts, hep-
atoblastomas, thyroid tumors, and congenital 
hypertrophy of the retinal pigmented epithelium 
(CHRPE).  

    Surveillance 

    Patients in whom the diagnosis of FAP is sus-
pected should undergo a complete history, paying 
particular attention to family history and physical 
examination with emphasis in areas affected by 
extracolonic manifestations, including neuro-
logic, ophthalmic, dental, dermatologic, thyroid, 
abdominal, and digital rectal examinations. 

 If a mutation is known in the family, then the 
at-risk individual(s) should be tested for that 
mutation. In general, genetic testing is not rec-
ommended before age 10–12 years. Patients with 
normal gene study can be dismissed from further 
screening with a nearly 100 % certainty that any 
known mutation is absent. These patients should 
still be counseled to undergo CRC screening 

starting at age of 50, which is the recommendation 
for the general population. Surveillance for at-risk 
family members should begin at 10–12 years of 
age with a fl exible sigmoidoscopy, repeated at 
1–2 year intervals. Those that present with ade-
nomatous polyps should undergo a full colonos-
copy to determine the extent of polyposis. It is 
understood that if there are any symptoms prior 
to the recommended age of surveillance, at-risk 
individuals should be immediately evaluated at 
the onset of symptoms. 

 About 25 % of patients with FAP have no fam-
ily history of polyposis; therefore, the mutation is 
de novo [ 35 ]. Grover et al. reported the preva-
lence of germline mutations in the APC gene 
according to the number of adenomas [ 36 ]. The 
prevalence of APC germline mutation in patients 
with 10–19 adenomas was 5 %, whereas if there 
are greater than 1,000 adenomas, it was 80 %.   

    Treatment 

    Surgical 

 Due to the nearly 100 % risk of colorectal cancer, 
prophylactic surgery has become the standard of 
care in patients with FAP. The timing of surgical 
treatment partially depends on the age of the 
patient, extent of polyposis, symptoms, family his-
tory of desmoids, genetic test results (if available), 
experience of the surgeon, and patient’s input. The 
risk of CRC in FAP patients less than 20 years of 
age is less than 1 % [ 37 ]. If a prophylactic colec-
tomy is to be performed due to severe polyposis, 
then ideally it should be performed between high 
school and college. Patients with severe polyposis, 
severe dysplasia, adenomas greater than 5 mm, 
and those with severe symptoms that impair qual-
ity of life should undergo surgery as soon as 
 possible [ 38 ]. Prophylactic colectomy may also 
be delayed in those with a family history of 
aggressive desmoids tumors because the risk of 
 desmoids-related complications may outweigh the 
risk of developing CRC. In females, Ileal pouch 
anal anastomosis (IPAA) has been associated with 
decreased fecundity. Therefore, it is also reason-
able to delay surgery if deemed safe [ 39 ]. 
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 The three basic surgical options are: (1) total 
proctocolectomy (TPC) with permanent ileos-
tomy, (2) total abdominal colectomy with ileo-
rectal anastomosis (IRA), or (3) restorative 
proctocolectomy (with or without mucosectomy) 
with ileal pouch-anal anastomosis (IPAA). 

 TPC with permanent ileostomy is rarely cho-
sen as the fi rst-line option for prophylactic sur-
gery. More commonly, it is considered when 
sphincter sparing surgery is not feasible due to 
rectal cancer presenting in the lower third of the 
rectum, if the patient has poor sphincter function 
or in the extremely rare situation of a patient pre-
senting with desmoid disease that shortens the 
small bowel mesentery and not enough length 
can be technically achieved for an IRA or 
IPAA. Additionally, the patient’s lifestyle has to 
be taken into consideration. 

 The choice between IRA and IPAA is more 
challenging, and considerations for the risk of rec-
tal cancer development and/or differences in func-
tional outcome and quality of life must be taken 
into account. One of the advantages of an IRA is 
that it is a one-stage procedure, whereas IPAA, 
due to the creation of a diverting loop ileostomy 
to protect the distal anastomosis, is a two-stage 
procedure (although in expert hands, it can be a 
one-stage procedure). Besides the increased risk 
in morbidity that comes from an ileostomy take-
down, IPAA has been cited by several studies to 
have increased rate of complications. Nyam et al. 
reported a complication rate of 24 % in 187 
patients that underwent IPAA for FAP [ 39 ]. The 
most common complication reported was intesti-
nal obstruction in 13 % of the patients. Other 
complications included wound infection, pelvic 
infection, urinary tract infection or retention, and 
sexual dysfunction. Later study by Kartheuser 
and colleagues reported similar fi ndings, with a 
complication rate of 27 %. Approximately 15 % 
experienced small bowel obstruction, and approxi-
mately 14 % experienced other complications 
including pelvic sepsis, fi stula formation, necrotiz-
ing enterocolitis, and anastomotic stricture (4 %). 
Impotence and retrograde ejaculation reported 
after IPAA has only been 1–3 %. More commonly 
seen is dyspareunia in females and stool leakage 
during intercourse [ 40 ]. 

 A disadvantage with IRA is its association 
with rectal cancer risk. According to various 
studies, the risk of developing rectal cancer 
following IRA in patients with FAP is between 4 
and 14 % after 10 years and 9 to 32 % after 20 
years [ 41 – 45 ]. It is important to note that in some 
of these studies, fi gures were derived when only 
IRA was available even in the setting of more 
extensive rectal disease. Also clear documenta-
tion of the length of the rectal stump in some 
series was not provided. Therefore, rectal cancer 
occurrence after IRA may be overestimated. 
Iwama et al. noted that 3 % of patients with rectal 
stump shorter than or equal to 7 cm developed 
rectal cancer after IRA as opposed to 17 % in 
those with rectal stump longer than 7 cm [ 44 ]. 

 The risk of developing rectal cancer after 
primary prophylactic surgery may be estimated 
on the basis of a specifi c location on the APC 
mutation. Those that had mutations downstream 
of codon 1250 had threefold higher incidence of 
rectal cancer than those with a mutation upstream 
of 1250 [ 46 ]. In another study, those that had an 
APC mutation between codons 1250 and 1464 
were 6.2 times more likely to develop rectal can-
cer than those with mutations upstream of 1250 
or downstream of 1464 [ 47 ]. Nevertheless, hav-
ing APC mutations at other sites will not pre-
clude potential rectal cancer after an IRA. 

 Furthermore, in a genotype–phenotype study, 
the cumulative risk of needing a secondary proc-
tectomy within 20 years after IRA and the cumu-
lative risk of developing rectal cancer were 
compared based on the location of the APC muta-
tion. In the attenuated phenotype (discussed in 
separate section below) group, which correlated 
with codons 1–157, 312–412, and 1596–2843, the 
risks were 10 % and 3.7 %, respectively. In the 
intermediate phenotype group, correlating with 
codons 158–311, 413–1249, and 1465–1595, the 
risks were 39 % and 9.3 %, respectively. In the 
severe phenotype group, correlating with codons 
1250–1464, the risks were 61 % and 8.3 %, 
respectively [ 48 ]. Church et al. correlated the 
number of rectal polyps at the time of prophylac-
tic IRA with subsequent need for secondary 
proctectomy [ 49 ]. None of the patients with less 
than fi ve rectal adenomas and less than 1,000 
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adenomas in the colon had to undergo proctectomy. 
Patients who had 5–20 rectal adenomas had a 
13 % chance of subsequent proctectomy. Those 
with greater than 20 adenomas had a 54 % chance 
of subsequent proctectomy. 

 Patients that develop rectal cancer after IRA 
may undergo completion proctectomy. The rate 
of this procedure ranges from 36.6 % to 74 %. 
The 5-year survival rate following metachronous 
rectal cancer in FAP patients who had undergone 
IRA originally ranges from 60 % to 78 % [ 3 ]. 
Other factors that also infl uenced this rate were 
stage of the tumor, comorbidities, and perfor-
mance status of the patient. 

 The risk of developing polyps and subsequent 
cancer is not limited to IRA. One report found 
the risk of developing polyps in the ileal pouch 
in patients who had undergone IPAA to be 7 % at 
5 years, 35 % at 10 years, and 75 % at 15 years 
[ 50 ]. Another study reported a higher incidence 
of neoplasia occurring at the site of anastomosis 
in FAP patients who had undergone IPAA after 
staple use (31 %) versus those that received a 
hand-sewn anastomosis with anal mucosectomy 
(10 %). 

 In terms of bowel function and quality of life, 
stool frequency ranged from 4.5 to 5 after IPAA 
compared to 3–4 after IRA. Normal continence 
was reported in 60–87 % in patients after IPAA 
compared to 72–83 % after IRA [ 51 ,  52 ]. Night 
defecation was signifi cantly less in the IRA 
group, although fecal urgency was reduced in the 
IPAA patients. Reoperation rate is higher in the 
IPAA group. No signifi cant difference was shown 
in terms of sexual dysfunction, dietary restric-
tion, or postoperative complications [ 53 ]. 

 Regardless of the procedure, endoscopic sur-
veillance is recommended at intervals of 6 
months to 1 year, either to examine the rectal 
stump (in the case of IRA) or the ileal pouch 
(in the case of IPAA). After IRA, small adeno-
mas less than 5 mm can be safely observed with 
biopsies taken. If adenomas increase in number, 
endoscopic surveillance should occur more fre-
quently. Any polyps larger than 5 mm should be 
removed and examined by histology. Any devel-
opment of dysplasia or a villous adenoma larger 
than 1 cm may be an indication for proctectomy 

if it cannot be addressed endoscopically. 
Chemoprevention is discussed in a separate 
section below.  

    Extracolonic Manifestations 

 Desmoid tumors are histologically collagen 
abundant, spindle cell populated benign tumors 
arising from fi broaponeurotic tissues. They are 
usually referred to as benign without metastatic 
potential but can be locally invasive with ill- 
defi ned margins 3 . The prevalence of desmoid 
tumors in FAP has been estimated to be as high as 
38 % [ 54 ]. Desmoid tumors occur in approxi-
mately 10 % of FAP patients. One study esti-
mated the cumulative risk of 21 % for patients 
with FAP to develop a desmoid tumor by age 60 
[ 55 ]. Desmoid tumors are associated with high 
morbidity and can be the cause of death in 
10–23 % of FAP patients [ 54 ]. A high proportion 
of desmoid tumors develop after colonic resec-
tion in FAP patients [ 46 ]. Patients that have had 
total colectomy with IRA more frequently devel-
oped intra-abdominal desmoids compared to 
those that of IPAA [ 56 ], and due to mesenteric 
shortening, IPAA may be technically impossible 
for patients needing a completion proctectomy 
after an initial IRA [ 37 ]. Females of reproductive 
age seem to be more prone to developing intra- 
abdominal desmoids [ 29 ], possibly due to the 
expression of estrogen receptors that have been 
shown in some desmoid tumors [ 57 ]. 

 Pharmacological intervention has been used to 
treat desmoid diseases. NSAID therapy such as 
sulindac and indomethacin has shown to show 
partial to complete regression in small, non- 
randomized studies [ 58 ]. However, it is associated 
with signifi cant side effects and delayed response. 
Hormonal agents such as tamoxifen have also 
shown variable partial or complete regression of 
desmoid tumors [ 59 ]. Either NSAIDs or hormonal 
agents are viable fi rst-line options to treat clini-
cally inert desmoid tumors. For fast-growing 
tumors or those unresponsive to NSAID or hor-
monal agents, cytotoxic agents such as doxorubi-
cin and dacarbazine can achieve some degree of 
response [ 58 – 60 ]. There is no defi nite effective 
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treatment for desmoid tumors. Church et al. 
proposed a classifi cation system for desmoids in 
FAP patients that can serve as a guide for manage-
ment of these diffi cult problems [ 61 ] (Table  20.2 ).

   Surgical resection is limited to those that are 
symptomatic (e.g., from intestinal obstruction) 
(Fig.  20.5 ). Unfortunately, resection is associated 
with a high rate of and more aggressive 
recurrence.

   Duodenal cancer has become the leading 
cause of death in patients with FAP who have 
already undergone prophylactic colectomy [ 60 ]. 
Nearly 90 % of patients with FAP will develop 
duodenal polyps, and 4.5 % will develop duode-
nal adenocarcinoma in their lifetime [ 62 ]. 

 Surveillance by EGD with biopsy of suspi-
cious polyps should begin at age 20 or at the time 
of prophylactic colectomy, whichever is earlier 
[ 57 ]. Staging for duodenal polyposis can be 
staged using the Spigelman classifi cation [ 63 ] 
(Table  20.3 ).

   Having no polyps is designated as stage 0. 
One to four points is classifi ed as stage 1. For 
these stages, the surveillance should be every 5 
years. Five to six points is stage 2, with surveil-
lance recommended every 3 years. Seven to eight 
points is stage 3 with surveillance recommended 
every 1–2 years. Nine to twelve points is stage 4, 
which warrants surgical intervention. 

 Surgical options include endoscopic ablation 
and transduodenal excision. Duodenal surgery, 
specifi cally pancreas-preserving duodenectomy 
or pancreaticoduodenectomy, is currently indi-
cated for patients with severe duodenal polyposis 
(Spigelman IV) or duodenal carcinoma. 

 Several small-powered studies have investi-
gated the role of sulindac in stabilizing or 
regressing duodenal polyposis [ 64 ,  65 ]. So far, 
no signifi cant benefi ts have been seen. A ran-
domized placebo study using celecoxib showed 
that there was no signifi cant difference among 
the groups in number of polyps, although there 
was signifi cant qualitative improvement in pol-
yposis among those on high-dose celecoxib 
when the patients’ endoscopies were reviewed 
independently by other physicians [ 66 ]. Overall, 
chemoprevention studies of duodenal polyposis 
with NSAIDs have been disappointing. One 
plausible explanation is that because the duode-
num expresses higher levels of COX-2 than 
colon in FAP patients [ 67 ], higher dosage of 
NSAIDS may be needed to suppress polyp bur-
den in the duodenum. However, higher dosages 
of NSAIDs, especially COX-2 inhibitors, may be 
limited by the potentially serious cardiovascular 
side effects. 

 Other extracolonic manifestations include 
gastric cancer, osteomas, odontomas, sebaceous 
and epidermoid cysts, and CHRPE (congenital 
hypertrophy of the retinal pigment epithelium).   

    Attenuated Familial Adenomatous 
Polyposis 

 A milder form of FAP known as attenuated famil-
ial adenomatous polyposis (aFAP) has been 
defi ned as less than 100 adenomatous polyps in 
the colon. Similar to FAP, aFAP is passed onto 
progeny by autosomal-dominant pattern and is 
associated with APC gene mutations and upper 
GI lesions [ 3 ]. Historically, aFAP has been 
reported to be predominantly right sided with 
rectal sparing, unlike FAP. However, recent stud-
ies indicate that adenoma location be uniform 
throughout the colon, although rectal adenomas 
are considerably less common than in FAP [ 68 ]. 
Mean age of cancer diagnosis has been reported 
in the early 50’s [ 69 ,  70 ]. Cumulative risk of 
CRC in patients with aFAP is estimated to be 
69 % by the age of 80 [ 71 ]. 

   Table 20.2    Desmoid tumor staging system   

 Stages 

 I  Asymptomatic, less than 10 cm maximum 
diameter and not growing 

 II  Mildly symptomatic, less than 10 cm maximum 
diameter and not growing 

 III  Moderately symptomatic or bowel/ureteric 
obstruction or 10–20 cm or slowly growing 

 IV  Severely symptomatic or greater than 20 cm or 
rapidly growing 
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  Fig. 20.5    A 24-year old woman with familial adenoma-
tous polyposis presented with small bowel obstruction 
because of a large abdominal desmoids. She underwent a 

palliative debulking of her desmoids tumor (Courtesy of 
Quyen D. Chu, MD, MBA, FACS)       
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    Clinical Evaluation 

 The aFAP phenotype occurs in less than 10 % of 
FAP patients. The clinical criteria [ 72 ] for diag-
nosis is listed in the table (Table  20.4 ).

   Pathologically, adenomas may be either pedun-
culated or sessile and may have tubular, villous, or 
tubulovillous histology, much like FAP. However, 
there is a higher chance of sessile polyps that are 
seen in aFAP patients compared to FAP patients 
[ 71 ]. Extracolonic manifestation, such as des-
moids, osteomas, and periampullary tumors, 
occurs in aFAP patients. CHRPE, however, has not 
been reported in aFAP patients [ 73 ].  

    Genetics 

 Mutations in the aFAP patients tend to be at either 
the 5′ end or 3′ end of APC gene, usually codons 
78–167, codons 1581–2843, and in exon 9 [ 74 ]. 
It is hypothesized that the mutations seen in aFAP 
may result in a weakly functional protein, whereas 
other APC mutations may cause more severe phe-
notypes through a complete dysfunctionality of 
the transcribed protein. Smith et al. reported that 
5′ mutations led to unstable proteins that were 
ultimately degraded, while 3′ mutations resulted in 
proteins that formed heterodimers which inhibited 
tumor suppressor function [ 75 ].  

    Surveillance 

 In patients with a known APC mutation and a 
family history of AAPC, initial colonoscopy 
should begin at age 15. If the study shows fi ndings 
consistent with FAP, then surgery is warranted. 
If the polyposis is not severe, endoscopic control 
with regular polypectomies may be feasible and 
repeated annually. If no polyps are found and the 
patient is APC mutation positive, colonoscopy 
annually starting at 20 is recommended. If the 
APC mutation status is unknown, colonoscopy 
every 2 years is suffi cient. If no polyps are found 
and the patient tests negative for the APC muta-
tion, routine colorectal cancer screening can be 
applied. Individuals with a positive family history 
but negative APC mutation should have a screen-
ing colonoscopy at age 15. If no adenomas are 
found, they can be followed with a colonoscopy 
every 2 years starting at age 20 [ 3 ].   

    Treatment 

    Surgical 

 In patients with mild adenomas, repeated endo-
scopic polypectomies may be preferable to sur-
gery. In those where the colonic polyps cannot be 
controlled, prophylactic surgery can be recom-
mended. Most recommend total colectomy with 
IRA as oppose to IPAA due to rectal sparing [ 3 ]. 
One study reported a 10 % cumulative risk of 
secondary proctectomy and 3.7 % cumulative 
risk of rectal cancer following IRA [ 48 ].   

    MYH-Associated Polyposis 

 MYH-associated polyposis (MAP) is an autosomal 
recessive disorder due to biallelic mutations (per-
taining to both allelles) in  MYH , a base excision 
repair gene. This disease came into light in 2002 
when 3 out of 7 siblings presented with multiple 
adenomatous colorectal polyps and cancer without 
germline APC mutations [ 76 ]. Subsequent APC 
mutation analysis revealed a result that was char-
acteristic for a defective base excision repair. 

   Table 20.3    Spigelman classifi cation   

 Points 

 1  2  3 

 Polyp number  1–4  5–20  Greater than 20 
 Polyp size 
(mm) 

 1–4  5–10  Greater than 10 

 Histology  Tubular  Tubulovillous  Villous 
 Dysplasia  Mild  Moderate  Severe 

   Table 20.4    Clinical diagnostic criteria for attenuated 
FAP (aFAP)   

 1. No family members with > 100 adenomas diagnosed 
before the age of 30 and one of two below 

 (a) ≥2 patients with 10–99 adenomas at age >30 years 
 (b)  One patient with 10–99 adenomas at age ≥30 years 

and a fi rst-degree relative with CRC 
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Unaffected relatives were heterozygous for MYH 
mutations or wild type, confi rming the autosomal 
recessive pattern of disease inheritance. 

 The mean age of diagnosis is late 40’s and 
50’s, similar to aFAP. Approximately 60 % of 
MAP patients with polyposis have colorectal 
cancer initially [ 77 ]. Synchronous cancers occur 
in up to 24 % of patients [ 78 ]. The estimated 
cumulative risk of CRC by age 70 in biallelic 
MYH mutation carriers has been reported to be 
as high as 80 % [ 79 ]. Penetrance of CRC in MAP 
patients has been shown to be approximately 
19 % at age 50 and 43 % by age 60 [ 80 ]. 
Additionally, there is a twofold increase in risk of 
CRC for heterozygous carriers of MYH muta-
tions compared to the general population [ 81 ]. 

    Genetics 

 The MUTYH gene, located on chromosome locus 
1p34.3–p32.1, is a base excision repair gene that 
codes for a glycosylase protein [ 82 ]. This protein 
is involved in repairing guanine residues that have 
undergone oxidative damage. Over 105 mutations 
have been identifi ed for the MUTYH gene, major-
ity of them being missense mutations. In the west-
ern population and in the northern European 
descent, the most common mutations within the 
MUTYH gene are the Y179C and the G396D 
mutations, with reports of approximately 90 % of 
the MAP patients carrying at least one of these 
mutations. Different mutations in patients of 
Indian (E480X), Pakistani (Y90X), southern 
European (1395 del GGA), and Portuguese 
(1186–1187 insertion GG) descent have been 
reported.  

    Clinical Evaluation 

 Most patients with biallelic MUTYH mutations 
present with between 10 and a few hundred pol-
yps. There is a slight propensity for CRC to arise 
proximal to the splenic fl exure [ 83 ]. Phenotypic 
presentation for MAP patients with biallelic 
G396D mutations was less severe than for Y179C 
mutation patients [ 77 ]. 

 Extracolonic lesions associated with MUTYH 
mutations include small bowel polyposis, specifi -
cally duodenal polyposis, gastric cancer, endo-
metrial cancer, breast cancer, and low to moderate 
risks in skin, ovarian, and bladder cancers [ 82 ]. 
Very rarely, MAP patients have developed seba-
ceous gland tumors [ 84 ].  

    Surveillance 

 Current recommendation [ 85 ] is to begin colono-
scopic surveillance for MAP patients by age 
18–20 to be repeated every 2 years. If polyposis 
is mild, patients can be followed with polypec-
tomy. When the polyposis becomes severe, sur-
gery is indicated. 

 Upper gastrointestinal tract screening is advised 
to begin at the age of 25–30. Recommended screen-
ing interval is determined by the Spigelman classi-
fi cation (see FAP section).  

    Treatment 

 Polyposis can be controlled with endoscopic 
polypectomies. Surgical intervention depends on 
rectum involvement. If rectum is not involved, 
TAC/IRA is recommended. If rectum is involved, 
total proctocolectomy with IPAA is recom-
mended. Postsurgically, yearly surveillance with 
endoscopy is warranted.   

    Peutz–Jeghers Syndrome 

 Peutz–Jeghers syndrome (PJS) is an autosomal- 
dominant disorder with variable penetrance char-
acterized by mucocutaneous melanotic macules 
and intestinal hamartomatous polyps. Although 
dysplastic and carcinomatous changes in hamar-
tomas are low (approximately 1 %), malignant 
transformations are found in PJS patients due to 
their high polyp burden, especially in the intes-
tines. Incidence of disease varies, ranging from 
1 in 8,500 to 1 in 200,000 depending on various 
reports in the literature [ 86 ], showing that the true 
incidence remains unclear. 
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 Lifetime risk of small bowel cancer risk for 
patients with PJS has been estimated to be 
approximately 57 % [ 87 ]. Cumulative risk of 
colonic or extracolonic cancer is 85–93 % by age 
70 in PJS patients [ 87 ,  88 ]. 

    Genetics 

 PJS is caused by a mutation in the LKB1 gene, 
located on the telomeric region of chromosome 
19p13.3. LKB1 is a serine/threonine kinase which 
complexes with STE-20-related adaptor (STRAD) 
and mouse protein 25 (MO25) to phosphorylate 
and mediate downstream cell signaling cascade 
[ 89 ]. It is the only known tumor suppressor kinase. 
The Human Genome Organization designated the 
name serine/threonine kinase 11 (STK11) for 
LKB1. It is the only gene whose mutation is associ-
ated with PJS. It can be found in approximately 
75 % of PJS patients [ 86 ] (Fig.  20.6 ).

   For those without detectable LKB1 mutation, 
possibilities include large rearrangements of the 

LKB1 gene due to deletions, duplications or 
inversions, mutations to the LKB1 promoter, or 
the existence of additional PJS loci that is yet to 
be discovered. Thus far, no additional mutations 
have been found [ 86 ]. 

 Gene sequencing is used for genetic screen-
ing. Those that come back with a negative result 
may opt for a multiplex ligation-dependent probe 
amplifi cation (MLPA). Reported accuracy for 
genetic testing in at-risk individuals with estab-
lished family mutations is 95 % [ 90 ]. Due to the 
high false-negative rate, a clinical diagnosis of 
PJS stands even when the genetic testing is nega-
tive. Genetic testing can also be diffi cult to coor-
dinate due to a limited number of laboratories 
offering the test and the cost.  

    Clinical Evaluation 

 Mucocutaneous melanin pigmentation on or 
around the lips generally appear by the end of the 
fi rst year of life and are almost always present by 

  Fig. 20.6    LKB1 is a serine/threonine kinase which com-
plexes with STRAD to phosphorylate downstream kinases 
in the AMP-activated protein kinase family (AMPK) 

(Reprinted from Ref. [ 131 ]. With permission from 
Portland Press Limited)       
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the age of 5 [ 91 ]. They can also be seen in the 
buccal mucosa, periorbital or periaural area, dor-
sal surface of fi ngers or toes, and around the anus 
and genitalia. By puberty and adulthood, these 
skin pigmentations can disappear so the absence 
of these lesions in adults does not rule out 
PJS. They are usually macules 1–5 mm in diam-
eter and vary in color from light brown to black. 

 Gastrointestinal polyps can occur anywhere in 
the GI tract, with jejunum being the most com-
mon location. Other common locations include 
the ileum, colon, rectum, stomach, duodenum, 
appendix, and esophagus [ 92 ]. Polyp numbers 
can vary, from only a handful to thousands. 

 The majority of PJS patients initially present 
with small bowel obstruction secondary to 
intussusception of hamartomas. Most present 
between the ages of 6 and 18 [ 93 ]. Symptoms 
include abdominal pain, nausea, vomiting, and 
bloody stool. CT scan is the imaging choice for 
diagnosis. 

 According to the guidelines from Mayo Clinic 
[ 86 ], in patients without a family history of PJS, 
if either of the following two is present, a diagno-
sis of PJS can be made:
    1.    Characteristic mucocutaneous melanotic 

macules and one or more intestinal polyps 
with PJS-type histology   

   2.    Two intestinal polyps with PJS-type 
histology    
  In patients with a family history of PJS in a 

parent or sibling, if any of the following are pres-
ent, a diagnosis of PJS can be made:
    1.    Characteristic melanotic macules   
   2.    One intestinal polyp with PJS-type histology   
   3.    An  LKB1  mutation    

  Histologically, the polyps seen in PJS are 
disorganized hamartomas characterized by 
hypertrophy or hyperplasia of smooth muscle in 
the muscularis mucosa. Unique to PJS-type pol-
yps, smooth muscle cells arborize into the super-
fi cial epithelial layer. Sometimes the epithelium 
can invade and be entrapped in the smooth mus-
cle layer, termed pseudo-invasion [ 86 ]. This can 
be mistaken for malignant invasion and can be 
misdiagnosed as cancer. Therefore, to diagnose a 
malignancy in PJS polyps, cellular atypia or 
increased mitotic rate must be seen [ 94 ]. In a past 

review, 10 % of PJS-type polyp specimen examined 
under microscopy had pseudo-invasion. 

 Patients with PJS are at increased risk of 
developing both intestinal and extraintestinal 
malignancies. One study reported a 15.2 relative 
risk for PJS patients for all cancers, with statisti-
cally increased risk for developing cancer in the 
esophagus, stomach, small intestines, colon, pan-
creas, lung, breast, uterus, and ovary [ 88 ]. 
Another study reported an association of PJS and 
nasal polyposis [ 91 ]. Nasopharyngeal carcinoma 
has also been reported in PJS patients [ 95 ]. 
   Gallbladder polyps, gallbladder cancer, and bile 
duct cancer have also manifested in PJS patients 
[ 96 – 98 ]. Rarely, hamartomatous polyps have 
been reported in the ureter [ 99 ] and respiratory 
tract [ 100 ] in PJS patients. Finally, several rare 
cancers have a special association with PJS. In 
female PJS patients, a highly differentiated ade-
nocarcinoma of the cervix can develop called 
adenoma malignum (ADM). Special sex cord 
tumor with annular tubules (SCTAT) can also 
develop in the ovaries. In males, the correspond-
ing sex cord tumor is the Sertoli cell testicular 
tumors 83 .  

    Surveillance 

 Riegert-Johnson et al. outlined the surveillance 
protocol from two institutions, Johns Hopkins 
Hospital and Mayo Clinic [ 86 ]. Both institutions 
recommend breast self-examination at age 18 
with clinical semiannual examination and 
optional annual mammography annually starting 
at age 25, endoscopy surveys for stomach and 
small intestines every 1–8 years starting at age 8, 
and colonic endoscopic examination every 2–3 
years starting at age 18. Johns Hopkins recom-
mends surveillance of pancreas (with endoscopic 
ultrasound, CT or MR, and/or CA 19–9 as 
options) and female reproductive organs (ultra-
sound, serum CA-125, Pap smear) at age 25 and 
repeated annually, whereas Mayo Clinic recom-
mends these examinations to start at age 18. 
Clinical examination with ultrasound adjunct for 
testicular screening should begin at birth and 
offered annually until age 12.   
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    Treatment 

    Surgical 

 Polyps greater than 1–1.5 cm in size should be 
removed [ 86 ]. The polyps should be removed by 
extended upper endoscopy if accessible. If not, 
double-balloon endoscopy (DBE) can be consid-
ered. If the polyps cannot be removed by DBE, 
then surgical intervention should be considered. 
Options are laparoscopic-assisted endoscopic pol-
ypectomy versus an open procedure with intraop-
erative endoscopy and polypectomy. In patients 
where polyps are too large to remove endoscopi-
cally, polyps are incompletely removed, or 
polyp-associated complications arise such as 
intussusception, surgery can be warranted. 

 If a patient presents with intussusception, the 
treatment is surgical, not endoscopic manage-
ment. The approach depends on location, timing 
of extend of intussusception, and associated 
infl ammation, bowel edema, and any degree of 
ischemia. Most common intussusception in PJS 
patients are jejunum telescoping into another 
segment of jejunum, and the recommended surgi-
cal technique is reduction, enterotomy, and polyp 
resection. In the rare case where the polyp is sus-
pected to be malignant, enterotomy should be 
made fi rst prior to reduction to prevent dissemi-
nation of cancer. Intraoperative endoscopy is an 
option after to inspect and remove other polyps. 
Another option is to prolapse the small intestine 
through the enterotomy incision so that the 
mucosa near the incision can be inspected for the 
presence of polyps [ 86 ]. 

 Prophylactic colectomy in patients at risk is 
unclear at this time. Due to the unclear risk of 
CRC in PJS patients and the limited availability 
of genetic testing, no consensus exists at this time 
for prophylactic surgery.   

    Juvenile Polyposis Syndrome 

 Juvenile polyposis syndrome (JPS) is a rare 
autosomal- dominant syndrome. It is characterized 
by multiple distinct juvenile polyps throughout 

the GI tract as well as multiple extracolonic 
manifestations. The cumulative lifetime risk of 
colorectal cancer is 39 % [ 101 ]. This syndrome is 
defi ned by the presence of greater than 5 juvenile 
polyps in the colorectum, juvenile polyps through-
out the GI tract, or any number of juvenile polyps 
plus a positive family history. 

    Genetics 

 JPS is associated with a germline mutation, usu-
ally a point mutation or small base-pair deletion, 
in the SMAD4 gene in chromosome 18q21.1 or 
BMPR1A gene on chromosome 10q22–q23 
[ 91 ]. These mutations are found in about 
50–60 % of JPS patients [ 102 ]. Both of these 
genes are involved in the bone morphogenetic 
protein (BMP)/transforming growth factor 
(TGF)-beta signaling pathway (Fig.  20.7 ). About 
15 % of these defects are large deletions, neces-
sitating the use of techniques such as multiplex 
ligation- dependent probe amplifi cation (MLPA) 
for  identifi cation [ 103 ]. Upper GI polyposis and 

  Fig. 20.7    BMP4–BMPR–Smad pathway and juvenile 
polyposis. Mutation of the BMP receptor 1A, introduction 
of Noggin, which inhibits BMP4 receptor binding, and 
mutation of Smad4 can suppress expression of BMP4 tar-
get genes. These interruptions of BMP4 signaling are asso-
ciated with development of juvenile polyposis syndrome 
and related predisposition to juvenile polyps (Reprinted 
from Ref. [ 130 ]. With permission from Springer Verlag)       
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gastric cancer have been associated with SMAD4 
germline mutation [ 104 ].

       Clinical Evaluation 

 The clinical presentation of JPS can be divided 
into two main variants [ 101 ]. The fi rst is called 
juvenile polyposis of infancy. This is a nonsex- 
linked recessive condition characterized by failure 
to thrive, diarrhea, protein-losing enteropathy, 
bleeding, intussusception, rectal prolapse, and 
congenital abnormalities including macrocephaly 
and generalized hypotonia. Polyps generally are 
1 mm–3 cm, sessile or pedunculated, and occur in 
stomach, small bowel, or colon. Death usually 
occurs before the age of 2. The second form, 
termed generalized juvenile polyposis or juvenile 
polyposis coli, seems to be different expressions of 
the same disease. GI juvenile polyps are usually 
present in the fi rst decade of life or in adulthood, 
which are at increased risk of cancer. A number of 
other extraintestinal manifestations may arise. In 
approximately 50 % of cases, a heterozygous 
germline mutation in the SMAD4 or BMPR1A 
gene has been identifi ed [ 105 ]. 

 Diagnosis of JPS is made by ruling out other 
hamartomatous GI polyps and having:
    1.    Greater than 5 juvenile polyps in the 

colorectum   
   2.    Juvenile polyps throughout the GI tract   
   3.    Any number of juvenile polyps plus a family 

history for JPS [ 106 ]     
 Polyps in JPS predominantly occur in the 

colon and rectum, although they can be found in 
the stomach and small bowel. Their numbers 
vary from tens to hundreds. Their size can vary 
from 5 mm to 5 cm and typically have a spheri-
cal, lobulated, and pedunculated appearance with 
surface erosion.    Histology shows an abundance 
of edematous lamina propria infi ltrated with 
infl ammatory cells and cystically dilated mucous- 
fi lled glands lined with cuboidal or columnar epi-
thelium with reactive changes. 

 Extracolonic manifestations of JPS include 
malrotation of midgut and mesenteric lymphan-
giomas. Extraintestinal manifestations include 
hypertrophic pulmonary osteoarthropathy, cleft 

lip and palate abnormalities, porphyria, congeni-
tal cardiac and AV malformation, vitellointestinal 
duct abnormalities, and renal, uterus, and vaginal 
abnormalities. Cowden disease, associated with 
PTEN mutation and characterized by hamarto-
matous polyposis and is associated with other 
cancers including thyroid and breast, may be a 
phenotypic variant of JPS [ 4 ].  

    Surveillance 

 Patients with JPS or at risk should have endo-
scopic screening beginning at age 15 or at the 
time of fi rst symptom. At diagnosis, the entire GI 
tract should be examined for the presence of pol-
yps. Endoscopic examination of colon and upper 
GI is recommended every 2–3 years. If the patient 
has polyps, endoscopic exam should occur yearly 
until the patient is polyp free [ 101 ].   

    Treatment 

    Surgery 

 Patients with mild polyposis can be managed 
with frequent endoscopy and polypectomy. 
Prophylactic surgery can be considered in 
patients with severe polyposis that is unmanage-
able by endoscopy or with those with unmanage-
able symptoms. Surgical options include total 
colectomy with ileorectal anastomosis or procto-
colectomy with ileal pouch-anal anastomosis 
[ 101 ]. Due to recurrence of rectal polyps in half 
of the individuals who require subsequent proc-
tectomy [ 101 ], the initial surgery of choice is the 
IPAA. Patients need frequent yearly surveillance 
of the rectum or the ileal pouch regardless of the 
surgery for polyp recurrence [ 101 ].   

    POLE- and POLD1-Associated 
Polyposis 

 Recently, germline mutation in POLE and POLD1 
has been associated with oligopolyposis inherited 
in an autosomal-dominant fashion [ 107 ,  108 ]. 
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POLE and POLD1 are DNA polymerases ε and δ 
which are involved in DNA replication. The syn-
drome has been referred to as polymerase proof-
reading-associated polyposis (PPAP). In addition 
to oligopolyposis, colorectal cancer has been 
described in affected individuals, and in those 
with POLD1 mutations, endometrial cancer has 
also been described. The syndrome is relatively 
new and still needs to be elucidated. 

 A summary of all polyposis syndromes dis-
cussed above is discussed in Table  20.5 .

       Chemoprevention 

 The development of chemopreventive agents 
follow a standard algorithm for drug develop-
ment, starting with mechanically based drug 
screens, preclinical, effi cacy tests, toxicology 
assessments, and an orderly sequence of care-
fully designed clinical trials. Before proceeding 
to clinical trials, promising agents are identifi ed 
and then prioritized on the basis of complementary 
lines of evidence. The prioritization criteria 
include effi cacy data obtained from in vitro and 
in vivo animal models and observational studies. 

 Today, many of these agents fall short, but 
choosing the correct population to do the trials 
is crucial, and thus individuals falling into the 
high- risk category include the FAP and 
HNPCC. Table  20.6  shows some of the studies 
and the agents that have been utilized in heredi-
tary colorectal cancer syndrome patients.

   This section will focus on studies providing 
the most compelling evidence for their use in 
these cohorts. 

 Effi cacy of NSAIDs such as sulindac and its 
metabolites (sulfi de and sulfone), as well as aspi-
rin, has been studied in patients with FAP. NSAIDs 
inhibit cyclooxygenase (COX), the key enzyme 
in the formation of prostaglandins and other eico-
sanoids from arachidonic acid. Prostaglandins 
have been postulated in having a role in altering 
cell adhesion, inhibiting apoptosis and promoting 
angiogenesis [ 109 ,  110 ], all important compo-
nents that are implicated in transforming tumors 
from benign to malignant lesions. Subsequent 
studies have suggested that NSAIDS exert most 

of their antineoplastic effects via the inhibition of 
the COX-2 enzyme and inhibition of other 
biochemical pathways independent of COX sup-
pression [ 111 ]. 

 One of the earlier reports of chemopreventive 
agents in FAP came from Waddell and Loughry 
who in 1983 reported regression of adenomas in 
three patients on sulindac after ileorectal anasto-
mosis and on one patient with an intact colon 
[ 112 ]. Others subsequently confi rmed the effi -
cacy of sulindac in decreasing the number and 
size of polyps in patients with FAP.    One such 
study was a randomized, double-blind placebo- 
controlled study of 22 patients with FAP includ-
ing 18 who had not undergone colectomy [ 113 ]. 
In this study, sulindac 150 mg twice daily was 
shown to reduce the size and number of polyps in 
patients treated compared to placebo. The effect 
disappeared once the study drug was discontin-
ued. None of the patients had complete disap-
pearance of the polyps. It must be noted that there 
are reports in the literature where FAP patients 
who were on sulindac after colectomy went on to 
develop colorectal adenocarcinoma [ 114 ,  115 ]. 
If sulindac is to be used, it should be used in 
conjunction with strict endoscopic surveillance 
regimen [ 111 ]. 

 Giardello et al. also evaluated the effect of 
sulindac in 41 patients aged 8–25 years with APC 
germline mutations but not yet phenotypically 
affected [ 116 ]. In this double-blind placebo- 
controlled trial over a 48-month period, sulindac 
did not prevent the development of adenomas in 
individuals with FAP. 

 Combination therapy has also been looked at 
using sulindac. In a randomized, double-blind 
study reported by Meyskens Jr. et al., 375 patients 
with a history of adenomas greater than 3 mm 
that were resected were assigned to receive either 
oral difl uoromethylornithine (DFMO) and low- 
dose sulindac versus placebo (DFMO and 
 sulindac trial) [ 117 ]. Follow-up colonoscopy was 
performed at 3 years looking for colorectal ade-
noma recurrence. They reported a signifi cant 
decrease in recurrence of one or more adenomas 
and a decrease in advanced adenomas in the 
DFMO plus sulindac group. They reported no 
statistically signifi cant increase in gastrointestinal, 
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   Table 20.6    Hereditary colorectal chemoprevention in colorectal neoplasia: antioxidant micronutrients and NSAIDs   

 Study  Sample size a   Design/cohort b   Intervention c   Primary results 

    Labayle 
et al. [ 132 ] 

 9  DBRCT/phenotypic FAP  Sulindac 100 mg po 
TID × 4 months 

 Adenoma number and size 
reduced *  

 Giardiello 
et al. [ 133 , 
 134 ] 

 22  DBRCT/phenotypic FAP  Sulindac 150 mg po 
BID × 9 months 

 Adenoma number and size 
reduced *  mucosal prostanoids 
reduced *d  

 Nugent 
et al. [ 135 ] 

 14  DBRCT/phenotypic FAP  Sulindac 200 mg po 
BID × 6 months 

 Adenoma burden reduced *  
proliferative index reduced *  

 Winde et al. 
[ 136 ] 

 38  CCTRL/phenotypic FAP  Sulindac 25–150 mg 
BID × 3–48 months 

 Adenoma number and size 
reduced * ; proliferative index 
reduced * ; prostonoids reduced 

 Steinbach 
et al. [ 137 ] 

 77  DBRCT/phenotypic FAP  Celecoxib 100, 400 mg po 
BID × 6 months 

 Focal and global adenoma 
number and burden reduced *  
(400 mg BID vs. placebo) 

 Bussey et al. 
[ 138 ] 

 49  DBRCT/phenotypic FAP  Vitamin C 3 g/d followed for 
up to 24 months 

 Rectal adenoma number   
reduced(NS) 

 DeCosse 
et al. [ 139 ] 

 58  DBRCT/phenotypic FAP  Placebo wheat bran fi ber 
2.2 g/d versus Vitamin C 
(4 g/d), Vitamin E (400 mg/d) 
+/- Wheat bran fi ber (22.5 
g/d) over a 4 year period 

 Rectal adenoma number 
reduced in high fi ber 
supplement group (NS) 

 Burn et al. 
[ 140 ] 

 861  DBRCT/HNPCC  HNPCC versus placebo 
600 mg ASA qd 

 44 % reduction of CRC in 
HNPCC at 5 years. At 
2 years, 63 %. No difference 
in the polyps burden 

 Ishikawa 
et al. [ 141 ] 

 34  DBRCT/FAP  ASA 100 mg qd 6–10 months  Reduction in the number and 
size of polyps 

 Glebov 
et al. [ 142 ] 

  **   HNPCC carriers  Celecoxib 200 mg BID versus 
400 mg BID for 6 months 

 Biomarker modulation 
 Pattern of gene expression 

   * Statistically signifi cant result ( P  < 0.05).  NS  nonsignifi cant 
  ** Not disclosed 
  a Number of subjects evaluated at study completion 
  b  DBRCT  double-blind, randomized, controlled trial,  DBRXT  double-blind, randomized, crossover trial,  CCTRL  case- 
control,  PBRCT  partially blind, randomized, controlled trial 
  c Duration of agent administration until described effect 
  d One subject with adenocarcinoma on extended follow-up  

hematologic, cardiovascular, or cerebrovascular 
toxicity with sulindac use, although the study 
was not adequately powered to identify the dif-
ferences in the two treatment groups. Currently, 
an NIH-funded randomized double-blind study is 
in recruitment to determine if the combination of 
DFMO plus sulindac is superior to sulindac or 
DFMO alone in delaying the fi rst time occur-
rence of any FAP pathology. 

 A metabolite of sulindac, sulindac sulfone 
(exisulind), has also been investigated in 
FAP. Burke et al. reported a 25 % decrease in rec-

tal adenomas in patients receiving exisulind com-
pared to placebo [ 118 ]. In an open-label extension 
of the study by Burke et al., Phillips reported that 
patients who continued treatment with exisulind 
had a 58 % polyp reduction [ 119 ]. Side effects of 
exisulind include increase in liver enzymes and 
abdominal pain [ 120 ]. 

 COX-2 inhibitors such as rofecoxib    and cele-
coxib have been shown to reduce polyp number 
and polyp burden in the short term [ 121 ,  122 ]. 
However, signifi cant side effects, especially 
cardiovascular adverse effects including myocardial 
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infarction, stroke, and heart failure, limit rofecoxib 
and to a lesser extent celecoxib use. In the cele-
coxib study, a double-blinded study by Steinbach 
et al., 77 patients were randomized to receive 
celecoxib or placebo for 6 months. Individuals 
receiving celecoxib at 400 mg twice daily showed 
a 28 % reduction in colorectal polyp numbers and 
a 30.7 % reduction in polyp burden (as calculated 
by the sum of polyp diameter) compared to a lesser 
dose of celecoxib or to placebo. 

 Aspirin has also been studied in the FAP as 
well as Lynch syndrome patients. In the 
Colorectal Adenoma/Carcinoma Prevention 
Program 1 (CAPP1) study, aspirin was studied 
alone or in combination with dietary nonabsorb-
able starch (resistant starch) and compared to 
resistant starch alone or to placebo in patients 
with FAP [ 123 ]. After median treatment duration 
of 17 months, no signifi cant reduction in polyp 
size or count was noted, but the study did show a 
trend toward a decrease in both the polyp size and 
count in the aspirin 600 mg daily group with no 
effect noted on the resistant starch. Aspirin’s role 
in FAP remains under investigation. 

 The combination of curcumin, an antioxidant 
and free radical scavenger, and quercetin, an 
antifl avonoid and antiinfl ammatory, both which 
are widely available as diet-derived nonprescrip-
tion supplements, has been shown to reduce the 
size and number of ileal and rectal adenomas in 
fi ve FAP patients with much toxicity [ 124 ]. 
   Further studies are being planned to evaluate this 
combination. 

 In Lynch syndrome, only one prospective ran-
domized study has been published with both 
short- and long-term results [ 125 ,  126 ]. In the 
CAPP2 study, Lynch syndrome patients defi ned 
as those with mismatch repair gene mutation or 
those whose family met the Amsterdam criteria 
and had a personal history of a cured Lynch syn-
drome neoplasm with an intact colon were ran-
domized in a two by two design to either aspirin 
at 600 mg daily with or without resistant starch, 
placebo, and/or resistant starch alone [ 125 ]. 
At the 4-year follow-up, neither aspirin nor resis-
tant starch alone or in combination had any effect 
on the incidence of adenoma or carcinoma [ 125 ]. 
However, at a mean follow-up of 55.7 months, 

600 mg of aspirin daily for a mean of 25 months 
reduced cancer (overall) incidence [ 126 ]. 

 CAPP3 trial is a double-blind randomized 
dose inferiority trial designed to compare the 
degree of cancer prevention in Lynch syndrome 
patients after administering three different doses 
of aspirin – 600 mg, 300 mg, and 100 mg [ 127 ]. 
The results are still pending.  

    Conclusion 

 Hereditary colon cancer represents a minority of 
colorectal cancer but with severe and life- 
threatening consequences. Lynch syndrome and 
familial adenomatous polyposis represent the 
majority of hereditary colon cancers. Due to 
their high risk of polyp formation and transfor-
mation, aggressive surveillance and prophylactic 
surgical intervention are indicated. Extracolonic 
manifestations and their increased malignant 
potential also necessitate frequent surveillance 
and  possible surgical resection. Chemoprevention 
trials are ongoing, with NSAIDs such as aspirin 
showing promise in reducing polyp burden in 
individuals with FAP. However, at this time, che-
mopreventive agents are not a substitute for sur-
gery and should be used as an adjunct to surgery. 
In Lynch syndrome, it appears that after about 2 
years of aspirin intake, cancer incidence is 
reduced. The optimal dosage is yet to be 
determined. 

  Salient Points 
•     Approximately 10–30 % of colorectal cancer 

(CRC) patients have a positive family history. 
Of these inherited CRCs, majority are 
accounted by Lynch syndrome and familial 
adenomatous polyposis (FAP).  

•   Lynch syndrome is characterized by a muta-
tion in one of the DNA mismatch repair genes 
that cause microsatellite instability and repli-
cation of repetitive sequences.  

•   Diagnosis of Lynch syndrome should follow 
the Amsterdam criteria and the Bethesda 
guidelines. If positive, screening should start 
with immunohistochemistry to look for loss of 
MMR protein expression.  
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•   Those diagnosed with Lynch syndrome should 
start annual colonoscopy at age 25.  

•   The preferred surgical treatment in those with 
Lynch syndrome is subtotal colectomy with 
ileorectal anastomosis.  

•   Extracolonic manifestations occur with great 
frequency in those with Lynch syndrome, with 
a reported incidence as high as 43 % of those 
developing endometrial cancer.  

•   Majority of patients with FAP have a genetic 
mutation to the adenomatous polyposis coli 
(APC) gene, a tumor suppressor gene.  

•   FAP is diagnosed in those with greater than 
100 adenomatous colorectal polyps, with these 
polyps developing by age 20 in 75 % of cases.  

•   Screening should begin at age 10–12 years 
of age.  

•   Three surgical options for FAP are total proc-
tocolectomy with permanent ileostomy, total 
abdominal colectomy with ileorectal anasto-
mosis, or proctocolectomy with ileal pouch- 
anal anastomosis. Each option has its 
advantages and disadvantages. Typically, the 
ideal time to have prophylactic surgery is the 
summer between high school and college.  

•   FAP is associated with many extracolonic 
manifestations. Desmoid tumors and duode-
nal cancers occur with high frequency. Patients 
with FAP should be screened routinely for 
these pathologies.  

•   Attenuated familial adenomatous polyposis 
(aFAP) is diagnosed in patients with APC 
mutations with less than 100 adenomatous 
polyps and is mainly located in the right side 
of the colon.  

•   In those whose colonic polyps cannot be con-
trolled endoscopically, total abdominal colec-
tomy with ileorectal anastomosis is the 
procedure of choice.  

•   MYH-associated polyposis (MAP) is an auto-
somal recessive disorder due to biallelic muta-
tion in MYH, a base excision repair gene.  

•   In MAP, polyposis is controlled with endo-
scopic polypectomies. If surgical intervention 
is warranted, in patients without involvement 
of the rectum, total abdominal colectomy with 
ileorectal anastomosis is recommended. If 
rectum is involved, then total proctocolectomy 

with ileal pouch-anal anastomosis is 
indicated.  

•   Peutz–Jeghers syndrome (PJS) is an 
autosomal- dominant disorder caused by a 
mutation in the LKB1 gene, the only known 
tumor suppressor kinase.  

•   Hamartomatous polyps in PJS can occur any-
where in the GI tract, with the jejunum being 
the most common location.  

•   Dysplastic hamartomatous polyps must be 
distinguished from pseudo-invasion by 
histology.  

•   Patients often present with intussusceptions 
and/or bowel obstructive symptoms.  

•   Prophylactic colectomy in PJS is unclear.  
•   Juvenile polyposis syndrome (JPS) is a rare 

autosomal-dominant syndrome. Cumulative 
lifetime risk of colorectal cancer is 39 %.  

•   In JPS, polyposis is controlled with endo-
scopic polypectomies. If surgical intervention 
is warranted, the surgical procedure of choice 
has to be individualized.  

•   Polyps seen in PJS are disorganized hamarto-
mas characterized by hypertrophy or hyper-
plasia of smooth muscle in the muscularis 
mucosa. Polyps in JPS are typically spherical, 
lobulated, or pedunculated in appearance with 
histology showing abundance of edematous 
lamina propria infi ltrated with infl ammatory 
cells and cystically dilated mucous-fi lled 
glands.  

•   There are differing reports on the effi cacy of 
sulindac on colorectal recurrence and reduc-
ing polyp number and size. Currently, it is not 
recommended as a fi rst-line treatment for 
polyp reduction.  

•   In CAPP1 study, aspirin was studied alone or 
in combination with dietary nonabsorbable 
starch (resistant starch) and compared to resis-
tant starch alone or to placebo in patients with 
FAP. The study did show a trend toward a 
decrease in both the polyp size and count in 
the aspirin 600 mg daily group with no effect 
noted on the resistant starch. Aspirin’s role in 
FAP remains under investigation.  

•   CAPP2 trial showed a reduction in all cancers 
in Lynch syndrome patients with when they 
were treated with 600 mg of aspirin daily for a 
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mean of 25 months and at a mean follow-up of 
55.7 months.  

•   CAPP3 trial is investigating the effects of dif-
ferent doses of aspirin on cancer prevention in 
Lynch syndrome patients.  

•   NSAID such as sulindac decreases the num-
ber and size of polyps in FAP patients; how-
ever, they are not a substitute for surgical 
management.     

  Questions 
     1.    What genetic mutations are linked with Lynch 

syndrome?
    A.    SMAD4   
   B.    MMR genes   
   C.    APC   
   D.    LKB1       

   2.    What is the next step in the algorithm for 
genetic testing in Lynch syndrome patients if 
MLH1 is found to be absent?
    A.    Test for MSH2   
   B.    Test for PMS2   
   C.    Test for BRAF   
   D.    No more testing necessary       

   3.    Which of the following is not an extracolonic 
manifestations linked with Lynch syndrome?
    A.    Endometrial cancer   
   B.    Gastric cancer   
   C.    Intestinal hamartomas   
   D.    Keratoacanthomas       

   4.    At what age does the colonic surveillance 
schedule for FAP patients recommended to 
start?
    A.    At birth   
   B.    10–12 years of age   
   C.    16–18 years of age   
   D.    28–30 years of age       

   5.    Which of the following is not a surgical treat-
ment options for FAP?
    A.    Total colectomy with ileostomy   
   B.    Segmental colectomy with primary 

anastomosis   
   C.    Total colectomy with ileorectal 

anastomosis   
   D.    Total proctocolectomy with ileal pouch- anal 

anastomosis       
   6.    Which of the following is not an extracolonic 

manifestation associated with FAP?

    A.    Desmoid cancer   
   B.    Gastric cancer   
   C.    CHRPE   
   D.    Urogenital cancer       

   7.    How is aFAP distinguished from FAP?
    A.    Less than 100 adenomatous polyps in the 

colon   
   B.    Less than 150 adenomatous polyps in the 

colon   
   C.    Less than 500 adenomatous polyps in the 

colon   
   D.    Less than 1,000 adenomatous polyps in 

the colon       
   8.    Which of the following studies looked at the 

role of aspirin in reducing cancer recurrence 
in FAP patients?
    A.    DFMO trial   
   B.    CAPP2 trial   
   C.    CAPP1 trial   
   D.    CAPP3 trial          

  Answers 
     1.    B   
   2.    C   
   3.    C   
   4.    B   
   5.    B   
   6.    A   
   7.    A   
   8.    C          
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      Abbreviations

   CC    Completeness of cytoreduction   
  CDDP    Cisplatin   
  CRC    Colorectal cancer   
  CRS    Cytoreductive surgery   
  CT    Computed tomography   
  DPAM    Disseminated peritoneal adenomucinosis   
  ECOG    Eastern Cooperative Oncology Group   
  GIST    Gastrointestinal stromal tumor   
  HIPEC    Hyperthermic intraperitoneal chemo-

therapy   
  MMC    Mitomycin C   
  MRI    Magnetic resonance imaging   
  OS    Overall survival   
  PCI    Peritoneal carcinomatosis index   
  PET    Positron-emission tomography   
  PFS    Progression-free survival   
  PMCA    Peritoneal mucinous carcinomatosis   

  PMP    Pseudomyxoma peritonei   
  PSD    Peritoneal surface disease   
  ULS    Uterine leiomyosarcoma   

        Learning Objectives 
 After reading this chapter, you should be able to:
•    Defi ne peritoneal surface disease and cytore-

ductive surgery (CRS) with hyperthermic 
intraperitoneal chemotherapy (HIPEC)  

•   Recognize indications for CRS-HIPEC  
•   Describe an appropriate candidate for 

CRS-HIPEC  
•   Understand the primary goal and basic com-

ponents of cytoreduction  
•   Appreciate the limitations of HIPEC and iden-

tify factors infl uencing its effi cacy  
•   Convey realistic expectations to patients regard-

ing the clinical outcomes of CRS-HIPEC     

   Background 

 Peritoneal surface disease (PSD) involves the 
intra-abdominal dissemination of neoplasms to 
peritoneal surfaces and encompasses dissemi-
nated mucinous adenomas, peritoneal carcino-
matosis, and abdominal sarcomatosis (Fig.  21.1 ). 
It is thought to spread from the primary tumor    by 
rupture either spontaneously or during the initial 
resection and is a lethal condition regardless of 
its primary origin [ 1 ,  2 ]. Intraperitoneal free 
cancer cells preferentially deposit on peritoneal 
surfaces, the diaphragms, and the small bowel 
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mesentery [ 3 ]. The number, size, and distribution 
of the individual tumor deposits on peritoneal 
surfaces vary greatly. In most cases PSD is 
 diagnosed incidentally during surgical explora-
tion, during evaluation of abdominal pain, or on 
radiographic imaging for other indications [ 4 ]. 
These patients have a dismal prognosis with 
median survival reported between 3 and 7 months 
[ 3 ,  5 – 7 ]. Due to the extent, location, or micro-
scopic nature of tumor implants in the peritoneal 
cavity, surgery alone is infrequently suffi cient. 
Furthermore, systemic chemotherapy is largely 
ineffective for these patients; thus, a combination 
of modalities has been developed over the past 
three decades [ 3 ].

   Regional approaches to peritoneal surface dis-
ease have included cytoreduction via peritonec-
tomy procedures [ 8 ,  9 ], intraperitoneal injection 
of a streptococcal preparation OK432 [ 10 ], deb-
ulking with photodynamic therapy [ 11 – 13 ], 
intracavitary immunotherapy [ 14 ], and early 
postoperative intraperitoneal chemotherapy [ 2 , 
 15 – 17 ]. In fact, intraperitoneal chemotherapy has 
also been studied preceding and following cyto-
reduction [ 18 ]. Delivery at the time of cytoreduc-
tion has been thought to have a more complete 
distribution throughout the peritoneal cavity 
given that adhesions may be present before and 
after surgery. Intraperitoneal chemotherapy has 

achieved higher concentrations at the level of the 
peritoneal surfaces than systemic chemotherapy 
before reaching toxic endpoints, and the addition 
of heat has been thought to have a synergistic 
effect with the chemotherapy [ 19 ]. Thus, the 
advantage of CRS-HIPEC is that it addresses 
macroscopic diseases surgically and microscopic 
diseases chemically and is now routinely per-
formed in specialized centers across America, 
Europe, Asia, and Australia [ 3 ]. Although hyper-
thermic chemotherapy has carried many names 
during its development including continuous 
hyperthermic peritoneal perfusion (CHPP), 
hyperthermic antiblastic peritoneal perfusion 
(HAPP), heated intraoperative intraperitoneal 
chemotherapy (HIIC), intraperitoneal hyperther-
mic chemotherapy (IPHC), and intraperitoneal 
hyperthermic perfusion (IPHP), “HIPEC” is now 
the preferred acronym by international consensus 
[ 2 ,  20 ].  

   Decision Process 

 Once a diagnosis of peritoneal surface disease 
has been made and the patient wishes to pursue 
treatment, the clinician should ask the following 
important question: is this patient an appropriate 
candidate for CRS-HIPEC? The answer to the 
above question requires a thorough assessment 
of the disease process, the patient’s performance 
status, and an in depth understanding of the clini-
cal utility of CRS-HIPEC. 

   Goal of CRS-HIPEC 

 Complete cytoreduction of all gross diseases is 
the primary objective of CRS-HIPEC as com-
plete cytoreduction is a strong predictor of 
improved survival [ 14 ,  21 ,  22 ]. To this end, many 
guidelines for selecting appropriate situations for 
CRS-HIPEC are aimed at identifying cases in 
which complete cytoreduction is feasible. While 
cure can be achieved in a minority of cases, it is 
important to realize that most patients will recur 
despite a complete resection. Attempts are made to 
reduce as much of the tumor burden as possible 

  Fig. 21.1    Photograph depicting tumor implants from 
pseudomyxoma peritonei nearly replacing the omentum, a 
fi nding referred to as “omental cake,” from a ruptured 
appendiceal neoplasm          
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without compromising the safety of the patient 
for cases in which complete cytoreduction is not 
feasible [ 14 ].   

   Evaluation of Patients with PSD 
for Possible CRS-HIPEC 

   Indications 

 The classic indication for CRS-HIPEC is PSD 
from low-grade appendiceal neoplasms otherwise 
known as pseudomyxoma peritonei (PMP) [ 14 ]. 
Other generally accepted indications include PSD 
arising from appendiceal adenocarcinoma, 
colorectal cancer, gastric cancer, ovarian cancer, 
and peritoneal mesothelioma [ 19 ]. This therapy 
has also been applied to small bowel adenocarci-
noma [ 23 ,  24 ], appendiceal adenocarcinoid [ 19 ], 
sarcomatosis [ 25 – 30 ], endometrial cancer [ 31 ], 
and urachal cancer [ 32 ]. Although CRS-HIPEC 
has been offered to patients with PSD from biliary 
or pancreatic primary tumors, these are generally 
avoided due to diffi culty in controlling the primary 
tumor [ 14 ]. 

 In general, lower-grade primary tumors have 
better outcomes with CRS-HIPEC than higher- 
grade lesions given the lower rate of locoregional 
recurrence. The rate of recurrence in high-grade 
tumors is attributable to the early invasion of 
peritoneal surfaces and subsequent smaller mar-
gins of excision obtained with peritonectomy 
procedures [ 19 ].  

   Patient Selection 

 It is imperative that appropriate candidates be 
selected for CRS-HIPEC due to the considerable 
morbidity associated with this therapy. A deter-
mination of the appropriateness of CRS-HIPEC 
in a given patient is based upon a thorough clini-
cal assessment and extensive imaging [ 33 ,  34 ]. 
Preoperative evaluation generally includes com-
plete history, physical examination, pathologic 
review, contrast-enhanced computed tomography 
(CT), and laboratory examination including 
blood counts, electrolytes, and liver function 

panel. Previously published selection criteria 
include:
    1.    The patient is suffi ciently medically fi t to 

undergo CRS-HIPEC.   
   2.    There is no extra-abdominal disease.   
   3.    Peritoneal disease burden is potentially com-

pletely resectable or at least signifi cantly 
reducible.   

   4.    There are no parenchymal hepatic metastasis.   
   5.    There is no bulky retroperitoneal disease [ 35 ].    

Besides being largely subjective, selection 
criteria are quite variable. A patient may be con-
sidered medically unfi t for CRS-HIPEC if they 
display signs of organ dysfunction evidenced by 
elevations in serum creatinine or liver enzymes or 
abnormally low white blood cell or platelet 
counts [ 14 ]. Although not an absolute contraindi-
cation, poor performance status has predicted 
worse outcomes for patients presenting for con-
sideration for CRS-HIPEC. Patients with Eastern 
Cooperative Oncology Group (ECOG) perfor-
mance status scores of 2 or greater have signifi -
cantly worse survival outcomes than those with 
better scores [ 36 ]. 

 The extent of previous surgery has been shown 
to correlate with the extent of tumor implants 
throughout the peritoneal cavity. Sugarbaker and 
Chang created a prior surgical score (Table  21.1 ) 
and found that patients with scores of 3 had sig-
nifi cantly worse survival when compared with 
patients with lesser scores [ 37 ].

   Other clinical factors are able to predict out-
come and can be used to identify the most appro-
priate candidates for CRS-HIPEC. The presence 
of a bowel obstruction with subsequent malnu-
trition has also predicted worse survival in this 
population of patients [ 35 ]. Data from our own 

   Table 21.1    Prior surgical score   

 Prior surgical 
score  Description 

 0  PSD diagnosed via biopsy or laparoscopy 
 1  Previous laparotomy without resection 
 2  Previous laparotomy with resection 
 3  Previous attempt at complete cytoreduction 

  Reprinted from Sugarbaker and Chang [ 37 ]. With permission 
from Springer Verlag 
  PSD  peritoneal surface disease  
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institution indicates that malignant ascites is a 
strong predictor of incomplete resection, and as 
such also predicts worse survival [ 38 ]. 

 Preoperative imaging plays an important role in 
determining the location and extent of disease. 
Specifi cally, radiographic studies are used to 
exclude extra-abdominal disease, parenchymal 
hepatic metastases, extensive small bowel involve-
ment, and obstruction of the small bowel, ureters, 
or biliary tree [ 14 ]. Contrast-enhanced CT of the 
chest, abdomen, and pelvis is the standard preop-
erative imaging modality (Fig.  21.2 ). Sensitivity 
for detecting peritoneal lesions ranges from 25 to 
37 % and improves with increasing lesion size 
[ 32 ,  37 ]. For example, lesions less than 5 mm in 
thickness were only detected in 28 % of cases [ 39 ]. 
Although the sensitivity for detecting peritoneal 
lesions is low, this imaging modality is good for 
determining retroperitoneal solid organ involve-
ment and overall operability [ 35 ]. Furthermore, 
patients without mesenteric tumors greater than 
5 mm and small bowel obstruction have more than 
a 90 % chance of having a complete resection 
[ 34 ,  40 ]. Magnetic resonance imaging (MRI) with 
both oral and intravenous contrast is able to detect 
PSD with 84–100 % sensitivity [ 41 ,  42 ]. 
Unfortunately, MRI is also associated with a 

signifi cant rate of false positives as it is incapable 
of distinguishing between postoperative scar for-
mation and PSD [ 19 ]. Positron-emission tomog-
raphy (PET) is good both for high-volume disease 
and for ruling out extra-abdominal disease, yet 
sensitivity and specifi city decrease to 10 % and 
42 %, respectively, in patients with low-volume 
disease [ 35 ,  43 ,  44 ].

   Despite the shortcomings for PSD, modern 
imaging is able to provide valuable information 
during the preoperative patient evaluation. Some 
centers will offer CRS-HIPEC to patients with 
parenchymal hepatic metastasis if they are ame-
nable to resection at the time of surgery [ 43 ]. 
Others have specifi c criteria for offering CRS- 
HIPEC to patients with PSD from different pri-
mary tumors based on estimations of disease 
volume [ 21 ]. In the case of PSD from ovarian 
cancer, no contraindications regarding tumor 
metastases have been agreed upon [ 45 ]. Extensive 
disease in the lesser sac has been shown to 
decrease the likelihood of complete cytoreduc-
tion and can be identifi ed on cross-sectional 
imaging when this potential space is distended in 
the setting of known carcinomatosis [ 46 ]. 

 Beyond radiographic imaging, other compo-
nents of a thorough preoperative evaluation may 
be case specifi c. Endoscopy with or without endo-
scopic ultrasonography can provide valuable 
information for patients with gastric or colorectal 
primary tumors [ 21 ]. Diagnostic laparoscopy has 
also been employed to determine the resectability 
of PSD prior to CRS-HIPEC [ 47 ,  48 ].  

   Staging Peritoneal Surface Disease 

 Although the majority of staging will occur at 
cytoreduction, the use of diagnostic laparoscopy 
makes it possible to stage patients prior to CRS- 
HIPEC. The two most commonly used staging 
systems for PSD are the Gilly carcinomatosis 
index [ 49 ] and the peritoneal carcinomatosis 
index (PCI) [ 50 ]. Both are based upon lesion size 
and extent of distribution throughout the abdo-
men. The Gilly carcinomatosis index is the sim-
pler of the two with a designation of Stage 0 to 
Stage 4 as follows: Stage 0 for no macroscopic 
disease, Stage 1 for localized tumor implants less 

  Fig. 21.2    Contrast-enhanced computed tomography of a 
patient with large-volume pseudomyxoma peritonei. 
Tumor encases the lateral liver and porta hepatis. A smaller 
amount of disease is deposited on the spleen       
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than 0.5 cm in diameter, Stage 2 for non- localized 
tumor implants less than 0.5 cm in diameter, Stage 
3 for localized or non-localized implants 0.5–2 cm 
in diameter, and Stage 4 for any implants greater 
than 2 cm in diameter. As expected, higher stage 
correlates with worse prognosis [ 15 ,  49 ,  51 ,  52 ]. 
Despite being more complex, the PCI is the most 
widely used PSD staging system largely due its 
prognostic value [ 35 ,  41 ,  53 – 55 ]. Furthermore, it 
has provided a way to standardize volume and 
extent of disease and is even used as a gauge of 
when HIPEC is warranted [ 43 ]. Calculating the 
PCI involves dividing the abdomen into nine 
regions and the small bowel into four regions. 
For each region, a score of 0 (no tumor), 1 (tumor 
up to 0.5 cm), 2 (tumor up to 5 cm), or 3 
(tumor > 5 cm) is applied. Scores for each of the 
12 regions are tabulated to derive the PCI score 
(Fig.  21.3 ) [ 35 ,  54 ].

       Management of PSD 
with CRS-HIPEC 

   Preoperative Preparation 

 Once it has been decided that a patient has an 
acceptable indication for CRS-HIPEC and is an 
appropriate candidate, he or she is scheduled for 

surgery. Patients are generally admitted the day 
prior to surgery for fi nal assessment and prepara-
tion. Final assessment includes an interval history, 
physical examination, and laboratory evaluation 
consisting of blood counts, comprehensive chem-
istry panel, appropriate tumor markers, and a 
blood type with crossmatch of 4 units of packed 
red blood cells. For patients felt to have a higher 
likelihood of ureteral involvement based on dis-
ease volume or prior surgery, a urology consulta-
tion may be obtained for the placement of 
externalized ureteral stents. A bowel preparation 
is routine for all patients and may be accom-
plished with the use of enemas in cases where a 
bowel obstruction is present.  

   Cytoreduction 

 Patients may be placed in a supine or in a modi-
fi ed lithotomy position for CRS-HIPEC. If a 
modifi ed lithotomy position is used, the surgeon 
must be cautious about positioning the legs to 
prevent myonecrosis of the posterior compart-
ment of the legs [ 8 ]. After a thorough prep, an 
incision is made from the xiphoid to the pubis for 
generous exposure of the peritoneal cavity. If the 
falciform ligament is present, it is resected prior 
to placing a fi xed retractor. All adhesions from 
the disease process or previous operations are 

  Fig. 21.3    Schematic for 
calculating the peritoneal 
carcinomatosis index (PCI) 
staging system. Scores 
based on lesion size for 
each of nine abdominal 
regions plus 4 small bowel 
regions are added together 
to reach the PCI       
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lysed to facilitate penetration of HIPEC to all 
areas of the peritoneal cavity. Cytoreductive sur-
gery is then undertaken to remove all gross dis-
ease if technically feasible. Peritoneal surfaces 
with tumor deposits are stripped from the 
 abdominal wall and diaphragm using electrocau-
tery [ 8 ,  9 ,  19 ]. The greater omentum is routinely 
removed along with any involved tissue or organ 
not vital to the patient. If at any time during the 
procedure, complete cytoreduction is believed to 
be either not feasible or unsafe for the patient, the 
remaining tumor is debulked as much as possi-
ble. If a bowel resection is required, an anasto-
mosis may be created prior to or following 
HIPEC. Ostomies are created following HIPEC 
to allow exposure of the chemotherapy to any 
potential microscopic disease remaining on the 
serosal surfaces.  

   Grading Resection 

 The degree of resection is judged by the surgeon 
at the conclusion of the cytoreduction. Residual 
disease is evaluated by measuring the diameter of 
the largest remaining tumor deposits. The two 
predominating classifi cation systems are the R 
status of resection and the completeness of cyto-
reduction (CC) score (Table  21.2 ). Complete 

cytoreduction of all gross disease is designated 
with an R status of R0 or R1 or a CC designation 
of CC-0. The defi nition of a complete resection is 
controversial. Some consider a “complete cytore-
duction” one in which there is no visible disease 
at the conclusion of the cytoreductive procedure. 
Other authors tailor the defi nition based upon the 
primary tumor and the expected response to 
HIPEC. For example, complete cytoreduction for 
gastric cancer is limited to CC-0, while complete 
cytoreduction for low-grade appendiceal primary 
tumors includes CC-0 to CC-1 and CC-0 to CC-2 
for ovarian cancer [ 1 ,  19 ].

      HIPEC 

 The decision to perfuse the patient with HIPEC is 
based primarily on the degree of resection 
achieved but is also infl uenced by the institution 
and primary tumor. Sugarbaker [ 19 ] has described 
11 well-defi ned factors infl uencing the success 
rates of HIPEC:
    1.    Dose of chemotherapeutic agent   
   2.    Timing of delivery in relation to surgery   
   3.    Distribution within the peritoneal cavity   
   4.    Temperature of the tumor implants during 

perfusion   
   5.    Size of the tumor implant   
   6.    Mucinous versus solid tumor morphology   
   7.    Tumor response to chemotherapy   
   8.    Number of cycles of chemotherapy   
   9.    Peritoneal to plasma drug concentration ratio   
   10.    Synergistic effect with systemic chemotherapy   
   11.    Extent of previous surgery    

  While HIPEC is ideal for patients following a 
complete cytoreduction, it may be benefi cial in 
selected patients following incomplete cytoreduc-
tion [ 19 ]. Perfusion following R2a or CC-1 resec-
tion is routine given that locally administered 
chemotherapy is expected to penetrate tumors at 
depths ranging from 0.1 cm up to 0.25 cm [ 19 ,  33 ]. 
Thus, tumor deposits up to 0.5 cm in diameter can 
be effectively treated with chemotherapy penetra-
tion of 0.25 cm from either side. 

 The advantage of administering chemotherapy 
directly into the peritoneal cavity is that higher 
drug concentrations can be achieved at the tumor 

   Table 21.2    Grading resection   

 Size of 
residual 
disease (cm)  R status  CC score [ 19 ] 

 0  – 
 R0 – negative 
margins on 
fi nal pathology 
 R1 – positive 
margins on 
fi nal pathology 

 CC-0N – no visible 
disease following 
neoadjuvant chemotherapy 
 CC-0S – no visible 
disease following 
cytoreduction 

 0.25  R2a  CC-1 
 0.5  CC-2 
 >0.5–2  R2b 
 >2–2.5  R2c 
 >2.5  CC-3 

   CC  Completeness of cytoreduction  
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interface with decreased systemic absorption and 
toxicity [ 21 ]. Peritoneal to plasma drug concentra-
tion ratios    vary depending on the molecular weight 
and water solubility of the agent used and may 
vary between 20:1 and 2,000:1 (Table  21.3 ) 
[ 19 ,  35 ,  56 – 63 ]. Selection of a particular agent is 
largely determined by the primary tumor or 
response to previous systemic chemotherapy.

   Although one randomized-controlled trial was 
unable to demonstrate improved response rate 
with the addition of hyperthermia [ 64 ], heating the 
chemotherapy is believed to both increase the pen-
etration of agents into tissue and enhance their 
cytotoxic effects [ 19 ,  65 ,  66 ]. In vitro studies have 
also shown that hyperthermia can lead to blunted 
angiogenesis, increased enzyme denaturation, and 
apoptosis [ 67 ]. The desired temperature of the 
perfusate in the abdomen ranges from 40 to 42 °C 
[ 14 ,  21 ], as temperatures greater than 42 °C have 
been associated with increased morbidity [ 68 ]. 

 If perfusion with HIPEC is anticipated, the 
patient’s core body temperature is cooled using a 
variety of passive means including lowering 
room temperature and ceasing to warm intrave-
nous fl uids and airway gases [ 2 ,  14 ,  69 ]. These 
maneuvers prevent systemic hyperthermia during 
hyperthermic peritoneal perfusion. The delivery 
of HIPEC to the patient has evolved into several 
different modalities (Table  21.4 ) [ 2 ,  70 – 73 ]. Each 
technique utilizes a    closed continuous circuit to 
maintain consistent hyperthermia and temperature 
probes located at different points throughout the 
circuit to monitor the temperature. This circuit 
involves the use of infl ow and outfl ow catheters 
carrying the perfusate to and from the abdominal 

cavity respectively, a pump, and a heat exchanger 
(Fig.  21.4 ). Once suffi cient fl ow is established, 
the chemotherapeutic agent is added to the circuit. 
Although much debate exists regarding the opti-
mal perfusion modality, the majority of experts 
agree that there is a lack of evidence favoring one 
modality over another [ 2 ].

    One of the most common modalities is the 
closed abdominal technique (Fig.  21.5 ). This 
involves the placement of infl ow and outfl ow 
catheters through the skin prior to suturing the 
skin closed in a watertight manner. Temporarily 
closing at the skin level and leaving the fascia 
opened allow contact of the perfusate to the 
abdominal wall. Once fl ow is established and 
chemotherapy is added, the abdomen is mas-
saged by the operating room personnel to help 
distribute the perfusate throughout the abdomen. 
The increased pressure in the closed technique 
can facilitate deeper penetration of chemothera-
peutic agents into tumor deposits [ 74 ,  75 ].

   The open, or coliseum, technique involves 
suturing a plastic sheet to either side of the 
patient’s skin incision and to the fi xed retractor in 
effect extending the peritoneal cavity with a 
“coliseum- like” device. This allows the abdomi-
nal contents to fl oat beyond the abdominal wall 
in a greater volume of perfusate theoretically 
increasing exposure of all surfaces to the chemo-
therapy. It also allows the surgeon to manipulate 
the intra-abdominal contents further facilitating 
equal distribution of heat and drug throughout the 
peritoneal cavity. Due to concern regarding expo-
sure of operating room personnel to the chemo-
therapeutic agent, certain precautions are made 

   Table 21.3    Comparison of chemotherapeutic agents used in HIPEC   

 Agent 
 Molecular 
weight (Da) 

 Peritoneal fl uid to plasma 
concentration ratio  Applications 

 5-Fluorouracil  130  300:1 [ 63 ]  PMP, gastric 
 Cisplatin  300  20:1 [ 57 ]  PMP, ovarian, mesothelioma, sarcoma 
 Doxorubicin  544  975:1 [ 62 ]  Ovarian, sarcoma 
 Floxuridine  246  2,000:1 [ 59 ]  PMP, CRC, gastric 
 Mitomycin C  334  75:1 [ 60 ]  PMP, CRC, gastric 
 Oxaliplatin  397  25:1 [ 58 ]  CRC, gastric 
 Paclitaxel  808  1,000:1 [ 61 ]  ovarian 

   PMP  pseudomyxoma peritonei,  CRC  colorectal cancer  
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including smoke evacuators, education and train-
ing of involved personnel, restriction of operating 
room traffi c, fi ltration masks, and waterproof 
gowns [ 76 ]. 

 Other modalities of perfusion have been devel-
oped in an attempt to combine the advantages of 
both the open and closed techniques. These 
attempts include the development of a peritoneal 

cavity expander by a Japanese group [ 71 ], an 
abdominal cavity expander by a French group 
[ 72 ], and an instrument to provide containment 
of the perfusate by Sugarbaker [ 73 ]. While these 
techniques generally provide equal drug and 
temperature distribution, they are generally 
complex and may not eliminate the risk of drug 
exposure to operating room personnel. 

  Fig. 21.4    Schematic of 
hyp   erthermic intraperito-
neal chemotherapy perfu-
sion circuit. (closed 
technique) (Reprinted from 
Shen et al. [ 154 ]. With per-
mission from Springer 
Verlag)       

   Table 21.4    Comparison of HIPEC modalities   

 Perfusion modality  Advantages  Disadvantages 

 Open abdomen 
(coliseum) 

 Equal exposure of all surfaces to perfusate  Diffi cult to maintain high temperature 
 Equal temperature distribution  Risk of contamination 
 Easy access to abdominal cavity  Risk of exposure to operating room personnel 

 Closed abdomen  Hyperthermia easily maintained  Unequal exposure of all surfaces to perfusate 
 Better tissue penetration  Unequal temperature distribution 
 Minimal risk of exposure to operating room 
personnel 

 Peritoneal cavity 
expander [ 71 ] 

 Equal exposure of intra-abdominal contents to 
perfusate 

 Separates abdominal wall from perfusate 

 Equal temperature distribution  Risk of exposure to operating room personnel 
 Complex 

 Abdominal cavity 
expander [ 72 ] 

 Equal exposure of all surfaces to perfusate  Complex 
 Equal temperature distribution 
 Minimal risk of exposure to operating room 
personnel 

 Containment 
instrument [ 73 ] 

 Equal exposure of all surfaces to perfusate  Complex 
 Equal temperature distribution 
 Easy access to abdominal cavity 
 Minimal risk of exposure to operating room 
personnel 

  Based on data from Refs. [ 2 ,  70 – 73 ]  

 

R.W. Randle et al.



499

 Perfusion is generally maintained for 
30–120 min depending on the primary and desired 
effect. Perfusion times may be decreased to avoid 
systemic absorption in patients deemed to be par-
ticularly susceptible. Factors that may make a 
patient more susceptible to drug toxicity include 
extensive peritonectomy, poor performance status, 
and old age [ 14 ]. Once perfusion is completed, the 
perfusate is drained, and the abdomen re-explored. 
Ostomies and anastomoses may be made at this 
time, and drains may be inserted. The abdomen is 
closed and the procedure is concluded.  

   Follow-Up 

 Patients are initially seen for a postoperative 
checkup 2–4 weeks following discharge from the 
hospital. Follow-up thereafter includes an exami-
nation, tumor markers, and CT imaging and 
ranges from 0- to 12-month intervals as recom-
mended by a majority of clinicians [ 14 ,  33 , 
 77 – 80 ].   

   Clinical Outcomes for CRS-HIPEC 

   Complete Cytoreduction 

 Much effort is devoted to selecting candidates 
whom will tolerate a complete cytoreduction and 
thus derive the maximal benefi t of CRS-HIPEC 

[ 3 ]. Regardless of the primary tumor, resection 
status has been shown to be an important inde-
pendent predictor of survival [ 14 ,  81 – 84 ]. 
Although the defi nition of a complete cytoreduc-
tion differs among institutions and primary 
tumors, the average rate of cytoreduction among 
high-volume centers is about 75 % [ 4 ]. Predictors 
of complete cytoreduction include good perfor-
mance status, disease limited to the peritoneal 
cavity, no more than three resectable hepatic 
metastases, absence of biliary or ureteral obstruc-
tion, absence of more than one intestinal 
 obstruction, absence of small bowel mesenteric 
implants, and limited disease in the gastrohe-
patic ligament [ 43 ].  

   Morbidity 

 Given the extent of the    surgical resection required 
to achieve adequate cytoreduction morbidity is 
signifi cant. Overall major morbidity following 
CRS-HIPEC ranges from 12 to 68 % though com-
parison between studies is diffi cult due to the lack 
of a universally accepted grading system [ 85 ]. 
Complications are frequently divided into two 
groups based on whether they are believed to have 
arisen from the operation itself or represent toxic-
ity from the chemotherapeutic agent. A multi-
institutional review examining the results of over 
1,200 procedures found that common complica-
tions include reoperation (14 %), neutropenia 
(13 %), fi stula (10 %), pneumonia (9 %), bleed-
ing (8 %), abscess (7 %), sepsis (2 %), bowel 
obstruction (2 %), and renal insuffi ciency (1 %) 
[ 4 ]. In addition to bone marrow suppression and 
renal insuffi ciency, other observed toxicities 
attributed to the chemotherapeutic component 
include transient hepatic toxicity and ileus [ 27 ]. 
More than half of the patients are likely to require 
a blood transfusion at some point during their 
operation or hospitalization [ 36 ]. Predictors of 
morbidity include older age, higher PCI, greater 
number of visceral resections, poorer performance 
status, and higher drug dose [ 85 ,  86 ]. It is also 
important to note that morbidity is related to the 
experience of the center performing CRS-HIPEC 
as many large centers have displayed a substantial 
learning curve [ 85 ,  87 ].  

  Fig. 21.5    Infl ow and outfl ow catheters in the closed 
abdominal perfusion technique for hyperthermic intraperi-
toneal chemotherapy (Reprinted from Stewart et al. [ 35 ]. 
With permission from Springer Verlag)       
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   Mortality 

 Operative mortality has been reported as high 
as 11 % following CRS-HIPEC but is generally 
about 4 % [ 35 ,  85 ]. Common causes of death are 
bowel perforation, respiratory failure, bone mar-
row suppression, thromboembolic events, and 
various infections. Preoperatively, the presence 
of ascites, bowel obstruction, and poor perfor-
mance status predict mortality [ 35 ,  36 ].  

   Survival by Primary Tumor 

 Despite the signifi cant rates of morbidity and 
mortality, CRS-HIPEC remains the only hope 
many of these patients have for long-term sur-
vival. Therefore, any legitimate evaluation of the 
complications following CRS-HIPEC must be 
compared to the inherent complications of PSD 
and its natural history without such treatment. In 
order to accurately represent expected outcomes, 
survival is discussed within the context of PSD 
arising from specifi c primary tumors.  

   Pseudomyxoma Peritonei 

 PMP most commonly results from the perito-
neal seeding of ruptured mucinous appendiceal 
neoplasms and is the classic indication for 

CRS- HIPEC. PMP has been subdivided based 
on the relative proportions of mucin and epithelial 
cells. Disseminated peritoneal adenomucinosis 
(DPAM) consists primarily of mucin and rare, 
generally benign-appearing epithelial cells, while 
peritoneal mucinous carcinomatosis (PMCA) 
consists of less or no mucin and abundant epithe-
lial cells with cytologic fi ndings consistent with 
typical carcinomas. PSD with features of both 
DPAM (abundant mucin) and PMCA (malignant 
appearing cells) are grouped into a third category 
[ 52 ]. Recent work by our group demonstrated 
that PMP can be classifi ed as either low grade or 
high grade with the intermediate cohort being 
considered low grade except for cases with a sig-
net-ring cell component [ 88 ]. Patients with 
lower-grade lesions or a higher mucin to cell 
ratio experience better survival [ 52 ,  88 ]. 

 Prior to CRS-HIPEC, patients were subjected 
to repeated debulking procedures with little hope 
for long-term survival [ 22 ,  33 ,  89 ]. Long-term 
survival following CRS-HIPEC is now common 
[ 78 ,  90 – 99 ], but direct comparisons between 
studies should be made with caution as each 
contains a different proportion of low- and high- 
grade lesions, all of which are considered PMP 
(Table  21.5 ). A recent multi-institutional review 
of outcomes following CRS and intraperitoneal 
chemotherapy (including 2,050 cases where 
HIPEC was used) reported a median progression- 
free survival of 98 months and a 10-year overall 

   Table 21.5    Survival following CRS-HIPEC for pseudomyxoma peritonei   

 First author  Year   n   Drug 
 5-year progression-
free survival (%) 

 5-year survival 
(%) 

 10-year 
survival (%) 

 Deraco [ 93 ]  2004  33  MMC + CDDP  43  97  – 
 Stewart [ 97 ]  2006  110  MMC  –  53  – 
 Yan [ 99 ]  2006  50  MMC  –  69  – 
 Murphy [ 96 ]  2007  83  MMC  75  –  – 
 Smeenk [ 78 ]  2007  103  MMC  37  60  – 
 Cioppa [ 92 ]  2008  53  MMC + CDDP  80  94  85 
 Elias [ 94 ]  2008  105  Oxaliplatin  67  80  – 
 Baratti [ 91 ]  2009  102  MMC + CDDP  48  84  79 
 Vaira [ 98 ]  2009  60  MMC ± CDDP  80  94  85 
 Elias [ 95 ]  2010  255  MMC or oxaliplatin  –  79  – 
 Arjona- Sanchez [ 90 ]  2013  38  MMC  49 (3 years)  59  – 

   CDDP  cisplatin,  MMC  mitomycin C  
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survival rate of 63 % [ 84 ]. Thus, CRS-HIPEC has 
become the treatment of choice for patients with 
PMP due to the fact that it has a poor response to 
systemic chemotherapy and is universally fatal if 
left untreated [ 35 ]. Patients with the lowest-grade 
lesions amenable to complete resection may 
expect to do particularly well [ 33 ].

      Colorectal Cancer 

 A consensus statement on the locoregional treat-
ment of colorectal PSD recommends CRS- HIPEC 
as the treatment of choice for patients without dis-
tant metastatic disease and in whom complete 
cytoreduction is feasible [ 43 ]. This combined 
therapy has achieved 5-year survival rates in ter-
minally ill patients ranging from 11 to 51 % 
(Table  21.6 ) [ 100 – 110 ]. Verwaal and colleagues 
[ 102 ,  107 ] have undertaken a phase III trial ran-
domizing patients to standard chemotherapy and 
palliative surgery in cases of obstruction or CRS-
HIPEC with a goal of complete cytoreduction 
prior to HIPEC. They found that disease- specifi c 
survival was better in the patients receiving CRS-
HIPEC (22.2 months vs. 12.6 months,  p  = 0.028). 
Furthermore, 45 % of patients were alive at 
5 years following complete macroscopic cytore-
ductions [ 102 ,  107 ]. Despite these results, HIPEC 
for this cohort has not been universally accepted 
in the oncology community, and controversy 
remains [ 43 ,  111 ].

      Gastric Cancer 

 CRS-HIPEC for peritoneal carcinomatosis arising 
from gastric cancer has been heavily evaluated 
and has shown benefi ts over cytoreduction alone. 
A randomized control study comparing cytoreduc-
tion with HIPEC with cytoreduction without 
HIPEC observed a median overall survival of 
6.5 months for the CRS arm and 11 months for the 
CRS-HIPEC arm [ 112 ]. A systematic review of 
the literature found that overall median survival 
for PSD from gastric cancer was 7.9 months, but 
complete CRS extended survival to 15 months 
[ 113 ]. Typical median survival for these patients 
following CRS-HIPEC ranges from 6 to 12 months 
(Table  21.7 ) [ 110 ,  112 ,  114 – 120 ]. Interestingly, 
HIPEC has also been evaluated in the adjuvant set-
ting in high-risk patients at the time of their initial 
resection. In one randomized control study, HIPEC 
delayed  recurrence and conferred a survival bene-
fi t in patients with either serosal invasion or lymph 
node metastasis [ 121 ].

      Ovarian Cancer 

 Five-year survival rates for women diagnosed 
with advanced (stage III/IV) ovarian cancer 
remain low at less than 50 % for women younger 
than 65 and less than 30 % for women older 
than 65 [ 122 ]. Although ovarian cancer is often 
confi ned to the peritoneal cavity, many women 

   Table 21.6    Survival following CRS-HIPEC for colorectal cancer   

 First author  Year   n   Drug  Median OS (months)  5-year survival (%) 

 Witkamp [ 100 ]  2001  29  MMC  –  23 (3 years) 
 Pilati [ 101 ]  2003  34  MMC + CDDP  18  – 
 Glehen [ 103 ]  2004  506  Multiple regimens  19  19 
 Glehen [ 104 ]  2004  53  MMC  13  11 
 da Silva [ 105 ]  2006  70  MMC  33  32 
 Zanon [ 106 ]  2006  25  MMC  30  40 (2 years) 
 Verwaal [ 102 ,  107 ]  2008  105  MMC  22  28 (3 years) 
 Shen [ 110 ]  2009  197  MMC  16  – 
 Elias [ 108 ]  2009  48  Oxaliplatin  63  51 
 Franko [ 109 ]  2010  67  MMC  35  25 

   OS  Overall survival,  CDDP  cisplatin,  MMC  mitomycin C  
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present late with advanced-stage disease making 
these patients diffi cult to treat [ 123 ,  124 ]. 

 A meta-analysis of over 6,000 patients with 
ovarian cancer showed that maximal cytoreduc-
tion was an independent predictor of better sur-
vival [ 125 ]. Armstrong and colleagues [ 126 ] 
performed a phase III randomized controlled trial 
of 415 patients with peritoneal spread of ovarian 
cancer and reported that following cytoreduction, 
the addition of early postoperative intraperitoneal 
cisplatin and paclitaxel to the routine management 
of patients conferred a signifi cant progression- 
free and overall survival benefi t [ 126 ]. Taken 
together, these results provide substantial evi-
dence in favor of using CRS with some form of 
intraperitoneal chemotherapy for the treatment of 

ovarian carcinomatosis. Currently, three additional 
large-scale trials are underway evaluating carbo-
platin-based intraperitoneal chemotherapy for a 
broad range of patients with ovarian cancer [ 127 ]. 
Previously published reviews of the combination 
of CRS and HIPEC have reported a progression-
free interval ranging from 10 to 30 months and a 
5-year survival rate as high as 68 % (Table  21.8 ) 
[ 83 ,  128 – 139 ].

      Peritoneal Mesothelioma 

 Peritoneal mesothelioma is rare with only two 
cases per million people in the United States, but 
given the origination of this malignancy from the 

   Table 21.7    Survival following CRS-HIPEC for gastric cancer   

 First author  Year   n   Drug  Median OS (months)  5-year survival (%) 

 Glehen [ 114 ]  2004  49  MMC  10  16 
 Hall [ 115 ]  2004  34  MMC  8  6 
 Yonemura [ 116 ]  2005  107  MMC + CDDP + etoposide  12  – 
 Scaringi [ 117 ]  2008  26  MMC + CDDP  7  – 
 Shen [ 110 ]  2009  43  MMC  6  – 
 Glehen [ 118 ]  2010  159  Multiple regimens  9  13 
 Yang [ 120 ]  2011  34  MMC + CDDP  11  6 (3 years) 
 Strohlein [ 112 ]  2011  34  MMC + CDDP  11  – 

   OS  Overall survival,  CDDP  cisplatin,  MMC  mitomycin C  

   Table 21.8    Survival following CRS-HIPEC for ovarian cancer   

 First author  Year   n   Drug 
 Median PFS 
(months) 

 Median OS 
(months)  3-year survival (%) 

 Deraco [ 128 ]  2001  27  CDDP + MMC  16  22  55 (2 years) 
 de Bree [ 129 ]  2003  19  Docetaxel  –  –  63 
 Zanon [ 131 ]  2004  30  CDDP  17  28  60 (2 years) 
 Piso [ 130 ]  2004  19  CDDP or mitoxantrone  18  –  15 (5 years) 
 Reichman [ 132 ]  2005  13  CDDP  15  –  55 
 Armstrong [ 126 ]  2006  205  CDDP and paclitaxel a   24  66  – 
 Helm [ 133 ]  2007  18  CDDP or MMC  10  31  60 
 Carrabin [ 134 ]  2010  18  Oxaliplatin  10–17  –  83 
 Frenel [ 136 ]  2011  31  Oxaliplatin  13–14  –  – 
 Deraco [ 135 ]  2011  26  CDDP + doxorubicin  30  –  61 
 Parson [ 137 ]  2011  51  MMC, carboplatin, or paclitaxel  –  29  48 
 Spiliotis [ 83 ]  2011  24  –  –  19.4  50 
 Ansaloni [ 138 ]  2012  39  Multiple regimens  ~12  –  ~60 
 Fagotti [ 139 ]  2012  30  Oxaliplatin  26  –  68 (5 years) 

   a Early postoperative intraperitoneal chemotherapy instead of HIPEC 
  PFS  Progression-free survival,  OS  Overall survival,  CDDP  cisplatin,  MMC  mitomycin C  
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peritoneal surface, all patients have an indication 
for CRS-HIPEC [ 35 ,  140 ]. Current median sur-
vival ranges between 36 and 41 months following 
CRS-HIPEC (Table  21.9 ) [ 141 – 146 ]. Although 
many regimens are used, some evidence suggests 
better outcomes with cisplatin than with mitomy-
cin C [ 81 ,  145 ].

      Sarcomatosis 

 CRS-HIPEC for patients with sarcomatosis is 
somewhat controversial given the tendency for 
sarcomas to spread hematogenously and resist 
chemotherapy. Median overall survival following 
CRS-HIPEC ranges from 3 to 40 months 
(Table  21.10 ) [ 25 – 30 ]. However, direct compari-
sons between studies are diffi cult given the vary-
ing proportions of complete resections and the 
differences in specifi c histologies included. A ran-
domized control study revealed similar survival 
in patients randomized to CRS alone and those 
randomized to CRS with early postoperative 
intraperitoneal chemotherapy [ 17 ]. Furthermore, 

current studies achieve survival similar to historical 
controls of CRS alone prior to the induction of 
HIPEC [ 30 ,  147 ].

      Quality of Life 

 Patient quality of life is another key outcome 
following CRS-HIPEC. Most reviews indicate 
that patients return to their baseline quality of 
life between 3 and 12 months postoperatively 
[ 27 ,  148 – 150 ]. One review reported a longer but 
meaningful recovery with emotional quality of 
life returning to baseline at 1 year, physical qual-
ity of life at 2 years, and social and cognitive 
quality of life at 3 years [ 151 ]. In fact, more than 
90 % of patients surviving at least 3 years report 
minimal or no limitations in activity despite the 
fact that many of these patients will have recurrent 
disease [ 152 ]. Although depressive symptoms are 
common in patients with PSD, slight improvement 
is observed following CRS-HIPEC; yet, most 
patients will continue to experience signifi cant 
sleep disturbances [ 150 ,  153 ]. Overall, reasonably 

   Table 21.9    Survival following CRS-HIPEC for peritoneal mesothelioma   

 First author  Year   n   Drug  Median OS (months)  5-year survival (%) 

 Costamagna [ 141 ]  2003  19  CDDP + MMC, CDDP + doxorubicin, 
or doxorubicin 

 40  – 

 Sugarbaker [ 142 ]  2003  68  Multiple regimens  67  – 
 Brigand [ 143 ]  2006  14  CDDP + MMC  36  – 
 Yan [ 144 ]  2009  405  Multiple regimens  53  47 
 Blackham [ 145 ]  2010  34  CDDP or MMC  41  17 
 Deraco [ 147 ]  2013  116  CDDP + MMC or CDDP + doxorubicin  40  49 
 Alexander [ 81 ]  2013  211  CDDP or MMC  38  41 

   OS  Overall survival,  CDDP  cisplatin,  MMC  mitomycin C  

   Table 21.10    Survival following CRS-HIPEC for sarcomatosis   

 First author  Year   n   Excluded histologies  Drug  Median OS (months)  5-year survival (%) 

 Rossi [ 28 ]  2004  60  None  CDDP + doxorubicin  36  38 
 Lim [ 27 ]  2007  19  None  CDDP  17  – 
 Gusani [ 26 ]  2008  6  None  MMC  40  – 
 Baratti [ 25 ]  2010  37  None  CDDP + MMC or 

CDDP + doxorubicin 
 26  24 

 Salti [ 29 ]  2012  13  GIST, ULS  CDDP + doxorubicin  12  – 
 Randle [ 30 ]  2013  7  GIST, ULS  MMC ± mitoxantrone  22  43 

   OS  Overall survival,  CDDP  cisplatin,  MMC  mitomycin C,  GIST  gastrointestinal stromal tumor,  ULS  uterine leiomyosarcoma  
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good quality of life can be anticipated for patients 
recovering from CRS-HIPEC. The expected 
decrease in quality of life immediately following 
such therapy and its likelihood of persisting up to 
a year should be communicated openly to poten-
tial candidates of CRS-HIPEC, but not used as a 
justifi cation for denying therapy [ 151 ]. 

  Salient Points 
•     Peritoneal surface disease refers to the intra- 

abdominal dissemination of malignancy. 
CRS-HIPEC is a regional treatment modality 
combining surgical resection with locally 
administered chemotherapy.  

•   Current indications for CRS-HIPEC include 
PSD arising from appendiceal, colorectal, 
ovarian, gastric, or peritoneal mesothelioma 
primary tumors.  

•   Appropriate candidates for CRS-HIPEC 
should be fi t for surgery and have a disease 
burden that is limited to the peritoneal cavity 
and amenable to complete or near-complete 
cytoreduction.  

•   Complete cytoreduction remains the goal of 
CRS. CRS consists of peritonectomy proce-
dures and the removal of all involved tissue 
and organs not vital to the patients.  

•   HIPEC is most effi cacious against micro-
scopic diseases following a complete macro-
scopic cytoreduction. Other variables affecting 
its utility include tumor sensitivity, disease 
distribution, perfusate temperature, and drug 
concentration.  

•   Phase III trials support the application of cyto-
reduction and some form of intraperitoneal 
chemotherapy for colorectal and ovarian 
carcinomatosis.  

•   Although surgical morbidity is high and oper-
ative mortality is less than negligible, CRS- 
HIPEC is the treatment that is most likely to 
prolong survival in patients with peritoneal 
surface disease.     

  Questions 
     1.    A 54-year-old woman is being evaluated for 

cytoreductive surgery with HIPEC for ovarian 
carcinomatosis. Her work-up should include 
all of the following EXCEPT:

   A.    Thorough history and physical examination   
  B.    Laboratory evaluation of blood counts, 

electrolytes, and liver function   
  C.    Contrast-enhanced CT of the chest, abdo-

men, and pelvis   
  D.    Esophagogastroduodenoscopy   
  E.    Additional tests as determined by past 

medical history       
   2.    A young, healthy man is referred to you for 

evaluation for cytoreductive surgery (CRS) 
and HIPEC. He was diagnosed by his local 
surgeon during a diagnostic laparoscopy and 
pathologic confi rmation. His disease is lim-
ited and appears to originate from a high- 
grade appendiceal primary tumor. You 
determine that he is medically fi t to undergo 
CRS-HIPEC. The next step in evaluation and 
management includes:
   A.    Imaging to rule out extra-abdominal disease   
  B.    Repeat laparoscopy to estimate a perito-

neal carcinomatosis index   
  C.    Diagnostic paracentesis   
  D.    Nutritional supplementation with paren-

teral nutrition   
  E.    Scheduling for CRS-HIPEC       

   3.    A 47-year-old man is being evaluated for 
cytoreductive surgery with HIPEC for perito-
neal surface disease originating from an 
appendiceal primary tumor. Which of the fol-
lowing scenarios would be associated with the 
most favorable outcomes?
   A.    Low-grade disease with diffuse involve-

ment of small bowel mesentery   
  B.    Low-grade disease involving the right-

lower- quadrant peritoneal surfaces   
  C.    Low-grade disease with massive malig-

nant ascites   
  D.    High-grade disease limited to the pelvis   
  E.    High-grade disease with a 1 cm focus in 

the right lung parenchyma       
   4.    Several patients with peritoneal surface dis-

ease are presenting for evaluation for possible 
cytoreductive surgery with HIPEC. Which of 
the following patients represents the best can-
didate for such therapy?
   A.    A 72-year-old man with clearly resectable 

disease, emphysema, and renal 
insuffi ciency   
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  B.    A 35-year-old man with a tumor invading 
his retroperitoneum   

  C.    A 58-year-old woman with a negative 
CT scan but pathology confi rmed perito-
neal surface disease from a diagnostic 
laparoscopy   

  D.    A 45-year-old woman with an albumin of 
2.7 and two areas of partial small bowel 
obstruction   

  E.    A 66-year-old woman with a parenchymal 
hepatic metastasis and an Eastern 
Cooperative Oncology Group performance 
status of 3.       

   5.    Upon initial exploration of a patient with peri-
toneal surface disease, you note sparing of the 
entire small bowel and mesentery, but the cen-
tral, right-lower, and pelvic regions all have 
tumor deposits greater than 5 cm in diameter. 
What is the peritoneal carcinomatosis index 
(PCI) score?
   A.    3   
  B.    6   
  C.    9   
  D.    12   
  E.    15       

   6.    A 62-year-old man is being admitted in prepa-
ration of his cytoreductive surgery with 
HIPEC tomorrow. Although his primary 
tumor was resected 1 year ago, he had 
 extensive disease in his pelvis visible on a CT 
scan performed in clinic 2 weeks ago. His pre-
operative preparation should include all of the 
following EXCEPT : 
   A.    Interval history and physical   
  B.    Blood typing and crossmatch   
  C.    Bowel preparation   
  D.    Urology consult for possible ureteral stent 

placement   
  E.    Repeat CT scan to evaluate for tumor 

progression    
      7.    You are performing cytoreductive surgery 

with HIPEC on a 52-year-old man for a low- 
grade appendiceal neoplasm with peritoneal 
dissemination. You have lysed all adhesions 
and have resected all visible disease. The next 
step in management is to:
   A.    Conclude the procedure because HIPEC is 

no longer necessary   

  B.    Conclude the procedure and await fi nal 
pathology to determine if HIPEC is 
necessary   

  C.    Perform HIPEC only if frozen sections 
return with microscopic positive margins   

  D.    Prepare for HIPEC only if the tumor rup-
tured during resection   

  E.    Begin passively cooling the patient while 
you prepare to administer HIPEC       

   8.    A 47-year-old woman is undergoing HIPEC 
for peritoneal carcinomatosis from a colonic 
primary tumor. All of the following are 
thought to infl uence the effi cacy of HIPEC 
EXCEPT : 
   A.    Size of the tumor implant   
  B.    Temperature of the tumor implant   
  C.    Distribution of HIPEC within the perito-

neal cavity   
  D.    Ratio of mucin to tumor   
  E.    Location of the primary tumor along the 

colon    

        Answers 
     1.    D   
   2.    A   
   3.    B   
   4.    C   
   5.    C   
   6.    E   
   7.    E   
   8.    E           
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         Learning Objectives 
 After reading this chapter, you should be able to:
•    Understand the importance of HPV and HIV 

in the etiogenesis of anal canal SCC and the 
similarities between genital and anal cancer  

•   Understand the natural history of anal canal 
SCC  

•   Understand the evolution of the treatment of 
anal canal SCC     

   Introduction 

 Anal neoplasms comprise tumors of the anal canal 
and anal margin. Squamous cell carcinoma (SCC) 
is the most common carcinoma of the anal canal 
and constitutes 80–90 % of all malignant anal 
tumors and is the focus of this review. Anal carci-
noma is a rare tumor and accounts for 1.5–2 % of 
all gastrointestinal (GI) tract malignancies, 2–4 % 
of lower GI tract cancers, nearly 4 % of anorectal 
tumors, and less than 0.3 % of all cancers (exclud-
ing skin BCC and SCC) [ 1 – 4 ]. 

 The incidence of anal cancer is estimated to be 
between 0.2 and 1.4 persons/100,000 persons 
with a slight female predominance [ 5 – 7 ]. There is 
a trend towards younger patients in both gender, 
largely in part due to the increased prevalence of 

immunosuppressed conditions such as transplan-
tation and human immunodefi ciency virus (HIV), 
along with transmission of the human papilloma-
virus (HPV) [ 8 ,  9 ]. 

 The incidence of anal cancer in the United 
States and worldwide has been rising in men and 
women. According to Surveillance, Epidemiology, 
and End Results (SEER) data collected between 
1973 and 2000, the incidence has increased from 
10 patients/100,000 to 20 patients/100,000 [ 10 ]. 
The incidence has been steadily increasing: in the 
year 2000, 3,400 cases were reported and in 2012 
approximately 6,230 new cases were diagnosed 
[ 2 ,  4 ,  11 ]. The annual incidence of anal cancer 
among men climbed 5.7-fold, from 1.9/100,000 to 
10.8/100,000 between 1973 and 2000 [ 3 ,  4 ]. 
African-American (AA) men had the sharpest 
increase followed by Caucasian men, Caucasian 
women, and AA women [ 3 ,  4 ]. The risk is higher 
among homosexual men [men having sex with 
men (MSM)], patients on chronic immunosup-
pression, HIV- positive or AIDS patients, and 
women with history of cervical precancer or can-
cer [ 12 ,  13 ]. In HIV-negative MSM, the incidence 
is 35/100,000; it is higher in HIV-positive MSM 
(70/100,000) [ 3 ,  13 – 16 ].  

   Anatomy 

 The anal canal represents the caudal part of the 
large intestine (Fig.  22.1 ). The exact defi nition 
of the anal canal is not generally agreed upon 
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among mists, the anal canal extends from the 
dentate line to the top of anorectal ring, while 
the anal margin extends from the dentate line to 
within 5 cm of the verge. Anatomical defi nition is 
based on studies showing lymphatic drainage and 
histology relative to the dentate line [ 16 ]. 
Lymphatic drainage above the dentate line is to 
the mesorectal, pararectal, inferior mesenteric, 
and retroperitoneal lymph nodes (LN) [ 16 ]. The 
lymphatics from the area of the puborectalis drain 
into the internal iliac LN. Drainage below the 
dentate line is to inguinal and femoral LN [ 17 ]. 
External and common iliac and para-aortic LN are 
not considered regional [ 18 ]. There are, however, 
numerous connections between the lymphatics 
and their drainage patterns are variable [ 19 ]. 
The dentate line lies 1–2 cm above the anal 
verge and is at the termination of the anal columns 
[ 4 ]. The anal margin extends distal to the anal 
verge to a 5 cm circumferential area, which is 
referred to as the perianal skin [ 6 ].

   There are three histologic zones, the proximal 
glandular (rectal columnar), distal squamous 
(keratinizing, modifi ed skin devoid of append-
ages), and squamocolumnar or transitional (non-
keratinizing) zone, which span about 0–1.2 cm 
above the dentate line. Squamous metaplastic tis-
sue occurs above the dentate line and represents a 
transformation of the epithelium from fully devel-
oped columnar epithelium to relatively immature 

or incompletely developed squamous epithelium 
overlying columnar epithelium (6–10 cm). 

 According to surgeons, the anal canal extends 
from the rectum to the perianal skin that does not 
include the hair-bearing skin [ 4 ,  17 ]. Outside the 
verge is the perianal skin and encompasses a 
radius of 5 cm. The anal canal is 3–5 cm in men 
and shorter in women. It begins where the rectum 
enters the puborectalis sling at the apex of the anal 
sphincter complex and ends at the anal verge that 
roughly coincides with the palpable intersphinc-
teric groove.  

   Pathology 

 The lining of the anal canal and perianal area 
represents progressive transition from the diges-
tive system to the skin, with many different types 
of cells and tissue. Anal cancers can arise from 
any of these cells and include adenocarcinoma, 
mucinous adenocarcinoma, undifferentiated carci-
noma, small cell carcinoma, melanoma, and 
SCC. SCC may be keratinizing or nonkera-
tinizing depending on its relation to the dentate 
line. The majority of cancers are SCC with adeno-
carcinoma and melanoma making up the rest. 
Keratinzing SCC is rare in the anal canal above 
the dentate line. Variants of nonkeratinizing 
SCC include basaloid, large cell nonkeratinzing 

  Fig. 22.1     Anatomy of the 
anorectal region : The 
anatomic anal canal is 
between the anal verge 
below and the dentate line 
above. The surgical anal 
canal is approximately 
4 cm, with one-third below 
the dentate line and 
two-thirds above it 
(Illustrated by Paul 
Tomljanovich, MD and 
modifi ed by Karen 
Howard, Medical Student. 
Courtesy of Quyen D. Chu, 
MD, MBA, FACS)       
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(transitional) and mucoepidermoid cancer. These 
cancers contain a mixture of squamous cells, 
mucin-secreting cells and cells of intermediate 
type [ 20 ]. Variants of SCC have similar natural 
history, patterns of spread, and prognosis as 
SCC. The other non-SCC anal cancers have 
distinct clinical features, natural history, and 
radiation sensitivity and will not be discussed.  

   Etiology 

 It was recognized in 1984 that genital and anal 
cancer have similar epidemiology: both are asso-
ciated with the human papillomavirus (HPV) and 
represent sexually transmitted diseases (STD) 
[ 21 ]. In recent years, it became well established 
that the most important risk or causative factor 
for anal cancer is HPV [ 9 ,  22 ,  23 ]. The epithe-
lium that is particularly susceptible to HPV infec-
tion and cancers is the transitional zone and 
transformational epithelium situated at variable 
height above dentate line [ 4 ]. Like genital cancer, 
HPV causes anal intraepithelial neoplasia (AIN) 
[squamous intraepithelial lesion (SIL)], and like 
cervical and vulvar intraepithelial neoplasia 
(CIN and VIN), AIN progresses from low-grade 
AIN (LG-AIN) to high-grade AIN (HG-AIN) to 
cancer [ 24 ]. Anal LG-AIN may not progress to 
HG-AIN and may regress but does not go 
directly to cancer without going through 
HG-AIN. Once established, HG-AIN rarely 
regresses to LG-AIN and it progresses to cancer 
without treatment. Although data on progression 
to invasive cancer is not available, it is reported in 
two studies with follow-up spanning nearly 
20 years that about 5 % of LG-AIN undergo 
malignant change [ 25 ,  26 ]. In a recent study, 
malignant progression of HG-AIN occurs in 
11 % of patients who were immunosuppressed 
for over 8 years [ 27 ]. 

 Several risk factors are associated with anal 
cancer and include genetic, environmental, 
female gender, sexual orientation and activity, 
associated anogenital disease, immunosuppres-
sion (due to solid organ transplantation or HIV 
infection), and persistent high-risk infection with 
multiple HPV types (Table  22.1 ).

     Human Papillomavirus (HPV) 

 Infection with HPV is the fi rst step in the patho-
genesis of anal cancer. There are about 30,000 
cases of anal cancer per year worldwide and 
90 % are associated with HPV [ 28 ]. It is esti-
mated that 75–80 % of sexually active 
Americans will likely acquire genital HPV at 
some point of their life, and the most common 
mode of transmission is sexual contact [ 9 ,  28 ] 
At times, HPV does not require direct sexual 
intercourse since “normal tissue trauma” and 
repair in the transformational zone can facili-
tate HPV infection. The infection causes fi eld 
change throughout the perineum and may cause 
latent subclinical (10–40 %) or clinically appar-
ent (1 %) disease. The virus becomes established 
as a result of blunted cell-mediated immune 
response [ 13 ,  29 ]. 

    HPV subtypes 16 and 18 are strongly linked 
to premalignant and malignant lesions of the 
anus, uterus, cervix, and vulva [ 9 ,  30 – 33 ]. The 
prevalence of the high-risk HPV serotypes in 
patients with anal cancer is about 85 %, with 
HPV 16 and 18 occurring in the majority of the 
cases; HPV 16 is the most common serotype 
(70 %), and 80 % of affected patients have at 
least two HPV types [ 22 ,  34 – 36 ].  

   Table 22.1    Risk factors for anal cancer   

 Human papillomavirus (HPV 16 and 18) 
 Human immunodefi ciency virus infection 
 Sexual behavior: 

 Homosexuality 
 History of anal receptive intercourse 
 History of more than 10 lifetime sexual partners among 
heterosexual men and women 
 History of anal receptive intercourse before age 30 in 
women 

 History of genital disease: 
 Cervical, vulvar, or vaginal cancer 
 Sexually transmitted diseases among heterosexual men 
and women 
 History of anogenital warts 

 Immunosuppression after sold organ transplantation 
 Cigarette smoking 
 Infl ammatory bowel disease 
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   HIV 

 HIV represents a marker for coinfection with 
other STD such as HPV. HIV-positive men 
infected with HPV tend to carry multiple  serotypes 
compared with HIV-negative men infected with 
HPV, 73 % vs. 23 %, respectively [ 37 ]. This is 
also true for both MSM and heterosexual men and 
women who do not report anoreceptive inter-
course [ 38 ]. The prevalence of anal HPV infection 
is greater than cervical HPV infection in women 
who are HIV positive or have a high risk of having 
HIV infection [ 39 ]. 

 SCC is the third common neoplasm observed in 
patients with HIV with a substantially higher inci-
dence in MSM and in long-standing infection 
[ 40 ,  41 ]. MSM who are HIV positive have dou-
bled the risk of developing anal cancer compared 
with MSM who are HIV negative [ 8 ,  14 ]. The risk 
of cancer increases with total time elapsed with 
CD 4+ count below 200 cells/μl and viral load 
>100,000 copies/ml [ 40 ,  42 ]. There is a 60-fold 
increase in relative risk of anal cancer in HIV-
positive compared to HIV-negative patients [ 12 ]. 

 With the introduction of highly active antiret-
roviral treatment (HAART), HIV/AIDS patients 
have gained improved life expectancy, but at a 
price of being at an increased risk for developing 
tumors and dying from neoplasia including 
AIDS-defi ning cancers. There is increased inci-
dence of anal cancer in HIV-infected individuals 
(120-fold higher than in age- and gender-matched 
controls) treated with HAART as a result of 
increased longevity with their altered immune 
status [ 43 ]. SCC of the anal canal is third (8.2 %) 
among neoplasms in that population with higher 
incidence in MSM and long-standing infected 
people [ 40 ,  41 ].  

   Sexual Behavior 

 The risk of developing AIN and anal SCC is 
associated with sexual behavior, and the most 
important risk factors are lifetime number of sex-
ual partners in homosexual and heterosexual 
men, engagement in anal intercourse, and pres-
ence of HIV [ 9 ]. HPV infection and high-risk 

sexual behavior are associated with marked 
increase of AIN in HIV-positive patients [ 44 ]. 

 About 28 % of patients with anal cancer give 
history of genital warts as a result of HPV 
infection compared to 1–2 % control, and a his-
tory of receptive anal intercourse in men 
increases the relative risk of developing anal 
cancer by 33x compared with control who have 
colon cancer [ 14 ]. 

 In unmarried women, history of partners with 
STD, 10 or more lifetime sexual partners, having 
at least two anal intercourse sexual partners, his-
tory of anal intercourse at young age (before the 
age 30), homosexuality, history of anogenital dis-
ease (warts, syphilis, gonorrhea, genital dyspla-
sia, or cancer), and HIV infection are associated 
with increased risk for anal cancer [ 9 ,  29 ]. 
History of cervical or vulvar HPV infection and 
VIN increases the risk of anal cancer with an 
incidence rate ratio of 3.97–31.09 depending on 
age at diagnosis compared to control [ 32 ,  45 ].  

   Solid Organ Transplantation 

 Cell-mediated immunity is important in the host 
response that prohibits HPV from establishing a 
prolonged existence. All immunosuppression 
regimens used in renal transplantation are 
cyclosporin- based with direct suppressive effect 
on cellular (T cell) immunity. Among the side 
effects of immunosuppression is the increased 
incidence of neoplasms and viral infections 
(HPV, Epstein-Barr, and CMV) [ 13 ,  23 ,  46 ]. 

 Kidney transplant patients, as a result of 
chronic immunosuppression, have a 100-fold 
increase risk of anogenital cancer [ 13 ]. Anogenital 
carcinoma, as a result of HPV infection, may be 
20x more frequent in renal transplant recipient 
receiving immunosuppression than in the general 
population [ 46 ].  

   Smoking 

 Smoking is an independent factor for increasing 
the risk of anal cancer [ 14 ,  47 ,  48 ]. There is a 5x 
increased risk compared to control and the relative 
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risks are 9.4 and 7.7 compared to nonsmoking 
controls [ 14 ,  47 ,  48 ]. The mechanism behind 
smoking and anal cancer development is unknown 
but may be related to interference with apoptosis 
and/or suppression of the immune system.  

   IBD 

 In patients with Crohn’s disease (anorectal dis-
ease), the incidence of SCC is ten times higher 
than in the general population [ 49 ].   

   Presentation 

 The median age of diagnosis of anal canal cancer in 
the United States is 60–65 years. There is a trend 
from older to younger patients of both genders as 
sexually transmitted diseases such as HIV and 
HPV become more prevalent. The diagnosis of 
SCC is often delayed because the clinical presenta-
tion is nonspecifi c and the coexistence of benign 
anorectal conditions is not uncommon. About 
70–80 % of patients are initially diagnosed with 
benign anorectal condition, and 20 % have no 
symptoms [ 1 ,  5 ]. Invasive cancer is occasionally an 
unexpected fi nding after excision of hemorrhoids 
or skin tag in up to 20 % of cases [ 1 ]. AIN is present 
in 28–35 % of excised condylomas [ 50 ]. 

 Patients may present with anorectal bleeding, 
pruritus, pain, and soiling. Bleeding is described in 
45 % of patients, with pain and a progressive 
growth of an anal mass as among the presenting 
complaints in one of three cases (Fig.  22.2 ). 
Bleeding and presence of a mass are the com-
plaints in 80 % of cases. Locally advanced cancers 
may present with incontinence (due to infi ltration 
of the anal sphincter), perianal infection, and fi s-
tula. The average tumor size measures approxi-
mately 3–4 cm at the time of diagnosis.

      Diagnostic Procedures and Staging 

 The widely used staging system for anal cancer is 
endorsed by the American Joint Committee on 
Cancer, 7th ed, 2010 [ 6 ] (Table  22.2 ). Pathologic 

staging was based on historical data when sur-
gery was the gold standard and in few tumors that 
were locally excised. Nowadays, staging is based 
on clinical assessment of the primary tumor and 
inguinal LN, supplemented by radiologic studies 
such as transanal ultrasound (US) or MRI, 
abdominal and pelvic CT scan or MRI, PET scan, 
and sentinel LN biopsy (SLNBx).

     Clinical Assessment 

 Location, size, and mobility of the primary lesion 
are carefully assessed on examination. The anal 
verge remains closed when the buttocks are gen-
tly spread. Unlike perianal cancers that can be 
visualized by gentle traction on the buttocks, can-
cers of the anal canal cannot be seen in their 
entirety with this method alone [ 5 ]; about 50 % 
are <3 cm, 24 % are superfi cial or in situ, and 
71 % invade into the muscle or fat [ 51 ]. 

 Clinical examination for inguinal LN involve-
ment is carefully performed since their involve-
ment with cancer is a major independent poor 
prognostic factor and their presence helps gauge 
therapy. About 10–20 % of patients present with 
synchronous inguinal LN metastasis [ 51 – 53 ]. 
Tumors located laterally drain to homolateral side 
and those in the midline drain to bilateral groin LN 
[ 54 ]. Most (70–90 %) tumors are located laterally 
in the anal canal and have clinically negative 
inguinal LN at initial presentation [ 13 ,  55 ,  56 ]. 

  Fig. 22.2    Endoscopic view of a squamous cell carcinoma 
of the anal canal       
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Synchronous groin LN metastasis increases with 
tumor size and extent of the primary tumor [ 53 ]. 
Half of the clinically positive LNs are <5 mm in 
size, and of all patients presenting with palpable 
inguinal LN, only 50 % will turn out to be meta-

static. HIV-positive patients, however, commonly 
present with palpable enlarged LN that are histo-
logically positive in 50 % of cases. Needle biopsy 
is indicated when LNs are enlarged or are >10 mm 
on CT or MRI [ 57 ]. Some, however, do not advo-
cate biopsy and recommend RT boost to the 
affected groin if there is palpable or radiologically 
suspicious LN [ 58 ]. 

 Examination under anesthesia may be neces-
sary to relax the sphincter and allow adequate 
examination. Biopsy is recommended for patients 
who present with pruritus or anal discharge with a 
suspicious raised, scaly, white plaques, erythema-
tous, pigmented, fi ssured, or eczematous lesions.  

   Transanal US and MRI 

 Transanal US and MRI allow accurate determina-
tion of depth of invasion by the tumor, sphincter 
involvement, and local LN metastasis [ 18 ,  59 ]. 
Three-dimensional US has improved accuracy in 
detecting perirectal LN and tumor invasion com-
pared to two-dimensional US [ 60 ,  61 ]. Proper 
positioning of the US probe or MRI coil may be 
hampered by pain and stricture. Transanal US has 
been mostly used in follow-up of patients treated 
with chemoradiation therapy (CRT) [ 18 ,  62 ]. 
Its ability to differentiate residual tumor from 
posttreatment fi brosis is, however, limited.  

   CT Scan and MRI 

 CT scan and MRI can delineate tumor dimension, 
invasion to adjacent structures, and LN involve-
ment. MRI is more sensitive as it delineates soft 
tissue planes more clearly. The effi cacy of CT scan 
and MRI to detect inguinal LN is suboptimal 
[ 49 ,  63 ]. After CRT, MRI is used with clinical 
evaluation to assess for therapeutic response [ 49 ].  

   PET Scan 

 PET scan has become the standard of care in 
staging anal canal cancer in many centers and is 
used as an adjunct to CT scan. It evaluates the 

   Table 22.2    American Joint Committee on Cancer 
(AJCC) TNM staging for anal cancer (7th edition)   

 Primary tumor (T) 

 TX  Primary tumor cannot be assessed 
 T0  No evidence of primary tumor 
 Tis  Carcinoma in situ, Bowen disease, high-grade 

squamous intraepithelial lesion (HSIL), anal 
intraepithelial neoplasia II–III (AIN II–III) 

 T1  Tumor ≤2 cm in greatest dimension 
 T2  Tumor more than >2 cm and <5 cm in greatest 

dimension 
 T3  Tumor >5 cm in greatest dimension 
 T4  Tumor of any size that invades adjacent organ(s), 

e.g., vagina, urethra, bladder* 

 *Note: Direct invasion of the rectal wall, perirectal 
skin, subcutaneous tissue, or the sphincter muscle(s) is 
not classifi ed as T4 

 Regional lymph nodes (N) 

 NX  Regional lymph nodes cannot be assessed 
 N0  No regional lymph nodes metastasis 
 N1  Metastasis in perirectal lymph node(s) 
 N2  Metastasis in unilateral internal iliac and/or 

unilateral inguinal lymph node(s) 
 N3  Metastasis in perirectal and inguinal lymph nodes 

and/or bilateral internal iliac and/or bilateral 
inguinal lymph nodes 

 Distant metastasis (M) 

 M0  No distant metastasis 
 M1  Distant metastasis 

 Anatomic stage/prognostic groups 

 Group  T  N  M 

 Stage 0  Tis  N0  M0 
 Stage I  T1  N0  M0 
 Stage II  T2, T3  N0  M0 
 Stage IIIA  T1-T3  N1  M0 

 T4  N0  M0 
 Stage IIIB  T4  N1  M0 

 Any T  N2-N3  M0 
 Stage IV  Any T  Any N  M1 

  Adapted from Compton et al. [ 179 ]. With permission 
from Springer Verlag  
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status of LN and identifi es distant metastasis. 
The sensitivity of PET scan for nodal disease is 
89 % in comparison to 62 % for CT scan and or 
MRI [ 39 ]. PET identifi es sites of metastasis not 
observed in CT scan in about 20 % of cases 
[ 39 ,  63 – 65 ]. It is also used in posttreatment eval-
uation since clinical assessment is subjective 
and confounded by radiation-related skin toxic-
ity and nonmalignant residual masses [ 66 ,  67 ]. 
Furthermore, PET scan is used to assess response 
to treatment as it correlates with the end point of 
progression-free survival (PFS), overall survival 
(OS), and cause-specifi c survival [ 63 ,  68 ]. 

 PET-CT is useful in the initial staging of peri-
rectal/pelvic LN or inguinal LN, more so in high- 
risk advanced tumors. It also alters the RT fi elds 
in 16–35 % of patients and identifi es synchro-
nous cancer [ 69 – 72 ].  

   Sentinel LN 

 Management of nonpalpable inguinal LN (clini-
cally negative) at presentation is controversial. 
Elective LN dissection is not widely applied since 
metastasis is found only in 50 % of cases and 44 % 
of pathologically positive LN are smaller than 
5 mm [ 51 ]. Inclusion of inguinal LN in the radia-
tion fi eld is not standard and is empirically made 
according to institutional practice. Some suggest 
prophylactic RT whereby radiotherapy is deliv-
ered to the primary tumor, pelvic LN, and the 
groin with the intent to reduce the risk of late nodal 
metastasis [ 73 ]. Others recommend the “watch 
and see” policy and treating the nodal basin only 
when LN metastasis becomes evident after the 
completion of treatment of the primary tumor [ 61 ]. 
Others adopt a more selective approach and deliver 
RT based on the size of the primary tumor [ 74 ]. 
Sentinel LN biopsy (SLNBx) is yet another tool 
that can be used to improve detection of metastatic 
disease in clinically unsuspicious nodes. It may 
upstage patients with small primary anal cancer 
who may otherwise be excluded from radiother-
apy and avoid overtreating patients who have no 
nodal involvement [ 53 ,  54 ,  71 ,  75 – 79 ]. 

 SLNBx must not be performed for clearly 
clinically positive or suspicious LN. Some advocate 

its routine use in patients with nonpalpable LN, 
while others suggest exclusion of T4 patients and 
patients with prior anal manipulation [ 54 ,  80 ].  

   Markers 

 Lampejo et al. in a systemic review of biomarkers 
found that tumor suppressor genes p53 and p21 
were the only markers of prognostic value in 
more than one study [ 81 ].   

   Treatment 

 Management of keratinizing and nonkeratinizing 
anal canal carcinomas is similar. In the past, treat-
ment included single-modality therapy, either 
abdominoperineal resection (APR) or RT. The treat-
ment paradigm has changed to concurrent CRT as 
primary treatment and APR as salvage treatment. 
Below is an in-depth description of the evolution of 
the treatment for anal SCC. 

   Surgery 

  APR  was the gold standard and treatment of choice 
for advanced anal cancer before 1974 [ 26 ]. The 
treatment was associated with an over-all survival 
(OS) of 40–70 %, morbidity up to 72 %, and local 
recurrence as high as 40 % [ 1 ,  51 ,  82 ]. With pelvic 
nodal involvement and tumor size larger than 
5 cm, prognosis was worsened by 50 % and sur-
vival reduced to below 20 % [ 1 ,  82 ]. The paradigm 
shifted to primary CRT after Nigro published the 
results of neoadjuvant CRT [ 83 ]. APR became a 
salvage procedure offered to patients with persis-
tent and progressive disease, and those with local 
recurrence and CRT-related complications such as 
anal stenosis and incontinence [ 84 – 90 ]. 

  Local excision  is suitable for in situ lesions, 
those that are confi ned to the epithelial and sub-
epithelial connective tissue, and for small (<2 cm) 
well-differentiated lesions occupying <50 % of 
the anal circumference [ 51 ,  87 ]. Local excision 
of selected lesions is associated with a 5-year OS 
of 87 % and cancer-specifi c survival of 100 %. 
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  Colostomy  is indicated for patients who are 
incontinent, those who cope poorly with 
RT-related acute toxicity, or those who are at risk 
of developing a rectovaginal fi stula.  

   Sphincter Preservation Treatments 

   Radiation Therapy (RT) Alone 
 In 1984, Cummings et al. demonstrated that sur-
vival rates with RT alone were equivalent to CRT 
(70 %), but primary tumor control was better with 
the combined therapy (60 % vs. 93 %) [ 91 ]. In a 
later study, they demonstrated that the 4-year 
actuarial cause-specifi c rates were better with 
CRT compared to RT alone (80 % vs. 68 %) [ 92 ]. 
Radiotherapy alone is highly effective for selected 
patients with small tumors (T1, T2, N0, M0) but 
not for those with larger tumors or those with 
positive LNs [ 93 ,  94 ]. It is also an acceptable 
modality for the frail and elderlies [ 95 ].  

   Concurrent Chemoradiation 
Therapy (CRT)  
 The Nigro protocol originally used CT as a pre-
cursor (neoadjuvant) to APR to improve survival 
[ 83 ]. Low-dose RT (3,000 cGy full pelvis radia-
tion) and continuous 5-fl uorouracil (5-FU infu-
sion) and a single bolus of mitomycin C (MMC) 
were given during RT. Overall, 86 % of patients 
had at least a clinical complete response (CR), 
79 % were alive and disease-free at time of analy-
sis, and the majority had no residual tumor after 
APR [ 83 ]. The treatment was later modifi ed to 
decrease toxicity [ 96 ]. The presence of CR sub-
sequently led most centers to adopt CRT as pri-
mary curative treatment to avoid the morbidity 
and mortality associated with an APR. 

 Concurrent CRT evolved from a precursor to 
an alternative to surgery as an organ preserving, 
sphincter-saving, and colostomy-sparing treat-
ment that is associated with a good outcome. 
It became the standard of care supported by retro-
spective and prospective studies, although there 
is no head-to-head prospective randomized trial 
comparing CRT to surgery. Subsequent studies 
focused on the selection of the chemotherapeutic 
agent and RT to improve the effi cacy of and 
reduce toxicity of the treatment.   

   5-FU + MMC 

    Randomized trials conducted by the United 
Kingdom Coordinating Committee on cancer 
Research (UKCCCR) [ 55 ] and the European 
Organisation for Research and Treatment of can-
cer (EORTC) [ 52 ] demonstrated that the addition 
of CT yielded higher local control, colostomy-
free survival (CFS), and complete remission rates 
than RT alone. 

 In the British trial (ACT I), 585 patients with 
T1–T4 epidermoid SCC of the anal canal or mar-
gin were randomized to RT alone ( n  = 290) or RT 
with concurrent 5-FU and MMC ( n  = 295) [ 55 ]. 
There was no signifi cant difference in OS between 
the two therapies at 36 months, but CRT resulted 
in less local failure and decreased cancer- related 
risk of death (Table  22.3 ). With CRT, CR rate was 
obtained in 70 % of patients (range, 64–86 %). 
The long-term follow-up data (median 13 years) 
was recently reported and demonstrated that the 
full benefi t with CRT can be seen at about 5 years 
after start of treatment and sustained at least 
7 years after [ 97 ]. There was a 9.1 % increase in 
non-anal cancer death in the fi rst 5 years of CRT 
that disappeared by 10 years. The benefi ts of 
CRT outweighed an early excess risk of non-anal 
cancer death.

   In all, 84 % of recurrences were detected 
within the fi rst 2 years, and most anal cancer 
deaths occurred in the fi rst few years (53 % in the 
fi rst 2 years). Patients who survived to 5 years 
were considered cured since the cause of deaths 
thereafter were due to other causes. Only 7 % of 
patients developed metastatic disease without 
earlier locoregional recurrence. For every 100 
patients, there was an expected 25.3 fewer patients 
with locoregional relapse and 12.5 fewer anal 
cancer deaths compared with 100 patients given 
RT alone. 

 The EORTC randomized 110 patients (T3–T4 
or N1–N3) to RT alone or RT + concurrent 5-FU 
and MMC [ 52 ]. The study demonstrated no dif-
ference in the OS (58 % vs. 54 %). However, CR 
and colostomy-free survival (CFS) were higher 
in the CRT compared to RT group (Table  22.3 ). 
The locoregional control rate improved by 18 % 
at 5 years, and the    event-free and progression- free 
survival rates were higher in the CRT. Unlike the 
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UKCCCR study, the morbidity and mortality 
were not signifi cantly different.  

   5-FU + MMC vs. 5-FU (Is MMC 
Necessary?) 

 A phase III randomized joint trial, the Radiation 
Therapy Oncology Group (RTOG 87-04) and 
Eastern Cooperative Oncology Group (ECOG 
1289), was designed to determine the importance 
of MMC [ 58 ]. In the study, 310 patients with 

stages I to IIIa were randomized to 5-FU/RT or 
5-FU/MMC/RT (Nigro regimen). Patients in the 
MMC arm compared to the 5-FU arm had signifi -
cantly higher-grade 4–5 toxicity rates (23 % vs. 
7 %). However, at 4 years, patients in the 5-FU/
MMC arm had lower colostomy rate, higher 
CFS, and improved disease-free survival (DFS) 
than the 5-FU arm (Table  22.3 ). There was also 
higher tumor regression response in the MMC 
arm (92 % vs. 87 %) but no signifi cant difference 
in survival (75 % vs. 68 %). Elimination of MMC 
resulted in almost doubling of 5-year local 

        Table 22.3    Randomized clinical trials of chemoradiation therapy for anal SCC   

 Clinical trial   N   Treatment  Results 

 UKCCCR 
(ACT I) [ 55 ] 

 577/585  RT vs. 5-FU/MMC/RT ( RT  =  45 Gy; boost 
RT to responders ) 

  At 3 years : 
 Survival = 58 % vs. 65 % 
 Local failure = 61 % vs. 39 % 
 Cancer mortality = 28 % vs. 39 % 
 Complete response rate = 70 % 
 Early toxicity = 48 % vs. 39 % 
 Late toxicity = no difference 

 EORTC [ 52 ]  110  RT vs. 5-FU/MMC/RT  Overall survival = 58 % vs. 54 % 
 Locoregional control rate = 68 % vs. 50 % 
 Complete response rate = 54 % vs. 80 % 

 RTOG and 
ECOG [ 58 ] 

 310  5-FU/RT vs. 5-FU/MMC/RT 
( RT  =  45–54.4 Gy ) 

  At 4 years : 
 Colostomy rate = 23 vs. 9 % 
 Colostomy-free survival = 59 % vs. 71 % 
 Tumor regression rate = 87 % vs. 92 % 
 Disease-free survival = 68 % vs. 75 % 
 High-grade toxicity = 7 % vs. 23 % 

 RTOG 98-11 
[ 102 ,  103 ] 

 644/682  5-FU/MMC/RT vs. 5-FU/cisplatin/
RT + induction 5-FU/cisplatin 
( RT = 55–59 Gy ) 

  At 5 years : 
 Overall survival = 73 % vs. 70 % 
 Disease-free survival = 60 % vs. 54 % 
 Local failure rate = 25 % vs. 33 % 
 Colostomy rate = 10 % vs. 19 % 
 Locoregional failure = 25 % vs. 33 % 
 Distant metastasis = 15 % vs. 19 % 
 Time to relapse = 60 % vs. 42 % 
 Hematologic toxicity = 60 % vs. 42 % 
 Nonhematologic toxicity = no difference (74 %) 

 ECOG E4292 
[ 164 ] 

 32  5-FU/cisplatin/RT  Overall response rate = 92 % 
 5-year OS = 69 % 
 5-year progression-free survival = 55 % 
 Overall high-grade toxicity = 31 % 
 Severe hematologic toxicity = 16 % 

 EXTRA [ 108 ]  31  Xeloda/MMC/RT ( RT 50.4 Gy )  Complete response rate = 77 % 
 No related deaths 

   5-FU  5-fl uorouracil,  MMC  mitomycin C,  RT  radiotherapy  

22 Squamous Cell Carcinoma of the Anal Canal



522

recurrence (from 17 % in FU/MMC to 36 % in 
5-FU alone) and 17 % decrease in 5-year DFS 
(from 64 % in FU-MMC to 50 % in FU alone). 
Although 5-FU-MMC was associated with 
increased hematologic toxicity, this did not com-
promise OS. The study confi rmed the superiority 
of MMC + 5-FU as it improved sphincter preser-
vation and disease control, despite greater associ-
ated toxicity.  

   5-FU + Cisplatin (Can Platinum-Based 
Therapy Replace MMC?) 

 MMC was associated with 60 % incidence of 
serious (grade 3–4) toxicity, life-threatening 
hematologic, lung, renal toxicities, as well as an 
increased incidence in hemolytic-uremic syn-
drome [ 19 ,  65 ]. Cisplatinum was introduced as a 
possible alternative regimen given its proven effi -
cacy in other SCC. Initial studies demonstrated 
high local control rates (up to 85 %) at 2 years 
[ 98 – 101 ]. 

    The Radiation Therapy Oncology Group and 
the US Gastrointestinal Intergroup Randomized 
Trial (RTOG 98-11) conducted a randomized trial 
to compare RT + 5-FU/MMC and RT + 5-FU/cis-
platin and to determine whether induction 5-FU/
cisplatin CT followed by concurrent CRT would 
be more effective than standard concurrent CRT 
[ 102 ]. 644 of 682 patients (T2-T4, M0) received 
either standard CRT (5-FU/MMC) or two cycles 
of induction 5-FU/cisplatin followed by RT with 
concurrent 5-FU/cisplatin. The mean follow-up 
was 2.51 years. There was no difference in nonhe-
matologic toxicity, 3- and 5-year OS, and 5-year 
DFS or time to relapse between the groups 
(Table  22.3 ). However, the 5-year locoregional 
recurrence (LRF), distant metastasis, and cumu-
lative colostomy-free survival (CFS) rates were 
signifi cantly better with the MMC-based therapy. 
5-FU/MMC/RT has better DSF and lower colos-
tomy failure (CF) rate than with induction 5-FU/
cisplatin and 5-FU/cisplatin/RT. In a multivariate 
analysis of patients with tumor >5 cm and or 
node-positive disease, signifi cant relapses 
occurred locoregionally (40–64 %) compared to 

20 % in T2N0 or T3N0 disease [ 102 ]. In an 
updated long-term follow-up, it was found that 
RT + 5-FU/MMC had a statistically better DFS 
and OS than RT + 5-FU/CCDP (5-year DFS, 
67.8 % vs. 57.8 %;  P  = 0.008; 5-year OS, 78.3 % 
vs. 70.7 %;  P  = 0.026). Additionally, the 5-FU/
MMC group trended towards statistical signifi -
cance for CFS ( P  = 0.05), LRF ( P  = 0.087), and 
CF ( P  = 0.074) [ 103 ]. 

 Other studies questioned whether cisplatin 
could replace MMC and whether maintenance 
(consolidation; adjuvant) 5-FU/cisplatin would 
improve on those results [ 104 ,  105 ]. The second 
UK Anal Cancer Trial II (ACT II) evaluated the 
role of adjuvant 5-FU/cisplatin after concurrent 
5-FU/cisplatin/RT or 5-FU/MMC/RT [ 104 ]. In 
this study, 940 non-HIV patients with SCC T1–
T4 were randomized to 5-FU/cisplatin ( n  = 469) 
with RT or 5-FU/MMC ( n  = 471) with RT. Both 
groups were further randomized to receive two 
courses of consolidation (adjuvant) therapy, 
either 5-FU/cisplatin ( n  = 448) after CRT or no 
consolidation ( n  = 446). At 26 weeks, there was 
no difference in CR rate in patients receiving 
adjuvant CT vs. observation alone (85 % vs. 
82 %). The results of the recently completed 
study, phase III ACT II, which showed no differ-
ences in CR, DFS, and OS in both groups, are 
depicted in Table  22.3  [ 106 ]. Unlike the RTOG 
98-11, the colostomy rate was lower in the cis-
platin arm (11 % vs. 14 % with MMC). As in 
RTOG 98-11, grade 3–4 acute hematologic tox-
icity occurred signifi cantly more often in the 
MMC arm (25 % vs. 13 %), whereas nonhema-
tologic toxicity did not differ between the two 
arms (60 % vs. 65 %) [ 106 ]. 

 The European Action Clinique Coordonnees 
en Cancerologie Digestive (ACCORD-03) phase 
III trial evaluated the benefi t of cisplatin-based 
neoadjuvant CT prior to concurrent 5-FU/cispla-
tin/RT and assessed the impact of higher RT 
boost to responding patients [high-dose boost 
(25 Gy vs. standard dose boost (15 Gy)] on 
CFS in patients with advanced anal cancer [ 107 ]. 
The study showed no benefi t for the addition of 
cisplatin- based neoadjuvant CT prior to CRT or 
from increase in RT boost (Table  22.4 ).
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      Capecitabine and MMC 

 In gastrointestinal cancer, oral capecitabine 
(Xeloda®) is at least as effective with similar tox-
icity profi le as intravenous 5-FU. The effi cacy and 
toxicity of capecitabine in the treatment of anal 
SCC was explored in a multicenter phase II study 
(EXTRA) that replicated ACT II treatment but 
substituted capecitebine for 5-FU [ 108 ]. Thirty 
one patients were treated with CRT using intrave-
nous MMC on day 1 and oral capecitabine on each 
RT treatment day in two divided doses (825 mg/m 2  
BID). The combination of MMC/capecitabine was 
well tolerated. Complete CR occurred in 77 % of 
patients and partial response occurred in 16 %, and 
there were no treatment-related deaths (Table  22.3 ). 

 In another phase I study of 18 patients with 
locally advanced anal cancer who were treated 
with intensity-modulated RT (IMRT) and con-
comitant capecitabine and MMC, 83 % of 
patients achieved CR. At a follow-up of 
28 months, none of the patients with CR relapsed 
[ 109 ]. The predominant acute toxicity (grade ≥3) 
was radiation dermatitis (50 %) [ 109 ].  

   Cetuximab and Cisplatin 

 Early results of treatment with EGFR inhibitor 
(Cetuximab) in metastatic anal SCC are promis-
ing [ 110 – 113 ]. Patients with KRAS wild-type 
showed partial response or at least stabilization 
of the tumor, whereas patients harboring KRAS 
mutation had progressive disease [ 112 ,  113 ]. 
A phase I study of cetuximab with cisplatin 
and RT for locally advanced anal cancer showed 
78 % of patients (7/9) achieved CR [ 114 ].  

   HIV Status and CRT 

    HIV-negative patients with anal cancer treated 
with concurrent CRT often required a break from 
RT and dose reduction of at least one CT agent 
and have a local failure rate of 30 % and a 5-year 
OS near 70 %; more than 50 % succumb to death 
for which the causes are unrelated to anal cancer 
[ 52 ,  55 ,  58 ,  102 ,  115 ]. HIV-negative patients with 
anal cancer differ from HIV-positive patients by 
age (60–65 years vs. 40–45 years), male gender 

   Table 22.4    Neoadjuvant vs. adjuvant chemotherapy   

 Study   N   Treatment  Outcome 

 ACT II [ 104 ,  106 ]  940   Cisplatin group   CR: similar (94 %) 
 5-FU/cisplatin/RT  OS: similar (85 %) 
 ± adjuvant 5-FU/cisplatin     3 year RFS: similar 

 T1–T2 = 75 % 
  MMC group   T3–T4 = 68 % 
 5-FU/MMC/RT  Toxicity: 
 ± adjuvant 5-FU/cisplatin  Nonhematologic: similar 60 % vs. 65 % 

 Hematologic: MMC > cis 13 % vs. 25 % 
 ACCORD 03 [ 107 ]  307   NACT  +  5-FU/cisplatin/RT    5-year CFS : 

 Standard boost RT (group A)  Group A and B = 76.5 % 
 High-dose boost RT (group B)  Group A and C = 73.7 % 
  No NACT  +  5-FU/cisplatin/RT  
 Standard boost RT (group C)  Group C and D = 75 % 
 High-dose boost RT (group D)  Group B and D = 77.8 % 
  Standard boost RT  =  15 Gy  
  High-dose boost RT  =  25 Gy  

   5-FU  5-fl uorouracil,  CFS  colostomy-free survival,  CR  complete response,  NACT  neoadjuvant chemotherapy,  OS  over-
all survival,  RFS  relapse-free survival  
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(35–40 % vs. 90–95 %), and homosexuality 
[ 116 – 118 ]. Currently in the Western world, up 
to 50 % of patients with anal SCC are rela-
tively young (40–60 years) male homosexuals 
under highly active antiretroviral therapy 
(HAART) [ 119 ]. 

 In the pre-HAART era, HIV-positive patients 
were excluded from major studies. Small stud-
ies, however, have shown that HIV-positive 
patients had poor tolerance to MMC-based CRT 
protocol, experienced frequent local recurrence, 
but had satisfactory local control and survival 
rates [ 40 ,  41 ,  117 ,  120 – 123 ]. Despite poor toler-
ance, standard CRT was given whenever possi-
ble, especially when the CD 4+ count was >200/
mm 3  [ 123 ]. Many of these young patients even-
tually died of AIDS with or without evidence of 
residual anal cancer since the median survival 
with the diagnosis of AIDS was 17 months. In one 
study where many patients did not receive stan-
dard CT because of fear of signifi cant hemato-
logic toxicity, after 38 months follow-up, 40–50 % 
had local recurrence, 50 % were alive and dis-
ease-free, and 50 % died from complications of 
AIDS [ 115 ]. Acute toxicity was frequent (>50 %). 
In another study, the median time to cancer-
related death was 1.4 years (vs. 5.3 years in HIV-
negative patient) [ 117 ]. 

 In the HAART era, HIV-positive patients were 
able to tolerate CRT if CD 4+ count >200 [ 123 ]. In 
a multicenter cohort study and retrospective analy-
sis of 40 HIV-positive patients (on HAART) and 
81 HIV-negative patients treated with either CRT 
or RT alone, the CR rate was high in both groups 
(92 % vs. 96 %), although HIV-positive patients 
were more likely to experience grade 3–4 skin and 
hematologic toxicity [ 120 ]. The 5-year OS was 
similar in both groups (61 % vs. 65 %), but the 
locoregional recurrence was higher in the HIV-
positive patients (61 % vs. 13 %), and the majority 
of HIV-positive patients died of anal cancer [ 120 ]. 
In the Veterans Affairs study, the authors noted that 
survival was equivalent between HIV-positive and 
HIV-negative patients (overall 4-year survival 
66 % vs. 62 %) [ 118 ]. Overall, HIV-positive indi-
viduals with anal SCC in the HAART era carry a 
50 % risk of local recurrence and 33 % risk of 
dying from the  cancer [ 40 ].  

   Radiotherapy: Standard RT vs. 
Intensity-Modulated RT (IMRT) 

   Standard Radiotherapy [Conventional 
3D-Conformal Radiotherapy (3D CRT)] 
 The RT that has been used is 3D conformal radia-
tion therapy (3D CRT). It delivered RT using 
opposed anteroposterior and posteroanterior 
fi elds during a 6-week period with a therapeutic 
break between sequences [ 94 ,  124 – 126 ]. The 
delivery covered gross disease and elective pelvic 
and inguinal LN including extensive portions of 
the bowel, bladder, and perineum. The total dose 
of RT continues to be evaluated. Nigro initially 
utilized low-dose RT, 30 Gy [ 83 ]. However, 
escalating or higher doses has been shown to 
improve locoregional recurrence [ 127 ,  128 ]. Dose 
50–55 Gy is effective in obtaining local control 
and eradication of the tumor, resulting in a cure in 
70–90 % of patients [ 1 ,  124 ,  127 – 129 ]. Local 
recurrence dropped to less than 10 % and 5-year 
survival improved to 60–90 %. Escalating the dose 
up to 60 Gy is associated with 90 % locoregional 
control at 5 years and improves survival in patients 
with T3 and T4 tumors [ 129 ,  130 ]. The benefi t of 
a dose >60 Gy is doubtful and is associated with 
complications [ 88 ,  89 ,  131 – 133 ]. 

    Extensive portions of the bowel, urinary blad-
der, and perineum and large volume of bone 
marrow are included within each RT fi eld arrange-
ment, leading to increase in acute toxicity and 
chronic sequelae that can pose life- threatening 
complications and adversely affect quality of life 
[ 53 ,  88 ,  134 – 136 ]. Death from RT toxicity is 
reported in 2–2.7 % of cases [ 53 ]. Hematologic 
and nonhematologic toxicities are observed in 
42–74 % of the patients, and the incidence of 
grade ≥3 GI and skin toxicity ranged from 34 to 
48 % [ 52 ,  55 ,  58 ,  102 – 104 ,  106 ,  137 ]. Irradiation 
to groin LN cancer results in signifi cant early and 
late toxicity: external genitalia edema, epider-
molysis with super infection of the skin, inguinal 
fi brosis, osteonecrosis of femoral head, femoral 
head fracture, small bowel injury, lymphedema 
of lower extremities, edema of genitalia, and ste-
nosis of iliac artery that occur in 33 % of irradi-
ated patients [ 89 ,  134 – 136 ]. There is a threefold 
increase in the risk of pelvic fractures in elderly 
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women [ 138 ]. High-dose radiation is associated 
with anal stenosis, ulcers, and necrosis that may 
require a colostomy in up to 6–12 % of patients 
[ 88 ,  89 ,  124 ]. With increasing doses of RT, the 
need for a diverting colostomy increases, and 
with a dose >65 Gy, necrosis of the anal canal 
occurs [ 132 ]. Potential toxicity of 3D CRT results 
in signifi cant dose reduction of CT and increases 
incidence of treatment breaks (gap) and overall 
treatment time. Prolonged treatment with fre-
quent treatment interruptions is associated with a 
poor prognosis and local control rate [ 94 ,  133 , 
 139 – 141 ]. To minimize the risk of RT toxicity, 
the radiation fi eld may be reduced, or multifi eld 
techniques are used to deliver the dose of RT 
more conformally to spare normal tissues.  

   Intensity-Modulated Radiation 
Therapy (IMRT) 
 IMRT involves the use of computer-aided optimi-
zation to deliver RT dose to the target in a highly 
conformal manner while minimizing dose to 
adjacent normal tissue or neighboring organ at 
risk (OAR) [ 28 ,  141 – 148 ]. The dosimetric advan-
tage of IMRT over 3D CRT for OAR and healthy 
tissue sparing is established [ 28 ,  142 ,  144 ,  147 , 
 149 ]. The outcome following treatment with 
IMRT does not differ from that with 3D CRT, but 
there is a marked decrease in the adverse effects 
and the need for treatment breaks and reduced 
total treatment time [ 28 ,  42 ,  126 ,  140 ,  143 ,  144 , 
 147 ,  148 ,  150 ,  151 ]. With IMRT, there is a lower 
rate of acute and late gastrointestinal and genito-
urinary morbidity and decreased hematologic 
toxicity with bone marrow sparing IMRT [ 18 , 
 141 – 144 ,  148 ,  152 ,  153 ]. Skin toxicity is reported 
in 0–38 % [ 28 ,  42 ,  126 ,  140 ,  143 ,  148 ].    

   Summary of CRT 

 Anal cancer is often a curable disease. Concurrent 
CRT is associated with good clinical response 
(80–94 %) and high 5-year OS (72–84 %), DFS 
(73 %), locoregional recurrence-free survival 
(70 %), and colostomy-free survival rates (70–
80 %) [ 52 ,  55 ,  58 ,  102 ,  103 ,  106 ,  124 ,  154 ,  155 ]. 
In a cohort study of 19,195 patients treated for 

SCC between 1985 and 2000, the 5-year survival 
rates were 70 %, 59 %, 41 %, and 19 % for stage 
I, stage II, stage III, and stage IV disease, respec-
tively [ 154 ]. The full benefi t of CRT (UKCCCR 
trial, ACT I) is durable for at least 7 years, and 
most anal cancer-related deaths occur in the fi rst 
few years (54 % in the fi rst 2 years) [ 97 ]. The 
5-year cumulative colostomy rate and actuarial 
10-year OS and DSF rates are similar with MMC 
or cisplatin [ 156 ]. Metastatic disease is the cause 
of 40 % of cancer-specifi c deaths [ 55 ]. 

 Pathologic factors that determine outcome 
include tumor size, local tumor extension, status 
of LN, and tumor grade [ 1 ,  102 ,  115 ,  124 ,  154 , 
 157 ,  158 ]. Synchronous LN metastases are strictly 
related to tumor size and are found in 0 %, 8.5 %, 
39 %, and 20–60 % with T1, T2, T3, and T4 
tumors, respectively [ 53 ]. With tumors >5 cm and 
T4 lesions, LN metastasis is present 47 % and 
doubled with extension of tumor beyond the exter-
nal sphincter 58 % [ 53 ]. Inguinal LN involvement 
is a major independent prognostic factor for LR, 
OS, and DFS [ 1 ,  97 ,  124 ,  154 ,  155 ]. Survival rates 
drop from 70 % with negative LN to 40–50 % with 
positive LN [ 1 ,  53 ]. The 5-year OS for T1–T2, T3, 
and T4 tumors is 80–90 %, 60 %, and <50 %, 
respectively. Prognosis is worsened by 50 % with 
nodal involvement and tumor size greater than 
5 cm [ 1 ,  97 ,  102 ,  124 ,  154 ]. 

 Clinical and treatment-related factors that 
infl uence the outcome include gender, race, socio-
economic status, age over 75 years, intolerance to 
treatment, fi stulization, immunosuppression, and 
HIV positivity [ 159 – 161 ]. Worse outcome is 
noted in men than women, blacks than white, and 
Hispanic and all than Asian, age over 75 years, 
presence of immunosuppression and HIV positiv-
ity, intolerance to treatment, and presence of fi stu-
lization. Complete CR after CRT and performance 
status of the patient are independent predictors of 
OS [ 100 ,  142 ,  155 ,  157 ,  162 ]. Metabolic activity 
in the primary tumor at time of presentation and 
after treatment and metabolic response are poten-
tial biomarker for predicting response to treat-
ment and prognosis of the cancer [ 68 ,  162 ,  163 ]. 
Treatment breaks and overall treatment time may 
infl uence local outcome [ 94 ,  102 ,  133 ,  140 ,  141 , 
 164 ,  165 ].  
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   Relapse 

   Patterns 

 The 5-year locoregional failure rates after defi nitive 
CRT vary from 10 to 33 % [ 1 ,  52 ,  55 ,  58 ,  97 ,  102 , 
 115 ,  154 ] (Figs.  22.3a–c  and  22.4 ). Relapse 
occurs within the fi rst 3 years and rarely after 
5 years, and 85 % of recurrences are detected 
within the fi rst 2 years [ 1 ,  97 ]. Patient wih dis-
ease located laterally at presentation and later 
develop inguinal LN metastasis do so in the ipsi-
lateral groin [ 53 ,  54 ]. Metachronous LN metasta-
sis is found during follow-up in 5–25 % of patients 
within 6 months of treatment and is strictly related 
to tumor size [ 53 ]. About 17 % of patients treated 
with CRT develop metastatic disease and the liver 
is the most common site [ 5 ,  52 ]. Locoregional 
and/or distant recurrence occurs in up to 35 % 
of treated patients and is strongly associated 
with advanced T stage (T3 and T4) and nodal 
involvement [ 40 ].

    Anal cancers regress slowly after CRT and 
patients are classifi ed into complete responders 
and nonresponders with either residual/persistent 
disease or progressive disease (growth during 
treatment). Locoregional failure is equally divided 
between persistent, progressive, and true recurrent 
disease [ 1 ,  115 ]. The timing of when maximum 

response to CRT occurs is poorly defi ned. Hazard 
ratios indicate that assessment at 26 weeks is the 
most discriminating end point with the most 
signifi cant effect on outcome and therefore the 

  Fig. 22.3    ( a – c ) Abdominosacral resection of a patient with residual cancer following the Nigro protocol (Courtesy of 
Quyen D. Chu, MD, MBA, FACS)       

  Fig. 22.4    Patient with a recurrent squamous cell carci-
noma of the anal canal 2 years after Nigro protocol. This 
patient underwent an abdominosacral resection (Courtesy 
of Quyen D. Chu, MD, MBA, FACS)       
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optimum time for assessment [ 4 ]. Several studies 
suggest a waiting period of 8–10 weeks before 
fi nal evaluation, but 6–12 weeks are commonly 
used. There is a debate regarding the best time to 
defi ne lack of response and persistent disease. 
Most studies defi ne residual disease as disease 
present within 6 months of CRT and recurrent dis-
ease when a tumor is discovered after 6 months. 
The ACT II trial showed that assessment of com-
plete response at 11 weeks will discriminate those 
patients achieving and not achieving complete 
clinical response in terms of PFS and OS [ 104 ]. 
Some authors recommend biopsy only if a suspi-
cious lesion is present [ 131 ].  

   Treatment of Relapse 

 With prophylactic RT, LN recurrence decreases to 
2.5–3 % [ 58 ,  92 ,  115 ,  127 ,  166 ,  167 ]. If untreated, 
metachronous LN metastasis occurs in 7.4–7.8 % 
of patients [ 63 ,  100 ]. Inguinal LN dissection is 
indicated for persistent synchronous disease after 
radiotherapy and recurrent (metachronous) 
disease. 

 Despite effective CRT, 30–40 % of patients 
required salvage APR for tumor recurrence, 
incomplete pathological response, and progres-
sive disease after treatment [ 79 ,  84 ,  86 ,  88 – 90 , 
 158 ,  168 ]. In most studies, APR is performed for 
persistent disease after CRT [ 83 ,  131 ,  158 ,  169 –
 171 ]. In a review of 13 studies, Renehan and 
O’Dwyer concluded that APR offers the only 
chance for cure [ 161 ]. Long-term survival varies 
from 25 to 60 %, refl ecting the heterogeneity of 
the adjuvant therapy and individual characteris-
tics of the patient and tumor [ 4 ,  124 ,  157 ,  161 , 
 172 ,  173 ]. The most important prognostic factor 
after APR is margin status [ 169 ]. Other prognos-
tic factors include T and LN status, size >5 cm, 
adjacent organ invasion, existence of metastases 
at time of surgery, male gender, and higher 
comorbidities [ 2 ,  86 ,  159 ,  171 ,  173 ]. Morbidity 
of salvage APR can be as high as 72 % due to 
urinary retention, impotence, poor healing, 
abscess, and perineal hernia formation [ 171 ]. 
Poor perineal wound healing is related to large 
defect created by the wide excision and prior RT. 

Wound breakdown occurred in 36–59 % of 
primary closure, 36 % of patients with omental 
fl ap, and 0 % with vertical rectus abdominis 
myocutaneous (VRAM) fl ap [ 171 ]. Salvage CRT 
(i.e., repeat Nigro protocol) for persistent disease 
has been evaluated, but the effi cacy is not clear. 
Most commonly, 5-FU/cisplatin is used [ 58 ]. 

 About 10–20 % of patients have extrapelvic 
metastatic disease at presentation, and 10–17 % 
of patients with initially local disease develop 
distant metastasis despite CRT. The liver is the 
most common site [ 5 ,  52 ,  55 ,  58 ,  102 ,  106 ,  107 ]. 
Few studies have addressed CT protocols for 
metastatic disease. Data indicate that treatment 
with 5-FU/cisplatin is associated with 50 % 
response rate and a median OS of 13–55 months 
[ 174 – 177 ]. In a retrospective analysis of patients 
treated with cetuximab and irinotecan, partial 
remission or stabilization of tumor was noted in 
patients with KRAS wild-type anal cancer com-
pared to patients harboring KRAS mutations who 
had progressive disease [ 110 ]. An ongoing phase II 
(E3205) study is evaluating the effi cacy of cetux-
imab + cisplatin, 5-FU, and RT [ 178 ]. 

  Salient Points 
•     Anal SCC is considered a sexually transmitted 

disease and HPV is an important causative 
factor. Oncogenic HPV serotypes are strongly 
linked to premalignant and malignant anal and 
genital lesions.  

•   HIV-positive patients are more likely to be 
infected with HPV than HIV-negative patients 
regardless of sexual practices and have higher 
prevalence of AIN. They are at increased risk 
for the development of anal cancer. High- grade 
AIN progresses more frequently to cancer than 
HIV-negative patients.  

•      Studies by Nigro which demonstrated concur-
rent CRT (5-FU/MMC + low-dose radiation) 
resulted in high rates of local control, and sub-
sequent randomized phase III trials have con-
fi rmed these fi ndings. These studies have 
utilized 5-FU with MMC or cisplatin, but con-
current CRT with 5-FU and MMC remains the 
considered standard of care. However, MMC 
is associated with treatment-related deaths 
and life-threatening hematologic toxicity and 
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hemolytic-uremic syndrome. 5-FU/MMC is 
superior to 5-FU alone as it improves sphincter 
preservation and disease control despite greater 
associated toxicity.  

•   The addition of cisplatin-based neoadjuvant 
therapy prior to concurrent CRT is of no ben-
efi t in terms of colostomy-free survival (RTOG 
98-11 and ACCORD-03).  

•   The administration of consolidation (adjuvant) 
5-FU/cisplatin after concurrent CRT is also 
of no benefi t in terms of CR, DFS, and OS 
(ACT II).  

•   Overall, HIV-positive individuals do not tolerate 
CRT (higher skin and hematologic toxicity) and 
carry a higher risk of local recurrence and risk of 
dying from the cancer after treatment, and OS 
correlates with CD 4+ count <200 cells/ml.  

•   IMRT reduces toxicity and maintains sphincter 
preservation without compromising local 
control.  

•   The role of alternative chemotherapeutic 
agents and biological therapy in the treatment 
of localized and metastatic anal canal is being 
tested.  

•   Abdominoperineal resection is the only hope 
for cure after failed concurrent CRT.     

  Questions and Answers 
   Questions 
   1.    Tranformational epithelium

   A.    Represents squamocolumnar zone span-
ning about 0–1.2 cm above the dentate line   

  B.    Is squamous metaplastic tissue that occurs 
above the dentate line and overlying 
columnar epithelium (6–10 cm)   

  C.    Is modifi ed skin   
  D.    A and C   
  E.    None of the above       

   2.    Low-grade AIN
   A.    May regress   
  B.    May progress to high-grade AIN   
  C.    May progress directly to cancer   
  D.    A, B, and C   
  E.    A and B       

   3.    HPV 16 and 18
   A.    Have little oncogenic potential   
  B.    Are strongly linked to premalignant and 

malignant lesions of the anus but not the 
vulva and uterus   

  C.    Are present in small percentage of anal 
cancer cases   

  D.    Have oncogenic potential   
  E.    A, B, and C       

   4.    In initial staging of anal cancer
   A.    PET/CT scan is superior to CT scan in 

detecting groin LN metastasis.   
  B.    Sentinel LN biopsy is indicated when 

inguinal LNs are enlarged.   
  C.    Elective groin LN dissection is performed 

as a staging procedure routinely prior to 
combination CRT.   

  D.    CT scan is superior to PET scan in detect-
ing metastasis to groin LN.   

  E.    None of the above.       
   5.    Single-modality treatment with RT

   A.       Has no role in the treatment of anal 
cancer   

  B.    Is as effective as concurrent CRT in the 
treatment of small anal cancers   

  C.    Is not indicated in the elderly patient   
  D.    A, B, and C   
  E.    A and C       

   6.    Treatment with MMC
   A.    May be eliminated from concurrent CRT 

because of toxicity   
  B.    Has no impact on local recurrence   
  C.    Has no impact on disease-free survival   
  D.    A, B and C   
  E.    None of the above       

   7.    In HIV-positive patients on HAART treated 
with concurrent CRT
   A.    Complete response rate, as in HIV-negative 

patients, is high.   
  B.    Patients have 5-year OS similar to HIV- 

negative patients.   
  C.    Patients have higher locoregional recur-

rence compared to HIV-negative 
patients.   

  D.    Unlike HIV-negative patients, majority die 
of anal cancer.   

  E.    All of the above.       
   8.    The most important pathologic prognostic 

factors in anal SCC are:
   A.    Tumor size and extent   
  B.    Location in relation to the dentate line   
  C.    Status of LN   
  D.    A, B, and C   
  E.    A and C       
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   9.    A 55-year old man presented with a large 
histologically proven SCC of the anal canal. 
Which of the following is the most appropri-
ate treatment?
   A.    Abdominoperineal resection (APR)   
  B.    Concurrent chemoradiation therapy with 

5-FU and mitomycin C   
  C.    Chemotherapy alone   
  D.    Radiation therapy alone   
  E.    Neoadjuvant chemotherapy followed by 

an APR          

  Answers 
     1.    B   
   2.    E   
   3.    D   
   4.    A   
   5.    B   
   6.    E   
   7.    E   
   8.    E   
   9.    B           
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      Abbreviations 

  AJCC    American Joint Committee on 
Cancer   

  ATA    American Thyroid Association   
  AUS/FLUS    Atypia of undetermined signifi -

cance/follicular lesion of undeter-
mined signifi cance   

  CEA    Carcinoembryonic antigen   
  CNS    Central nervous system   
  CT    Computed tomography   
  DTC    Differentiated thyroid cancer   
  EBRT    External beam radiation therapy   
  FDG-PET    Fluoro-deoxy-glucose positron 

emission tomography   
  FMTC    Familial medullary thyroid cancer   
  FN    Follicular neoplasms   
  FNA    Fine-needle aspiration   
  FTC    Follicular thyroid cancer   
  HCC    Hürthle cell carcinoma   
  HCN    Hürthle cell neoplasms   
  MEN    Multiple endocrine neoplasia   
  MRI    Magnetic resonance imaging   
  MTC    Medullary thyroid carcinoma   
  NCI    National Cancer Institute   
  PET    Positron emission tomography   
  PHPT    Primary hyperparathyroidism   

  PTC    Papillary thyroid carcinoma   
  PTH    Parathyroid hormone   
  RAI    Radioactive iodine   
  RET    Rearranged during transfection   
  rhTSH    Recombinant human TSH   
  SEER    Surveillance, epidemiology, and 

end results   
  Tg    Thyroglobulin   
  TSH    Thyroid-stimulating hormone   
  WBS    Whole-body RAI scans   

        Learning Objectives 
 After reading this chapter, you should be able to:
•    Describe the workup of a thyroid nodule.  
•   Choose the appropriate treatment based on 

fi ne-needle aspiration results.  
•   Appreciate the difference in cancer manage-

ment based on thyroid cancer cell type.     

   Introduction 

 Thyroid nodules are a common fi nding in the 
global population, with 5 % of women and 1 % of 
men in industrialized nations having palpable thy-
roid nodules, and a further 19–67 % with nodules 
detectable by ultrasound imaging [ 1 ]. Thyroid 
nodules are of surgical concern in part due to the 
need to exclude thyroid cancer, which occurs in 
5–15 % of nodules [ 1 ]. The overall incidence of 
thyroid cancer in the United States is increasing; 
between 1992 and 2006 it was 7.7 per 100,000 
person-years, with a rate of 11.3 per 100,000 
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woman-years and 4.1 per 100,000 man- years [ 2 ]. 
Papillary thyroid cancer is the most common, 
accounting for 84 % of new cases, followed by 
follicular (10 %), medullary (3–5 %), and ana-
plastic (1 %) thyroid cancer, with another 2 % 
of unspecifi ed or miscellaneous thyroid cancer 
[ 2 ,  3 ]. This chapter will address the proper 
diagnostic, surgical, and surveillance techniques 
for thyroid cancers.  

   Initial Evaluation 

 While thyroid surgery requires expert precision 
and attention to detail, the preoperative workup is 
equally important. Any patient referred for a 
newly discovered thyroid nodule should undergo 
a diagnostic evaluation including a thorough his-
tory and physical exam, laboratory tests, imaging 
studies, and other procedures. To begin, a history 
of the nodule must be established. Any change in 
size and associated rate of growth should be 
noted, as this can indicate an aggressive lesion 
such as anaplastic cancer. Associated symptoms 
should also be evaluated, with attention to those 
that might indicate compression or invasion of 
surrounding anatomic structures. These include 
progressive dysphagia, cough, or dyspnea, which 
suggest compression of the esophagus and tra-
chea, or dysphonia, which could indicate com-
pression or invasion of the recurrent laryngeal 
nerve. Symptoms of hyper- or hypothyroid 
should be assessed, as these may indicate the 
presence of a functioning nodule or suppression 
of thyroid hormone production. A history of 
patient risk factors should then be acquired, 
including any head or neck irradiation, total body 
irradiation for bone marrow transplantation, expo-
sure to ionizing radiation as a child, or family his-
tory of thyroid cancer or thyroid cancer syndromes 
(multiple endocrine neoplasia type 2 (MEN2), 
Cowden’s syndrome, familial polyposis, Carney 
complex, Werner syndrome) in a fi rst-degree 
relative [ 1 ,  4 ]. 

 A physical exam focusing on the thyroid and 
associated cervical lymphadenopathy should 

then be performed. Evaluate the patient for signs 
of hyperthyroidism (tachycardia, tremor, rest-
lessness, fl ushing, brisk deep tendon refl exes) 
and hypothyroidism (hair loss especially of the 
lateral eyebrows, pretibial edema, delayed deep 
tendon refl exes). Inspect the neck for jugular 
venous distention, tracheal deviation, and cervi-
cal lymphadenopathy. Palpate the thyroid gland 
for size, contour, and general mobility in refer-
ence to surrounding tissues. Note the size, mobil-
ity, fi rmness, and tenderness of any palpable 
nodules. With an especially large nodule or large 
substernal component to the thyroid gland, the 
patient should be evaluated for facial fl ushing, 
inspiratory stridor, and jugular venous distention 
together with both arms raised above their head – 
this triad is Pemberton’s sign and can indicate 
superior vena cava obstruction. 

 After the history and physical exam, labora-
tory tests and imaging studies are necessary for 
diagnosis. A thyroid-stimulating hormone (TSH) 
level should be obtained in any patient with a thy-
roid nodule ≥1 cm in size [ 1 ]. If the serum TSH 
is low, a radionuclide thyroid scan should be 
obtained to determine if the nodule is hyperfunc-
tioning (“hot”), isofunctioning (“warm”), or non-
functioning (“cold”). Any hyperfunctioning 
nodule does not require biopsy, as the likelihood 
of a hot nodule containing a focus of malignancy 
is very low. Patients with hot nodules should 
undergo ultrasonography predominantly for the 
purpose of documenting the size and appearance 
of the nodule and should then go on for evalua-
tion and treatment of their hyperthyroidism. On 
the contrary, if the serum TSH level is normal or 
high, the nodule requires further evaluation with 
ultrasonography and FNA (refer to Fig.  23.1 ). 
It is important to note that incrementally higher 
TSH levels, even on the high side of the normal 
range, are associated with an increased risk of 
malignancy [ 5 ,  6 ]. Additionally, if the patient has 
a strong family history of medullary thyroid can-
cer, a serum calcitonin and CEA level should be 
checked. In cases where the FNA is suspicious or 
suggestive of medullary thyroid cancer, serum 
calcitonin and CEA may be useful.
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      Diagnostic Imaging 

   Ultrasound 

 The American Thyroid Association (ATA) rec-
ommends ultrasound evaluation of all palpable 
thyroid nodules and all those discovered by inci-
dental imaging [ 1 ]. This allows for the confi rma-
tion of the presence of a nodule, the identifi cation 
of additional nodules, and the measurement and 
characterizations of any lesions. As above, only 
nodules that are ≥1 cm in greatest diameter 
should prompt continued evaluation, as these are 
more likely to harbor clinically signifi cant can-
cers. Patients with normal or high TSH levels 
should be evaluated with particular attention to 
sonographic features that suggest malignancy. 

These suspicious features include poorly defi ned 
margins, predominantly solid composition, micro-
calcifi cations, hypoechogenicity, taller-than- wide 
shape, cervical lymphadenopathy, and hypervas-
cularity by Doppler. While none of these fi ndings 
are defi nitive, the combination of hypoecho-
genicity, microcalcifi cations, and  irregular borders 
in a solitary nodule was associated with a 30-fold 
increased risk of malignancy in a retrospective 
study [ 7 ].  

   Computed Tomography/Magnetic 
Resonance Imaging 

 There are very few indications for CT or MRI 
imaging in the initial workup of a thyroid nodule. 
If a patient has had a previous thyroid operation, 

  Fig. 23.1    The process recommended for evaluation of a 
new thyroid nodule. Surgical treatments are presented 
based on fi ne-needle aspiration (FNA) diagnosis and not 

by histological cell type.  TFTs  thyroid function tests, 
 CLND  central lymph node dissection       
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these imaging techniques can help better delineate 
the thyroid bed. In addition, if there are signs of 
tracheal deviation or    superior vena cava obstruc-
tion, three-dimensional imaging can evaluate the 
extent of deviation or substernal/mediastinal 
component of the tumor. Any CT imaging must 
be done without intravenous iodinated contrast, 
as this blocks iodine uptake by the thyroid and 
thereby would delay any adjuvant therapy with 
radioactive iodine should it be necessary [ 8 ].   

   Fine-Needle Aspiration 

 Fine-needle aspiration (FNA) has become the 
gold standard for thyroid nodule evaluation. It is 
the most accurate and cost-effective method for 
evaluating thyroid nodules and should be per-
formed on all nonfunctional nodules ≥1 cm in 
size, unless they are simple cysts with no solid 
components (refer to Fig.  23.1 ) [ 1 ]. In a patient 
with multiple nodules ≥1 cm (e.g., multinodular 
goiter), those nodules with suspicious sono-
graphic fi ndings should be preferentially biopsied 
with FNA. If none of the nodules have a suspi-
cious appearance, the largest nodules should be 
evaluated with FNA. FNA of smaller nodules is 
also indicated in patients with a family history of 
thyroid cancer, a personal history of radiation 
exposure, or concerning ultrasound characteris-
tics (see above). Additionally, if a thyroid nodule 
is detected incidentally on a positron emission 
tomography (PET) scan and is fl uoro-deoxy- 
glucose (FDG) avid, it should be biopsied as these 
nodules have up to a 50 % risk of being malignant 
[ 9 ]. Ultrasound guidance is routinely used, but is 
especially essential in non-palpable nodules or 
those with >25–50 % cystic component to allow 
for more accurate targeting. Results from an FNA 
are reported in six general categories: benign, fol-
licular lesion of undetermined signifi cance, fol-
licular neoplasm, suspicious for malignancy, 
malignant, and nondiagnostic. Each of these car-
ries with it a certain risk of malignancy, as detailed 
in Table  23.1  [ 9 ]. See also Fig.  23.1  for guidance 
in management based on FNA results.

     Nondiagnostic 

 Nondiagnostic or unsatisfactory samples are 
unable to be reliably interpreted due to limited 
cellularity or absence of follicular cells. This cat-
egory also encompasses samples that suffer from 
poor fi xation or preservation. Though this is not 
generally the fi nal FNA diagnosis received, 
nondiagnostic results accounted for more than 
9 % of all FNA results in a large series of patients 
that eventually went on to surgical removal at the 
Mayo Clinic [ 10 ]. This result in an FNA report 
should prompt a repeat US-guided FNA.  

   Benign 

 Generally, this category includes multinodular 
goiter, lymphocytic thyroiditis, and hyperplastic 
nonfunctional thyroid nodules. While benign 
aspiration cytology does not completely rule out 
malignancy, these nodules have a very low rate of 
pathological cancer diagnosis, with a risk of 
malignancy of 0–3 %. However, because the risk 
still exists, patients with a benign FNA result must 
continue active monitoring, with serial clinical 

   Table 23.1    Bethesda system for reporting thyroid cyto-
pathology: implied risk and recommended management   

 Cytology classifi cation 
 Risk of 
malignancy  Usual management 

 Nondiagnostic  N/A  Repeat FNA with 
US guidance 

 Benign  0–3 %  Clinical 
follow-up 

 Atypia or follicular 
lesion of undetermined 
signifi cance 

 5–15 %  Repeat FNA 

 Follicular neoplasm  15–30 %  Thyroid 
lobectomy 

 Suspicious for 
malignancy 

 60–75 %  Total 
thyroidectomy or 
lobectomy 

 Malignant  97–100 %  Total 
thyroidectomy 

  Adapted from Layfi eld et al. [ 9 ]. With permission from 
John Wiley & Sons, Inc. 
  FNA  fi ne-needle aspiration,  US  ultrasound  
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and ultrasound examinations for 6–18 months 
after the fi rst FNA. If the nodule is stable, then the 
periodic examinations can be extended to every 
3–5 years [ 1 ]. Any changes in size or suspicious 
sonographic features should prompt a repeat 
FNA biopsy [ 9 ]. 

 Any nodule ≥4 cm should undergo the same 
workup as smaller nodules, with serum labora-
tory tests, ultrasound evaluation, and 
FNA. However, surgical removal is recom-
mended even if all of these tests indicate that 
the nodule is benign, for large nodules have a 
much higher rate of false-negative FNAs than 
smaller nodules do [ 11 ]. This holds true even if 
the nodule is functioning (or “hot”) on thyroid 
scintigraphy.  

   Atypia of Undetermined Signifi cance/
Follicular Lesion of Undetermined 
Signifi cance (AUS/FLUS) 

 Cytopathology with atypia represents the most 
subjective category of results, with an associated 
malignancy risk of 5–15 %. These results include 
cells that do not represent benign lesions but do 
not have a degree of atypia suffi cient to defi ne 
them as follicular neoplasms. Recommendations 
vary as to how to manage patients with these 
FNA results. Since this category can include 
some biopsy results that have minimally suffi -
cient cellularity for evaluation, a repeat FNA can 
be the most appropriate next step in these cases. 
The National Cancer Institute recommends 
obtaining an iodine 123  scan, especially if the 
patient’s TSH level is low. If the nodule is “hot,” 
the nodule can be followed clinically with a 
repeat FNA in 3–6 months [ 9 ]. If the nodule is 
“cold,” the patient should undergo a thyroid 
lobectomy for further diagnostic evaluation and 
treatment [ 1 ,  9 ]. At our institution, the diagnosis 
of FLUS carries a malignancy rate that exceeds 
15 %, and therefore virtually all patients with 
FLUS undergo surgery. Since FLUS can be a 
variable diagnosis, we recommend that each 
institution evaluates its own malignancy rate.  

   Follicular Neoplasm/Suspicious 
for Follicular Neoplasm 

 Biopsies categorized as follicular/Hurthle cell 
neoplasms include all non-papillary follicular 
patterned and Hürthle cell lesions and have a 
malignancy risk of 15–30 %. Since follicular 
neoplasms can only be truly differentiated from 
follicular carcinomas by evidence of capsular or 
vascular invasion on permanent histology, this 
distinction cannot be made with FNA alone. 
These patients must undergo a thyroid lobectomy 
for further diagnosis. We and others have previ-
ously demonstrated that the frozen section is not 
useful and extremely inaccurate in the evaluation 
of follicular neoplasms. It does not provide any 
diagnostic information 90 % of the time [ 12 ]. An 
initial thyroid lobectomy should be performed, 
and, if the surgical pathology indicates a diagno-
sis of follicular carcinoma, the patient can return 
for a completion thyroidectomy when clinically 
stable [ 1 ,  9 ]. If the patient has had a history of 
head/neck radiation, a family history of thyroid 
cancer, a bilateral nodular disease, and/or a 
preference for bilateral surgery, an initial total 
thyroidectomy can be considered.  

   Suspicious for Malignancy 

 Cytopathology in this category carries an inter-
mediate to high risk of malignancy of 60–75 %. 
It is used to describe results that appear likely to 
be malignant but are lacking in suffi cient evi-
dence to confi rm the diagnosis. These include 
results that are suspicious for papillary carcinoma 
(many in this group are eventually diagnosed 
with follicular variant of papillary carcinoma), 
suspicious for medullary carcinoma (with insuf-
fi cient specimen available for confi rmatory calci-
tonin immunostains), suspicious for lymphoma, 
suspicious for metastatic tumor, or suspicious for 
malignant neoplasm due to total necrosis of cells 
(e.g., anaplastic carcinoma). In cases where the 
FNA is suspicious for papillary thyroid cancer, 
thyroid lobectomy with intraoperative frozen 
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section or total thyroidectomy is our preferred 
operation [ 13 ]. In the remaining suspicious cytol-
ogies, the patient may require diagnostic thyroid 
lobectomy. The appropriate operative approach 
depends on the histological diagnosis and is 
addressed in more detail below. Additionally, if a 
nodule is suspicious for medullary carcinoma, 
the patient should be evaluated for elevated 
serum calcitonin and CEA levels. Nodules suspi-
cious for lymphoma may provide defi nitive diag-
nostic results if FNA is repeated with the 
resulting cells evaluated with fl ow cytometry for 
T- and B-lymphocyte markers.  

   Malignant 

 Nodules with FNA biopsies reported as malig-
nant have a high risk of malignancy at 97–100 %. 
As described above, most but not all thyroid 
malignancies can be diagnosed by cytopathology, 
including papillary thyroid carcinoma, poorly 
differentiated thyroid carcinoma, anaplastic car-
cinoma, medullary carcinoma (with calcitonin 
immunostains and confi rmatory serum tests), 
lymphoma (with the addition of fl ow cytometry), 
and metastatic tumors. While many prognostic 
scoring systems exist, they have predominantly 
been replaced by the TNM scoring system from 
the American Joint Committee on Cancer (AJCC) 
(Table  23.2 ) [ 14 ]. The ATA strongly recommends 
that any patient fi t to undergo an operation 
receives at least a near-total or total thyroidec-
tomy for a malignant FNA diagnosis in a carci-
noma ≥1 cm, in contralateral disease, or if the 
patient has a personal history of head or neck 
radiation therapy or a family history of thyroid 
cancer [ 1 ]. Any additionally recommended proce-
dures will be discussed in the detailed explanation 
of each histological diagnosis below.

       Papillary Thyroid Cancer 

   Initial Evaluation and Treatment 

 Papillary thyroid carcinoma (PTC) is the most 
common thyroid cancer, accounting for 84 % of 
all thyroid cancers reported in the NCI’s surveillance, 

      Table 23.2    American Joint Committee on Cancer (AJCC) 
TNM staging for thyroid carcinomas (7th edition)   

 Primary tumor (T)* 

 All categories may be subdivided: (s) solitary tumor 
and (m) multifocal tumor (the largest determines the 
classifi cation) 
 TX  Primary tumor cannot be assessed 
 T0  No evidence of primary tumor 
 T1  Tumor ≤2 cm in greatest diameter limited to the 

thyroid 
 T1a  Tumor ≤1 cm limited to the thyroid 
 T1b  Tumor >1 cm ≤2 cm in greatest dimension, limited 

to the thyroid 
 T2  Tumor >2 cm ≤4 cm in greatest dimension, limited 

to the thyroid 
 T3  Tumor >4 cm in greatest dimension, limited to the 

thyroid or any tumor with minimal extrathyroid 
extension (e.g., extension to sternothyroid muscle 
or perithyroid soft tissues) 

 T4  Moderately advanced disease 
 Tumor of any size extending beyond the thyroid 
capsule to invade the subcutaneous soft tissues, larynx, 
trachea, esophagus, or recurrent laryngeal nerve 

 T4b  Very advanced disease 
 Tumor invades prevertebral fascia or encases the 
carotid artery or mediastinal vessels 

 All anaplastic carcinomas are considered T4 tumors 
 T4a  Intrathyroidal anaplastic carcinoma 
 T4b  Anaplastic carcinoma with gross extrathyroid 

extension 

 Regional lymph nodes (N) (comprises of central 
compartment, lateral cervical, and upper mediastinal 
lymph nodes) 

 NX  Regional lymph nodes cannot be assessed 
 N0  No regional lymph node metastasis 
 N1  Regional lymph node metastasis 
 N1a  Metastasis to Level VI (pretracheal, paratracheal 

and prelaryngeal/Delphian lymph nodes) 
 N1b  Metastasis to unilateral, bilateral, or contralateral 

cervical (Levels I–V) or retropharyngeal or 
superior mediastinal lymph nodes (Level VII) 

 Distant metastasis (M) 

 M0  No distant metastasis 
 M1  Distant metastasis 

 Anatomic stage/prognostic groups 

 T  N  M 

  <45 years  
  Papillary or follicular (differentiated)  
 Stage I  Any T  Any N  M0 
 Stage II  Any T  Any N  M1 

(continued)
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epidemiology, and end results (SEER) database 
from 1992 to 2006 [ 2 ]. Fortunately, the prognosis 
is excellent, with an overall 20–25- year cancer-
specifi c mortality rate of 5 % [ 15 ]. Interestingly, 
in the case of differentiated thyroid cancer, the 
staging system is additionally based on patient’s 
age, with patients younger than 45 years old being 
classifi ed only as Stage I or II (Table  23.2 ). 
Multiple subtypes of papillary cancer have been 
described, including the classical form, with areas 
that have mostly a papillary growth pattern as 
well as follicles; a follicular variant that has a pre-
dominantly follicular pattern; and the tall cell, 
columnar cell, diffuse sclerosing, and insular vari-
ants, which are all more aggressive than the other 
more common types [ 15 ]. The majority of patients 
are women, with female patients representing 
60 % of new cases in the SEER program [ 2 ]. 
Specifi c risk factors for PTC include exposure to 
ionizing radiation and hereditary associations 

such as familial adenomatous polyposis, Cowden 
syndrome, and Carney complex. The goals of 
management for PTC include surgical removal of 
the primary tumor and any extrathyroidal disease 
including involved lymph nodes, radioablation of 
any remaining thyroid tissue, suppression of 
endogenous TSH, and continued long-term sur-
veillance [ 16 ]. Since PTC spreads lymphatoge-
nously, the preoperative workup should include a 
cervical ultrasound to evaluate the patient for 
lymphadenopathy. The rate of lymph node metas-
tasis present at the time of diagnosis is 20–90 %, 
so any suspicious lymph nodes should be biopsied 
with FNA, as positive fi ndings would increase the 
extent of the operation [ 17 ,  18 ]. If there is no evi-
dence of lymphadenopathy, the initial operation 
in nodules ≥1 cm that are positive for papillary 
thyroid carcinoma should be a total thyroidec-
tomy. The appropriate management of cervical 
lymph nodes in PTC is slightly more controver-
sial. Some experts advocate a prophylactic dissec-
tion of the central neck (level VI, including the 
lower jugular node from the cricoid cartilage to 
the clavicle), citing the high percentage of nodal 
metastases at diagnosis and the inability to detect 
nodal micrometastases preoperatively with stan-
dard imaging. However, in the absence of any 
overt nodal disease, others recommend limiting 
the operation to a total thyroidectomy because 
extending the dissection can also increase compli-
cations, because prophylactic dissection has not 
been convincingly proven to reduce mortality or 
local recurrence and because, regardless of the 
signifi cance of micrometastases, they can be 
treated with radioactive iodine ablation. The ATA 
recommends a central compartment (level VI) 
neck dissection for any patients with clinically 
signifi cant FNA-positive central or lateral neck 
lymph nodes. For patients with no evidence of 
nodal disease, the recommendations are based 
only on consensus expert opinion and suggest that 
a prophylactic central compartment dissection 
can be performed in patients with more advanced 
primary tumors (T3 or T4, Table  23.2 ), but that 
total thyroidectomy is also a suffi cient treatment, 
especially in T1 or T2 primary carcinomas [ 1 ]. 
We generally do not perform a prophylactic cen-
tral neck dissection.  

Table 23.2 (continued)

 Anatomic stage/prognostic groups 

 T  N  M 

  ≥45 years  
 Stage I  T1  N0  M0 
 Stage II  T2  N0  M0 
 Stage III  T3  N0  M0 

 T1–T3  N1a  M0 
 Stage IVA  T4a  N0  M0 

 T4a  N1a  M0 
 T1–T3  N1b  M0 
 T4a  N1b  M0 

 Stage IVB  T4b  Any N  M0 
 Stage IVC  Any T  Any N  M1 
  Medullary carcinoma (all age groups)  
 Stage I  T1  N0  M0 
 Stage II  T2–T3  N0  M0 
 Stage III  T1–T3  N1a  M0 
 Stage IVA  T4a  N0  M0 

 T4a  N1a  M0 
 T1–T4a  N1b  M0 

 Stage IVB  T4b  Any N  M0 
 Stage IVC  Any T  Any N  M1 
  Anaplastic carcinoma (all are considered Stage IV)  
 Stage IVA  T4a  Any N  M0 
 Stage IVB  T4b  Any N  M0 
 Stage IVC  Any T  Any N  M1 

  Adapted from Compton et al. [ 60 ]. With permission from 
Springer Verlag  
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   Postoperative Management 

 The second goal of PTC management is radioab-
lation of any remnant tissue or unrecognized/
unremoved micrometastases in selected patients. 
PTC cells are sensitive to iodine-131 (I 131 ), which 
is generally administered 4–12 weeks postopera-
tively. It should not be employed in patients who 
underwent less than a near-total thyroidectomy, 
as the remaining intact thyroid gland will absorb 
all or nearly all of the iodine, preventing it from 
treating the intended targets, micrometastases, 
and remnant tissue. Based on many previous 
studies of effective doses to achieve ablation 
while minimizing excess radiation, the ATA rec-
ommends 30–100 mCi doses in low-risk patients 
and allows for use of higher doses (100–200 mCi) 
in patients with known or suspected residual dis-
ease or with an aggressive variant cell type on 
tumor histology [ 1 ]. While the goal of radioactive 
iodine (RAI) ablation is specifi cally to ablate any 
small amount of remaining normal thyroid tissue, 
it can also be considered as adjuvant therapy to 
potentially treat any remaining thyroid cancer 
cells [ 19 ]. A scan approximately 2–10 days after 
administration of postoperative RAI ablation can 
also be useful in surveying patients for remaining 
disease, especially unrecognized disease in the 
neck that would have been masked by thyroid 
uptake in preoperative imaging. Two clear rec-
ommendations for RAI use exist: low-risk (stage 
I) patients under 45 years old should not undergo 
postoperative RAI ablation, and high-risk (stage 
III-IV) patients older than 45 years old or any 
with tumors >4 cm should receive postoperative 
RAI ablation [ 1 ,  20 ]. In the former group, use of 
RAI therapy does not show any overall or disease- 
free survival benefi t [ 20 ,  21 ], while in the latter 
group, single-dose RAI adjuvant therapy has 
been shown to decrease disease recurrence and, 
in some cases, prolong survival [ 20 ,  22 ,  23 ]. Use 
of postoperative radioiodine therapy in all other 
groups is selective. The ATA recommends that 
patients older than 45 years with a T1–T2 carci-
noma who also have N1 disease or other high risk 
factors should receive RAI adjuvant therapy. On 
the other hand, patients with multifocal cancer 
where none of the foci are >1 cm and no other 

high risk factors are present should not have RAI 
therapy [ 1 ]. 

 Patients undergoing RAI ablation need to have 
high serum levels of circulating TSH (>30 mU/L) 
to stimulate uptake of iodine into cells. This can 
be achieved by withdrawal of levothyroxine over 
4–6 weeks or by TSH stimulation with adminis-
tration of recombinant human TSH (rhTSH). 
Baseline postoperative thyroglobulin (Tg) tests 
should also be performed at this time, when TSH 
will be at the highest level, around 72 h after 
administration of rhTSH [ 16 ] Thyroglobulin can 
only be synthesized by thyroid follicular cells, 
and it is thus used as a postoperative tumor 
marker for papillary or follicular thyroid cancer 
recurrence. While preoperative levels have no 
demonstrative predictive or prognostic utility, 
and thus should not be routinely measured, post- 
thyroidectomy levels should be consistently 
<2 ng/mL. Thyroid hormone suppression and 
rhTSH stimulation are provocative tests, and any 
Tg level >2 ng/mL under either of these condi-
tions is indicative of recurrent (or persistent if in 
the fi rst postoperative evaluation) disease [ 24 ]. 

 The third goal for management of patients 
with PTC is suppression of endogenous TSH 
levels. TSH has a trophic effect on thyrocytes, 
and therefore suppressing circulating levels with 
supraphysiologic doses of levothyroxine has been 
demonstrated to reduce the risk of major clinical 
adverse events [ 25 ,  26 ]. The ATA consensus 
recommendations for degree of suppression are 
<0.1 mU/L for high- or intermediate-risk patients 
and 0.1–0.5 mU/L for low-risk patients.  

   Long-Term Surveillance 

 Surveillance in PTC consists of serial laboratory 
tests and imaging studies. The frequency of these 
tests is dictated in part by the TNM staging of the 
primary tumor and histological considerations 
such as resection margins and aggressive histo-
logical subtypes. The fi rst evaluation should occur 
6 months after RAI ablation. This consists of a 
physical exam, cervical ultrasound of the central 
and lateral compartments, and measurement of 
serum Tg, TSH, and antithyroglobulin (anti-Tg) 
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antibodies. The anti-Tg antibodies should always 
be measured with Tg in surveillance as high levels 
of antibodies can falsely lower Tg levels. Rising 
serial anti-Tg antibody levels can be a surrogate 
marker for residual normal thyroid tissue or tumor. 
Tg levels can be measured with or without TSH 
stimulation, as long as the manner is consistent 
throughout. In low-risk patients, an undetectable 
Tg with undetectable anti-Tg antibody during 
TSH suppression and then confi rmed with rhTSH 
stimulation is one of the criteria for disease-free 
status. Patients must also have undergone a total 
or near- total thyroidectomy and thyroid remnant 
ablation and have no clinical or imaging evidence 
of tumor on whole-body scans at follow-up 
examination. 

 Cervical ultrasounds evaluating the central 
and lateral compartment should be performed at 
6 and 12 months post-RAI ablation and then 
annually for at least 3–5 years. If nodes are suspi-
cious for disease involvement and are 5–8 mm in 
the smallest diameter, they should be biopsied by 
FNA with Tg measurement in the needle washout 
fl uid. Lymph nodes suspicious for involvement 
smaller than 5–8 mm in largest diameter can be 
monitored without biopsy, but should be fol-
lowed for growth and biopsied if changes occur. 

 Whole-body RAI scans (WBS) are used in sur-
veillance of intermediate- or high-risk patients to 
detect any persistent or recurrence of iodine- avid 
disease. Any patient who had minimal to no uptake 
on the fi rst WBS after RAI ablation treatment will 
have low sensitivity on any subsequent scans, so 
low-risk patients with undetectable Tg levels and 
negative cervical ultrasounds should not undergo 
a WBS as part of surveillance [ 1 ]. Intermediate- 
or high-risk patients should have a WBS with 
levothyroxine withdrawal or rhTSH stimulation 
6–12 months after RAI ablation. However, since 
this test is for detection and not ablation, it should 
be done with lower radiation exposure levels, either 
by using  123 I or low- activity  131 I.  

   Management of Recurrent Disease 

 Recurrences in PTC are either locoregional or 
distant metastases. Locoregional disease detected 

by one of the above surveillance methods should 
be confi rmed with FNA. The treatment of choice 
for locoregional recurrences is surgical resection. 
In general, the recommended approach to resec-
tion is either by formal compartmental resection 
of the involved side of the neck (level VI) or 
selective ipsilateral dissection of previously 
unexplored compartments with clinically signifi -
cant involved nodes (>8 mm in diameter) (levels 
II–IV). With extensive disease, a modifi ed neck 
dissection may be appropriate (levels II–V), with 
sparing of the spinal accessory nerve, internal jug-
ular vein, and sternocleidomastoid muscle. These 
approaches are all preferred compared to selec-
tively removing only nodes that appear positive, as 
micrometastases are generally more extensive 
than can be appreciated from imaging studies [ 1 ]. 
However, if the recurrent disease is in a previ-
ously dissected compartment, it may be appropri-
ate to selectively remove only the involved nodes, 
as complete resection of the compartment may 
jeopardize surrounding vital structures [ 15 ]. 

 Distant metastases most commonly occur in 
the lungs, bones, and central nervous system 
(CNS). Any iodine-avid disease should be treated 
with RAI ablation and therapy, with treatments 
completed every 6–12 months as long as the dis-
ease continues to take up the RAI. Macronodular 
disease in any location can be considered for surgi-
cal removal, especially for tumors that are not 
iodine avid.  18 FDG-PET scans should be consid-
ered if Tg levels are high (≥10 ng/mL), but a WBS 
does not show any uptake. This usually indicates 
that there is a present focus of recurrent disease 
that is not iodine avid but may be detectable with 
 18 FDG-PET. External beam radiation therapy 
(EBRT) or stereotactic radiosurgery may be con-
sidered for bone or CNS metastases, respectively, 
in the absence of iodine avidity when surgical 
resection would be unacceptably morbid [ 16 ]. 
This should be done in conjunction with cortico-
steroid administration to limit the risk of compli-
cations from acute tumor expansion. 

 Unfortunately, PTC is relatively insensitive to 
standard forms of cytotoxic chemotherapy, and it 
is thus not a recommended treatment option. 
In patients with recurrent disease that is resistant 
to all other forms of treatment, doxorubicin 
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monotherapy is the only chemotherapy treatment 
that has been approved by the US Food and 
Drug Administration [ 1 ]. While this can show 
some cytotoxic tumor effect, it may also sensitize 
recurrent disease to EBRT, thus improving the 
effi cacy of radiation treatment.   

   Follicular Thyroid Cancer 

   Initial Evaluation and Treatment 

 Follicular thyroid carcinoma (FTC) is the second 
most common type of thyroid cancer, accounting 
for 10 % of all new cases in the SEER program 
from 1992 to 2006 [ 2 ]. Hürthle cell carcinoma 
(HCC), while classifi ed by the World Health 
Organization as a subtype of FTC, is actually a 
distinct clinical entity. It accounts for 4 % of all 
thyroid cancer cases, and, while it shares some 
similarities with FTC, they have different risk 
factors and considerations for treatment. The risk 
factors for developing FTC are similar to those 
for PTC, including radiation exposure and simi-
lar hereditary syndromes such as Cowden syn-
drome and Carney complex type 1. HCC has no 
associated genetic syndromes, but a connection 
between HCC and lymphoma has been proposed, 
though this requires more research to confi rm. 
The imaging workup for FTC and HCC is as 
described above for PTC, though the common 
fi ndings differ from those in PTC. On ultrasonog-
raphy, follicular cancers tend to be iso- or hyper-
echoic (compared to the hypoechoic PTCs) and 
have a thick, irregular halo but lack microcalcifi -
cations [ 27 ]. 

 FTC presents a diagnostic dilemma by FNA 
due to the inability to distinguish follicular ade-
nomas from carcinomas by cytology alone 
because the distinction is based on invasion not 
apparent in an FNA. Additionally, efforts should 
be made to distinguish Hürthle cell neoplasms 
(HCN) from follicular neoplasms (FN). HCC 
has a higher risk of locally invasive (T4) disease 
at diagnosis (27 % vs. 9 %) and higher rate of 
recurrence (24 % vs. 8 %) than FTC [ 28 ]. HCC is 
also not generally iodine avid, so it cannot gener-
ally be treated by RAI ablation. Based on this 

information, patients with a diagnosis of FN/HCN 
on FNA should undergo a thyroid lobectomy and 
isthmusectomy at minimum, though high-risk 
patients, HCN patients with a nodule >4 cm or 
≥70 years old, or patients with bilateral thyroid 
nodule(s) ≥1 cm should be considered for a total 
thyroidectomy as the initial operation [ 29 – 32 ]. 
Since follicular cancers spread hematogenously, 
the rate of synchronous lymph node metastases is 
very low (<10 %), though this risk may be slightly 
higher in HCC; routine prophylactic lymph node 
dissection is not recommended [ 1 ,  30 ]. If suspi-
cious lymph nodes are detected in preoperative 
ultrasonography, these nodes should be biopsied 
with FNA to confi rm involvement and removed 
during the initial operation, along with any 
nodes that appear grossly involved at the time of 
operation. 

 By pathology from the initial lobectomy, FTCs 
can be classifi ed as minimally invasive or invasive 
variants. Minimally invasive FTC is encapsulated 
with a single focus of capsular invasion (differen-
tiating it from a FN). Invasive FTC has sites of 
angioinvasion or extensive invasion beyond the 
capsule along with diffuse infi ltration of the 
affected thyroid lobe [ 29 ]. Thyroid lobectomy is 
thus suffi cient to treat a minimally invasive FTC, 
while a total thyroidectomy is necessary to treat 
invasive FTC. The management differs slightly in 
regard to lymph node dissection with a diagnosis 
of HCC from the initial lobectomy. Since HCC has 
higher rates of lymph node involvement and is 
often radioresistant, the ATA recommends consid-
ering central neck dissection (level VI) at the time 
of completion thyroidectomy.  

   Postoperative Management 

 Postoperative management follows the same 
principles for FTC and HCC as for PTC. Patients 
with minimally invasive FTC treated with a thy-
roid lobectomy need only have long-term surveil-
lance, as described below. Patients treated with a 
total or completion thyroidectomy should 
undergo an evaluation for residual disease along 
with RAI ablation with  131 I, which should be 
done approximately 4–12 weeks postoperatively 
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under conditions of either levothyroxine with-
drawal or rhTSH stimulation, as described earlier. 
A WBS done 2–10 days after RAI administration 
can identify areas of residual iodine-avid thyroid 
tissue. Baseline postoperative Tg and anti-Tg anti-
body should be drawn at this time also, to obtain it 
under levothyroxine withdrawal or rhTSH stimu-
lation. Although the majority of HCCs will not be 
iodine avid, this should not preclude undergoing 
a RAI ablation. Even if this does not treat any 
residual microcarcinomatous disease, it will 
ablate any remaining thyroid tissue, making Tg 
surveillance testing and future WBS more sensi-
tive. Additionally, both FTC and HCC have TSH 
receptors, and so chronic TSH suppression 
should be initiated postoperatively in both, fol-
lowing the same process and to the same suppres-
sion levels as described for PTC.  

   Long-Term Surveillance 

 Patients with FTC or HCC should follow the 
same surveillance pattern as PTC, with physical 
examination, cervical ultrasound, and serum lev-
els of Tg and anti-Tg antibodies at 6 and 12 
months postoperatively and then annually for at 
least 3–5 years. In surveillance, any patient 
whose Tg becomes detectable after previously 
being undetectable should have a cervical ultra-
sound to attempt to locate the source. If this is 
negative, a diagnostic RAI scan should be per-
formed. If both of these imaging studies fail to 
localize a site of recurrence, an  18 FDG-PET scan 
is indicated to fi nd the radioiodine-resistant focus 
of recurrence.  

   Management of Recurrent Disease 

 Management of recurrent FTC and HCC is similar 
to recurrent PTC. Microscopic (i.e., negative on 
cervical ultrasound) local recurrences of iodine-
avid tissue should be treated with high- dose 
(~150 mCi)  131 I. Any macroscopic local recur-
rences should be resected following the same prin-
ciple described for PTC management, with 
comprehensive compartment lymphadenectomy 

except in the case of a recurrence in a previously 
dissected compartment. With central neck recur-
rences, a central neck dissection (level VI) should 
be performed, and with lateral nodal disease, a 
modifi ed radical neck dissection of levels II–V is 
indicated, sparing the internal jugular vein, the 
spinal accessory nerve, and the sternocleidomas-
toid muscle. Unresectable locoregional metastases 
can be treated with external beam radiation ther-
apy (EBRT), which may show slightly more 
effi cacy in HCC than FTC. 

 Distant metastases are more common in HCC 
than FTC and occur in different locations: HCC 
more commonly occurs in the lungs, while FTC 
more commonly occurs in bones. These metasta-
ses should be managed the same as for PTC, with 
RAI ablation for micronodular disease and 
attempted resection for macronodular disease. 
In cases where resection of the metastases would 
be too morbid or disfi guring, and in cases of 
metastasis- related bone pain, EBRT can be 
employed. Special attention must be paid to avoid 
cerebral edema if EBRT is used for brain metasta-
ses by ensuring concurrent steroid administration. 
If the metastases can be resected, this has been 
shown to improve patient survival in FTC, HCC, 
or PTC [ 33 ,  34 ]. Unfortunately, for cases of dis-
ease recurrence that are unresectable and are not 
sensitive to either RAI or EBRT treatment, few 
options remain. As in PTC, doxorubicin has been 
approved for chemotherapeutic use, but response 
rates are uniformly poor.   

   Medullary Thyroid Cancer 

   Initial Evaluation and Treatment 

 Medullary thyroid carcinoma (MTC) arises from 
the parafollicular C cells rather than the follicular 
epithelial thyroid cells. The C cells are neuroen-
docrine in origin and responsible for producing 
calcitonin, which participates in calcium regula-
tion. These accounted for 3–5 % of all newly 
diagnosed thyroid cancers in the SEER program 
from 1992 to 2006 [ 2 ]. In cases of MTC, the cells 
continue to produce calcitonin, which then serves 
as a highly sensitive tumor marker that plays a 
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role in diagnosis and postoperative management. 
While the majority of MTC cases occur sporadi-
cally, approximately 25 % of patients have a 
hereditary form that occurs as a result of a germ-
line mutation in the rearranged during transfec-
tion (RET) proto-oncogene. 

  RET  is located on chromosome 10q11.2 and 
codes for the receptor tyrosine kinase RET, which 
is involved in cell growth and survival. Somatic 
mutations of  RET  are present in the majority of 
sporadic MTC cases, and germline mutations 
cause the MEN2 syndromes. These syndromes 
are inherited in an autosomal dominant fashion 
and carry a near 100 % lifetime risk of  developing 
MTC, as well as the risk of developing other 
tumors based on the subtype of the syndrome. 
The described subtypes of MEN2 are MEN2a, 
MEN2b, and familial medullary thyroid cancer 
(FMTC). 

 MEN2a is the most common subtype, account-
ing for approximately 80 % of the MEN2 cases 
[ 35 ]. It is characterized by development of MTC 
in virtually 100 % of patients, of pheochromocy-
tomas (either unilateral or bilateral) in 50 % of 
patients, and of hyperparathyroidism in 20–35 % 
of patients [ 36 ]. MEN2b is the second most com-
mon subtype, making up most of the remaining 
20 % of MEN2 patients. It is characterized by 
development of MTC in 100 % of patients, pheo-
chromocytomas in 50 %, and characteristic phys-
ical fi ndings. These include a thin, marfanoid 
body habitus; increased joint laxity; and mucosal 
ganglioneuromas of the gastrointestinal tract, 
lips, tongue, and eyelids. MEN2b is more aggres-
sive than MEN2a, and MTC develops at a 
younger age in this patient cohort – this subtype 
therefore needs to be identifi ed as early in infancy 
as possible. FMTC is now recognized by the ATA 
as a clinical variant of MEN2a in which MTC is 
the only manifestation [ 37 ]. Because this is an 
uncommon diagnosis, and because improper 
diagnosis could lead to missing a pheochromocy-
toma preoperatively, the qualifi cations for diag-
nosis are relatively rigid. Patients must have four 
or more family members over two generations 
with MTC and a documented absence of pheo-
chromocytoma and hyperparathyroidism and 
long-term follow up. Workup and management 

varies based on the type of MTC and the manner 
of initial detection, and so each will be addressed 
separately.  

   Evaluation and Management 
of Sporadic MTC 

 Generally, patients with sporadic MTC (or those 
who are the index case in a family for MEN2a or 
FTMC) present with thyroid nodules in the third 
and fourth decades of life. A patient’s history 
should be obtained regarding symptoms of a neck 
mass and recurrent laryngeal nerve invasion, such 
as dysphagia and voice changes; symptoms of dis-
tant metastasis such as bone pain; symptoms of 
hypercalcitoninemia such as fl ushing and diar-
rhea; and symptoms of tumors associated with 
MEN2 syndromes, such as kidney stones, pancre-
atitis, and osteoporosis from hyperparathyroid-
ism and anxiety, tremor, and panic attacks from 
pheochromocytoma. While over 80 % of patients 
with a palpable MTC nodule will have locore-
gional disease at the time of diagnosis, only 15 % 
of patients with sporadic MTC will present with 
symptoms of this locally advanced disease, such 
as hoarseness, dysphagia, and dyspnea, and 10 % 
of patients will have symptoms of hypercalcitonin-
emia, such as fl ushing and diarrhea [ 38 ]. 

 Patients with an FNA biopsy suspicious or 
diagnostic for MTC should go through further 
workup and treatment that differs from the previ-
ously described well-differentiated cancers. 
First, a serum calcitonin level must be obtained – 
a level ≥100 pg/mL confi rms the diagnosis of 
MTC. Serum calcium, parathyroid hormone 
(PTH), carcinoembryonic antigen (CEA), and 
free metanephrine and normetanephrine levels 
should be checked at the same time. Elevated 
calcium and/or PTH levels could indicate hyper-
parathyroidism, consistent with the MEN2a syn-
drome, and elevated CEA levels can help to 
diagnose some MTC cases in which the tumor 
does not initially oversecrete calcitonin. High 
levels of CEA have also been associated with a 
worse prognosis in MTC [ 35 ]. Evaluation of the 
plasma free metanephrine levels can help rule 
out the presence of a pheochromocytoma. 
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Patients with elevated plasma-free metanephrines 
or normetanephrines should be evaluated for 
the presence of a pheochromocytoma with an 
adrenal CT or MRI. Patients with concern for 
concomitant hyperparathyroidism should be 
evaluated by ultrasound and technetium-99m 
sestamibi scan. Additionally, the ATA recom-
mends offering all patients with a new diagnosis 
of MTC testing for germline  RET  mutations, as 
any of these patients may represent the index case 
of MEN2 in a family [ 37 ]. Patients should then 
undergo an extended neck ultrasound to evaluate 
for additional nodules and lymphadenopathy in 
the superior mediastinum, central, and bilateral 
lateral neck compartments. As in PTC and FTC, 
metastasis to suspicious locoregional lymph nodes 
can be confi rmed with FNA prior to thyroidec-
tomy. Finally, any patient with a serum calcitonin 
level ≥400 pg/mL is likely to have radiographi-
cally detectable distant metastases and so should 
be evaluated with a chest CT, neck CT, and three-
phase contrast-enhanced multidetector liver CT 
or contrast-enhanced MRI [ 37 ,  39 ]. 

 Any patients with biochemical and imaging 
workup suggestive of a pheochromocytoma 
should receive treatment for that prior to removal 
of their MTC with α-adrenergic followed by 
β-adrenergic blockers in the setting of adequate 
hydration and then surgical removal via laparo-
scopic adrenalectomy. The extent of surgical 
resection in the neck is then determined by the 
presence or absence of local invasion or calcito-
nin levels suggestive of the presence of distant 
metastases. Patients with no evidence of advanced 
local invasion by the tumor, no clinically involved 
cervical lymph nodes, and no evidence of distant 
metastases, and a serum calcitonin level <400 pg/
mL should undergo a total thyroidectomy with 
central compartment (level VI) neck dissection 
[ 37 ,  39 ]. Patients thought by imaging to have lim-
ited local metastatic disease (≤T3 and ≤N1b) to 
lymph nodes in the central and lateral neck com-
partments who have either no evidence of distant 
metastases or limited (<1 cm) distant metastases 
should undergo a total thyroidectomy with cen-
tral (level VI) and lateral neck (levels IIA, III, IV, 
and V) dissection [ 37 ]. If there is evidence of 
bilateral primary tumors or extensive ipsilateral 

lymphadenopathy, a contralateral lateral neck 
dissection should be considered. In patients with 
evidence of distant metastatic disease >1 cm, less 
aggressive neck surgery can be considered to 
manage local symptoms while preserving speech, 
swallowing, and parathyroid function [ 37 ].  

   Evaluation and Management 
of Hereditary Disease 

 MTC occurring in patients with one of the MEN2 
variants occurs much earlier than in sporadic 
MTC patients, usually before the third decade of 
life. The overall risk of developing MTC is nearly 
100 % in carriers of  RET  mutations. For this rea-
son, any child in a family with known MEN2 
syndromes should be evaluated as early as possi-
ble for the presence of germline  RET  mutations 
and be considered for a prophylactic thyroidec-
tomy if mutations are present. Much study has 
been devoted to the timing of prophylactic thy-
roidectomy in this population, and this has led to 
an understanding of the variation in aggressive-
ness of MTC based on the  RET  codon that is 
mutated. 

 The patterns of these  RET  mutations vary with 
each MEN2 syndrome. In MEN2a, 85 % of cases 
involve a mutation in codon 634 within exon 11; 
with codons 609, 611, 618, and 620 in exon 10; 
and codon 804 in exon 14 accounting for the 
majority of the remaining cases. In MEN2b, 95 % 
of patients have a single point mutation at a codon 
in exon 16 that changes a methionine into a threo-
nine, which is thought to cause autophosphoryla-
tion and activation of the RET receptor. The other 
codon mutations associated with MEN2b are 
922, also on exon 16, and 883 on exon 15. The 
investigations into the aggressiveness of MTC 
development based on codon mutation has led to 
classifi cation of the most common mutations and 
recommendations for timing and extent of pro-
phylactic thyroidectomy based on  RET  sequenc-
ing. In the most recent consensus guidelines 
regarding MTC, the ATA went one step further 
to evaluate all previously described mutations 
and rank them according to risk of aggressive 
MTC (A–D, with D being the highest risk) [ 37 ]. 
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These correlate closely with the risk levels 
assigned to a smaller group of identifi ed codons at 
the Seventh International Workshop (Table  23.3 ) 
and should be consulted if an  RET  mutation is 
identifi ed that is not listed here. Based on the 
mutations listed in Table  23.3 , level 3 mutations 
(those associated with MEN2b, codons 883, 918, 
and 922) correlate strongly with development of 
MTC in the fi rst years of life [ 40 ]. Prophylactic 
thyroidectomy is therefore recommended in this 
group within the fi rst 6 months of life and prefer-
ably within the fi rst month [ 37 ,  41 ,  42 ]. Level 2 
mutations (codons 634, 611, 618, and 620) are 
associated with an intermediate risk to develop 
early MTC and should undergo prophylactic thy-
roidectomy within the fi rst 5 years of life. Level 1 
mutations (codons 609, 630, 768, 790, 791, 804, 
and 891), while highly likely to develop MTC 
early in life, have the lowest risk of those catego-
rized here. Thyroidectomy by the end of the fi rst 
decade of life is recommended in this group; 
however, due to the variability in age of onset of 
MTC, many recommend completing thyroidec-
tomy by age 5 in all patients who will tolerate the 
operation at that time. With strict serial calcitonin 
and ultrasound monitoring, the operation can be 
delayed up to age 10 in those for whom it would 
be preferential to wait.

   Since these operations are generally per-
formed prophylactically, most patients are 
asymptomatic at the time of evaluation. However, 
cervical ultrasound should be performed in every 
patient prior to operation to evaluate for the pres-
ence of thyroid nodules and lymphadenopathy. 
Similarly, baseline calcitonin and CEA levels 

should be drawn, though caution should be used 
in interpreting these levels in patients <3 years 
old because suffi cient data are lacking regarding 
normal values in young children. That said, any 
MEN2b patient >1 year old or MEN2a patient 
>5 years old must undergo preoperative calcitonin 
testing because the possibility of metastatic MTC 
is much higher at these ages, and knowledge of 
metastatic disease changes the surgical approach 
[ 37 ]. If any patient has thyroid nodules ≥5 mm in 
diameter, lymphadenopathy, or a calcitonin level 
≥40 pg/mL, they should be managed according 
to the guidelines for sporadic disease presented 
above [ 35 ]. In patients being considered for pro-
phylactic thyroidectomy, the ATA recommends 
evaluation for the presence of the MEN2-
associated neoplasms, parathyroid adenomas, 
and pheochromocytomas only in patients who 
exhibit signs or symptoms of either. The risk of 
either occurring in asymptomatic patients younger 
than 8 years old with no adrenal mass detected by 
physical exam or parathyroid adenoma/hyperplasia 
detected by cervical ultrasound is so low that the 
ATA recommends against screening these children 
preoperatively [ 37 ]. 

 All surgery for children should be performed 
in a tertiary care setting by highly experienced 
surgeons whenever possible due to the concern 
for higher risks of complications in children, 
especially those <1 year old. However, a study of 
a single-institution endocrine surgery center 
demonstrates that, when operations are per-
formed by experienced surgeons in a tertiary hos-
pital accustomed to caring for pediatric endocrine 
patients, the complication rate was similar to 
adults [ 43 ]. Patients with MEN2b operated on 
before 1 year of age should undergo only a total 
thyroidectomy; when there is evidence of lymph 
node involvement at the time of surgery, dissec-
tion should be extended to the level VI compart-
ment. Imaging positive compartments in the 
lateral neck should also be dissected out in their 
entirety. Additionally, any MEN2b patient under-
going their operation after 1 year of age should 
have a prophylactic central neck dissection (level 
VI) due to high risk of lymph node micrometas-
tases in these patients. Patients with MEN2a of 
FTMC with level 2 risk codon mutations should 

    Table 23.3    Codon-directed timing of surgery by MTC- 
associated  RET  mutations   

 Risk level for 
MTC 

  RET  codon 
mutation 

 Recommended age 
for prophylactic 
thyroidectomy 

 Level 1 (high)  609, 630, 768, 
790, 791, 804, 891 

 Between ages 5 
and 10 

 Level 2 (higher)  611, 618, 620, 634  Before age 5 
 Level 3 
(highest) 

 883, 918, 922  Before 6 months 
(preferably in the 
fi rst month) 

   MTC  medullary thyroid cancer,  RET re arranged during 
 t ransfection gene  
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undergo a prophylactic thyroidectomy alone by 
5 years of age, as long as all nodules are <5 mm, 
serum calcitonin is <40 pg/mL, and all lymph 
nodes are clinically negative. Again, if lymphade-
nopathy becomes apparent at the time of  surgery, a 
central neck dissection (level VI) should be per-
formed, as well as a complete dissection of any 
compartment in the lateral neck that demonstrates 
positive nodes at the time of surgery [ 37 ]. One of 
the most common complications of central neck 
dissection in children is devascularization of para-
thyroid glands. At the time of operation, parathy-
roid glands can be autotransplanted to retain 
function. If a patient has minimal risk of develop-
ing primary hyperparathyroidism (PHPT) in the 
future (e.g., MEN2b and FMTC patients), devas-
cularized parathyroid glands can be autotrans-
planted into the sternocleidomastoid muscle(s). 
However, if a patient has a high risk of developing 
PHPT (e.g., MEN2a patients), any autotrans-
planted parathyroid glands should be implanted in 
the forearm so as to not confuse future imaging 
examinations of the neck [ 37 ].  

   Postoperative Management 

 Contrary to postoperative management in PTC or 
FTC, MTC cells do not concentrate iodine nor do 
they respond to TSH stimulation. Therefore, there 
is no role for RAI ablation or for TSH suppression 
in the postoperative period. Levothyroxine should 
be dosed to replace thyroid function, with a target 
serum TSH level between 0.5 and 2.5 mIU/L [ 37 ]. 

 Instead of using thyroglobulin as a thyroid 
hormone tumor marker, calcitonin and CEA 
levels are used for postoperative surveillance. 
The initial basal postoperative levels should be 
obtained 2–3 months postoperatively, which is 
when the levels reach their nadir. If the basal 
levels are undetectable, the risk of persistent or 
residual recurrent disease is low, and these patients 
can enter long-term follow-up. Patients that have 
a detectable initial postoperative basal calcitonin 
have a more complicated postoperative course. 
If the calcitonin is detectable but <150 pg/mL, the 
patient should have a neck ultrasound to detect 
any apparent lymphadenopathy. Any suspicious 

lymph nodes should be biopsied with FNA. 
The washout fl uid from the FNA can also be 
tested for calcitonin, which may increase the sen-
sitivity and specifi city of the test for MTC recur-
rence [ 44 ]. Additional imaging can be obtained to 
serve as a baseline comparison as the likelihood 
of detecting residual disease or distant metastases 
with a low serum level of calcitonin is very small. 
This imaging could include the same imaging 
outlined for detection of metastases in the setting 
of high preoperative serum calcitonin levels, i.e., 
neck CT, chest CT, triple-phase contrast- enhanced 
multidetector liver CT, or contrast- enhanced MRI, 
bone MRI, and a bone scan. While this is optional 
for patients with a low detectable calcitonin level 
and can be decided on through discussion between 
the patient and the managing surgeon, patients with 
a basal postoperative serum calcitonin ≥150 pg/
mL should undergo all of the outlined imaging 
tests. If these imaging tests fail to localize locore-
gional or metastatic disease, a central and ipsilat-
eral compartment dissection can be considered, 
but should be weighed against the risk of damage 
to surrounding vital structures. Further discus-
sion is addressed in “Management of recurrent 
disease” below.  

   Long-Term Surveillance 

 The manner and frequency of long-term surveil-
lance is dependent in part on basal postoperative 
calcitonin levels. In patients who have an unde-
tectable calcitonin level post-thyroidectomy, 
basal calcitonin levels and physical exams should 
be performed every 6–12 months initially, then 
annually for 3–5 years if the levels remain unde-
tectable. If a patient’s calcitonin level increases at 
any time during surveillance, they should be eval-
uated following the same steps described for 
postoperative management. Patients with MEN2a 
and MEN2b should also have annual biochemical 
screening along with history and physical exam 
for pheochromocytoma and hyperparathyroidism 
(MEN2a only). These serial screening exams can 
begin at age 8 in patients with MEN2b or codon 
630 or 634 mutations and at age 20 in carriers of 
all other MEN2a  RET  mutations [ 37 ]. 
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 Multiple studies have demonstrated that serum 
calcitonin levels do not always return to normal 
levels postoperatively, even without any evidence 
of persistent disease. In patients who continue to 
have low level detectable calcitonin levels 
(<150 pg/mL) and no evidence of metastatic dis-
ease on multiple imaging studies (described 
above), close serial surveillance can be contin-
ued. Calcitonin and CEA levels should be 
obtained every 6 months to allow for determina-
tion of their doubling times. These patients 
should then be followed with basal calcitonin and 
CEA levels and physical exam at intervals that 
are 1/4th the shortest doubling time or annually, 
whichever is more frequent. If any nodes become 
clinically positive, or if either the CEA or calcito-
nin rises 20–100 % above postoperative levels, a 
cervical ultrasound and metastatic workup are 
indicated. Those patients with basal calcitonin 
levels ≥150 pg/mL in the postoperative period 
are considered to have persistent disease and are 
managed as such.  

   Management of Recurrent Disease 

 Compared to those with well-differentiated thy-
roid cancers, patients with MTC more frequently 
develop multifocal metastases early in their dis-
ease course. Since the goal to be free of disease at 
this point is, for most, unachievable, the aims for 
these patients involve palliative and strategically 
prophylactic care. These include locoregional 
control, palliation of symptoms of hormone 
excess, palliation of symptoms caused by distant 
metastases, and prevention of potential damage 
that could be caused by existent metastases [ 37 ]. 
As a neuroendocrine tumor, metastatic MTC can 
produce hormones that cause debilitating syn-
dromes, including diarrhea, hypercalcemia, and 
Cushing syndrome. When metastases are posi-
tively localized, treatment decisions involve 
weighing the morbidity and toxicity involved in 
available treatments with the usually indolent 
course of tumor growth and current quality of life 
(including the presence of hormonal syndromes). 
Patients with long calcitonin and CEA doubling 
times (>2 years) who have no symptoms from the 

recurrent disease can continue to be managed with 
surveillance. Those with at least one doubling 
time, <2 years should be considered for further 
treatment. Treatment for recurrent and metastatic 
disease involves three modalities: surgery, EBRT, 
and systemic therapy. 

 Surgery for recurrent locoregional disease in 
the neck should be considered in patients that had 
an inadequate initial operation (e.g., hemithy-
roidectomy, no lymphadenectomy with clinically 
positive disease) or have no other apparent dis-
tant metastatic disease. Threat to vital structures 
in the neck, intractable pain, and unremitting 
symptoms from hormonal syndromes caused by 
recurrent disease are also indications for neck 
reoperation [ 45 ]. Distant metastases can be 
treated by surgery in some cases. Any bone 
metastasis that is causing spinal cord compres-
sion or threatening fracture in a weight-bearing 
bone should be evaluated for surgical removal. 
Any lung or mediastinal lesions that compress or 
threaten to compress the airway can be consid-
ered for surgery, as can isolated or limited brain 
metastases and single or limited large liver metas-
tases that are causing diarrhea syndromes or pain. 

 External beam radiation therapy has been 
shown to be effective in selective patients with 
recurrent neck disease. When microscopic resid-
ual disease, extrathyroidal invasion, or lymph 
node involvement is present postoperatively, 
postoperative EBRT could improve disease-free 
survival, though no overall survival benefi t has 
been demonstrated [ 46 ,  47 ]. Metastases to the 
brain, bone, lung, and mediastinum that are not 
amenable to surgical removable can be treated 
with EBRT. In addition, EBRT can be used to 
palliate bone pain that arises with bony metasta-
ses. Liver metastases are usually disseminated 
throughout the organ and are thus harder to treat 
with radiation. 

 Systemic chemotherapy for MTC is the focus 
of much ongoing clinical study. Standard cyto-
toxic chemotherapies have limited effect, with 
the best responses being partial remission in 
10–20 % of patients who use the most successful 
agents: dacarbazine, fl uorouracil, and doxorubi-
cin. Recently, the US Food and Drug 
Administration has approved the tyrosine kinase 

J.F. Burke and H. Chen



555

inhibitors vandetanib and cabozantinib for treat-
ment of disseminated MTC. Phase III clinical 
 trials with vandetanib indicate that progression-
free survival and biochemical control can be 
increased in both sporadic and hereditary MTC 
with daily oral dosing of the drug, though its 
applications may be limited by its toxicities [ 48 ]. 
Clinical trials of other targeted therapies are 
ongoing, and the ATA recommends enrolling 
suitable patients in these when systemic treat-
ment is sought.   

   Anaplastic Thyroid Cancer 

   Initial Evaluation 

 The most aggressive of the thyroid cancers, ana-
plastic thyroid cancer (ATC) is also the most rare, 
accounting for 39 % of all thyroid cancer deaths 
while representing only 1 % of all new cases of 
thyroid cancer from 1992 to 2006 [ 2 ,  49 ]. ATC 
more often occurs in older patients and generally 
presents with a rapidly enlarging thyroid mass. 
Patients often have symptoms of local compres-
sion and invasion in the neck, such as dysphagia, 
dyspnea, and dysphonia. ATC is thought by some 
to arise from dedifferentiated papillary or follicu-
lar thyroid cancers, as these often appear in con-
junction in pathological specimens [ 50 ,  51 ]. 
Additionally, poorly differentiated thyroid cancer, 
which is a potential differential diagnosis for 
ATC, may represent an intermediate form of 
cancer between well-differentiated thyroid cancer 
and ATC. 

 When ATC is suspected based on the clinical 
presentation and physical exam, prompt diagno-
sis and treatment is necessary. FNA biopsy is rec-
ommended, though there is a higher chance that 
the FNA will be nondiagnostic, with only necrotic 
or infl amed tissue identifi ed due to necrotic cen-
ters in the carcinoma. While in these cases FNA 
can be repeated, an open core biopsy is recom-
mended [ 52 ]. A suffi cient biopsy should reveal 
one or a mixture of the following cell types: spin-
dle cell, pleomorphic giant cells, or squamoid 
pattern. When the diagnosis of ATC is confi rmed, 
further investigation is required to determine 

extent of tumor, functional status of other glands, 
and general health status of the patient. 

    Laboratory studies obtained at diagnosis 
should include: complete blood count (for ane-
mia, platelet count, leukocytosis, or neutropenia 
from tumor-associated immunosuppression), 
chemistry panel (for impaired parathyroid gland 
function due to tumor invasion), liver function 
tests (in part to evaluate for liver metastases), free 
thyroxine and thyrotropin (for potential hypothy-
roidism with advanced tumor or hyperthyroidism 
with thyrotoxicosis from a functional tumor), 
coagulation studies, and blood type and cross-
match (in preparation for the diffi culty of the 
resection that will be required). Imaging to deter-
mine the extent of disease should be obtained, but 
not at the sacrifi ce of delaying therapeutic inter-
vention. Neck ultrasound can evaluate the quality 
and extent of the primary thyroid mass and of 
nodal involvement. Contrast-enhanced CT or 
MRI of the neck and chest can further demon-
strate tumor extent as well as identify obstruction 
or invasion of the vasculature, trachea, and 
esophagus.  18 FDG-PET whole-body scans are the 
most useful in evaluating metastatic sites, but a 
contrast-enhanced CT or MRI through the head, 
neck, chest, abdomen, and pelvis can be done if 
 18 FDG-PET imaging cannot be obtained quickly. 
Since differentiated thyroid cancer (DTC) and 
ATC tend to coexist in patients,  18 FDG-PET 
scans can help distinguish between ATC and 
DTC metastases. ATC is more hypermetabolic 
than DTC; thus, these sites will appear brighter 
on  18 FDG-PET, and PET/CT fusion scans can 
help more precisely localize these tumors. 
Evaluation of vocal cord function with laryngos-
copy is also necessary in all patients, as many 
present with hoarseness and unilateral vocal cord 
paralysis. Laryngoscopy can also help identify 
direct invasion of the airway, giving information 
regarding resectability and possible need for 
postoperative tracheostomy [ 52 ].  

   Initial Management 

 Once diagnosis and extent of disease is con-
fi rmed, the tumor should be staged and initial 
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management planned. Due to its aggressive 
behavior and poor prognosis (median survival is 
5–6 months, and 1 year survival rate is 23 % 
[ 49 ,  50 ]), the AJCC classifi es all ATC as Stage IV 
disease (Table  23.2 ). In the case of ATC, T4a 
tumors are any that are intrathyroidal (and thus 
surgically resectable), while T4b tumors have 
extrathyroidal extension [ 53 ]. Stage IVA tumors 
are T4a with any N and M0; stage IVB tumors 
are T4b, any N, and M0; and any distant metasta-
sis confers stage IVC status. Many patient series 
suggest that younger age (<45–70 years) and 
smaller primary tumor size (<5–7 cm) carry a 
more promising prognosis [ 49 ,  54 ,  55 ]. 

 Most experts recognize ATC as a systemic 
disease requiring multiple modalities for treat-
ment. After diagnosis and staging, a treatment 
plan should be devised with a team including, 
ideally, endocrine surgery, radiation oncology, 
medical oncology, radiology, nutrition, palliative 
care, social work, psychology/psychiatry, and 
clergy if desired. For the majority of patients, 
ATC is a fatal disease, and end-of-life care should 
be discussed with patients. Families should be 
involved in care planning and be aware of the 
extent of morbidities and likelihood of success in 
all treatment modalities undertaken. 

   Locoregional Disease 
 The initial management of Stage IVA or IVB 
tumors depends on their resectability. If a tumor 
is resectable for curative intent, meaning disease 
is confi ned to the neck, does not involve unresect-
able structures, and a satisfactory resection could 
be achieved down to a grossly negative margin 
without unacceptable morbidity (R1 resection), 
surgery should be attempted as it is associated 
with prolonged disease-free survival [ 52 ,  56 ,  57 ]. 
ATC is confi ned to the thyroid at diagnosis in 
only 10 % of patients, and in these patients, a 
total thyroidectomy without further extent of 
resection should be performed [ 52 ]. In those with 
lymph node spread, resection of compartments 
with grossly positive nodes should be performed, 
with no evidence of any benefi t in prophylactic 
central or lateral neck dissection [ 50 ,  52 ,  58 ]. 
Resections of the larynx, pharynx, or esophagus 
are discouraged, unless this would allow for an 

R1 resection with minimal morbidity. Partial sur-
gical removals or tumor debulking should only 
be considered for symptomatic control or to pre-
serve threatened vital structures. 

 For patients who desire aggressive rather than 
palliative treatment, defi nitive radiation therapy 
treatment should be offered as it may be benefi -
cial in controlling locoregional disease and 
improving progression-free survival in those who 
had a successful R0 (no evidence of disease)/R1 
resection [ 55 ,  57 ,  59 ]. Locoregional control with 
aggressive radiation therapy can also improve 
overall survival in patients with metastatic dis-
ease, if only by a few months [ 59 ]. However, the 
morbidity involved in high-dose radiation ther-
apy must be appreciated as it may go against any 
palliative goals for treatment. Radiation therapy 
can be started as soon as the patient is suffi ciently 
recovered from the operation, usually within 2–3 
weeks postoperatively [ 52 ]. 

 The use of chemotherapy in ATC may offer 
some benefi t when combined with radiation ther-
apy in multimodal treatment. Cytotoxic com-
pounds that are known to radiosensitize tumor 
cells are the most recommended and can be used 
in combination, including taxanes (paclitaxel or 
docetaxel), anthracyclines (doxorubicin), and plat-
ins (cisplatin or carboplatin) [ 52 ]. While these may 
improve success rates of combined chemoradia-
tion treatment, they will also increase the treat-
ment-specifi c morbidity to a patient and so must 
be used only in patients who continue to have a 
good performance status postoperatively. No spe-
cifi c recommendations exist for when to begin 
treatment postoperatively, but it can be given con-
currently with radiation therapy and may be started 
when the patient is suffi ciently recovered from 
surgery, as early as 1 week postoperatively.  

   Metastatic Disease 
 Stage IVC ATC is almost uniformly fatal with no 
prospects for a curative outcome. It is therefore 
important for the treatment team and the patient 
to defi ne the desired goals of treatment in these 
cases and for end-of-life planning to occur. 
The chemotherapies described above (taxanes, 
anthracyclines, and platins) may have some effect 
in disease stabilization or even regression and 
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can be considered for patients desiring an 
 aggressive treatment approach. Ongoing clinical 
trials of new, targeted therapies should also be 
sought for these patients, as many are ongoing 
and have shown some initial promise.   

   Follow-Up and Surveillance 

 For the small group of patients that achieve a 
complete therapeutic surgical resection with 
adjuvant chemoradiation therapy, close follow-
 up is recommended. The ATA suggests this 
consist of CT or MRI imaging of the brain, neck, 
chest, abdomen, and pelvis every 1–3 months for 
the fi rst 6–12 months posttreatment, then every 
4–6 months for another year. This frequency can 
be reduced after 2 years with no evidence of dis-
ease or in patients who do not want aggressive 
treatment for any recurrence. A PET scan can be 
used at 3–6 months postoperatively for its higher 
sensitivity for detection of metastases. 

 The treatment for metastases in patients who 
respond to chemoradiation with disease stabiliza-
tion is controversial. ATC most commonly 
metastasizes to the lung, bone, and brain. In gen-
eral, surgical removal or directed radiotherapy of 
brain or bone metastases can be considered in 
patients with good functional status. Patients 
with neurological symptoms from brain metasta-
ses should have early initiation of glucocorticoids 
prior to surgery; otherwise, in asymptomatic 
patient, glucocorticoid treatment is not recom-
mended [ 52 ]. Metastases in weight-bearing 
bones should be evaluated by orthopedic surgery 
prior to treatment to allow for fi xation if neces-
sary. Lung metastases in ATC are usually numer-
ous and thus not amenable to either surgical or 
radiation treatment. Patients with recurrent dis-
ease after an extended tumor-free period (>1 year) 
should be evaluated and managed in the same 
manner as for their initial disease. 

 Neither RAI ablation nor TSH suppression 
therapy plays a role in the postoperative manage-
ment of ATC as this cancer does not concentrate 
iodine nor respond to growth stimulation from 
TSH. Similarly, ATC rarely produces Tg, so 
monitoring serum Tg levels is not warranted.   

   Summary 

 Newly discovered thyroid nodules requiring eval-
uation are a common presentation, and the inci-
dence of thyroid cancer continues to increase in 
the US population. While the majority of thyroid 
nodules are benign, each must be evaluated appro-
priately for the presence of thyroid cancer. Fine-
needle aspiration (FNA) is the most valuable 
diagnostic tool in this evaluation. Papillary and 
follicular thyroid cancers represent the most com-
mon diagnoses in malignant thyroid masses, and 
they have an excellent prognosis if treated appro-
priately. For these malignancies, the pattern of 
treatment involves evaluation and diagnosis with 
FNA, surgical removal of the primary tumor with 
cervical lymphadenectomy if indicated, radioac-
tive iodine ablation, TSH suppression, and long-
term surveillance. Medullary thyroid cancer 
presents a variation from this pattern of treatment 
due to its genetic inheritance in 25 % of cases, 
which makes prophylactic treatment an option for 
some. As a neuroendocrine tumor, patients with 
medullary thyroid cancer also develop hormonal 
syndromes that sometimes determine the extent of 
treatment. Finally, anaplastic thyroid cancer is 
rarely curable, though research is ongoing to dis-
cover targeted systemic therapies to better address 
this disease. All patients can benefi t from multidis-
ciplinary team involvement in their care, with an 
endocrinologist, endocrine surgeon, medical 
oncologist, or radiation oncologist directing care 
when appropriate. 

  Salient Points 
•     Thyroid nodules are a common fi nding, and 

the surgeon’s role is to determine which con-
tain malignancy and treat them appropriately.  

•   Papillary cancer is the most common thyroid 
cancer, followed by follicular cancer, Hürthle 
cell cancer, medullary cancer, and anaplastic 
cancer.  

•   The most important diagnostic test in the 
workup of new thyroid nodules is fi ne-needle 
aspiration.  

•   An important part of treatment is taking the 
correct steps after FNA results:
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•    Benign → Monitor with serial ultrasound 
and physical exams.  

•   Nondiagnostic → Repeat the FNA.  
•   AUS/FLUS → Should be determined by 

each institution based on malignancy rate. 
Further evaluation with scintigraphy scan 
and lobectomy of any cold nodules versus 
initial lobectomy.  

•   Suspicious for malignancy → Thyroid lobec-
tomy; total thyroidectomy if multifocal dis-
ease or in some cases of suspicious for 
papillary cancer.  

•   Malignant → Total thyroidectomy ± lymph 
node dissection based on histological 
diagnosis.     

•   If a thyroid nodule is ≥4 cm, the risk of a 
false-negative FNA is much higher; even if 
these nodules are benign by FNA, they should 
be removed with a thyroid lobectomy.     

  Questions 
     1.    A 45-year-old    woman presents to her primary 

care offi ce with a newly discovered neck mass 
and progressive diffi culty swallowing solid 
foods. The most appropriate next steps of a 
workup are:
   A.    History and physical exam, TSH,  131 iodine 

scintigraphy, ultrasound, MRI, FNA   
  B.    History and physical exam, TSH, ultra-

sound, CT, FNA   
  C.    History and physical exam, TSH, ultra-

sound, FNA   
  D.    History and physical exam, TSH, ultra-

sound, MRI, FNA    
      2.    Cervical lymph node dissection is important 

to control the extent of local disease in all of 
the thyroid cancer types except:
   A.    Papillary   
  B.    Follicular   
  C.    Medullary   
  D.    Anaplastic       

   3.    Radioactive iodine ablation is the most appro-
priate next step after total thyroidectomy when 
treating each of the following cancers except:
   A.    Papillary   
  B.    Follicular   
  C.    Hürthle cell   
  D.    Medullary       

   4.    The most appropriate operation for an inci-
dental diagnosis of anaplastic thyroid cancer 
confi ned to the thyroid in a lobectomy for fol-
licular cancer is:
   A.    Completion thyroidectomy   
  B.    Completion thyroidectomy with central 

neck dissection   
  C.    Completion thyroidectomy with modifi ed 

radical neck dissection   
  D.    Completion thyroidectomy with modifi ed 

radical neck dissection and radioactive 
iodine ablation       

   5.    A 47-year-old woman presents for evaluation 
of a new asymptomatic neck mass. A cervical 
ultrasound shows a hypoechoic mass measur-
ing 3 × 4.3 × 2.5 cm with no evidence of lymph-
adenopathy. An FNA shows benign follicular 
thyroid cells and colloid. What is the most 
appropriate next step?
   A.    Serial exams and ultrasounds to monitor   
  B.    Thyroid lobectomy   
  C.    Total thyroidectomy   
  D.    Repeat FNA       

   6.    A 52-year-old man with a history of radiation 
exposure presents with a new asymptomatic 
neck mass. Cervical ultrasound demonstrates a 
2 × 2 × 1 cm hyperechoic nodule in the right 
thyroid lobe and a subcentimeter hyperechoic 
nodule in the left lobe. FNA results are consis-
tent with follicular lesion of unknown signifi -
cance. What is the most appropriate next step?
   A.    Serial exams and ultrasounds to monitor   
  B.    Thyroid lobectomy   
  C.    Total thyroidectomy   
  D.    Repeat FNA       

   7.    A 36-year-old woman presents with a new 
thyroid nodule diagnosed as medullary cancer by 
FNA. Ultrasound demonstrates a 3 × 2.4 × 1.5 
mass in the left thyroid lobe, a second subcenti-
meter nodule in the left lobe, and two lymph 
nodes 1 cm in length in the central compart-
ment. The most appropriate operation is:
   A.    Thyroid lobectomy (left)   
  B.    Total thyroidectomy   
  C.    Total thyroidectomy with central neck 

dissection   
  D.    Total thyroidectomy with modifi ed radical 

neck dissection       
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   8.    A 27-year-old male undergoes a total thyroid-
ectomy for medullary thyroid cancer. His 
mother also had an operation for thyroid 
cancer. The  RET  gene from his carcinoma is 
sequenced, and it shows a codon 634 mutation. 
His 18-month-old daughter also has a codon 
634  RET  mutation. Which of the following is 
the most appropriate course of treatment?
   A.    Immediate thyroidectomy   
  B.    Thyroidectomy at 3 years old   
  C.    Thyroidectomy at 6 years old   
  D.    Thyroidectomy at 10 years old    

        Answers 
     1.    C   
   2.    B   
   3.    D   
   4.    A   
   5.    B   
   6.    C   
   7.    C   
   8.    B          
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         Learning Objectives 
 After reading this chapter, you should be able to:
•    Recognize the signs and symptoms of PNET  
•   Understand the preoperative biochemical and 

radiologic evaluation  
•   Discern the biologic factors involved in treat-

ment decision making  
•   Decide appropriate surgical options for local-

ized PNET     

    Background 

 Pancreatic neuroendocrine tumors (PNETs) are a 
heterogenous group of tumors characterized his-
topathologically by expression of somatostatin 
receptor, chromogranin A (CgA) and synapto-
physin/neuron-specifi c enolase. Based on SEER 

database data, the pancreas represents the primary 
site of disease development for 7 % of all neuro-
endocrine neoplasms in the USA from 1973 to 
2007 [ 1 ]. Patients who present with metastatic 
disease to the liver from PNET have a worse 
survival than those with midgut neuroendocrine 
carcinomas [ 2 ]. PNETs occur in approximately 
1 in 100,000 individuals each year and are typi-
cally diagnosed in the fi fth and sixth decade of 
life. Of all pancreatic neoplasms, PNETs account 
for only 1–2 % of all tumors [ 3 ,  4 ]. 

 The division of PNETs into functional and 
nonfunctional classes is mostly of academic and 
historical interest to the surgeon for a number of 
reasons. Firstly, the functional status of the PNET 
rarely changes the surgical management of the 
primary tumor. Furthermore, clinical outcomes 
appear to be driven more by tumor biology and 
burden of disease (grade and stage). Finally, the 
defi nition of “functional tumors” has not been 
standardized across the literature as some symp-
toms of PNETs may be attributed to local effects 
or systemic symptoms that may be seen in pro-
gressive malignancy. 

 Functional tumors, however, are signifi cantly 
associated with familial syndromes, for which 
therapy and outcome may be signifi cantly differ-
ent than sporadic PNETs. More helpful classifi -
cations of PNETs into well differentiated  vs.  
poorly differentiated, local  vs.  metastatic, and 
resectable  vs.  unresectable will be the focus of 
this chapter.  
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    Evaluation of Suspected PNET 

 Patients with PNETs will typically present in one 
of three primary fashions: (1) suspected func-
tional PNET due to constellation of symptoms, 
(2) due to mass effect on local/adjacent organs, or 
(3) incidentally identifi ed based on radiologic 
imaging obtained for other reasons. Nonfunc-
tional PNETs are seen more frequently and 
account for 60 % of these tumors [ 5 ]. Occasionally, 
patients will be screened for PNETs due to 
family members who are part of a kindred of 
familial syndromes associated with PNETs. 

 Unique biochemical and clinical manifesta-
tion of functional PNETs warrant discussion 
related to diagnosis (Table  24.1 ). It must be 
noted that patients with these functional tumors 
should be investigated for the possibility of hav-
ing MEN 1 syndrome (see below). The clinical 
manifestation of insulin-secreting PNETs (insu-
linoma) has been termed Whipple’s triad and 
includes symptoms of hypoglycemia, fasting 
glucose <40 mg/dL, and relief of symptoms fol-
lowing administration of glucose. The biochem-
ical diagnosis can be made in the absence of 
plasma sulfonylurea by a serum glucose <45 mg/
dL, an insulin level >6 uU/ml   , and a 
C-peptide >300 pm/L. Diabetic drugs, notably 
insulin and sulfonylureas, are the most common 
cause of hypoglycemia, which needs to be 
excluded in the work-up for insulinoma. Most 
insulinomas are located intrapancreatic and dis-
tributed evenly throughout the pancreas.

   The clinical manifestation of gastrin-secret-
ing PNETs (gastrinoma, or Zollinger-Ellison 
syndrome) is related to the hypersecretion of 
gastric acid and includes severe peptic ulcer dis-
ease/gastroesophageal refl ux disease (GERD), 
epigastric pain, and diarrhea. The biochemical 
diagnosis is highly suspected with a fasting gas-
trin of tenfold above normal (e.g., >1,000 pg/mL). 
Secretin stimulation test can help secure the 
diagnosis of gastrinoma; a gastrin level ≥200 pg/
ml following secretin stimulation is diagnostic. 
Nearly 90 % of gastrinomas can be found in the 
“gastrinoma triangle” or the “Passaro Triangle” 

[ 6 ], a triangle that is formed by the confl uence of 
the cystic duct and common bile duct superiorly, 
the second and third portion of the duodenum 
inferiorly, and the neck and body of the pancreas 
medially (Fig.  24.1 ).

   PNETs that hypersecrete vasoactive intesti-
nal peptide (VIPoma, Verner-Morrison syn-
drome, WDHA) cause the clinical constellation 
of symptoms of diarrhea, dehydration, and 
hypokalemia. Plasma hormone levels of VIP 
are typically >500 pg/mL (normal is typically 
<190 pg/ mL). 

 The clinical manifestation of PNETs that 
hypersecrete glucagons (glucagonoma) include 
glucose intolerance/diabetes mellitus, weight 
loss, and a unique dermatitis (necrolytic migra-
tory erythema) [ 7 ]. The supporting biochemical 
study of a glucagonoma is that plasma levels of 
glucagons are generally >500 pg/mL. 

 Lastly, the PNETs that are associated with 
increased secretion of somatostatin do not 
consistently produce clinical manifestations, 
but symptoms may include diabetes mellitus, 
cholelithiasis, and weight loss. In addition, 
PNETs may secrete a variety of other hormones 
(e.g., pancreatic polypeptide, serotonin, calcito-
nin, growth-hormone-releasing factor) that may 
or may not be associated with the clinical 
manifestations.  

    Familial Syndromes Associated 
with PNETs 

 Three familial syndromes are associated with the 
development of PNETS: (1) multiple endocrine 
neoplasia type I (MEN1), (2) von Hippel-Lindau 
disease (VHL), and (3) von Recklinghausen dis-
ease (VRH, also termed neurofi bromatosis type 1 
or NF1). MEN1 is an autosomal dominant syn-
drome associated with mutation of the MEN1 
gene which encodes the menin protein that regu-
lates transcription of a variety of genes involved 
in cell growth and cell cycle progression. In addi-
tion to PNETs, MEN1 is associated with pituitary 
adenomas (typically prolactin secreting) and 
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hyperparathyroidism (typically four-gland hyper-
plasia). The PNET most commonly associated 
with MEN1 is a gastrinoma, though to a lesser 
degree, insulinomas and glucagonomas are 
seen; although rare, VIPomas and somatostati-
nomas can also be associated with MEN 1 syn-
drome. The hallmark of PNETs associated with 
MEN1 is the multicentric nature of the tumors 

distributed throughout the pancreatic gland. A 
more in-depth discussion of MEN 1 is found in 
Chap.   25    , Multiple Endocrine Neoplasia (MEN) 
Syndromes. 

 VHL is an autosomal dominant syndrome 
associated with mutation of the VHL gene, which 
encodes for a protein regulating transcription of 
proteins involved in angiogenesis. VHL is 

   Table 24.1    Summary of functional PNETs   

 Clinical 
presentation  Diagnosis 

 Malignant 
potential 

 Location in 
the pancreas  Localization studies 

 Insulinoma  Symptoms of 
hypoglycemia 
 Whipple’s triad 
 Hypoglycemia 
 Fasting 
glucose <40 mg/dl 
 Symptomatic relief 
with glucose 

 Glucose <45 mg/dl 
(no sulfonylurea) 
 Insulin >6 u/ml 
 C-peptide >300 pm/l 

 10 %  1/3 in head 
 1/3 in body 
 1/3 in tail 
 Most are 
intrapan creatic 

 CT, MRI, US, 
111In-pentetreotide imaging 
 18F-DOPA PET, IOUS 
 Selective angiography with 
calcium stimulation and 
hepatic venous sampling 

 Gastrinoma  ZES 
 PUD 
 GERD 
 Diarrhea 
   50 % present 
with metastases  

 Fasting 
gastrin >1,000 pg/ml 
 Secretin stimulation 
test: gastrin 
level ≥200 pg/ml 

 50–60 %  Gastrinoma 
triangle 

 Upper endoscopy, EUS 
 CT, MRI, SRS 
 Selective angiography with 
secretin stimulation and 
hepatic venous sampling 
 IOUS, transillumination of 
duodenum, duodenotomy 

 VIPomas 
(Verner-Morrison 
syndrome, 
WDHA) 

 WDHA: 
 Watery diarrhea 
 Dehydration 
 Hypokalemia 
 Achlorhydria 
   Most present 
with metastases  

 Plasma level of 
VIP >500 pg/ml 
(normal <190 pg/ml) 

 60–80 %  Body and tail 
 95 % solitary 

 CT, MRI, SRS, EUS 

 Glucagonoma  Diabetes 
 Weight loss 
 Low albumin 
 Necrolytic 
migratory 
erythema 
  50 % present with 
metastases  

 Plasma level of 
glucagon > 500pg/
ml 

 75–85 %  Body and tail  CT, MRI, SRS, EUS 
 Angiography 

 Somatostatinoma  Cholelithiasis 
 Steatorrhea 
 Diabetes 
 Weight loss 
  Most present with 
metastases  

 Plasma level of 
somatostatin, 
generally 1,000-fold 
higher than reference 
range 

 65 %  Ampullary, 
periampullary 
region 

 CT, MRI, SRS, EUS 

  Courtesy of Quyen D. Chu, MD, MBA, FACS 
  ZES  Zollinger-Ellison syndrome,  EUS  endoscopic ultrasound;  IOUS  intraoperative ultrasound  
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characterized by hemangioblastomas of the eye 
or cerebral nervous system, renal cell carcinomas, 
and pheochromocytomas. The PNETs associated 
with VHL are typically nonfunctional and present 
in less than 20 % of VHL patients. 

 VRH is due to mutations in the NF-1 gene 
which encodes the neurofi bromin protein; through 
binding to microtubules, neurofi bromin affects 
the cellular cytoskeleton. VRH is a relatively 
common familial syndrome with cutaneous mani-
festations of café-au-lait spots, neurofi bromas, 
and a variety of cognitive developmental disor-
ders. PNETs are relatively uncommon for VRH 
patients, though the prototypic tumor is duodenal 
somatostatinoma.  

    Classifi cation/Staging 

 The World Health Organization (WHO) 2010 
classifi cation of PNETs divides tumors into well 
differentiated and poorly differentiated based on 
histopathologic grading (mitotic rate and prolif-
erative index as measured by Ki-67 staining). 
This grading system is useful in determining 
overall prognosis (Table  24.2 ). Both the European 
Neuroendocrine Tumor Society and the American 
Joint Commission on Cancer have proposed a 
TNM staging system to predict overall prognosis. 
These systems incorporate presence of the tumor 

size (T stage), metastasis to regional lymph nodes 
(N stage), and absence or presence of distant 
metastasis (M stage) [ 8 ] (Table  24.3 ).

    The liver represents the most common site of 
distant metastatic disease. Additional adverse 
prognostic factors (beyond the WHO histologic 
classifi cation system) include younger age, male 
gender, and perhaps extent of extrapancreatic 
disease.  

    Radiologic Evaluation of Resectable 
vs. Unresectable Disease 

 In a patient with suspected PNET, the most impor-
tant question to answer is whether the disease is 
resectable as curative resection remains the cor-
nerstone of treatment in nonmetastatic PNETs. 
Management of PNETs should be based upon a 
multidisciplinary approach with the surgeon deter-
mining resectability. This decision incorporates 

  Fig. 24.1     Gastrinoma 
Triangle (Passaro 
Triangle) : A triangle that is 
formed by the confl uence 
of the cystic duct and 
common bile duct 
superiorly, the second and 
third portion of the 
duodenum inferiorly, and 
the neck and body of the 
pancreas medially 
(Reprinted from 
Hernandez-Jover et al. [ 6 ]. 
With permission from 
Springer Verlag)       

   Table 24.2    Pancreatic neuroendocrine tumors: WHO 
classifi cation   

 WHO a  
classifi cation  Grade 

 Ki-67 
Proliferation rate 

 Mitotic count 
per 10 HPF 

 1  G1  ≤2 %  <2 
 2  G2  3–20 %  2–20 
 3  G3  >20 %  >20 

   a  WHO  World Health Organization  
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the ability to achieve a complete resection of 
disease which is termed an R0 resection. Patients 
who present with symptomatic hypersecreting 
tumors may be palliated if an optimal cytoreduc-
tive (>85 %) resection can be achieved. It should 
be stressed that an optimal cytoreduction proce-
dure should not be considered in an asymptomatic 
patient. A generalized approach to managing 
PNETs is shown in Fig.  24.2 .

   The resectability of the tumor depends on the 
location and extent of the primary disease as 
well as whether there is any radiologic evidence 
of metastatic lesions. There are a number of 
radiographic tools that can be employed to help 
the surgeon including ultrasound, computed 

tomography (CT), magnetic resonance imaging 
(MRI), selective angiography, somatostatin 
receptor scintigraphy (SRS), positron emission 
tomography (PET), and single-photon emission 
computed tomography (SPECT). SRS is useful 
for localizing all of PNETs except for insulino-
mas; SRS may miss up to 40 % of insulinomas 
because these tumors lack suffi cient amount of 
subtype 2 somatostatin receptors [ 9 ]. 

 Due to its wide availability and high sensitiv-
ity (approaching 90 %), contrast-enhanced triple- 
phase multidetector CT of the abdomen is the 
most common and useful imaging modality [ 10 ] 
(see Fig.  24.3 ). CT has decreased sensitivity for 
identifying lesions <0.5 cm and if clinical suspi-
cion persists based either on patient symptoms or 
biochemical evaluation, endoscopic ultrasound 
(EUS) shows great sensitivity for the identifi ca-
tion of PNETs less than 0.5 cm in size, particu-
larly in the head of the pancreas. For radiologically 
occult functional PNETs, additional selective 
angiography with provocative testing (secretin 
for gastrinomas and calcium gluconate for insuli-
nomas) and venous sampling may be helpful for 
localization of small tumors, but high-resolution 
radiographic imaging and intraoperative ultra-
sound have decreased the use of this technique.

   Determining distant metastasis is best accom-
plished with some form of somatostatin receptor 
imaging. The most widely available and studied 
imaging modality for this purpose has been SRS 

   Table 24.3    TNM System of staging for pancreatic 
neuroendocrine tumors   

 Primary tumor size (cm) 

 TX  Primary tumor cannot be assessed 
 T0  No evidence of primary tumor 
 Tis  Carcinoma in situ 
 T1  ≤2, limited to pancreas 
 T2  >2, limited to pancreas 

 T3  Beyond pancreas, but without involvement of the 
celiac axis or the superior mesenteric artery 

 T4  Tumor involves the celiac axis or the superior 
mesenteric artery (unresectable primary tumor) 

 Regional lymph nodes 

 NX  Regional lymph nodes cannot be assessed 
 N0  No regional lymph node metastasis 
 N1  Regional lymph node metastasis 

 Distant metastases 

 M0  No distant metastasis 
 M1  Distant metastasis 

 Staging 

 Stage 0  TisN0 M0 
 Stage IA  T1N0 M0 
 Stage lB  T2N0 M0 
 Stage IIA  T3N0 M0 
 Stage IIB  T1-3 N1 
 Stage III  T4, Any N, M0 
 Stage IV  Any T, any N, M1 

  Reprinted from [ 25 ]. With permission from Springer 
Verlag  

  Fig. 24.2     Approaches to PNET therapy . Tabular list of 
options for therapy to address both symptoms arising 
from hormonal hypersecretion or surgical management 
directed at tumor resection       
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using  111 In-DTPA-octreotide which has a sensitivity 
and specifi city of 90 and 80 %, respectively, 
except in the case of insulinoma in which the 
sensitivity drops to <70 % [ 11 ]. Somatostatin 

receptors are decreased in high-grade tumors and 
absent on carcinoid tumors; therefore 18FDG-PET 
may be a better modality for identifying metastatic 
disease or monitoring for disease progression [ 12 ].  

    Management of Local Disease 

 Surgical options can be broadly divided into 
parenchyma-preserving resections (i.e., enu-
cleation) or anatomic resections (i.e., distal 
pancreatectomy, central pancreatectomy, or 
pancreaticoduodenectomy). Figures  24.4  and 
 24.5  show general guidelines in deciding 
whether to enucleate or resect anatomically. 
Several factors must be taken into account when 
deciding whether a patient is good candidate for 

  Fig. 24.3     Radiologic imaging and operative photograph 
of PNET : ( a ) Abdominal CT scan of a patient with a 
PNET of the pancreatic body demonstrating an arterially 
enhancing lesion ( arrow ). ( b ) Photograph of resected 
specimen demonstrating typical encapsulated, yellow/
brown tumor of a PNET       

  Fig. 24.4     Therapeutic options for nonfunctioning tumors . 
Guidelines for surgical intervention of nonfunctioning 
PNETs based on size of the primary tumor. In the interme-
diate “gray zone” of 5 mm–2.0 cm, histologic sampling 

may be used to guide the decision of observation versus 
resection based on factors more likely to be associated with 
benign tumors       

  Fig. 24.5     Decision tree for guidance of enucleation ver-
sus anatomic resection . Characteristics of the tumor size 
and relationship to the pancreatic duct can be used to 
guide the decision to enucleate or resect a PNET       
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enucleation. For practical purposes, enucleation 
is performed on tumors on the ventral surface of 
the pancreas and on tumors that are small enough 
that enucleation does not signifi cantly disrupt the 
parenchyma. The relationship of the tumor to the 
main pancreatic duct is also critical in order to 
diminish the risk of pancreatic duct leak post 
resection. The relationship between the PNET 
and the main pancreatic duct is best done with 
intraoperative ultrasound. Furthermore, tumors 
that are high grade, have a high likelihood of 
being malignant (e.g., gastrinoma or gluca-
gonoma), or have clear radiologic evidence of 
direct invasion into adjacent structures or regional 
lymph nodes, should not be considered for 
enucleation. For tumors in the body and tail of 
the pancreas, a laparoscopic approach to a distal 
pancreatectomy can be performed safely [ 13 ]. 
The oncologic outcomes for laparoscopic pancre-
atectomy when compared to open pancreatec-
tomy have not been clearly reported, though it is 
reasonable to assume equivalent outcomes based 
on the equivalence of laparoscopic techniques for 
other abdominal malignancies. Furthermore, lap-
aroscopic pancreatectomy is associated with 
decreased hospital length of stays, higher rates of 
spleen preservation, and a pancreatic duct leak in 
most series of 10–20 % [ 14 ]. Tumors in the head 
of the pancreas which are amenable to resection 
should be considered for pancreaticoduodenec-
tomy in patients who will tolerate it. There may 
be a role for observation in patients with small 
(<1 cm), benign, nonfunctional, incidentally 
identifi ed PNETs [ 15 ].

        Advanced and Metastatic Disease 

 Over 60 % of patients with PNET present with 
unresectable or metastatic disease, and the 
median survival time for those with distant dis-
ease is approximately 24 months [ 16 ]. Until 
recently, the primary therapeutic modalities for 
hepatic metastasis from PNETs were resection, 
ablation, or embolization. These approaches pro-
vide both survival benefi t and symptomatic relief 
for patients with functioning PNETs. In selected 
patients with resectable liver metastasis who 

undergo hepatectomy, 5-year survival of 60–80 % 
has been reported. There is a paucity of data 
regarding the role of surgical management of 
PNET metastasis outside of the liver. Hepatic 
artery embolization (with or without chemother-
apy) and ablative modalities (such as radiofre-
quency ablation or microwave ablation) have also 
been used for patients not amenable to hepatic 
resection. Somatostatin injections are also useful 
in controlling the symptoms of patients with 
metastatic functional PNETs and may confer a 
modest survival benefi t. Streptozocin, either 
alone or in combination with doxorubicin, is the 
only agent that was approved for the treatment of 
advanced PNETs [ 17 ]. Unfortunately, its effi cacy 
has been questioned [ 18 ]. 

 Advances have been made in the targeted 
molecular therapy of advanced, unresectable, and 
metastatic PNET. Vascular endothelial growth fac-
tor (VEGF) [ 19 ] and platelet-derived growth fac-
tor receptors (PDGFRs) α and β [ 20 ] are known to 
be involved in the pathogenesis of PNET. Sunitinib 
(Pfi zer), a tyrosine kinase inhibitor that inhibits 
VEGFR and PDGFR signaling, was shown in a 
phase III clinical trial to be better than placebo at 
improving overall survival (OS) as well as pro-
gression-free survival (PFS) in patients with well-
differentiated tumors who were deemed 
unresectable due to having locally advanced or 
metastatic disease [ 21 ]. The median PFS for 
patients receiving sunitinib was twice longer than 
those who received placebo (11.4 vs. 5.5 months; 
 p  < 0.001). At the cutoff date, there were nine 
deaths (10 %) in the sunitinib group versus 21 
deaths (25 %) in the placebo group ( P  = 0.02) [ 21 ]. 

 Mammalian target of rapamycin (mTOR) stim-
ulates cell growth, proliferation, and angiogenesis 
and is also believed to play a role in the pathogen-
esis of PNET [ 22 ]. The mTOR inhibitor, everoli-
mus (Afi nitor, Novartis Pharmaceuticals), was 
recently found in a phase III clinical trial to 
increase PFS in patients with unresectable low- to 
medium-grade PNETs who had radiographic pro-
gression of their disease [ 23 ] (Table  24.4 ).

   Despite these encouraging results, the role of 
these targeted agents prior to or following cura-
tive resection has yet to be determined. 
Furthermore, whether combination of sunitinib 
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and everolimus will result in better outcome than 
either alone is not known. Figure  24.6  demon-
strates an algorithmic multidisciplinary approach 
to PNETs [ 24 ].

   The 5-year overall survival rate for all patients 
with PNET is approximately 60 %, localized dis-
ease ~100 %, regional disease ~40 %, and distant 
disease ~25 %. However, the 5-year survival rate 
for metastatic disease can reach as high as 60 % 
in dedicated centers [ 24 ]  

    Salient Points 

•     Tumor size, histologic grade, proliferative 
index, and function can be used to guide risk 
of malignancy.  

•   PNETs infrequently are part of familial syn-
dromes, though management may be different 
than sporadic tumors due to the multicentric 
nature of the lesions.  

 Authors/year  # patients  Study groups  Outcomes 

 Raymond/2011 [ 21 ]  171  Sunitinib versus 
placebo 

 Median PFS: 
 Sunitinib: 11.4 mos 
 Placebo: 5.5 mos 
 ( P  < 0.001) 

 Deaths: 
 Sunitinib: 10 % 
 Placebo: 25 % 
 ( P  = 0.02) 

 Yao/2011 [ 23 ]  410  Everolimus 
versus placebo 

 Median PFS: 
 Everolimus: 11 mos  RADIANT-3 
 Placebo: 4.6 mos 
 ( P  < 0.001) 

 OS:  P  = 0.59 

  Courtesy of Quyen D. Chu, MD, MBA, FACS 
  RADIANT-3  RAD001 in Advanced Neuroendocrine Tumors, Third Trial Study 
Group 
  PFS  Progression Free Survival; OS: Overall Survival  

   Table 24.4    Phase III 
Trials of Targeted Therapy 
for Advanced PNETs   

  Fig. 24.6     Algorithmic 
multidisciplinary approach 
to PNETs : DOTA 
(1,4,7,10-tetraazacy-
clododecane- 1,4,7,10-tetra-
acetic acid);  177 Lu 
( 177 Lutetium); DOTATOC 
([DOTA 0 ,Tyr 3 ]octreotide); 
DOTATATE ([DOTA 0 ,Tyr 3 ]
octreotate) (Modifi ed from 
Öberg et al. [ 24 ]. With 
permission from Oxford 
University Press)       
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•   Primary resection options include enucleation 
for small, benign tumors not closely approxi-
mated to the main pancreatic duct.  

•   Primary methods for localization of functional 
tumors include contrast-enhanced CT scan and 
ultrasound performed either endoscopically or 
intraoperatively.  

•   Targeted therapies (e.g., sunitinib and everoli-
mus) are now approved for the treatment of 
locally advanced, unresectable, and metastatic 
disease, although surgical resection should 
still be considered for patients with resectable 
hepatic metastasis.    

  Questions 
     1.    A 45-year-old woman with persistent secre-

tory diarrhea is found to have a 3-cm pancre-
atic mass. Endoscopic ultrasound biopsy 
shows a neuroendocrine cell tumor. Of the fol-
lowing hormones that could be produced by 
this tumor, the one that is most likely to 
account for this patient’s diarrhea is:
    A.    Neurotensin   
   B.    Serotonin   
   C.    VIP   
   D.    Gastrin   
   E.    Pancreatic polypeptide       

   2.    The clinical manifestations of which of the 
following neoplasms are LEAST likely to be 
alleviated by administration of somatostatin 
analogue.
    A.    PPoma   
   B.    Glucagonoma   
   C.    Carcinoid tumor   
   D.    VIPoma   
   E.    Gastrinoma       

   3.    Which of the following statements about insu-
linomas is TRUE?
    A.    They are associated with a low insulin/

glucose ratio.   
   B.    Intraoperative ultrasonography is not 

helpful in localizing these tumors.   
   C.    Anatomic resection is the preferred 

operation.   
   D.    They are usually solitary in sporadic 

cases.   
   E.    Tumors are found primarily in the head of 

the pancreas.       

   4.    Which of the following is not a prognostic 
variable of PNETs?
    A.    Histologic grade   
   B.    Proliferative index   
   C.    Tumor location within the pancreas   
   D.    Tumor size   
   E.    Lymph node status       

   5.    Gastrinomas associated with MEN1 are char-
acterized by all of the following EXCEPT?
    A.    They are poorly imaged by endoscopic 

ultrasound.   
   B.    They are usually located in the head of the 

pancreas.   
   C.    Most commonly they are malignant.   
   D.    Gastrinomas are the most common PNETs 

of MEN1.   
   E.    Gastrin levels are usually > 200 pg/mL.       

   6.    A 55-year-old otherwise healthy man is found 
to have an enhancing 3.5 cm lesion in the tail of 
his pancreas on a CT scan obtained for kidney 
stones. He has no symptoms. The best method 
of treatment would be:
    A.    Observation with repeat CT scan in 6 months   
   B.    Laparoscopic distal pancreatectomy   
   C.    Pancreaticoduodenectomy   
   D.    Radiofrequency ablation   
   E.    Sunitinib therapy          

  Answers 
     1.    C   
   2.    E   
   3.    D   
   4.    C   
   5.    A   
   6.    B          
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         Learning Objectives 
 By the end of this chapter, the reader should be 
able to understand:
•    The endocrine disorders and associated fi ndings 

of MEN 1 and MEN 2A and B  
•   The genetic causes of MEN 1 and MEN 2  
•   The indications for screening and genetic test-

ing in those with MEN-associated tumors  
•   The treatment—both surgical and medical—

of MEN-related endocrinopathies     

    Background 

 MEN syndromes are rare autosomal dominant 
conditions that affect hormone-secreting organs 
such as the pituitary, parathyroid, thyroid, adre-
nal, pancreas, paraganglia, and/or non-endocrine 
organs. These tumors can be benign or malig-
nant. MEN syndromes are generally character-
ized by hyperactivity of the endocrine glands 
with overproduction of hormones. It is an 
 inheritable condition and stems from germline 
mutations. In MEN 1, the mutated tumor sup-
pressor gene MEN1 is inactivated, while in MEN 
2, the mutated rearranged-during-transfection 
(RET) proto-oncogene is activated.  

    Multiple Endocrine Neoplasia 
Type 1 

    Epidemiology 

 MEN 1 syndrome, also known as “Wermer syn-
drome,” affects the pituitary, pancreas, and para-
thyroid (the 3 “Ps”). It is a relatively rare 
condition and appears in one in 30,000 with a 
prevalence of 2–3 per 100,000. The disorder 
affects both genders equally with a broad distri-
bution of age at diagnosis. There does not appear 
to be any preferential ethnic, geographic, or 
socioeconomic patterns of distribution. No 
known risk factors have been established other 
than family history, although approximately 
10 % of patients have a sporadic de novo muta-
tion without having any evidence of a family 
history. 

 MEN 1 is also associated with other tumors 
such as carcinoid, lipoma, meningioma, leiomy-
oma, and adrenal tumors. Because of the number 
of different possible combinations of tumor types 
that can occur, the clinical diagnosis of MEN 1 
can become diffi cult at times. In general, patients 
who have tumors affecting two of the three endo-
crine organs (pituitary, neuroendocrine tumors of 
the pancreas, hyperparathyroidism) are diag-
nosed as having MEN 1. Any fi rst-degree relative 
of a patient with MEN 1 with a single-associated 
endocrinopathy is diagnosed as having familial 
MEN 1.  
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    Genetics 

 MEN 1 syndrome is the result of a germline muta-
tion of the MEN1 gene on chromosome 11q13 
which codes for the 610-amino acid protein 
meni   n. While the normal function of menin remains 
elusive, it is felt to be a tumor suppressor protein. In 
general, a tumor suppressor gene encodes protein(s) 
that acts as the “brakes” for the cell cycle. Mutation 
of a tumor suppressor gene is said to have a loss-of-
function mutation. The inherited defect leads to 
one nonfunctioning gene and one functional gene. 
However, somatic deletion of the functional allele 
during the individual’s lifetime subsequently leads 
to a loss of heterozygosity, a situation that leads to 
a complete loss of tumor suppressor function, or 
loss of the “brakes.” This loss of the “brakes” is 
believed to lead to uncontrolled cellular growth, 
resulting in the clinical manifestation of MEN 1 
(Fig.  25.1 ). Of note, at the level of the individual 
cells, mutations of tumor suppressor genes are said 
to be recessive, even though the pattern of inheri-
tance is autosomal dominant.

   More than 1,300 different germline mutations 
have been identifi ed thus far and most of these 
mutations are either frameshift or nonsense 
mutations. Germline mutations in the menin 

gene are found in over 75 % of patients with 
familial forms of MEN 1. About 30 % of sporadic 
type MEN 1 patients demonstrate the mutation, 
suggesting that other proteins may play a role in 
the development of the syndrome. 

 Loss of function of the menin gene has also 
been found in other sporadic endocrine tumors 
such as parathyroid adenomas, bronchial 
 carcinoids, and gastrinomas; this observation 
further supports the importance of menin in nor-
mal endocrine organ tumor surveillance.  

    Clinical Presentation of MEN 1 

 The most common initial presenting symptom is 
often related to the sequelae of primary hyper-
parathyroidism. Because symptoms of primary 
hyperparathyroidism (PHPT) in patients with 
MEN 1 syndrome are similar to patients with 
sporadic PHPT, the diagnosis of MEN 1 is often 
overlooked and delayed for several years. Such 
patients may present with mild hypercalcemia, 
renal stones, peptic ulcer disease, and depression 
(Table  25.1 ). Nearly all patients with MEN 1 will 
eventually develop PHPT; there is an 80–100 % 
penetrance by the age of 50 [ 1 ].

  Fig. 25.1    Patients who 
inherited the menin 
mutation have an inacti-
vated allele and a function-
ing allele (heterozygous). 
Because the functioning 
allele is a functioning tumor 
suppressor gene, these 
patients do not have cancer, 
although they are at an 
increased risk of developing 
it. When the second 
functioning allele is 
inactivated by epigenetic 
silencing, errors in 
chromosomal segregation, 
deletions, etc. (loss of 
heterozygosity), this 
predisposes the patient to 
developing tumors 
(Courtesy of Quyen D. Chu, 
MD, MBA, FACS)       
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   In contrast to sporadic PHPT, which tends to 
manifest as single gland adenoma in upward of 
85 % of cases, the PHPT seen in MEN 1 patients 
is typically multigland hyperplasia. The average 
age of onset in MEN 1 is in the third decade 
compared to the sixth decade for sporadic lesions 
[ 2 ]. Despite the prevalence of hyperparathyroid-
ism in MEN 1 patients, parathyroid carcinoma 
remains rare. 

 The second most common manifestation of 
MEN 1 is the pancreatic neuroendocrine tumor 
(PNET) origin. These tumors can develop in up 
to 60 % of patients over the age of 40 [ 3 ,  4 ]. The 
morbidity associated with these tumors depends on 
the tumor type. Gastrinomas account for over 50 % 
of PNET lesions in MEN 1. Associated with persis-
tent gastric acid hypersecretion and a predisposi-
tion to refractory ulcer disease, these are usually 
small and multicentric at the time of diagnosis and 
are found almost exclusively in the duodenum. 
Nearly half of gastrinomas are malignant at the 
time of diagnosis and often have lymph node or 
hepatic metastases. 

 Insulinomas are the second most common 
tumor of PNET origin (10–20 %) with a morbid-
ity that is related to profound hypoglycemia. 
Besides gastrinomas and insulinomas, 
 nonfunctioning neuroendocrine tumors have been 
recently reported to occur in up to 55 % of patients 
when screened with endoscopic ultrasound. 
Although they are referred to as nonfunctioning, 
these neuroendocrine tumors can secrete low lev-
els of polyamines without having any associated 
symptoms. Glucagonomas, vasoactive intestinal 
peptide tumors (VIPomas), and somatostatinomas 
have all been reported, though in much less fre-
quency. In glucagonomas, necrolytic migratory 

erythema (NME) is the pathognomonic dermato-
logic lesion [ 5 ]. 

 Treatment of PNET tumors generally involves 
medical control of symptoms, while operative 
intervention is somewhat controversial, except for 
insulinomas. The prognosis of malignant PNETs 
tends to be more favorable in MEN 1 patients than 
that seen in sporadic cases; for MEN 1 patients, 
the mean survival is approximately 15 years after 
diagnosis compared to 5 years for patients with 
sporadic tumors. However, these results may be 
due to biases related to earlier diagnosis. 

 Pituitary tumors are seen in up to 50 % of 
patients diagnosed with MEN 1 [ 6 ]. The vast 
majority are microadenomas, which are defi ned 
as being smaller than 10 mm. The mean age at 
diagnosis is late 30s to early 40s. Prolactinoma is 
the most common functional tumor followed by 
growth hormone secreters and nonfunctional 
tumors, although somatotropinomas and cortico-
tropinomas have also been reported. Pituitary 
tumors associated with MEN 1 tend to progress 
to macroadenomas and become more resistant to 
medical therapy over time. 

 Less common manifestations of MEN 1 
include carcinoids of the upper aerodigestive 
tract (5–10 %), which includes the bronchus, 
thymus, and stomach [ 7 ]. Benign skin and subcu-
taneous lesions including angiofi bromas and 
lipomas are commonly seen in up to 80 % of 
patients with MEN 1 [ 8 ].  

    Diagnosis and Screening 

 Genetic testing for the MEN1 gene mutation and 
further workup should be initiated in those 
patients that demonstrate any two of the three 
common endocrine tumors (hyperparathyroidism, 
pituitary tumor, PNET tumors). Patients with a 
family history of MEN 1 who have an associated 
endocrine tumor should also undergo genetic test-
ing. Genetic testing of the offspring of MEN 
patient should begin at an early age. Some inves-
tigators recommend screening of individuals who 
have early hyperparathyroidism (under age 30), 
gastrinoma at any age, or multifocal pancreatic 
neuroendocrine tumors (PNET). 

   Table 25.1    Conditions and symptoms seen in patients 
with hyperparathyroidism   

 Nephrolithiasis  Depression 
 Osteopenia  Fatigue 
 Pancreatitis  Nausea and vomiting 
 Gout  Dyspepsia 
 Peptic ulcer disease  Polyuria 
 Weight loss  Muscle aches 
 Lethargy  Pruritus 
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 In those who harbor the MEN 1 mutation, it is 
recommended that they should undergo yearly 
screening for all of the common MEN 1-related 
tumors starting at the age of 5 years (Table  25.2 ). 
Any biochemical abnormalities should prompt 
further radiologic investigation such as a mag-
netic resonance imaging (MRI) of the brain for 
suspected pituitary tumors or computed tomogra-
phy (CT)/ultrasound for PNET-related tumors. 
Unfortunately, genetic mutations are detected in 
only 75 % of patients with MEN I and early 
detection has yet to demonstrate an improvement 
in morbidity or mortality in MEN 1 patients.

       Treatment 

 As the involved endocrine organs vary greatly 
from patient to patient, so does the therapy for 
MEN 1-affected individuals. True surgical cures 
are very diffi cult to achieve, and any intervention 
is typically guided toward alleviation of medically 
resistant symptoms and prevention of progression 
toward malignancy and metastatic disease. The 
following are recommendations for treating the 
most common MEN 1-related disorders.  

    Management 
of Hyperparathyroidism in MEN 1 

 As mentioned, nearly all patients with MEN 1 
will develop hyperparathyroidism, often as the 

primary presenting symptom of the disorder. 
Confi rmatory diagnosis is typically laboratory 
based with elevated levels of parathyroid hor-
mone in the presence of hypercalcemia. 

 Much controversy surrounds the timing of 
intervention as well as the type of resection. 
Earlier intervention at the time of diagnosis limits 
the deleterious effects of long-standing hypercal-
cemia such as osteopenia, nephrolithiasis, ulcer 
disease, etc. but at the cost of a higher likelihood 
of recurrence and need for reintervention. Most 
patients will recur over time, often requiring fur-
ther resection of any remaining parathyroid tis-
sue. The risk of recurrence increases over time 
with recurrence rates being well over 50 % at 10 
years in patients who had undergone subtotal or 
total parathyroidectomy with reimplantation sur-
gery [ 9 ]. Given the high rate of recurrence over 
time, the goal of parathyroidectomy should be to 
achieve the longest durable remission time from 
hyperparathyroidism in the safest fashion for the 
patient. 

 No consensus exists with regard to whether a 
subtotal 3½ gland excision should be performed 
or a total parathyroidectomy with reimplanta-
tion. The general benefi t of a subtotal resection 
is the low risk of developing profound hypocal-
cemia. However, the disadvantage with this 
approach is the greater risk of developing earlier 
recurrence and the need for reoperation in the 
neck. Total parathyroidectomy and reimplanta-
tion in the forearm carries a higher incidence of 
recalcitrant hypocalcemia but with the benefi t of 
a less taxing operation at the forearm to remove 
implanted parathyroid tissue for recurrent 
disease. 

 Prior to planning any operative resection of 
the parathyroids, a thorough examination and 
evaluation of the thyroid gland should be 
undertaken because of the high rate of having 
synchronous thyroid tumors. This includes 
obtaining biochemical and ultrasound analy-
sis. There is evidence that performing a cervi-
cal thymectomy at the initial resection 
decreases recurrence rates as well as reduces 
the risk of developing thymic carcinoids, a situ-
ation that can be seen in up to 10 % of MEN 1 
patients [ 1 ].  

   Table 25.2    Screening recommendations for MEN 1   

 Hyperparathyroidism 
 Intact PTH and serum calcium—
yearly starting at age 8 

 Pituitary tumor  Serum prolactin and insulin-like 
growth factor—yearly starting at 
age 5 
 Brain MRI based on abnormal 
result 

 Gastrinoma  Fasting serum gastrin yearly 
starting at age 20 
 Abdominal CT based on result 

 Insulinoma  Fasting insulin and glucose 
starting at age 5 
 Abdominal CT based on result 
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    Management of Pancreatic 
Neuroendocrine Tumors (PNET) 
in MEN 1 

 Over 60 % of patients with MEN 1 will have a 
PNET over their lifetime. The treatment of these 
tumors is predicated on whether the lesion is a 
functional or nonfunctional tumor, the most com-
mon being gastrinoma followed by insulinoma as 
previously discussed. 

 As gastrinoma accounts for the majority of 
these lesions, therapy traditionally has been medi-
cal symptom control with the use of H2 blockers 
and proton pump inhibitors. It is important to 
remember that surgical intervention should be 
delayed until after hypercalcemia has been 
addressed as calcium plays a role in acid hyperse-
cretion. Correction of the hypercalcemic state 
often leads to a reduction of serum gastrin levels. 
As gastrinomas are often multifocal, surgical 
cures are rare and often require a subtotal pancre-
atectomy, duodenal exploration, as well as 
regional lymph node dissection [ 10 ]. Surgical 
interventions should be reserved for malignant 
gastrinomas or those with disease refractory to 
medical management. 

 In contrast to gastrinoma, insulinoma often 
requires surgical resection and is rarely malignant 
though symptomatic control is often more diffi -
cult. These lesions can typically be treated effec-
tively with surgical enucleation (either with open 
or laparoscopic technique) and are found almost 
exclusively within the pancreatic parenchyma. 

 As with sporadic PNETs, there is a role for 
surgical debulking of tumor mass in all types of 
PNETs, and the goal is to achieve symptom con-
trol rather than surgical cure. In those patients in 
whom surgery is not possible, medical therapy 
including diazoxide, sunitinib, somatostatin, or 
other therapies can be employed for palliation.  

    Management of Pituitary 
Neoplasms in MEN 1 

 Therapy of associated pituitary neoplasm is typi-
cally directed toward controlling symptoms such 
as headaches and vision changes due to the mass 
effect of the tumor. Pituitary tumors associated 
with MEN 1 can also exert hormonal effects, the 
most common tumor being prolactinoma, fol-
lowed by growth-hormone- secreting tumors and 
adrenocorticotropic-hormone (ACTH)-secreting 
tumors. The fi rst-line therapy of prolactinoma is 
medical management, employing dopamine ago-
nists such as bromocriptine or cabergoline. For 
growth-hormone-secreting tumors and ACTH- 
secreting tumors, as well as prolactinomas that 
are refractory to medical therapy, a transsphenoi-
dal hypophysectomy offers a safe and effective 
alternative to medical management. Somatostatin 
analogs and/or radiation are sometimes employed 
with some success as primary medical therapy or 
for recurrences of these tumors.   

    Multiple Endocrine Neoplasia 
Type 2 

 Multiple endocrine neoplasia type 2 (MEN 2) 
includes two subtypes—A and B—as well as a 
third entity, familial medullary thyroid carci-
noma (FMTC), all linked by mutations of the 
RET proto-oncogene and a tendency for the 
development of medullary thyroid cancers 
(MTC) (Table  25.3 ). MTC was fi rst described in 
1959 by Hazard et al. [ 11 ]. Two years later, 
Sipple described a patient in which MTC and 
pheochromocytoma were found implying a com-
mon linkage [ 12 ]. It was not until 1968 that a 
report of a family with MTC, pheochromocy-
toma, and hyperparathyroidism was reported [ 13 ]. 

 Subtype  Hyperparathyroidism  Pheochromocytoma  MTC 

 MEN 2A  20–30 %  50 %   95 % 
 MEN 2B  Rare  50 %  100 % 
 FMTC  0 %   0 %  100 % 

   MTC  Medullary thyroid carcinoma,  FMTC  Familial medullary 
thyroid carcinoma  

   Table 25.3    Manifestation 
of clinical features by 
MEN 2 subtypes   
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This syndrome was later termed “Sipple syndrome” 
now known as MEN 2A.

   MTC is a rare form of sporadic thyroid cancer 
arising from the parafollicular C cells and accounts 
for approximately 5 % of all thyroid malignancies. 
MTC tends to be more aggressive than the more 
common thyroid malignancies—papillary, follicu-
lar—with a predilection for lymphatic spread. 
Calcitonin is the product of the parafollicular C 
cells, and elevated serum levels can be seen in 
advanced disease. It can also be used as a surveil-
lance modality after a thyroidectomy. A more thor-
ough discussion of MTC can be found in Chap.   23    , 
Thyroid Cancer. 

 Unlike MEN 1 which can have high variability 
in the timing as well as the types of tumors seen in 
the disorder, MEN 2 tends to be more predictable 
and early diagnosis by genetic testing has resulted 
in a signifi cant reduction in the morbidity and 
mortality associated with the disease. 

    Genetics 

 Mutations of the RET proto-oncogene on chro-
mosome 10 leading to MEN 2 were fi rst discov-
ered in 1993 [ 14 ]. The mutations were found to 
encode for a transmembrane tyrosine kinase 
receptor involved in the processes of cell migra-
tion, division, and proliferation. RET is normally 
expressed in neural crest-derived tissues and is 
key to the normal embryological development of 
these derived organs.    Under-expression of RET 
has been associated with neonatal Hirschsprung’s 
disease with aganglionogenesis leading to colonic 
dysfunction. Upregulation and activation leads to 
MEN 2 and FMTC. 

 The mutation is transmitted in an autosomal 
dominant fashion with 50 % of offspring 
expected to develop the disease. Unlike tumor 
suppressor genes, which act as brakes for the cell 
cycle, oncogenes are more analogous to the gas 
pedal of a car. Consequently, only one-altered 
copy of a proto-oncogene is required to affect 
the individual. Mutation of the proto-oncogene 
is a gain-of- function mutation. 

 The most common mutations associated with 
MEN 2A involve a missense mutation substituting 

cysteine for another amino acid. The majority of 
these occurs on the extracellular portion of the 
receptor with mutation of exon 11 at codon 634 
being by far the most common and is found in up 
to 85 % of MEN 2A patients. MEN 2B is most 
often associated with mutations encoding for the 
intracellular domain of RET which allow for direct 
intracellular activation and downstream amplifi ca-
tion. Over 95 % of MEN 2B patients have a point 
mutation at codon 918 at exon 16 substituting 
threonine for methionine [ 15 ]. FMTC has been 
linked to a number of various sporadic mutations 
often in non-cysteine-rich regions. 

 Unlike MEN 1 in which similar mutations 
may have widely variable expression, the muta-
tions found in MEN 2 tend to follow predictable 
patterns in regard to the development of tumors 
and the severity of disease. This has led to the 
quantifi cation of the risks associated with each 
specifi c mutation and allows for the generation of 
specifi c guidelines regarding surveillance and 
treatment of affected patients. The American 
Thyroid Association (ATA) Guidelines Task 
Force stratifi es aggressiveness of MTC into four 
categories (low, medium, high, highest) based on 
specifi c RET mutations [ 16 ].  

    MEN 2A 

 MEN 2A is by far the most common form of 
MEN type 2, occurring in one in 30,000–40,000 
individuals. Affected patients may develop MTC, 
hyperparathyroidism, and pheochromocytoma. 
Nearly all individuals with MEN 2A will develop 
MTC, with most developing it by their teenage 
years and often with metastatic disease at the 
time of diagnosis. 

 MTC is not amenable to radioactive iodine 
ablation as these tumors do not readily take up 
iodine, thus making it diffi cult to treat recurrent 
disease. While MEN 2A, MEN 2B, and FMTC 
only account for 20 % of all MTCs, the tumor 
observed in these conditions tends to be more 
aggressive, be multifocal, and arise at a far 
younger age than the sporadic form of the dis-
ease. MTC is often the only related endocrine 
malignancy manifested in these patients. 
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Therefore, early intervention with prophylactic 
total thyroidectomy has greatly increased sur-
vival rates. The penetrance of the disease often 
dictates the timing of thyroidectomy, and in some 
patients, the procedure was performed as early as 
the fi rst year of life. 

 Pheochromocytomas arise from the 
catecholamine- producing chromaffi n cells of 
the adrenal medulla and are most commonly 
discovered within or near the adrenal glands. 
Pheochromocytomas are seen in up to 50 % of 
patients with MEN 2A, typically between the 
second and fourth decades of life; it is rarely the 
fi rst sign of the syndrome. In contrast to the spo-
radic forms of pheochromocytomas, pheochro-
mocytomas in MEN 2A individuals are often 
bilateral, multifocal, and extra-adrenal, and the 
most common symptoms are hypertension and 
headache. 

 Primary hyperparathyroidism (PHPT) can 
develop in nearly 25 % of MEN 2A patients, but in 
contrast to MEN 1, it is rarely the presenting 
symptom and often occurs later in life (i.e., fourth 
and fi fth decades). Many of these patients will 
have single-gland adenomas and minimal eleva-
tions in serum calcium levels, further highlighting 
its differences from MEN 1. The age at which 
pheochromocytomas and PHPT occur often 
directly correlates with the specifi c RET mutation. 
Those with more aggressive mutations tend to 
present at an earlier age. Cutaneous lichen amy-
loidosis, a benign pruritic skin lesion generally 
found on the upper back of MEN 2A individuals, 
occurs in 10 % of patients with MEN 2A.  

    MEN 2B 

 The syndrome, like MEN 2A, involves nearly 
100 % development of MTC and 50 % occurrence 
of pheochromocytomas. MEN 2B is rarer than 
MEN 2A, occurring in approximately 1/1,000,000. 
The average onset of MTC is 10 years younger 
than those with MEN 2A, and the MTC associ-
ated with MEN 2B tends to be very aggressive 
with reports of malignancy found at birth. Such 
aggressiveness accounts for the reduced lifespan 
of this patient population. However, unlike MEN 

2A, hyperparathyroidism does not occur and 
patients can present with marfanoid body habitus. 
Additionally, affected individuals can also present 
with telltale mucosal neuromas, which are dem-
onstrated in nearly 100 % of patients. These neu-
romas can lead to the development of prominent 
lumpy lips as well as thickened eyelid, which can 
cause eversion of the upper canthus. 
Ganglioneuromatosis of the GI (gastrointestinal)
and urinary tracts are also a prominent feature of 
MEN 2B. The overall prognosis tends to be much 
worse when compared to MEN 2A.  

    Familial Medullary Thyroid 
Carcinoma (FMTC) 

 Familial medullary thyroid carcinoma (FMTC) is 
considered by many to be the mildest form of 
MEN 2. While by defi nition, all affected individ-
uals will develop MTC, there is no predilection 
to the development of other endocrine tumors. 
The behavior of the tumors and age of onset mir-
rors that of MEN 2A. The diagnosis of FMTC is 
made when MTC is found in four members of a 
family over two generations and without evidence 
of pheochromocytoma or parathyroid dysfunction. 
The diagnosis has been made with increasing 
frequency given the widespread use of genetic test-
ing for the RET mutation. Some authors believe 
FMTC to be a variant of MEN 2A with a delay in 
the discovery of the other associated tumors.  

    Diagnosis and Screening 

 Unfortunately, the initial manifestation of all 
forms of MEN 2 is typically MTC, which often 
occurs at a young age. Survival is related to the 
extent of the disease at diagnosis. Patients often 
have cervical lymph node metastases at the time 
of diagnosis and may complain only of a neck 
mass or more frequently diarrhea. Diarrhea is 
often seen in patients with elevated calcitonin 
levels and is a marker of advanced disease. Prior to 
genetic testing, serial calcitonin levels were drawn 
in those who were deemed to be at high risk. 
This type of testing has largely been abandoned 
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due to a delay in patients receiving a thyroidectomy 
and the advent of genetic testing. 

 Screening for MEN 2 by genetic testing 
should be offered to any patient who is diagnosed 
with MTC or primary C-cell hyperplasia. While 
only 20 % of patients with MTC will have MEN 
2, there is a benefi t in screening all who have 
MTC so as to identify affected MEN 2 patients 
for both screening of their offspring and further 
surveillance of their related endocrinopathies 
(hyperparathyroidism, pheochromocytoma). 

 Children of known MEN 2 patients should 
undergo RET genetic screening within the fi rst 6 
months of life for those with high-risk mutations 
or no later than the third year of life. Ultrasound 
of the thyroid gland and serum calcitonin levels 
are also part of the early screening program of 
offspring. Prophylactic thyroidectomy is largely 
guided by the identifi ed mutation [ 16 ]. For 
patients in the low-risk to high-risk group, pro-
phylactic thyroidectomy is recommended by age 
5. However, for those in the highest-risk group, 
prophylactic thyroidectomy is recommended as 
early as possible, before age 1 [ 16 ]. 

 Evaluation for the presence of a pheochromo-
cytoma should be undertaken in any patient 
found to have a RET-associated MTC as well as 
any RET carrier who is planning on becoming 
pregnant. Evaluation can be limited to obtaining 
serum and urinary levels of metanephrines, epi-
nephrine, norepinephrine, and urinary catechol-
amines. Elevation in any of these biomarkers 
should prompt imaging with CT, MRI, or 
metaiodobenzylguanidine (MIBG) scan. If a 
pheochromocytoma is found, it should be 
addressed prior to thyroidectomy due to the risk 
of a hypertensive crisis during surgery. Those 
diagnosed with MEN 2 should undergo annual 
screening for pheochromocytoma with serum 
and urinary studies starting at age 20 for MEN 
2A and age 8 for MEN 2B. 

 In those patients found to have mutations in 
the most common codons linked to MEN 2A—
codons 630 and 634—screening with blood sam-
ple assays for the presence of hyperparathyroidism 
should begin at age 8. Albumin-corrected cal-
cium level or ionized calcium and intact parathy-
roid hormone level is suffi cient to make the 

determination of hyperparathyroidism. MEN 2A 
patients with other mutations as well as those 
diagnosed with FMTC should begin screening at 
age 20 on an annual basis.  

    Treatment and Prophylactic 
Thyroidectomy Guidelines 

 MTC is the most common tumor seen in all of the 
RET-associated MEN 2 disorders and has the 
greatest impact on overall survival. Historically, a 
thyroidectomy was withheld until patients dem-
onstrated a rise in calcitonin serum level above 
the normal level or was found to have an abnor-
mal response to stimulation with pentagastrin or 
calcium infusion. Unfortunately, delaying a thy-
roidectomy until after the tumor had expressed 
excess level of calcitonin led to poor outcomes 
because these tumors tend to have regional lymph 
node spread or distant metastases, leading to the 
need for greater, more morbid dissections and 
shortened survival from metastatic disease. With 
the institution of early genetic testing at early 
childhood, a prophylactic thyroidectomy often at 
a very young age has lengthened lives and spared 
patients from more morbid resections. 

 Calcitonin has since become an important 
serum marker for detecting recurrence of disease 
after resection. In those patients found to have 
MTC at presentation, the recommended resection 
is a total thyroidectomy with a central lymph 
node dissection of zones VI and VII (Figs.  25.2  
and  25.3 ). Further lymphatic resection is man-
dated by the presence of palpable-involved nodes 
in the surrounding nodal basins. The timing of 
prophylactic total thyroidectomy prior to malig-
nant transformation is based on the specifi c 
inherited mutation. Those in the highest-risk 
groups are recommended to undergo resection 
within the fi rst year of life, while others are typi-
cally advised to undergo removal by the age of 5. 
Only those with the lowest-risk mutations are 
recommended to delay resection beyond the age 
of 5 years with stringent follow-up and continued 
yearly testing. In those undergoing a prophylactic 
thyroidectomy without evidence of tumor, there 
is no need for a nodal dissection.
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  Fig. 25.2    ( a ) Neck level for neck dissection. Note that 
central neck dissection includes levels 6 and 7. ( b ) The 
anatomic boundaries of central neck dissection include 
the hyoid bone superiorly, the bilateral carotid arteries 

 laterally, and the innominate vein inferiorly (Illustrator-
Paul Tomljanovich, MD; modifi ed by Lory Tubbs; 
Courtesy of Quyen D. Chu, MD, MBA, FACS)       

  Fig. 25.3    A patient with MEN 1 and diffuse symptomatic 
gastrinomas. ( a ) Gross picture of lesions in the stomach. ( b ) 
40X: The tumor shows characteristic organoid pattern with 
anastomosing of nests and trabeculae that are composed of 

uniform endocrine cells. ( c ) 200X: The tumor cells have a 
moderate amount of cytoplasm and uniform nuclei. The 
nuclei are characterized with “salt-and-pepper” pattern 
(Courtesy of Quyen D. Chu, MD, MBA, FACS)       
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    Pheochromocytomas, when discovered, 
often require resection. The initial treatment of 
these tumors involves alpha blockade and may 
require further beta blockade to prevent and 
control hypertensive crises. Patients should be 
well hydrated as part of the preoperative man-
agement. Like sporadic pheochromocytomas, a 
surgical resection is ultimately required, which 
can be done with either a laparoscopic or an 
open technique. Of note, the left adrenal vein 
drains directly to the left renal vein or the left 
inferior phrenic vein, while the right adrenal vein 
tends to be short and drains directly into the vena 
cava. 

 As many of these patients have, or will 
develop, bilateral disease, every effort should be 
made to perform cortical-sparing or partial 
adrenal- sparing resections to avoid the develop-
ment of Addison’s disorders. There have been 
several reports of deaths following bilateral adre-
nalectomy due to insuffi cient use of exogenous 
steroids, especially in times of stress and also due 
to lack of proper patient education. 

 Hyperparathyroidism discovered in the setting 
of MEN 2A is most commonly seen in relation to 
mutations of codon 634. When discovered, the 
disease tends to be found in older patients and 
behave in a milder fashion than those seen in 
MEN 1. Treatment typically mirrors that seen in 
sporadic four-gland hyperplasia, which typically 
requires a subtotal parathyroidectomy. Such an 
operation provides long-term remission since 
recurrence is uncommon. 

  Salient Points 
•     MEN 1 and MEN 2: autosomal dominant 

conditions  
•   MEN 1 = mutated MEN1 gene, a tumor sup-

pressor gene. The menin is the gene product. 
Affected individuals need to have both 
mutated alleles  

•   MEN 2 = mutated  RET  proto-oncogene. 
Affected individuals only need to have one 
mutated allele  

•   MEN 1 (Wermer syndrome) = 3 “P”s: parathy-
roid, pancreas, and pituitary (Table  25.4 )

 –     Necrolytic migratory erythema: pathogno-
monic for glucagonoma     

•   MEN 2 (Sipple syndrome): Test for  RET  
oncogene: All have medullary thyroid cancer 
(MTC)
 –    MEN 2A:

   Most common MEN 2  
  MTC, pheochromocytoma, and 

hyperparathyroidism     
 –   MEN 2B

   MTC, pheochromocytoma, marfanoid 
body habitus, and neuromas     

 –   FMTC
   Four members of a family over two 

generations  
  No pheochromocytoma or parathyroid 

dysfunction        
•   Medullary thyroid cancer:

 –    Parafollicular C cells: secretes calcitonin 
(marker of recurrence following surgery)  

 –   Treatment: total thyroidectomy and central 
neck dissection (level 6 and 7)  

 –   Timing of prophylactic thyroidectomy 
depends on specifi c inherited mutation  

 –   American Thyroid Association (ATA) 
Guidelines assist with determining timing 
of prophylactic thyroidectomy        

   Table 25.4    Degree of penetrance and treatment of 
affected organs in MEN 1 syndrome   

 Organ  Penetrance  Treatment 

 Hyperparathyroidism  80 % has this 
by age 50 

 31/2 gland 
resection 
 Total 
parathyroidectomy 
with reimplantation 

 Pancreas (PNET)  Gastrinoma: 
50 % 

 Gastrinoma: 
medical 
management 

 Insulinoma: 
10–20 % 

 Insulinoma: 
enucleation 

 Nonfunctioning 
tumor 

 Pituitary  50 %  Prolactinoma: 
medical 
management 

 Prolactinoma: 
most common 
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  Questions 
     1.       The most common pancreatic neuroendocrine 

tumors associated with multiple endocrine 
neoplasia type 1 (MEN 1) are:
    A.    Somatostatinoma   
   B.    Insulinoma   
   C.    Gastrinoma   
   D.    Glucagonoma    

      2.       The most common pancreatic neuroendocrine 
tumors associated with MEN 1 which require 
operative resection are:
    A.    Somatostatinoma   
   B.    Insulinoma   
   C.    Gastrinoma   
   D.    Glucagonoma    

      3.    Genetic testing for MEN 1:
    A.    Is indicated for all patients with 

hyperparathyroidism   
   B.    Is positive demonstrating a mutation in 

>95 % of patients with MEN 1   
   C.    Should be offered to any patient with an 

insulinoma   
   D.    Has not improved overall survival or mor-

bidity in MEN 1 patients       
   4.     RET  proto-oncogene is associated with all of 

the following except:
    A.    Medullary thyroid cancer   
   B.    Hirschsprung’s disease   
   C.    Hyperparathyroidism   
   D.    Pheochromocytoma    

      5.    Appropriate evaluation of offspring of patient 
with MEN 2 includes:
    A.    Immediate thyroidectomy   
   B.    Genetic testing followed by thyroidectomy 

before age 1 if highest risk   
   C.    Genetic testing if calcitonin level found to 

be elevated   
   D.    Yearly ultrasound and calcitonin testing 

on highest-risk mutations       
   6.    In regard to genetic testing in MEN 2, all of 

the following are true except:
    A.    Mutations are found in over 95 % of 

patient with the disease.   
   B.    Mutations discovered at codon 918 should 

prompt immediate thyroidectomy.   
   C.    Genetic testing should be offered in all newly 

diagnosed medullary thyroid cancer cases.   
   D.    Genetic testing has not improved overall 

survival.       

   7.    Necrolytic migratory erythema (NME) is 
pathognomonic for:
    A.    Glucagonoma   
   B.    Insulinoma   
   C.    VIPoma   
   D.    Somatostatinoma       

   8.    Which of the following statement is true of 
pancreatic neuroendocrine tumor (PNET)?
    A.    There is no role for debulking large, symp-

tomatic tumor.   
   B.    Enucleation of insulinoma is the prefera-

ble treatment, if possible.   
   C.    PNET is seen in both MEN 1 and MEN 2.   
   D.    Surgical resection of gastrinoma is the pri-

mary treatment.          

  Answers 
     1.    C   
   2.    B   
   3.    D   
   4.    C   
   5.    B   
   6.    D   
   7.    A   
   8.    B           

   References 

     1.    Pieterman CR, van Hulsteijn LT, den Heijer M, et al. 
Primary hyperparathyroidism in MEN1 patients: a 
cohort study with longterm follow-up on preferred 
surgical procedure and the relation with genotype. 
Ann Surg. 2012;255(6):1171–8.  

    2.    Eller-Vainicher C, Chiodini I, Battista C, et al. 
Sporadic and MEN1-related primary hyperparathy-
roidism: differences in clinical expression and sever-
ity. J Bone Miner Res. 2009;24(8):1404–10.  

    3.    Tonelli F, Giudici F, Fratini G, Brandi ML. Pancreatic 
endocrine tumors in multiple endocrine neoplasia 
type 1 syndrome: review of literature. Endocr Pract. 
2011;17 Suppl 3:33–40.  

    4.    Thakker RV. Multiple endocrine neoplasia type 1 
(MEN1). Best Pract Res Clin Endocrinol Metab. 
2010;24(3):355–70.  

    5.    Chu Q, Al-Kasspooles M, Smith J, et al. Is gluca-
gonoma of the pancreas a curable disease? Int J 
Gastrointest Cancer. 2001;29(3):155–62.  

    6.    Trump D, Farren B, Wooding C, et al. Clinical studies 
of multiple endocrine neoplasia type 1 (MEN1). QJM. 
1996;89(9):653–69.  

    7.    Machens A, Schaaf L, Karges W, et al. Age-related pen-
etrance of endocrine tumours in multiple endocrine neo-
plasia type 1 (MEN1): a multicentre study of 258 gene 
carriers. Clin Endocrinol (Oxf). 2007;67(4):613–22.  

25 Multiple Endocrine Neoplasia (MEN) Syndromes



584

    8.    Darling TN, Skarulis MC, Steinberg SM, Marx SJ, 
Spiegel AM, Turner M. Multiple facial angiofi bromas 
and collagenomas in patients with multiple endocrine 
neoplasia type 1. Arch Dermatol. 1997;133(7):853–7.  

    9.    Carling T, Udelsman R. Parathyroid surgery in 
 familial hyperparathyroid disorders. J Intern Med. 
2005;257(1):27–37.  

    10.    Dickson PV, Rich TA, Xing Y, et al. Achieving eugas-
trinemia in MEN1 patients: both duodenal inspection 
and formal lymph node dissection are important. 
Surgery. 2011;150(6):1143–52.  

    11.    Hazard JB, Hawk WA, Crile G. Medullary (solid) 
carcinoma of the thyroid; a clinicopathologic entity. 
J Clin Endocrinol Metab. 1959;19(1):152–61.  

    12.    Sipple JH. The association of pheochromocytoma 
with carcinoma of the thyroid gland. Am J Med. 
1961;31:163–6.  

    13.    Steiner AL, Goodman AD, Powers SR. Study of a 
kindred with pheochromocytoma, medullary thyroid 
carcinoma, hyperparathyroidism and Cushing’s dis-
ease: multiple endocrine neoplasia, type 2. Medicine 
(Baltimore). 1968;47(5):371–409.  

    14.    Mulligan LM, Kwok JB, Healey CS, et al. Germ-line 
mutations of the RET proto-oncogene in multiple 
endocrine neoplasia type 2A. Nature. 1993;363(6428):
458–60.  

    15.    Eng C, Clayton D, Schuffenecker I, et al. The rela-
tionship between specifi c RET proto-oncogene muta-
tions and disease phenotype in multiple endocrine 
neoplasia type 2. International RET mutation consor-
tium analysis. JAMA. 1996;276(19):1575–9.  

      16.    Kloos RT, Eng C, Evans DB, et al. Medullary thyroid 
cancer: management guidelines of the American 
Thyroid Association. Thyroid. 2009;19(6):565–612.      

J.J. Brewer



585Q.D. Chu et al. (eds.), Surgical Oncology: A Practical and Comprehensive Approach,
DOI 10.1007/978-1-4939-1423-4_26, © Springer Science+Business Media New York 2015

         Learning Objectives 
    After reading this chapter, you should be able to:
•    Describe the epidemiology, clinical presenta-

tion, and staging of carcinoid tumors.  
•   Understand the importance of classifi cation, 

histology, and genetic markers in the diagno-
sis, prognosis, and treatment of carcinoid 
tumors.  

•   Describe diagnostic work-up and options for 
imaging of carcinoid tumors for disease evalu-
ation and staging.  

•   Describe the factors which predict recurrence 
or poorer outcomes.  

•   Understand the surgical treatment for gastric, 
small intestine, and colorectal carcinoid 
tumors.  

•   Understand the role for medical management 
including hormonal therapy with somatostatin 
analogs as well as the role for adjuvant 
therapies.  

•   Describe postsurgical follow-up for patients 
with carcinoid tumors.     

    Introduction 

 Carcinoid tumors have an incidence of 2 per 
100,000 people in the United States [ 1 ]. They are 
most commonly diagnosed in the fi fth or sixth 
decade of life and have a slight female prepon-
derance [ 1 ,  2 ]. The most commonly identifi ed 
locations of carcinoid tumors are the vermiform 
appendix and the distal ileum. These locations 
each account for approximately 20–30 % of car-
cinoid tumors [ 1 ,  3 ]. Carcinoid tumors of the ver-
miform appendix occur in approximately 0.17 % 
of autopsy specimens and 0.5–1.6 % of pathol-
ogy specimens for following appendectomy for 
presumed appendicitis [ 4 ,  5 ]. Carcinoids are the 
most common primary neoplasm of the appen-
dix, accounting for 32–57 % of appendiceal 
tumors [ 6 – 8 ]. Appendiceal carcinoid is also the 
most common neoplasm of the gastrointestinal 
tract in childhood and adolescence [ 9 ]. The stom-
ach, bronchopulmonary tree, and the rectum are 
also the frequently involved sites.  

    Histopathology 
and Pathophysiology 

 The carcinoid tumor was fi rst reported in the 
ileum by Ranson in 1890; however, Lubarsh 
fi rst described it pathologically in 1888 and 
Oberdorfer coined these tumors as “karzinoide” in 
1907 due to the fact that they are more indolent 
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than adenocarcinomas of the bowel [ 10 – 12 ]. 
In 1928, carcinoid was defi ned as a neuroendo-
crine tumor (NET) whose cells demonstrate the 
amine precursor uptake and decarboxylation 
(APUD) system [ 13 ]. Serotonin was isolated in 
carcinoid tumors in 1953, and in 1955, the car-
cinoid syndrome was noted to have elevated levels 
of urinary 5-hydroxyindoleacetic acid (5-HIAA) 
[ 14 ]. Carcinoid tumors, in fact, produce a number 
of biologically active substances including growth 
hormone, tachykinins, chromogranin A, neuron- 
specifi c enolase, neurotensin, adrenocorticotropic 
hormone, bombesin, substance P, gastrin, insulin, 
pancreatic polypeptide, 5- hydroxytryptophan, 
5-HIAA, platelet-derived growth factor, and trans-
forming growth factors [ 15 ]. A variety of clinical 
symptoms may develop when these substances 
escape the enteral-hepatic circulation as in the case 
of metastatic disease or the carcinoid syndrome. 
Patients may describe fl ushing, bronchospasm 
with wheezing, hypotension, abdominal cramp-
ing, diarrhea, pellagra, and right-sided heart fail-
ure from plaque-like deposits on the valvular 
cusps. It is thought that the left side of the heart is 
protected by the lungs’ inactivation of the biologi-
cally active substances. 

 Malignant appendiceal NETs are classifi ed 
into four main histological subtypes according to 
2010 World Health Organization recommenda-
tions: well-differentiated NET which is also 
known as malignant carcinoid tumor (MCT), 
poorly differentiated (high-grade) neuroendo-
crine carcinoma, goblet cell carcinoid (GCC), 
and composite goblet cell carcinoid- 
adenocarcinoma (CGCCA) [ 16 ,  17 ]. GCC is the 
most common type of NET (60 %), followed by 
MCT (32 %) and CGCCA (7 %). The CGCCA 
subtype confers a poorer prognosis when com-
pared with the GCC and MCT subtypes (5 year 
overall survival: 56 % vs. 78 % and 86 %, respec-
tively) [ 18 ]. 

 Carcinoid tumors may be found anywhere in 
the gastrointestinal (GI) tract as well in the pan-
creas and bronchopulmonary system. In the GI 
tract, these tumors are further differentiated by 
their location with “midgut” carcinoids (those 
involving the ileum and appendix) being the most 
common, followed by “hindgut” carcinoids in the 

rectum, and lastly “foregut” carcinoids in the 
stomach and duodenum [ 19 ]. Very rarely these 
tumors will also present in the esophagus, jeju-
num, and colon. 

 As an aside, classifi cation is based on the three 
blood supplies to the GI tract. In general, the 
celiac artery supplies the “foregut” (stomach, 
duodenum proximal to the opening of the bile 
duct, liver, pancreas, and biliary apparatus), the 
superior mesenteric artery (SMA) supplies the 
“midgut” (the rest of the duodenum, small bowel, 
and proximal transverse colon), and the inferior 
mesenteric artery (IMA) supplies the “hindgut” 
(the rest of the distal transverse colon and sig-
moid colon) [ 20 ].  

    Diagnosis and Staging 

 Carcinoid tumors can be diffi cult to diagnose 
preoperatively as most of these tumors are clini-
cally silent, without overproduction of hormones 
or biologically active substances. Many of these 
tumors are found incidentally in the setting of 
emergency surgery for appendicitis or due to 
clinical symptoms associated with metastatic 
spread to the liver and development of the carci-
noid syndrome [ 21 ]. 

 MCTs of the appendix have a female predom-
inance of 70 % and tend to present at a younger 
age than carcinoids at other sites, with a median 
age at time of diagnosis of around 40 years of 
age. The GCC subtype presents at the median age 
of around 50 with a more equal distribution 
between genders [ 16 – 18 ]. 

 Carcinoid tumors associated with acute appen-
dicitis are usually noted incidentally as up to 
62–78 % of these specimens reside in the distal 
third of the appendix and are not the cause of 
luminal obstruction leading to infl ammation 
[ 7 ,  19 ]. Lesions less than 1 cm in size (which 
account for more than 70 % of specimens) do not 
require tumor staging unless there is a high suspi-
cion for malignancy based on histology [ 4 ]. 
Patients with tumors greater than 1 cm may 
benefi t from additional staging and work-up, and 
for patients with tumors greater than 2 cm, fur-
ther investigation is mandatory. 
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 Tumor evaluation involves biochemical as 
well as endoscopic and imaging studies including 
computed tomography (CT), magnetic resonance 
imaging (MRI), positron emission tomography 
(PET), radiolabeled metaiodobenzylguanidine 
( 123 I-MIBG), and octreotide scintigraphy labeled 
with Indium 111  (octreoscan). Standard PET imag-
ing with 18-fl uorodeoxyglucose has been shown 
to image carcinoid tumors with high proliferative 
activity; however, it is not as sensitive as 
octreoscan [ 22 ]. MIBG is concentrated in carci-
noid tumors and  123 I-MIBG imaging carries a 
sensitivity of 55–70 % with a specifi city of 95 % 
[ 23 ]. Octreoscan, however, is the study of choice 
with an overall sensitivity for carcinoid tumors in 
the range of 80–90 % [ 24 ]. Figure  26.1  is a repre-
sentative example of an octreoscan showing a 
small bowel carcinoid with concurrent liver 
metastases. Recent studies have shown that PET 
imaging with  68 Ga-DOTA-somatostatin analogs 
may be useful in diagnosing NET and provide 
higher special resolution and radiopharmaceuti-
cal distribution characteristics when compared to 
octreotide scintigraphy [ 25 – 27 ].

   Biochemical analysis includes plasma chro-
mogranin A and urine 5-HIAA levels. Elevated 
chromogranin A levels are currently the most 
important blood marker for the disease, and a 
level greater than 5,000 μg/l correlates with a 
poor outcome [ 28 ,  29 ]. Chromogranin A levels, 
however, may also be elevated in pancreatic neu-
roendocrine tumors [ 30 ]. Collection of 24 h urine 
5-HIAA levels is a useful marker for carcinoid 

tumors with a specifi city of 88 % [ 31 ]. Patients 
should avoid eating nuts, bananas, plantains, 
pineapple, plums, kiwis, or tomatoes prior to col-
lection as these foods may signifi cantly increase 
urine 5-HIAA levels. 

 There is a lack of consensus for a unifi ed stag-
ing system. Consequently, a number of different 
systems from the American Joint Committee on 
Cancer (AJCC), Union for International Cancer 
Control (UICC), World Health Organization 
(WHO), and European Neuroendocrine Tumor 
Society (ENETS) exist to stage NETs. In many 
cases, GI carcinoids are often staged using simi-
lar system with minor variations that is used for 
other cancers of the same organ. For example, 
stomach carcinoids are similarly staged as stom-
ach adenocarcinoma with some variations such 
as the inclusion of tumor size for stomach carci-
noids (Table  26.1 ).

   Regardless, a number of these staging systems 
do take into account prognostic information such 
as tumor size, location of tumor origin, extent of 
invasion into organ of origin, evidence of 
regional/distant disease, and tumor grade (mitotic 
rate and/or Ki67 proliferation index). 

 The current AJCC proposed staging system 
for appendiceal carcinoid tumors has yet to be 
validated prospectively with survival statistics. 
T1 tumors are ≤2 cm in diameter; T2 tumors are 
between 2 and 4 cm, or involving the cecum; T3 
tumors are >4 cm or extending into the ileum; 
and T4 tumors directly invade other structures. 
Stage I disease consists of T1 tumors, Stage II 

  Fig. 26.1    Octreoscan ( left ) with a soft tissue mass in the 
distal ileum demonstrating increased radiotracer uptake, 
likely representing the primary carcinoid. There are also 
two hepatic lesions ( arrows ) in the inferior aspect of the 

right hepatic lobe concerning for multifocal metastatic 
disease (with corresponding CT scan showing the two 
liver metastases) (Courtesy of Dr. Tobias Else, University 
of Michigan, Ann Arbor, MI)       
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disease includes T2 and T3 tumors, Stage III 
disease includes T4 tumors or positive regional 
lymph nodes, and Stage IV disease involves dis-
tant metastatic disease [ 32 ] (Table  26.2 ). Most 
cases of appendiceal carcinoid present as local-
ized disease (60 % of cases). However, regional 
spread (28 %) and metastatic disease (12 %) can 
be present at the time of diagnosis [ 33 ].

   The ENETS/UICC staging for small bowel 
such as jejunoileal primaries is similar to colorectal 

   Table 26.1    American Joint Committee on Cancer 
(AJCC) TNM staging for gastric carcinoid (7th edition)   

 Primary tumor (T) 

 TX  Primary tumor cannot be assessed 
 T0  No evidence of primary tumor 
 Tis  Carcinoma in situ/dysplasia (tumor size less than 

0.5 mm), confi ned to mucosa 
 T1  Tumor invades lamina propria or submucosa and 

1 cm or less in size 
 T2  Tumor invades muscularis propria or more than 

1 cm in size 
 T3  Tumor penetrates subserosa 
 T4  Tumor invades visceral peritoneum (serosal) or 

other organs or adjacent structures (Fig.   17.9    ) 
 For any T, add (m) for multiple tumors 

 Regional lymph nodes (N) 

 NX  Regional lymph nodes cannot be assessed 
 N0  No regional lymph node metastasis 
 N1  Regional lymph node metastasis (Fig.   17.10    ) 

 Distant metastases (M) 

 M0  No distant metastases 
 M1  Distant metastasis 

 Anatomic stage/prognostic groups 

 Stage 0  Tis  N0  M0 
 Stage I  T1  N0  M0 
 Stage IIA  T2  N0  M0 
 Stage IIB  T3  N0  M0 
 Stage IIIA  T4  N0  M0 
 Stage IIIB  Any T  N1  M0 
 Stage IV  Any T  Any N  M1 

  Adapted from    Compton C, Byrd D, Garcia-Aguilar J, 
et al. Neuroendocrine Tumors. In: Compton C, Byrd D, 
Garcia-Aguilar J, Kurtzman S, Olawaiye A, Washington 
M (eds). AJCC Cancer Staging Atlas. 2nd ed. New York, 
NY: Springer Science; 2012: 221–240. With permission 
from Springer Verlag  

   Table 26.2    American Joint Committee on Cancer (AJCC) 
TNM staging for appendiceal carcinoid (7th edition)   

 Primary tumor (T) 

 TX  Primary tumor cannot be assessed 
 T0  No evidence of primary tumor 
 T1  Tumor 2 cm or less in greatest dimension 
 T1a  Tumor 1 cm or less in greatest dimension 
 T1b  Tumor more than 1 cm but not more than 2 cm 
 T2  Tumor more than 2 cm but not more than 4 cm 

or with extension to the cecum 
 T3  Tumor more than 4 cm or with extension to 

the ileum 
 T4  Tumor directly invades other adjacent organs 

or structures, e.g., abdominal wall and skeletal 
muscle* 

  Note:  Tumor that is adherent to other organs or structures, 
grossly, is classifi ed cT4. However, if no tumor is present in 
the adhesion, microscopically, the classifi cation should be 
classifi ed pT1-3 depending on the anatomical depth of wall 
invasion 
 *Penetration of the mesoapppendix does not seem to be 
as important a prognostic factor as the size of the primary 
tumor and is not separately categorized 

 Regional lymph nodes (N) 

 NX  Regional lymph nodes cannot be assessed 
 N0  No regional lymph node metastasis 
 N1  Regional lymph node metastasis 

 Distant metastasis (M) 

 M0  No distant metastasis 
 M1  Distant metastasis 

  pTNM Pathologic Classifi cation . The pT, pN, and pM 
categories correspond to the T, N, and M categories 
except that pM0 does not exist as a category 
 pN0. Histological examination of a regional 
lymphadenectomy specimen will ordinarily include 12 
or more lymph nodes. If the lymph nodes are negative, 
but the number ordinarily examined is not met, classify 
as pN0 

 Anatomic stage/prognostic groups 

 Stage I  T1  N0  M0 
 Stage II  T2, T3  N0  M0 
 Stage III  T4  N0  M0 

 Any T  N1  M0 
 Stage IV  Any T  Any N  M1 

  Adapted from Compton C, Byrd D, Garcia-Aguilar J, 
et al. Appendix. In: Compton C, Byrd D, Garcia-Aguilar 
J, Kurtzman S, Olawaiye A, Washington M (eds). AJCC 
Cancer Staging Atlas. 2nd ed. New York, NY: Springer 
Science; 2012: 169–184. With permission from Springer 
Verlag  
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cancer with T1 tumors confi ned to the submucosa 
and ≤1 cm, T2 tumors invade the submucosa or 
>1 cm, T3 tumors invade the subserosa, and T4 
tumors invade adjacent structures. Stage I, IIA, 
IIb, and IIIA correspond to T1–T4 tumors, respec-
tively. Stage IIIb represents metastatic disease to 
regional lymph nodes and Stage IV denotes distant 
metastatic disease [ 34 ,  35 ] (Table  26.3 ).

   TNM staging system for carcinoid tumors of 
the colon and rectum is as follow: T1 are lesions 
that have not invaded the muscularis propria and 
≤2 cm in size, T2 are lesions that have invaded 
the muscularis propria or >2 cm in size with inva-
sion of lamina propria or submucosa, T3 are 
those that invade through the muscularis propria 
into the subserosa or into non-peritonealized 
pericolic or perirectal tissues, and T4 are those 
that invade peritoneum or other organs. Stage 1 is 
T1N0M0; stage 2 is T2N0M0 or T3N0M0; stage 
3 is T4N0 or evidence of nodal disease, regard-
less of T-stage; and stage 4 is evidence of distant 
metastasis (Table  26.4 ). Lung carcinoid tumor is 
staged the same as non-small cell lung cancer 
(NSCLC).

   Carcinoid tumors can also be classifi ed into 
one of the three stages: localized disease, regional 
spread and distant disease. In a localized carci-
noid tumor, disease is confi ned within the wall of 
the primary organ, such as the stomach, colon, or 
intestine. Tumors with regional spread include 
spread through the wall of the primary organ to 
nearby tissues, such as fat, muscle, or lymph 
nodes. Finally for distant spread, the carcinoid 
tumor has spread to tissues or organs far away 
from the primary organ, such as the liver, bones, 
or lungs.  

    Genetic and Prognostic Factors 

 The genetic alterations leading to carcinoid 
tumorigenesis is an ongoing scientifi c investiga-
tion. Pancreatic NETs are associated with numer-
ous genetic syndromes such as MEN-1, von 
Hippel-Lindau, neurofi bromatosis type 1, and 
tuberous sclerosis [ 36 ]. More in-depth discussion 
of this topic is fo   und in Chap.   24    , Pancreatic 
Neuroendocrine Tumors (PNETs). Genomic 

aberrations in gastrointestinal carcinoids seem to 
be fewer than those seen in pancreatic NETs, 
which suggests a different molecular pathogenesis. 
Loss of heterozygosity mutations of chromosome 
18 are the most common genetic abnormality [ 37 ]. 

   Table 26.3    American Joint Committee on Cancer 
(AJCC) TNM staging for duodenum/ampulla/jejunum/
ileum carcinoid (7th edition)   

 Primary tumor (T) 

 TX  Primary tumor cannot be assessed 
 T0  No evidence of primary tumor 
 T1  Tumor invades lamina propria or submucosa and 

size 1 cm or less* (small intestinal tumors); tumor 
1 cm or less (ampullary tumors) 

 T2  Tumor invades muscularis propria or size >1 cm 
(small intestinal tumors); tumor >1 cm (ampullary 
tumors) 

 T3  Tumor invades through the muscularis propria into 
subserosal tissue without penetration of overlying 
serosa (jejunal or ileal tumors) or invades pancreas 
or retroperitoneum (ampullary or duodenal tumors) 
or into non-peritonealized tissues 

 T4  Tumor invades visceral peritoneum (serosa) or 
invades other organs 
 For any T, add (m) for multiple tumors 

  *Note : Tumor limited to ampulla of Vater for ampullary 
gangliocytic paraganglioma 

 Regional lymph nodes (N) 

 NX  Regional lymph nodes cannot be assessed 
 N0  No regional lymph node metastasis 
 N1  Regional lymph node metastasis 

 Distant metastases (M) 

 M0  No distant metastases 
 M1  Distant metastasis 

 Anatomic stage/prognostic groups 

 Stage 0  Tis  N0  M0 
 Stage I  T1  N0  M0 
 Stage IIA  T2  N0  M0 
 Stage IIB  T3  N0  M0 
 Stage IIIA  T4  N0  M0 
 Stage IIIB  Any T  N1  M0 
 Stage IV  Any T  Any N  M1 

  Adapted from Compton C, Byrd D, Garcia-Aguilar J, 
et al. Neuroendocrine Tumors. In: Compton C, Byrd D, 
Garcia-Aguilar J, Kurtzman S, Olawaiye A, Washington 
M (eds). AJCC Cancer Staging Atlas. 2nd ed. New York, 
NY: Springer Science; 2012: 221–240. With permission 
from Springer Verlag  
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The most frequently reported mutated gene in 
gastrointestinal carcinoid tumors is beta-catenin, 
which plays an important role in the Wnt signal-
ing pathway. Cyclin D1 and cMyc overexpres-
sion have also been reported in these tumors, 
while a set of genes (NAP1L1, MAGE-2D, and 
MTA1) has been correlated with malignant 
behavior of small intestinal carcinoids [ 38 ]. 

 For appendiceal carcinoids, tumor character-
istics that predict aggressive behavior include 

tumor size greater than 2 cm, mesoappendiceal 
involvement, and histologic subtype [ 39 ]. 
Mesoappendiceal invasion has been shown to 
correlate with malignant potential and nodal 
spread in tumors less than 2 cm in size [ 40 ]. 

 The World Health Organization (WHO) has 
proposed a tumor grading system for neuroendo-
crine tumors based on mitotic rate and the Ki67 
proliferation index where G1 is Ki67 ≤ 2 % or 
mitotic count <2/10 high powered fi elds (HPF), 
G2 is Ki67 3–20 % and mitotic count 2–20/10 
HPF, and G3 if Ki67 > 20 % and mitotic count 
>20/10 HPF [ 41 ] (Table  26.5 ). Multi-institutional 
studies have demonstrated increasing age at diag-
nosis, plasma chromogranin A levels, high tumor 
volume, and Ki67 level to be associated with a 
poorer prognosis [ 42 ].

   For bronchial carcinoids, atypical histology 
predicts a poorer outcome as these tumors have 
higher mitotic rates as well as nodal metastases 
with an overall 5-year survival of 60 %. In gastric 
carcinoids, type 3 tends to be larger and more 
likely to have metastatic spread than types 1 and 
2; it carries a 50 % 5-year survival rate. Type 4 
gastric carcinoids tend to be unresectable at the 
time of presentation and carry the poorest out-
come. Colorectal carcinoid tumors tend to be 
diagnosed later than small bowel carcinoid tumor 
and are associated with a worse prognosis (5-year 
survival 40–50 %).  

    Medical Management of Advanced 
Disease and the Carcinoid 
Syndrome 

 Patients with metastatic disease to the liver are more 
likely to develop carcinoid syndrome, a clinical 
situation that is a result of the overproduction of 
biologically active substances and hormones 

   Table 26.4    American Joint Committee on Cancer (AJCC) 
TNM staging for colorectal carcinoid (7th edition)   

 Primary tumor (T) 

 TX  Primary tumor cannot be assessed 
 T0  No evidence of primary tumor 
 T1  Tumor invades lamina propria or submucosa 

and size 2 cm or less 
 T1a  Tumor size less than 1 cm in greatest dimension 
 T1b  Tumor size 1–2 cm in greatest dimension 
 T2  Tumor invades muscularis propria or size more 

than 2 cm with invasion of lamina propria or 
submucosa 

 T3  Tumor invades through the muscularis propria 
into the subserosal or into non-peritonealized 
pericolic or perirectal tissues 

 T4  Tumor invades peritoneum or other organs. 
For any T, add (m) for multiple tumors 

 Regional lymph nodes (N) 

 NX  Regional lymph nodes cannot be assessed 
 N0  No regional lymph node metastasis 
 N1  Regional lymph node metastasis 

 Distant metastases (M) 

 M0  No distant metastases 
 M1  Distant metastasis 

 Anatomic stage/prognostic groups 

 Stage 0  Tis  N0  M0 
 Stage I  T1  N0  M0 
 Stage IIA  T2  N0  M0 
 Stage IIB  T3  N0  M0 
 Stage IIIA  T4  N0  M0 
 Stage IIIB  Any T  N1  M0 
 Stage IV  Any T  Any N  M1 

  Adapted from Compton C, Byrd D, Garcia-Aguilar J, 
et al. Neuroendocrine Tumors. In: Compton C, Byrd D, 
Garcia-Aguilar J, Kurtzman S, Olawaiye A, Washington 
M (eds). AJCC Cancer Staging Atlas. 2nd ed. New York, 
NY: Springer Science; 2012: 221–240. With permission 
from Springer Verlag  

   Table 26.5    World Health Organization Grading System 
for Neuroendocrine Tumors   

 Grade 
 Mitotic count 
per 10 HPF 

 Ki-67 index 
(percent) 

 G1  <2  ≤2 
 G2  2–20  3–20 
 G3  >20  >2 

   HPF  high power fi eld  
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produced by carcinoid tumors and secreted 
directed into the systemic circulation. Although 
nonmetastatic carcinoids can secrete bioactive 
products, these products are inactivated by the 
liver as they enter the portal circulation. Thus, 
nonmetastatic carcinoids do not generally pro-
duce carcinoid syndrome, except for ovarian and 
bronchial carcinoids, which can secrete bioactive 
hormones directly into the systemic circulation. 

 Symptoms associated with the carcinoid syn-
drome include fl ushing, bronchospasm, hypoten-
sion, abdominal cramping, diarrhea, or even 
right-sided heart failure. It occurs in only 5 % of 
patients with carcinoid tumors. In the past, sup-
portive care was the mainstay of treatment. 
Bronchodilators were prescribed for broncho-
spasm and wheezing. Antidiarrheals such as loper-
amide were used for diarrhea, although severe 
cases were sometimes given cyproheptadine 
which decreased diarrhea in up to 50 % of patients 
[ 43 ]. Heart failure was treated with diuretics and if 
severe, valve replacement. 

 Modern management of carcinoid syndrome 
and advanced carcinoid tumors involves surgical 
resection and debulking of identifi ed disease 
combined with medical management of unre-
sectable disease utilizing a multidisciplinary 
approach. Somatostatin analogs (SA) have been 
the mainstay of medical therapy for advanced 
carcinoid tumors. These substances inhibit the 
symptoms of carcinoid syndrome quite effec-
tively in many patients. Octreotide is adminis-
tered by subcutaneous injection every 6–12 h 
and has a half-life of approximately 90 min [ 44 ]. 
Numerous retrospective studies exist suggesting 
that a partial response to SAs are demonstrated 
in less than 10 % of patients and stable disease is 
seen in 40–87 % of patients without evidence of 
prior disease progression [ 45 – 50 ]. In addition to 
standard octreotide injections, long-acting depot 
injections are available and provide an excellent 
option for patients requiring long-term mainte-
nance therapy. 

 The placebo-controlled, double-blind, pro-
spective randomized study on the effect of 
octreotide LAR in the control of tumor growth in 
patients with metastatic neuroendocrine midgut 
tumors (PROMID) study group presented a com-
pelling randomized control trial with evidence of 

enhanced disease-free survival in patients receiving 
octreotide long-acting repeatable (LAR) injec-
tions compared to placebo. The median time to 
tumor progression was 14.3 months in the octreo-
tide LAR group compared to 6 months in the pla-
cebo group [ 51 ]. The benefi t was most pronounced 
in those patients who underwent primary resection 
and those with a lower hepatic tumor burden. 

 Interferon-alpha (IFN-α) has also been 
explored as a second-line therapy for patients 
with carcinoid symptoms refractory to SA mono-
therapy. Prospective, randomized data exists dem-
onstrating a statistically insignifi cant increase in 
survival with combination therapy versus SA 
therapy alone (5-year survival 57 % vs. 37 %) 
[ 52 ]. There did appear to be a signifi cantly 
reduced risk of tumor progression with combina-
tion therapy. Several other studies of IFN-α have 
similarly failed to demonstrate signifi cant pro-
gression-free and long-term survival advantage to 
combination treatment over SA monotherapy and 
increased side effects in the groups receiving 
IFN-α [ 53 – 55 ]. 

 Chemotherapy has been evaluated in multiple 
phase II clinical trials evaluating single agent 
regimens as well as combination regimens utiliz-
ing agents such as 5-fl uorouracil, streptozocin, 
cyclophosphamide, doxorubicin, and cisplatin. 
Results have overall been poor, with no trial dem-
onstrating a sustained partial response rate greater 
than 15 % [ 56 – 58 ]. Trials have been reported 
using hepatic arterial vascular occlusion therapy 
in selected patients with metastatic disease to the 
liver [ 59 – 67 ]. Tumor responses were observed 
in up to 60 % of patients with a reduction in 
biochemical symptoms in 12–75 % of patients 
[ 65 ,  67 ]. 

 Novel agents utilizing targeted radiotherapy 
such as [ 111 In-DTPA-D-Phe] octreotide, yttrium- 
labeled compounds [ 90 Y-DOTATOC], and 
lutetium- labeled SA analogs [ 177 Lu-DOTA0, 
Tyr3] octreotate have shown promise for the treat-
ment of metastatic or inoperable carcinoid tumors. 
Indium-labeled compounds have shown response 
rates between 13 and 20 %, symptomatic improve-
ment in 60 % of patients, and biochemical 
responses in as high as 80 % of subjects [ 68 – 71 ]. 
Yttrium-labeled compounds have shown a similar 
tumor regression in 14 % of patients with stable 
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disease in an additional 41 % of patients [ 72 ,  73 ]. 
The newest SA radiolabeled analog, lutetium, has 
shown the most promising results with one study 
reporting a 48 % tumor regression 3 months after 
therapy [ 74 ,  75 ]. 

 Recently, bevacizumab (vascular endothelial 
growth factor inhibitor) has been explored as a 
target for carcinoid therapy. Patients with meta-
static or unresectable carcinoid tumor on 
 octreotide therapy were randomized to receive 
bevacizumab or pegylated IFN-α. Progression- 
free survival was signifi cantly higher in the beva-
cizumab group (95 %) when compared to the 
pegylated IFN-α group (68 %) at 18 weeks [ 76 ]. 

 Phase 3 trials in patients with advanced pan-
creatic neuroendocrine tumors have shown that 
the mammalian target of rapamycin (mTOR) 
inhibitor, everolimus, signifi cantly increased 
median progression-free survival versus placebo 
when used in addition to octreotide LAR 
(16 months vs. 11 months) [ 77 ]. Although evero-
limus has shown potential benefi t in progressive 
pancreatic neuroendocrine tumors, it has not yet 
been used in the treatment of carcinoid tumors.  

    Principles of Surgical Resection 
by Site 

    Bronchopulmonary Carcinoids 

 Bronchopulmonary carcinoid tumors account for 
approximately 2 % of lung neoplasms. As high as 
25 % of well-differentiated NETs are located in 
the bronchopulmonary tree [ 78 ]. Carcinoid syn-
drome occurs in less than 2 % of patients who 
present with pulmonary carcinoid compared to 
10 % of patients presenting with a gastrointesti-
nal tract primary [ 79 ]. The overall prognosis of 
pulmonary carcinoid depends heavily on the 
underlying histological appearance, typical ver-
sus atypical carcinoid. Atypical carcinoid tumors 
have increased mitotic activity, nuclear pleomor-
phism, and tumor necrosis while typical carci-
noid tumors have more organized architecture 
and rarely show mitotic fi gures [ 80 ]. 

 Typical carcinoid tumors behave more indo-
lently than atypical carcinoid tumors, but lymph 

node metastasis does occur in 10–15 % of cases 
with distant metastatic disease occurring in 
3–5 % of cases [ 81 ,  82 ]. The 5-year survival rate 
exceeds 90 % following resection. In contrast, 
atypical carcinoids have nodal metastases 50 % 
of the time, distant metastases 20 % of the time, 
and a 5-year survival of 60 % [ 83 ]. 

 The standard    surgical treatment for bronchial 
carcinoids involving complete surgical resection 
with regional lymphadenectomy [ 84 ]. Lobectomy 
is most often required, but lung-sparing operations 
such as a sleeve resection or wedge resection can 
occasionally be adequate. Endoscopic resection is 
typically inadequate and is associated with high 
recurrence rates [ 79 ]. In cases where resection is 
not possible, palliation can often be achieved with 
external beam radiation where a course of 
45–50 Gy can achieve partial responses in many 
cases but long-term responses are not expected. 
Additionally spinal or bone metastases often will 
respond to XRT while liver metastases do not.  

    Gastric Carcinoids 

 Gastric carcinoid tumors compromise 20 % of 
gastroentero-pancretic NETs and 1 % of gastric 
neoplasms [ 85 ]. These tumors are divided into 
four distinct types based on clinical presentation 
and histological features (Table  26.6 ). Type 1 gas-
tric carcinoid tumors are typically small and 
behave in a benign fashion [ 86 ]. These tumors are 
the most common type of gastric carcinoid tumors 
(75 %) and are associated with chronic atrophic 
gastritis and hypergastrinemia. Most type 1 
tumors are <2 cm and are amenable to endoscopic 
resection if endoscopic ultrasound does not dem-
onstrate regional lymph node involvement or wall 
invasion [ 87 ,  88 ]. Yearly endoscopic surveillance 
is recommended because these lesions are highly 
recurrent. Surgical excision is recommended for 
larger type 1 tumors >3 cm due to their higher 
malignant potential and those tumors that are 
demonstrated to be invasive. For patients with 
multiple type 1 gastric carcinoids, somatostatin 
analogs have been shown to halt regression and 
prevent recurrence [ 89 ,  90 ]. Death as a result of 
type 1 lesions is uncommon.
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   Type 2 gastric carcinoid lesions are associated 
with multiple endocrine neoplasia type 1 and 
Zollinger-Ellison syndrome. These tumors tend 
to be somewhat larger than type 1 tumors, but 
also usually behave in a benign fashion. Often 
patients will present with multiple tumors [ 90 ]. 
Surgical treatment is aimed at correcting the 
hypergastrinemia by resection of the gastrinoma 
as long as the lesions do not demonstrate inva-
sion. Somatostatin analogs are used to halt tumor 
growth for this type of gastric carcinoid as well 
[ 91 ]. Death due to type 2 gastric carcinoid tumors 
is rare, but these tumors do require yearly surveil-
lance similar to type 1 tumors. 

 Type 3 gastric carcinoid tumors arise sporadi-
cally in the setting of a normal gastrin level and 
gastric pH, unlike type 1 and type 2 carcinoid 
tumors. These tumors tend to behave similar to 
gastric adenocarcinoma and are usually 3–5 cm 
at the time of their discovery [ 92 ]. Most of these 
tumors show infi ltration into the gastric wall. 
Treatment for type 3 lesions involves surgical 
resection which may require subtotal or total gas-
trectomy and lymphadenectomy [ 93 ]. Five-year 
survival for type 3 gastric carcinoid tumors is 
50 % overall and 15 % in those that present with 
metastatic disease [ 94 ]. Type 4 gastric carcinoids 
are poorly differentiated neuroendocrine cancers 
that will often present with disseminated disease 
at the time of diagnosis. Curative surgical therapy 

is usually not possible, but surgical debulking 
with chemotherapy can be considered in selected 
patients.  

    Jejunoileal Carcinoids 

 Carcinoid tumors of the small intestine tend to 
progress slowly with an extended disease course. 
These tumors often will present with symptoms 
of obstruction or ischemia and are typically 
located within the distal ileum. Five-year survival 
rates are 50–60 %; however, the prognosis is bet-
ter in patients who present with localized disease 
(5-year survival of 80–90 %) than those who 
present with lymph node metastasis or distant 
spread (5-year survival 70 % and 55 %, respec-
tively) [ 94 ]. The histological grading of the tumor 
is also important in the overall prognosis. Tumors 
with low Ki-67 and well-differentiated tumors 
show an overall survival advantage [ 55 ]. Although 
surgical resection can relieve symptoms, patients 
must have lifelong surveillance due to the high 
risk of recurrence. 

 Prior to operative intervention, tumor localiza-
tion and staging is critical because patients may 
present with multiple tumors and localization 
can be challenging intraoperatively. Endoscopic 
identifi cation can be achieved through standard 
colonoscopy with intubation of the terminal ileum. 

   Table 26.6    Characteristics of subtypes of gastric carcinoids   

 Type  Gastrin level  Treatment  Prognosis 

 Type 1  Most common (70–80 %)  High in response 
to gastric 
achlorhydria 

 Endoscopic resection for 
tumors ≤2 cm 

 Good 

 Tend to be small and multiple  Gastrectomy for tumors >3 cm 
or suspicious for invasion 

 Associated with chronic atrophic 
gastritis and hypergastrinemia 

 Somatostatin analog 

 Type 2  Occurs in 5 % of gastric carcinoids  High due to 
gastrinoma from 
MEN or ZES 

 Resection  Good 
 Associated with MEN and ZES  Somatostatin analog 
 Tend to be small and multiple 

 Type 3  Occurs in 20 % of gastric carcinoids  Normal  Treat like gastric 
adenocarcinoma 
(gastrectomy and lymph 
node dissection) 

 50 % 5-year survival 
for nonmetastatic  Sporadic type 

 Tend to be solitary lesion  15 % 5 year survival 
for metastatic  Aggressive 

  Courtesy of Quyen D. Chu, MD, MBA, FACS 
  MEN  multiple endocrine neoplasia,  ZES  Zollinger-Ellison syndrome  
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Double-balloon enteroscopy and video- capsule 
endoscopy may also be effective in directly 
visualizing the tumor [ 95 – 98 ]. Octreotide scin-
tigraphy is an important tool for initial staging 
and ruling out liver metastases. Gallium-68- PET 
scan may be even more sensitive than octreoscan 
and useful for detecting smaller tumors. 

 Curative resection of primary tumors of the 
jejunum or ileum typically yields excellent 
results with near 100 % survival in stage I and II 
patients. Principles of surgical resection involve 
resection of the primary tumor and the lymphatic 
drainage within the mesentery [ 99 – 106 ]. If the 
tumor involves the terminal ileum, performing a 
right hemicolectomy is a consideration if the 
tumor is felt to involve the lymphatic drainage of 
the right colon. Bulky lymphatic metastases 
should be cleared from the mesentery while pre-
serving the vasculature to limit the extent of 
small bowel resection. Cholecystectomy may be 
performed at the initial operation because of a 
propensity for gallstone formation in patients 
with NETs receiving SAs; however, no prospec-
tive benefi t has been detected [ 107 ].  

    Appendiceal Carcinoids 

 Most appendiceal carcinoids are found inciden-
tally at the time of appendectomy. It is important 
to make the diagnosis correctly prior to resection, 
as other more aggressive appendiceal neoplasms 
such as colonic adenocarcinoma may require 
more extensive anatomic resection. Frozen sec-
tion analysis intraoperatively may help in ascer-
taining the tumor histology. For carcinoid tumors, 
however, the greatest determinant of operative 
strategy is the size of the tumor. The literature has 
continued to support the following guidelines for 
operative resection of carcinoids. Small tumors 
less than 1 cm in diameter are almost always 
benign and may be treated with simple appendec-
tomy, although there has been one case report in 
the literature of a small 0.6 cm appendiceal carci-
noid having metastatic spread to the liver at the 
time of diagnosis [ 108 ]. This tumor was noted to 
be at the base of the appendix with invasion of the 
mesoappendix, a fi nding associated with more 
aggressive tumor behavior. 

 For tumors larger than 2 cm, a radical resection 
involving a right hemicolectomy and regional 
lymphadenectomy is recommended as up to 30 % 
of these tumors will have lymph node metastases 
at the time of presentation [ 21 ]. However, since a 
majority of these larger tumors will not have met-
astatic spread, some authors would recommend 
simple appendectomy for elderly patients or 
patients at high operative risk [ 109 ]. Other authors 
report that all appendiceal carcinoids in children 
under the age of 15 may be treated by simple 
appendectomy regardless of tumor size, depth of 
invasion, or presence of perineural involvement 
as proven by 24 year follow- up without recur-
rence [ 110 ]. 

 In addition to tumor    size, mesoappendiceal 
involvement, angioinvasion, high mitotic index 
and Ki67 index, and GCC/CGCCA, poorly dif-
ferentiated histological subtypes should be 
treated more aggressively with right hemicolec-
tomy when feasible [ 39 ,  102 ]. 

 Surgeons should also be aware that 18–33 % 
of carcinoids are associated with synchronous or 
metachronous colorectal malignancies [ 7 ,  111 ]. 
In cases of synchronous colon lesions, appropri-
ate anatomic resection for colorectal cancer is 
warranted in addition to appendectomy or right 
hemicolectomy for the carcinoid tumor. For 
patients presenting with unresectable disease, 
mesenteric metastases, and symptoms of small 
bowel obstruction or ischemia, cytoreductive sur-
gery is benefi cial at providing palliation of symp-
toms [ 112 ].  

    Colorectal Carcinoids 

 Colonic carcinoid tumors comprise only 7 % of 
all NETs in the United States. In contrast, rectal 
carcinoids comprise approximately 15 % [ 33 , 
 111 ,  113 ]. Due to their relative lack of symptoms, 
colorectal carcinoid tumors tend to be diagnosed 
later than small bowel carcinoid tumor and are 
associate with a worse prognosis (5-year survival 
40–50 %) [ 85 ,  114 ]. Colonic carcinoids tend to 
have a poorer prognosis than rectal carcinoids. 
Part of the reasons for this may be that colonic 
carcinoids are more likely to occur on the right 
colon, which can be clinically silent until it 
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becomes advanced. Consequently, patients with 
colon NETs will present with distant metastatic 
disease; about 66 % have nodal or distant disease 
at the time of diagnosis [ 115 ]. As with colorectal 
adenocarcinoma, colonoscopy and CT scanning 
are useful in the diagnostic work-up. Pelvic MRI 
is the imaging modality of choice for T2–T4 or 
node positive tumors of the rectum to determine 
local extension. Endoscopic ultrasound can pro-
vide important information on the tumor depth of 
invasion and local lymph node metastasis for rec-
tal carcinoid tumors [ 116 ]. 

 Colonic carcinoid tumors are generally treated 
in a similar fashion to colonic adenocarcinoma. 
Small lesions <2 cm may be excised endoscopi-
cally; however, most lesions are advanced at the 
time of diagnosis. Lesions >2 cm, G3 tumor 
grade, or those that are incompletely resected 
endoscopically should undergo surgical resection 
in a similar fashion to colonic adenocarcinoma. 

 Rectal carcinoid tumors that are <1 cm have a 
low risk of metastatic spread and can be excised 
endoscopically or via a transanal technique 
[ 117 ,  118 ] (Fig.  26.2 ). The 5-year survival rate 
for resected stage 1 tumors was 97 % [ 119 ]. 
Tumors between 1 and 2 cm can display more 
aggressive behavior and 10–15 % will have meta-
static disease. Tumors that are between 1 and 
2 cm with a low grade and no invasion of the 
muscularis propria can be removed by local exci-
sion, but those displaying higher grade or with 
invasion of the muscularis propria should undergo 

surgical resection following similar surgical 
principles to the treatment of rectal adenocarci-
noma (anterior resection versus abdominal-peri-
neal resection) [ 120 ,  121 ]. Tumors >2 cm generally 
present with metastatic disease 60–80 % of the 
time [ 122 ]. These larger tumors should be removed 
by low anterior resection or abdominal-perineal 
resection if they are believed to be curable or to 
palliate symptoms of rectal obstruction. For 
tumors >2 cm with diffuse metastatic disease and 
no evidence of obstruction, surgical resection 
may not provide survival benefi t and medical 
management or ablative therapies should be con-
sidered with a multidisciplinary approach.

        Metastatic Disease to the Liver 

 Liver resection of metastatic neuroendocrine 
tumors, including carcinoid, resulted in an over-
all 4 year survival of 73 % [ 123 ]. General require-
ments for resection of liver metastasis with a 
curative intent include anatomically resectable 
disease, G1–G2 tumor grade, absence of other 
unresectable lymph node or intra-abdominal 
metastases, and no evidence of peritoneal carci-
nomatosis. Resection of metastatic liver disease 
with G3 tumor grade is generally not advisable 
given the overall poor prognosis. For patients 
with hepatic metastasis that are not completely 
resectable, evidence exists that palliative tumor 
cytoreduction prolongs survival when compared 
to hepatic embolization (mean survival 32 month 
vs. 24 months,  p  < 0.001) [ 124 ]. Combination 
approaches with anatomical liver resec-
tion ± embolization or ablation procedures have 
shown increased 3-year survival compared to 
medical therapy or embolization procedures 
alone [ 125 ]. Patients with diffuse liver metastases 
should not be treated via surgical approach. 

 Initial results of liver transplantation for carci-
noid tumors in 15 patients with carcinoid tumors 
were promising with reports of a 5-year survival 
of 69 % [ 126 ]. A review of the UNOS database 
regarding the outcomes of liver transplantation 
for 150 patients with metastatic neuroendocrine 
tumors revealed 1-, 3-, and 5-year survival rates 
for patients with NETs undergoing isolated 
liver transplantation were 81, 65, and 49 % [ 127 ]. 

  Fig. 26.2    Endoscopic picture of a rectal carcinoid 
(Courtesy of Dr. Scott Regenbogen, University of 
Michigan, Ann Arbor, MI)       
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This is comparable to the results of liver 
 transplantation for non-carcinoid tumors such as 
hepatocellular carcinoma.  

    Surgical Management of Other 
Distant Metastases 

 Overall survival in patients with distant meta-
static disease is highly infl uenced by tumor grade. 
Patients with G1 or G2 tumor grade have a 
median survival of 33 months, whereas those 
with G3 tumor grade have a median survival of 5 
months [ 33 ]. Trials do exist that suggest early 
tumor debulking with regional lymph node dis-
section may be associated with improved survival 
outcomes [ 91 ,  128 ]. However, the data support-
ing tumor-debulking surgery is retrospective in 
nature and may be infl uenced by some patient- 
selection bias. Nevertheless, tumor debulking 
does appear to palliate symptoms related to endo-
crine hypersecretion or obstruction caused by the 
tumor and may durably improve quality of life in 
patients who are failing medical management 
[ 129 – 131 ]. The extent of debulking necessary to 
produce symptomatic benefi t is unknown.  

    Long-Term Follow-Up 
and Outcomes 

 As appendiceal carcinoid tumors are often slow 
growing and most (70 %) are less than 1 cm in 
size at time of resection, prognosis is relatively 
good [ 4 ]. Overall 5- and 10-year survival for 
patients with appendiceal carcinoid are 86 % and 
80 %, respectively [ 7 ,  102 ]. Five-year survival 
rates for appendiceal carcinoid tumors are supe-
rior when compared to other primary sites such as 
gastric (49 %), pancreatic (34 %), bronchopulmo-
nary (77 %), small bowel (80 %), colon (42 %), 
and rectum (72 %) [ 17 ,  132 ]. Mortality is observed 
almost exclusively in patients with metastatic 
spread and tumors greater than 1 cm in size [ 133 ]. 
Metastases with appendiceal carcinoid occur pri-
marily to regional lymph nodes rather than the 
liver [ 134 ]. A long-term follow-up study spanning 
fi ve decades of tumors demonstrated a 5-year 

survival of 92 % for patients with local disease 
only, 81 % for patients with regional disease, and 
31 % for patients with distant metastases [ 111 ]. 

 Follow-up for patients with advanced disease 
or tumors greater than 2 cm after resection 
includes imaging every 6–12 months with 
octreoscan as well as biochemical follow-up with 
plasma chromogranin A and urine 5-HIAA lev-
els. Development of symptoms suggestive of 
carcinoid syndrome is also an indication for 
radiographic and biochemical reevaluation. 

  Salient Points 
•     The most common locations of carcinoids are 

in the appendix and distal ileum  
•   Diagnosis of appendiceal carcinoids can be 

diffi cult and most are found incidentally at the 
time of appendectomy (approximately 1 % of 
appendectomy specimens). Tumor size, his-
tology, and molecular markers are important 
in determining malignant potential.  

•   Prognosis depends on tumor size, location of 
tumor, extent of invasion into organ of origin, 
evidence of regional/distant disease, and 
tumor grade (mitotic rate and/or Ki67 prolif-
eration index).  

•   Diagnostic work-up of patients with suspected 
advanced carcinoid tumors includes plasma 
chromogranin A, urine 5-HIAA levels, and 
octreoscan imaging.  

•   A right hemicolectomy is recommended for 
appendiceal tumors: 2 cm or greater in size; 
involvement of the base of the appendix with 
positive margins or cecal spread; mesoappen-
diceal extension or angioinvasion; high-grade 
malignant tumors demonstrating a high 
mitotic index and Ki67 levels; and  histological 
subtypes with more aggressive behavior such 
as goblet cell carcinoid.  

•   Principles of surgical resection for other pri-
mary sites of carcinoid tumors typically 
involve complete surgical resection of the 
mass with regional lymphadenectomy.  

•   Jejunoileal carcinoids: Multiple tumors may 
be present. Therefore, preoperative tumor 
localization using endoscopic and imaging 
modality (i.e., octreotide scintigraphy, CT 
scan) may be required.  
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•   Hindgut carcinoids (i.e., colorectal), in gen-
eral, have the worse prognosis of all the types 
of carcinoids.  

•   Small rectal carcinoids (<1 cm) are treatable if 
they can be completely excised endoscopi-
cally. Larger rectal carcinoids (>2 cm) require 
formal surgical excision (anterior resection 
versus abdominal-perineal resection).  

•   The carcinoid syndrome refers to a constella-
tion of symptoms that are due to metastatic 
disease to the liver. Because these overpro-
duced biologically active substances 
bypassed the portal circulation, patients can 
experience fl ushing, diarrhea, bronchospasm, 
wheezing, and/or right heart failure. 
Treatment is best achieved with the soma-
tostatin analogs and surgical treatment of 
resectable disease.  

•   Prognosis for malignant appendiceal carci-
noid is better than jejunoileal or colonic pri-
maries with an 80 % 10-year overall survival 
rate. 5-year survival is greater than 90 % in 
patients with local disease, 80 % for patients 
with regional lymph node metastases, and 
30 % or less for the few patients who develop 
distant spread to the liver and other organs.  

•   Somatostatin analogs have been used with 
success in patients with advanced disease. 
While chemotherapy has not shown great 
promise, metabolically directed radiotherapy, 
hepatic artery embolization, hepatic resection, 
liver transplantation, and bevacizumab may 
have a role in selected patients.  

•   The PROMID randomized trial demonstrated 
a median time to tumor progression of 
14.3 months in the octreotide long-acting 
repeatable (LAR) injections group versus 
6 months in the placebo group.     

  Questions 
     1.    The most important blood marker for carci-

noid tumors is:
    A.    Somatostatin   
   B.    5-HIAA   
   C.    Chromogranin A   
   D.    Carcinoembryonic antigen (CEA)       

   2.    Regarding gastric carcinoids, which of the 
following is false:
    A.    Type 1 gastric carcinoid tumors are typi-

cally small and behave in a benign 
fashion.   

   B.    Type 2 gastric carcinoid lesions are not 
associated with multiple endocrine neo-
plasia type 1 or Zollinger-Ellison 
syndrome.   

   C.    Five-year survival for type 3 gastric car-
cinoid tumors is 50 % overall.   

   D.    Type 4 gastric carcinoids often present 
with disseminated disease at the time of 
diagnosis.       

   3.    Which of the following is correct regarding 
appendiceal carcinoid tumors and their 
management:
    A.    Tumors >2 cm involving the base of the 

appendix or mesoappendix should be 
removed by formal right hemicolectomy 
including resection of locoregional 
lymph nodes.   

   B.    Tumors 1–2 cm in size can always be 
treated with simple appendectomy.   

   C.    Appendiceal carcinoids rarely are associ-
ated with acute appendicitis.   

   D.    It is never adequate to do a simple appen-
dectomy for these tumors as they are 
malignant in nature.       

   4.    The most frequently reported mutation in 
gastrointestinal carcinoid tumors is:
    A.    MAGE-2D   
   B.    c-Myc   
   C.    Beta-catenin   
   D.    Cyclin D1       

   5.    Regarding the epidemiology of carcinoid 
tumors, all of the following are correct 
 EXCEPT :
    A.    The incidence in the United States is 

around 1 in 50,000 people.   
   B.    There is a slight female preponderance 

for the disease.   
   C.    The average age of diagnosis is in the 

fi fth or sixth decade of life.   
   D.    Gastric carcinoids represent the most 

common location for the disease.    
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      6.    Adjuvant chemotherapeutics evaluated 
recently for metastatic carcinoid include all 
of the following except:
    A.    Docetaxel   
   B.    Everolimus   
   C.    Pegylated IFN-α   
   D.    Bevacizumab       

   7.    The imaging modality most often used to 
identify carcinoid tumors is :
    A.    FDG-PET   
   B.    Octreoscan   
   C.    DOTATEC-PET   
   D.    MRI   
   E.    Ultrasound       

   8.    Rectal carcinoids <1 cm in size should best 
be treated with:
    A.    Low anterior resection with primary 

anastomosis   
   B.    Abdominal-perineal resection with 

colostomy   
   C.    Transanal excision   
   D.    Close clinical observation       

   9.    Five-year overall survival is highest for which 
of the following types of carcinoid tumors:
    A.    Gastric   
   B.    Rectal   
   C.    Pancreatic   
   D.    Appendiceal       

   10.    Which of the following statement regarding 
jejunoileal carcinoid is correct?
    A.    They have the worse prognosis among 

the carcinoids of the GI tract.   
   B.    They tend to present with multiple syn-

chronous lesions.   
   C.    Histological grading has no prognostic role.   
   D.    Five-year survival rate is 30 % for those 

with localized disease.          

  Answers 
     1.    C   
   2.    B   
   3.    A   
   4.    C   
   5.    D   
   6.    A   
   7.    B   
   8.    C   
   9.    D   
   10.    B          
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         Learning Objectives 
 After reading this chapter you should be able to:
•    List the common locations of soft tissue 

sarcomas.  
•   Understand the presenting symptoms of 

extremity and retroperitoneal sarcomas (RPS).  
•   Implement the standard workup for extremity 

and RPS.  
•   Understand the advantages and limitations of 

different biopsy techniques.  
•   List the fi ve prognostic markers of soft tissue 

sarcomas.  
•   Understand the AJCC staging system for 

sarcomas.  
•   Understand the goals and role of surgical 

resection in extremity and RPS.  

•   Understand the indications for radiation therapy 
and chemotherapy in both extremity and RPS.  

•   Understand the management of recurrent dis-
ease in both extremity and retroperitoneal 
sarcomas.  

•   Understand the anatomic location of gastroin-
testinal stromal tumors (GIST).  

•   List the common genetic mutation associated 
with GISTs.  

•   Understand the treatment goal of GISTs.  
•   List the indications for and duration of ima-

tinib treatment for primary GISTs.     
 Soft tissue sarcomas represent a diverse group of 
tumors that arise from mesenchymal cells. These 
tumors develop from a wide variety of different 
cell types, with over 50 different histologic vari-
eties [ 1 ]. These tumors can develop anywhere in 
the body but most commonly occur on the 
extremities and in the retroperitoneum [ 2 ]. They 
are rare tumors representing less than 1 % of all 
solid tumors in adults [ 2 ]. 

    Epidemiology 

 In 2012, the American Cancer Society estimated 
11,280 new cases of sarcoma in the United States. 
6,110 of these cases were in men and the remain-
ing 5,170 occurred in women. It is estimated that 
there were 3,900 deaths in 2012 from soft tissue 
sarcomas [ 3 ]. In 2008, for a patient under the age 
of 20, soft tissue sarcomas were the fourth lead-
ing cause of cancer death for males and the fi fth 
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for females [ 3 ]. Even though sarcoma is a leading 
cause of cancer death in young persons, the vast 
majority of sarcoma deaths are in those over the 
age of 45 [ 4 ]. The overall incidence of sarcoma 
increases with age [ 2 ]. The incidence of soft tis-
sue sarcomas has been relatively consistent over 
the last 30 years [ 5 ]. The incidence is 3.7 and 2.6 
per 100,000 in males and females, respectively 
[ 2 ]. There is some variation in incidence by race, 
with Caucasians, Blacks, and Hispanics having 
the highest incidence and Asians and Native 
Americans the lowest [ 2 ]. According to the data 
from the MD Anderson Cancer Center from 1996 
to 2005, the common anatomic locations for sar-
coma include: extremity (45 %), retroperitoneal 
(27 %), visceral (13 %), thoracic (9 %), and head 
and neck (6 %) [ 6 ].  

    Risk Factors 

 The development of some sarcomas can be par-
tially attributed to specifi c risk factors such as: 
radiation, environmental toxins, immunodefi -
ciency, and lymphedema. Although radiation- 
induced sarcoma is a rare event accounting for 
only 0.5–5 % of all sarcomas, it has been linked 
to the development of osteogenic sarcoma, malig-
nant fi brous histiocytoma (MFH), angiosarcoma, 
lymphangiosarcoma, spindle cell neoplasms, 
fi brosarcoma, liposarcoma, leiomyosarcoma, 
chondrosarcoma, and desmoid tumors [ 2 ,  7 ]. In 
breast cancer patients receiving radiation, the 
incidence of developing a radiation-induced sar-
coma is 0.13 % at 10 years [ 8 ]. In addition to 
radiation, other environmental exposures may 
increase the development of sarcomas [ 2 ,  4 ]. 
Specifi cally, chemical exposures have been 
linked to certain sarcomas. The most notable 
chemicals include vinyl chloride, thorotrast, and 
arsenic; all have been associated with an increased 
risk of hepatic angiosarcoma [ 9 ]. 

 A compromised immune system and chronic 
lymphedema have both been associated with an 
increased risk of sarcoma development. Human 
herpesvirus 8 (HHV8) in the setting of severe 
immunodefi ciency such as AIDS has a strong 

predilection for the development of Kaposi’s 
sarcoma [ 4 ]. Patients with solid organ transplants 
who are on chronic immunosuppressive medica-
tions have a twofold-increased incidence of sar-
coma [ 10 ]. There also appears to be an association 
between Epstein-Barr virus and the development 
of leiomyosarcoma in certain immunosuppressed 
patients [ 11 ]. Untreated chronic lymphedema 
exposes patients to an increased risk of develop-
ing lymphangiosarcoma or Stewart-Treves syn-
drome [ 12 ,  13 ]. 

 In addition to environmental and immunologic 
risk factors, there are a number of familial syn-
dromes associated with an increased risk of sar-
coma. Familial gastrointestinal stromal tumor 
(GIST) syndrome causes an activating mutation in 
 c-kit  and  PDGFRA  genes that lead to multiple 
GISTs [ 14 ]. Li-Fraumeni syndrome is a germline 
mutation in the tumor suppressor gene  p53 . This 
mutation is responsible for an increased risk of sar-
coma as well as other epithelial-based cancers [ 15 ]. 
Neurofi bromatosis is associated with a germline 
mutation in NF-1, a tumor suppressor gene, and 
imparts an increased risk of malignant peripheral 
nerve sheath tumors [ 16 ]. Inactivating germline 
mutations in Rb1, a tumor suppressor gene, results 
in retinoblastoma during childhood and carries an 
increased risk of other cancers throughout the 
patient’s lifetime [ 17 ]. Werner syndrome, Bloom 
syndrome, and Rothmund- Thomson syndrome are 
three rare autosomal recessive syndromes associ-
ated with sarcomas that have germline mutations in 
genes responsible for DNA recombination, replica-
tion, and repair [ 2 ].  

    Histology 

 The histology of sarcoma is varied and is depen-
dent upon the specifi c histologic type of sarcoma 
identifi ed. Typically these tumors arise from 
embryonic mesodermal cells but they may also 
arise from ectoderm. The embryonic mesoderm 
eventually develops into vessels, muscle, bone, 
cartilage, synovium, and connective tissue [ 18 ]. 
These differentiated cell lines give rise to the 
vast array of sarcomas and are responsible for 
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the varied location of development in the body. 
The exact number of patients with each particular 
subtype of sarcoma is unknown. In a study con-
ducted at MD Anderson Cancer Center, the three 
most common histologic subtypes were malig-
nant fi brous histiocytoma (28 %), liposarcoma 
(15 %), and leiomyosarcoma (12 %) [ 2 ]. This is 
slightly different than a large review of the SEER 
database, which showed 23.9 % of sarcomas to be 
leiomyosarcomas, 17.1 % MFH, 11.5 % liposar-
coma, 10.5 % dermatofi brosarcoma, 4.6 % rhab-
domyosarcoma, and 12.8 % sarcoma NOS [ 19 ]. 

 The histologic determination of specifi c sar-
comas is initially based on the morphology of 
cells using standard staining techniques [ 18 ]. 
Special immunostains are used to help differenti-
ate specifi c tissue types. Certain sarcomas have 
specifi c chromosomal alterations, allowing the 
use of molecular genetics to identify and deter-
mine specifi c histologic subtypes [ 20 ]. These 
techniques are not perfect, and there is still much 
to discover in regard to the histologic determina-
tion of sarcomas.  

    Genetic and Molecular Alterations 

 Molecular alterations of soft tissue sarcomas are 
identifi ed and described through multiple tech-
niques like DNA sequencing and gene expression 
profi ling. Recent studies have shown recurring 
molecular alterations among soft tissue sarco-
mas. Barretina et al. demonstrated that  TP53, 
NF1 , and  PIK3CA  are frequently mutated genes 
in different subtypes of liposarcomas [ 21 ]. 
Alterations in  N-myc  and  c-erbB2  oncogenes 
have been linked with Ewing’s sarcoma. 
Deletions in the  PTEN  tumor suppressor gene 
and alterations in the  RB1  gene and  p53  are also 
common among soft tissue sarcomas [ 22 ]. The 
genomic mutations associated with soft tissue 
sarcomas can either be classifi ed as (1) simple 
genetic alterations or (2) complex unbalanced 
karyotypes. Most molecular alterations arise de 
novo; however, some sarcomas acquire and accu-
mulate genetic mutations as the cell progresses 
through different stages leading to complex 

karyotypes [ 23 ]. One-third of all sarcomas will 
have simple genetic alterations or translocations. 
Translocations end in gene fusion proteins that 
ultimately upregulate genes for tumor growth or 
serve as tumor formation drivers [ 24 ]. Ewing’s 
sarcoma is associated with a translocation involv-
ing the  ews  gene on chromosome 22 and  fl i1  gene 
on chromosome 11. The resulting  EWS-FLI1  
fusion protein is associated with 85 % of Ewing’s 
sarcomas [ 25 ]. The majority of soft tissue sarco-
mas however have nonspecifi c genetic alterations 
ending in complex karyotypes [ 26 ]. The progres-
sion of atypical lipoma or well-differentiated 
liposarcoma to dedifferentiated liposarcoma, 
neurofi broma to malignant peripheral nerve 
sheath tumor, or enchondroma to chondrosar-
coma are all examples of well-behaved tumors 
acquiring genetic mutations and becoming more 
aggressive tumors with complex karyotypes [ 27 –
 29 ]. Liposarcomas acquire increasing aberrant 
chromosomal copy numbers as tumors progress 
from well-differentiated to dedifferentiated lipo-
sarcomas [ 30 ]. Gene expression profi ling has 
revealed amplifi cation of 12q13-q15 in all lipo-
sarcomas with differing levels of  CDK4 ,  HMGA2 , 
and  MDM2  oncogenes [ 30 ]. 

 Understanding the molecular alterations 
responsible for sarcomagenesis is critical for 
assisting with diagnosis and identifi cation of 
potential prognostic biomarkers. Currently, 
molecular testing using conventional cytogenetic 
analysis, fl uorescence in situ hybridization 
(FISH), and polymerase chain reaction (PCR) are 
being used to assist in the diagnosis of soft tissue 
sarcomas [ 31 ,  32 ]. In addition to diagnosis, the 
identifi cation of certain fusion proteins has 
resulted in prognostic biomarkers for some sar-
comas. The identifi cation of  PAX7-FOX01  fusion 
gene in patients with metastatic alveolar rhabdo-
myosarcoma is associated with a better prognosis 
than the  PAX3-FOX01  fusion gene [ 33 ]. In syno-
vial sarcomas, the prognostic role of fusion genes 
is unclear. As the understanding of molecular 
alterations for specifi c soft tissue sarcomas 
becomes more evident, the opportunity for devel-
oping new, more effective treatments with tar-
geted therapies will arise.  
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    Grading and Staging Sarcomas 

 Staging of soft tissue sarcomas is done in accor-
dance to the guidelines outlined in the 7th edition 
of the American Joint Committee on Cancer 
(AJCC) staging system [ 34 ] (Tables  27.1  and 
 27.2 ). This system includes grade with the tradi-

tional T, N, and M stage. The T stage is based on 
the size of tumor with T1 assigned to all tumors 
5 cm or less and T2 for tumors greater than 5 cm. 
The T stage is further subdivided into  a  and  b  
based on superfi cial or deep tumors. Superfi cial 
tumors are defi ned as tumors located entirely 
above the superfi cial fascia. Note that all retro-
peritoneal sarcomas are considered deep sarco-
mas. The AJCC grading system incorporates the 
Fédération Nationales des Centres de Lutte 
Contre le Cancer (FNCLCC) grading system, 
which assigns a score for each of the following 
three parameters: differentiation, mitotic rate, 
and extent of necrosis [ 35 ,  36 ]. Final histologic 
grade (G) is assigned based on a summation of 
each of the three parameters (Table  27.2 ) [ 37 ].

    Grading of soft tissue sarcomas has important 
prognostic implications. Histologic grade is the 
strongest predictor of patient outcome. Other 
prognostic factors for sarcomas include primary 
tumor site, resection margin status, size of tumor, 
and primary versus recurrent disease [ 38 ,  39 ]. 
Linehan and colleagues found that tumor loca-
tion signifi cantly impacted 5-year survival among 
patients with completely resected liposarcomas 
[ 39 ]. The overall 5-year survival rate for retro-
peritoneal sarcomas is signifi cantly lower com-
pared to high-risk extremity sarcomas, 25–55 % 
versus 60–75 % [ 38 ]. Along with grade and 
tumor location, margin status also impacts sur-
vival rates. A study at Memorial Sloan Kettering 
Cancer Center found an 83 % disease-specifi c 
survival for margin-negative patients, compared 

   Table 27.1    American Joint Committee on Cancer (AJCC) 
TNM staging for soft tissue sarcoma (7th edition)   

 Primary tumor (T) 

 TX  Primary tumor cannot be assessed 
 T0  No evidence of primary tumor 
 T1  Tumor ≤5 cm in greatest dimension* 
 T1a  Superfi cial tumor 
 T1b  Deep tumor 
 T2  Tumor >5 cm in greatest dimension* 
 T2a  Superfi cial tumor 
 T2b  Deep tumor 

 *Note: Superfi cial tumor is located exclusively above the 
superfi cial fascia without invasion of the fascia; deep 
tumor is located either exclusively beneath the superfi cial 
fascia, superfi cial to the fascia with invasion of or through 
the fascia, or both superfi cial yet beneath the fascia 

 Regional lymph nodes (N) 

 NX  Regional lymph nodes cannot be assessed 
 N0  No regional lymph node metastasis 
 N1*  Regional lymph node metastasis 

 *Note: Presence of positive nodes (N1) in M0 tumors is 
considered stage III 

 Distant metastasis (M) 

 M0  No distant metastasis 
 M1  Distant metastasis 

 Anatomic stage/prognostic groups 

 Group  T  N  M  Grade 
 Stage IA  T1a, T1b  N0  M0  G1, GX 
 Stage IB  T2a, T2b  N0  M0  G1, GX 
 Stage IIA  T1a, T1b  N0  M0  G2, G3 
 Stage IIB  T2a, T2b  N0  M0  G2 
 Stage III  T2a, T2b  N0  M0  G3 

 Any T  N1  M0  Any G 
 Stage IV  Any T  Any N  M1  Any G 

 *Grade (G) is determined by using the Fédération 
Nationale des Centres de Lutte Contre le Cancer 
(FNCLCC) grading system (see Table  27.2 ) 

  Adapted from Compton et al. [ 109 ]. With permission 
from Springer Verlag     

     Table 27.2    Fédération Nationale des Centres de Lutte 
Contre le Cancer (FNCLCC) histologic grade criteria   

 Tumor differentiation  Mitotic count  Necrosis 

 1: Well  1:  n  < 10 
per 10HPF 

 0: No necrosis 

 2: Moderate  2: 10–19 
per 10HPF 

 1: <50 % 

 3: Poor  3:  n  ≥ 20 
per 10HPF 

 2: ≥50 % 

  Modifi ed from Trojani et al. [ 110 ], with permission from 
John Wiley & Sons, Inc. 
 The sum of the scores from each column determines the 
fi nal grade: 
 G1: Score 2, 3 
 G2: Score 4, 5 
 G3: Score 6–8 
  HPF  high power fi elds  
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to 75 % for margin-positive patients [ 40 ]. Margin 
status at the time of resection signifi cantly 
impacts the rate of recurrence, which has been 
shown to predict future recurrences and affect 
survival [ 41 ]. Local recurrence rates for retro-
peritoneal sarcomas range from 40 to 65 % [ 42 ].  

    Evaluation of Extremity Sarcomas 

 According to the National Comprehensive 
Cancer Network (NCCN) guidelines, all patients 
with a new mass concerning sarcoma should 
undergo management by a multidisciplinary 
team [ 42 ]. The specifi c sarcoma workup should 
include a history and physical imaging of the 
tumor, a carefully planned biopsy, and a staging 
workup for distant disease [ 42 ] (Fig.  27.1 ).

   Workup of a patient with an extremity soft tis-
sue mass always begins with a thorough history. 
Important information to gather includes: time 
course, circumstances preceding the mass, and a 
thorough family history to rule out familial cancer 

syndromes. Patients with extremity sarcomas 
often present with a newly found painless mass 
[ 43 ]. One of the more common presentations is a 
recent history of trauma to the area where the mass 
is identifi ed. Trauma does not necessarily cause 
sarcoma development, but it allows for a height-
ened awareness to a particular area leading to 
examination and imaging of that area [ 2 ]. Patients 
may also present with pain and neurologic symp-
toms at the site of the mass. After a detailed history 
is obtained, a full physical examination should be 
performed with particular focus on the mass. The 
mass will be more noticeable depending on 
whether it is deep or superfi cial and the body habi-
tus of the patient. Sarcomas located below the fas-
cia usually attain a large size prior to diagnosis. 
For example, a deep thigh mass is often signifi -
cantly larger at the time of diagnosis compared to 
a more superfi cial mass on the forearm [ 44 ]. The 
size, exact anatomic location, overlying skin 
changes, neurological defects or muscle weak-
ness, and vascular compromise are all important 
aspects of the physical exam (Fig.  27.2 ).

  Fig. 27.1    Treatment algorithm for soft tissue sarcomas ( RT  radiation therapy,  R0  no gross or microscopic disease)       
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   The next phase in an extremity sarcoma 
workup is to image the mass. Imaging allows for 
treatment planning prior to surgical resection by 
determining its size, location, association with 
surrounding structures, and potentially even his-
tologic information. Imaging modalities include 
conventional radiography, ultrasound, computed 
tomography (CT) scan, and magnetic resonance 
imaging (MRI) (Fig.  27.3 ); each of these modali-
ties has their relative merit and downsides. 
Conventional radiography provides good resolu-
tion of the bone trabecular, therefore providing 
information regarding bony involvement of the 

mass [ 45 ]. Ultrasound is helpful in determining if 
the mass is cystic or solid. It also helps guide tis-
sue biopsy. CT provides cross-sectional imaging 
with the benefi ts of rapid image acquisition, 
decreased cost compared to MRI, and excellent 
bony and solid organ detail [ 45 ]. It can also be 
utilized when MRI is contraindicated. The addi-
tion of intravenous contrast allows for further 
determination of the vascularity of the tumor, the 
tumor size and location, and its anatomic associa-
tion with large arteries and veins [ 46 ]. CT should 
also be used in the initial staging workup and in 
follow-up for the detection of metastatic disease 
in the lungs and liver, particularly for high-grade 
tumors. The issues with CT imaging include 
exposure to radiation, risk of allergic reactions to 
the contrast dye, and risk of contrast-induced 
nephropathy. MRI is the imaging modality of 
choice for soft tissue sarcomas of the extremity. 
This modality gives precise anatomical defi ni-
tion, revealing the relationship of the tumor to the 
investing fascia, size of the tumor, potential his-
tologic characteristics, and proximity to neuro-
vascular structures [ 47 ]. MRI can also be used to 
determine the enhancement pattern and amount 
of necrosis that can be followed during treatment 
[ 48 ]. The benefi ts of MRI include the lack of 
radiation exposure; problems include long acqui-
sition time, increased expense, the contraindica-
tion in patients with metal implants, and anxiety 
in patients with claustrophobia [ 45 ].

  Fig. 27.2    Extremity sarcoma located on the lateral aspect 
of the patient’s thigh (Courtesy of Quyen D. Chu, MD, 
MBA, FACS)       

  Fig. 27.3    MRI of a patient with a malignant fi brous his-
tiocytoma (MFH) of the medial thigh. The patient under-
went preoperative chemotherapy followed by a complete 

resection with a negative margin greater than 1 cm. Final 
pathology demonstrated no residual tumor (Courtesy of 
Quyen D. Chu, MD, MBA, FACS)       
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   Once imaging has been completed, tissue 
biopsy may be indicated for tissue diagnosis. 
There are two ways to obtain tissue for a patho-
logical diagnosis: needle biopsy and surgical 
biopsy. Needle biopsy can be divided into fi ne 
needle aspiration (FNA) and core needle biopsy. 
Both of these techniques can be done with and 
without radiological guidance. In the setting of 
extremity sarcoma, ultrasound is typically the 
radiologic guidance of choice. FNA is performed 
using a small gauge needle, passing it through the 
lesion multiple times on negative pressure. The 
downside of FNA is that it does not provide tissue 
architecture and supplies only a limited number of 
cells for evaluation and specialized pathologic 
investigations. Core needle biopsy is performed 
using a specialized biopsy needle that removes a 
core of tissue. This technique preserves the archi-
tecture of the tissue and typically provides enough 
cells for specialized immunostains while remain-
ing minimally invasive. For these reasons, core 
needle biopsy has become the biopsy  technique of 
choice [ 49 ]. When performing needle biopsy, the 
needle should enter through the proposed incision 
for resection on the skin so that the needle tract can 
be excised with the specimen. This eliminates the 
chance of local recurrence at the biopsy site [ 50 ]. 
Some have advocated tattooing the needle biopsy 
site to ensure removal at fi nal resection. 

 The other choice for obtaining tissue is 
through an excisional or incisional surgical 
biopsy. Excisional surgical biopsy is an inade-
quate method for performing a biopsy on a mass 
concerning for sarcoma because a margin is not 
taken. In the setting of sarcoma, a second opera-
tion would need to be performed to obtain appro-
priate surgical margins. Incisional surgical biopsy 
is a reasonable approach when access to core 
needle biopsy is unavailable. To minimize recur-
rence at the biopsy site, a small incision along the 
direction of the proposed resection is performed.  

    Management of Primary Extremity 
Sarcoma 

 The mainstay of management of extremity sar-
coma is surgical resection with negative margins 
[ 43 ]. This type of local control was historically 

obtained through amputation of the affected limb 
causing severe functional and psychological rami-
fi cations to the patient. Regardless, amputation 
was allowed for good local control and was the 
treatment of choice for decades [ 51 ]. In 1982, a 
prospective randomized clinical trial from the 
National Cancer Institute was published compar-
ing limb-sparing surgery with radiation versus 
amputation for extremity sarcoma. The results 
showed no difference in 5-year overall survival 
rates between the two groups, and there was a non-
signifi cant increase in local recurrence rates in the 
limb-sparing surgery with radiation group [ 52 ]. 
These data support the use of limb-sparing surgery 
for the treatment of extremity sarcoma. Despite 
these results, amputation may still be the preferred 
choice of treatment depending on the involvement 
of major neurovascular structures and potential 
functional outcome after treatment. 

 The ultimate goal of resection includes com-
plete removal of the tumor including the biopsy 
site and tract, while preserving a functional limb. 
An important aspect of limb-sparing resection is 
to ensure that negative margins are obtained. A 
number of studies have shown that gross and 
even microscopic margins lead to an increased 
risk of local recurrence [ 44 ,  53 ]. Although the 
prognostic signifi cance of a positive margin is 
clear, the question remains what should a sur-
geon do if faced with a positive margin after 
resection. A retrospective review from MD 
Anderson Cancer Center of patients with positive 
margins after surgery showed that those who 
underwent re-resection to negative microscopic 
margins had a better local control than those who 
did not, despite the use of postoperative radiation 
therapy [ 54 ]. Therefore, it is recommended that a 
re- resection be preformed, if anatomically possi-
ble, to obtain negative margins. When perform-
ing these oncologic resections, it is important to 
make incisions longitudinally along the limb so 
that the mass may be resected with the best 
chance of primary closure. If the patient did not 
have preoperative radiation, it is important to 
keep the drains near the surgical fi eld so they can 
be incorporated within the radiation fi eld. If a 
large surgical defect is expected after resection, 
reconstruction planning is an important aspect of 
the perioperative surgical care. 
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 For the most part, there is no role for lymph 
node sampling/dissection because the risk of 
regional metastasis is ≤5 %. However, it should 
be considered for patients with synovial sarcoma, 
epithelioid sarcomas, clear cell sarcomas, vascu-
lar sarcomas, and rhabdomyosarcomas since 
lymph node metastasis can occur in up to 24 % of 
patients [ 55 ]. 

 Radiation therapy is used to improve local 
control when combined with limb-sparing sur-
gery. A study from the National Cancer Institute 
highlighted the role of radiation therapy in a 
study randomizing patients undergoing limb- 
sparing surgery for sarcoma to receive postopera-
tive radiation or no postoperative radiation. In 
patients with either high-grade sarcomas or low- 
grade sarcomas, there was a statistically signifi -
cant improvement in local control if postoperative 
radiation was received. In this study, there was no 
difference in the overall survival between the two 
groups [ 56 ]. This study highlights the importance 
of radiation in the local control of sarcoma for 
patients undergoing limb-sparing surgery. 
External beam radiation has been the delivery 
method of choice; however, some groups have 
studied brachytherapy and intraoperative radia-
tion therapy with and without external beam radi-
ation, with good local control rates [ 57 ]. 

 After surgical resection, the radiation fi eld for 
external beam radiation can be quite extensive. 
There are also theoretical and logistical benefi ts 
associated with neoadjuvant radiation therapy 
[ 58 ]. Radiation doses in the preoperative setting 
tend to be lower, and the radiation fi eld tends to 
be smaller if performed preoperatively. There is a 
decrease in long-term radiation effects, such as 
fi brosis and limb/joint dysfunction, if the radia-
tion is given preoperatively [ 59 ]. In a prospective 
randomized study of preoperative radiation ver-
sus postoperative radiation in extremity sarco-
mas, there was no difference in local control rates 
between the two groups. There was also no 
difference in the margin status after the resection 
between the two groups. There was, however, an 
increase in the wound complication rate: 17 % 
for the postoperative radiation group compared to 
35 % for the preoperative radiation group. 
Preoperative radiation also resulted in an 

increased rate of secondary wound closures 
(grafts and fl aps). However, preoperative radia-
tion was associated with decrease toxic skin 
effects from radiation, as compared to postopera-
tive radiation [ 60 ]. The utility of radiation in a 
subset of patients with small or low-grade tumors 
remains controversial and deserves further inves-
tigation. According to the NCCN guidelines for 
stage I tumors with resection margins >1 cm, it is 
acceptable to omit radiation [ 5 ,  42 ]. 

 Despite the good local control obtained from 
surgery and radiation therapy, there are a signifi -
cant number of patients with high-grade sarco-
mas that will develop metastatic disease. The role 
of adjuvant chemotherapy with the goal of 
decreasing metastatic rates in primary sarcoma is 
uncertain. Most chemotherapy regimens have 
included Adriamycin, with well-defi ned toxici-
ties. A meta-analysis of randomized trials showed 
an improvement in time-to-local and distant 
recurrence for those who received chemotherapy, 
but no improvement in overall survival [ 61 ]. The 
European Organization for Research and 
Treatment of Cancer concluded a multicenter 
randomized trial (EORTC 62931), in which 
patients with resected soft tissue sarcomas were 
randomized to receive a chemotherapy regimen 
or no chemotherapy. The trial showed no differ-
ence in overall survival (66 % vs. 67 %) or 
relapse-free survival between the two groups 
[ 62 ]. Given the unclear benefi ts of adjuvant che-
motherapy, patients at high risk for metastatic 
disease should consider a discussion of the risks 
and benefi ts to chemotherapy with a medical 
oncologist. 

 The neoadjuvant approach to chemotherapy in 
sarcoma has been studied and may be even more 
controversial than the adjuvant approach. A sin-
gle institution review of neoadjuvant chemother-
apy alone in high-grade extremity sarcomas 
failed to show improvement in local control or 
overall survival [ 63 ]. Radiation has been added to 
the chemotherapy regimens in an attempt to 
improve both local control and decrease distant 
metastasis. A single institution review of this 
approach has shown that it has good long-term 
survival and tolerable toxicities, but there has yet 
to be a randomized study comparing the different 
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approaches [ 64 ]. Another group is looking at the 
role of regional hyperthermia at the time of neo-
adjuvant chemotherapy for extremity sarcomas. 
In a prospective randomized multicenter trial 
comparing neoadjuvant chemotherapy to neoad-
juvant chemotherapy with hyperthermia, they 
found that patients who had hyperthermia had 
improved local recurrence and disease-free sur-
vival [ 65 ]. Despite this interesting work, there is 
little data comparing an adjuvant approach for 
chemotherapy to a neoadjuvant approach so 
patients who are interested in this approach 
should consider clinical trials. 

 It is important to address the management of 
patients who present with synchronous metastatic 
disease, a clinical scenario that occurs in 12–23 % 
of patients with sarcomas [ 66 ,  67 ]. Kane et al. 
reported the outcome of 48 patients from a single 
institution who presented with  synchronous 
metastases and treated with aggressive surgical 
resection of both the primary and metastatic sites 
[ 68 ]. Pulmonary metastases were most commonly 
encountered ( n  = 30), followed by nodal ( n  = 11) 
and liver ( n  = 4) disease. Seventeen patients under-
went resection of their metastatic site. Although 
the median survival for patients undergoing metas-
tasectomy was slightly longer than that of patients 
with unresectable disease, the difference was not 
statistically signifi cant. The authors concluded 
that resection of soft tissue sarcoma and synchro-
nous metastases should be approached with cau-
tion and reserved for patients requiring 
symptomatic palliation [ 68 ]. 

    Follow-Up and Surveillance 

 Once treatment has been completed, patients 
enter the surveillance phase. The goal of surveil-
lance is to identify local regional recurrence or 
metastatic disease while it is still treatable. The 
clinical follow-up and surveillance of extremity 
sarcoma patients include a combination of his-
tory, physical examination, and imaging.    Most 
recurrences occur within the fi rst fi ve years of 
initial treatment; therefore the surveillance 
schedule is more intense in the early phase and 
decreases after fi ve years. It is recommended 

that a history and physical examination focusing 
on the local regional area of resection should be 
done every 3 months for the fi rst 3 years, every 6 
months for years 4–5, and annually after 5 years. 
There are no specifi c lab tests that are needed 
secondary to the lack of tumor markers available 
for this disease. MRI of the primary site should 
be obtained to look for local regional recurrence 
every 6 months for the fi rst 3 years, annually 
from years 4–5, and only if suspected after year 
5. If the patient has contraindication to MRI, 
then CT should be performed of the primary site. 
CT imaging of the chest in patients with high-
grade sarcomas to rule out lung metastases is 
also important, with images recommended every 
6 months for the fi rst 3 years, and annually dur-
ing years 4–5. Patients should also perform self- 
examinations on a regular basis at home and 
alert their treatment team if there are any 
changes. The above recommendations comply 
with the NCCN guidelines for surveillance of 
sarcoma patients [ 42 ].   

    Management of Recurrent 
and Metastatic Extremity Sarcoma 

 Extremity sarcomas may recur locally or at distant 
sites. A number of groups have reviewed prognos-
tic factors that increase the likelihood of a local 
recurrence. There is a consensus that a positive 
margin and a recurrent sarcoma are both indepen-
dent prognostic factors for local recurrence [ 69 , 
 70 ]. The unfortunate event of locally recurrent 
extremity sarcoma provides signifi cant challenges 
to the treatment team. If the recurrence was 
detected on physical examination, imaging is 
important to delineate relationship to surrounding 
anatomic structures and vasculature. A metastatic 
workup should also be done with CT scan of the 
chest to rule out synchronous metastasis. It is also 
important to obtain all prior clinical documenta-
tion (treatments, pathology) for treatment plan-
ning [ 71 ]. In patients with isolated local recurrence 
and no prior history of radiation treatments, it 
would be appropriate to consider preoperative 
radiation followed by surgical resection or surgical 
resection with adjuvant radiotherapy. If the patient 
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has already received radiation, the options after re-
excision include limited additional external beam 
radiotherapy, brachytherapy, or intraoperative 
radiation therapy. Isolated limb perfusion can be 
considered at centers conducting clinical trials. 
Surgically aggressive limb-sparing therapy can 
lead to very good local control rates. In a single 
institution retrospective review, 87 % of patients 
obtained durable local control with or without re- 
irradiation [ 72 ]. 

 In addition to local recurrence, patients may 
also develop distant metastases. 20–40 % of 
patients with extremity sarcoma will have or 
develop pulmonary metastases. In a review from 
Memorial Sloan Kettering Cancer Center, the 
only prognostic factor that determined good out-
come in patients with sarcoma metastatic to the 
lung was complete resection [ 73 ]. In a more 
recent retrospective review of 48 patients with 
metastatic sarcoma to the lung that had under-
gone pulmonary resection, the 5-year overall sur-
vival rate was found to be 52 % [ 74 ]. These data 
highlight that careful selection of patients com-
bined with an aggressive approach in resection of 
pulmonary metastases can result in favorable 
outcomes. 

 If resection is not possible, the effi cacy of che-
motherapy regimens is currently limited. The 
standard doxorubicin-based regimens have mod-
est clinical effi cacy and signifi cant treatment- 
associated toxicities [ 75 ]. However, newer 
regimens show promise in early phase testing. In 
a phase II trial of gemcitabine and docetaxel 
compared to gemcitabine alone, there was an 
increase in both progression-free survival and 
overall survival. Unfortunately, the combined 
regimen was also quite toxic [ 76 ]. Trabectedin, a 
marine-derived antineoplastic compound, has 
also shown promise in treating metastatic lipo-
sarcoma and leiomyosarcoma [ 77 ].  

    Evaluation of Retroperitoneal 
Sarcomas 

 Patients with retroperitoneal sarcomas (RPS) 
commonly present with symptoms of abdominal 
fullness or obstruction involving the gastrointesti-

nal or renal systems. Pain, neurologic symptoms, 
and weight loss are other common presenting 
symptoms. Symptoms are initially vague in 
nature, precluding many patients from seeking 
early medical attention. The relatively non-con-
fi ning space of the retroperitoneum can conceal a 
mass for an extended period of time, allowing 
tumors to become quite large prior to the devel-
opment of clinical symptoms. 

 Patients who present with suspicious symptoms 
of an abdominal mass should undergo imaging 
with a CT of the abdomen and pelvis (Fig.  27.4 ). 
A CT chest is performed to complete the staging 
workup and evaluate for metastatic disease. 
A well-described fatty tumor of the retroperito-
neum without hyperdense areas is considered a 
well-differentiated lipomatous tumor or well-
differentiated liposarcoma. Both diagnoses require 
surgical resection and biopsy is not usually 
indicated. A lipomatous tumor of the retroperito-
neum with higher dense areas is diagnostic for ret-
roperitoneal liposarcoma. The higher dense areas 
may represent areas of dedifferentiation or simply 
areas of different liposarcoma histologic subtypes. 
Image-guided biopsy is indicated if therapy other 
than surgery is considered as fi rst- line treatment 
[ 78 ]. Retroperitoneal masses with little or no fatty 
component have a large differential diagnosis that 
includes germ cell tumors, lymphoma, abscess, 
renal and adrenal tumors, neurogenic tumors, undif-
ferentiated carcinoma of primary or metastatic 

  Fig. 27.4    Retroperitoneal sarcoma: large mass suspi-
cious for a retroperitoneal sarcoma (Courtesy of Quyen 
D. Chu, MD, MBA, FACS)       
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origin, and sarcoma. Because of the extensive dif-
ferential diagnosis, most authors advocate for an 
image-guided tissue biopsy in these tumors. Any 
soft tissue mass in an adult that is larger than 5 cm, 
growing or persistent beyond 4–6 weeks, that is 
not characteristic of a liposarcoma should be biop-
sied [ 6 ]. FNA and core biopsy can both be used for 
diagnosing soft tissue sarcomas. Core biopsy is 
95 % accurate in diagnosing sarcomas, whereas 
the accuracy of FNA biopsy is largely dependent 
on the experience of the cytopathologist interpret-
ing the results [ 41 ]. One advantage of core biopsy 
over FNA is that cores provide tumor architecture, 
and this allows for identifi cation of histologic sub-
type and grading. The benefi t of assessing tumor 
grade has made core biopsy the fi rst choice for 
biopsy techniques. Biopsies should be approached 
from the retroperitoneum and should avoid the 
peritoneal cavity to decrease contamination with 
tumor cells. Additional imaging such as high- 
resolution CT or MRI may be indicated to help 
plan surgical approach and better delineate 
involvement of the muscles, nerves, vessels, bone, 
and vertebral foramen. If resection includes 
removal of a kidney, a preoperative nuclear renal 
function scan is indicated to assess the function of 
the remaining kidney. The only lab work indicated 
is the usual preoperative labs of electrolytes, coag-
ulation studies, hemoglobin, and platelet count. 
Currently there are no serum tumor markers avail-
able for soft tissue sarcomas.

       Management of Primary 
Retroperitoneal Sarcomas 

 A multidisciplinary approach involving surgical 
oncology, medical oncology, and radiation oncol-
ogy is crucial to the management of these tumors. 
Treatment requires thoughtful planning and tim-
ing of different modalities to offer the best func-
tional and oncologic outcomes for patients. 

 As in extremity sarcomas, surgical resection 
with negative margins is the standard of care and 
primary treatment for localized retroperitoneal 
sarcomas (RPS). En bloc resection of involved 
surrounding organs may be necessary to obtain 
clear margins. Resection of the colon, mesoco-
lon, and muscle as part of the en bloc resection is 

well tolerated with limited consequences. The 
resection of a kidney, spleen, or distal pancreas as 
part of the en bloc resection has minimal short- term 
morbidities, and the removal of such organs is 
usually tolerated (Fig.  27.5 ). When the en bloc 
resection involves the head of the pancreas, 
duodenum, major vessels and nerves, or the liver, 
complication rates can be signifi cant, and resec-
tion of such organs is usually not performed 
unless there is macroscopic involvement [ 78 ]. 
Complete negative margin resections of retroper-
itoneal sarcomas have been reported between 50 
and 67 % [ 79 ]. Obtaining negative microscopic 
margins is diffi cult due to the extremely large 
mass of tumors, the extent of surface area 
involved, and the anatomic constraints of tumor 
location in the retroperitoneum. Although achiev-
ing negative margins is diffi cult, it has been illus-
trated that the patient who obtain negative 
margins has better outcomes [ 38 ]. Complete sur-
gical resection improves median survival in 
patients with primary retroperitoneal sarcomas 
[ 80 ]. The 5-year survival rate for patients with 
complete surgical resection and R0 margins is 
103 months compared to 18 months for incom-
plete surgical resection and positive margins [ 42 , 
 81 ]. Surgery remains the mainstay of treatment 
for patients with locally resectable disease.

   The exact role of radiation therapy in retro-
peritoneal sarcoma is diffi cult to defi ne. Radiation 
has a well-established role in extremity sarcomas; 

  Fig. 27.5    Gross specimen of a retroperitoneal sarcoma. 
Patient underwent a total gastrectomy, distal pancreatec-
tomy, and splenectomy for a large retroperitoneal leio-
myosarcoma (Courtesy of Quyen D. Chu, MD, MBA, 
FACS)       
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however, the adjacent radiosensitive structures in 
the retroperitoneum limit the use of this modality 
in retroperitoneal sarcomas. Single institutional 
studies have shown an improvement in local con-
trol rates with the addition of radiation therapy to 
surgery for retroperitoneal sarcomas [ 82 ,  83 ]. 
The advantages, disadvantages, and feasibility of 
preoperative, intraoperative, and postoperative 
radiation therapies are based on observational 
and retrospective studies [ 6 ]. Preoperative radia-
tion allows for displacement of adjacent struc-
tures by the large tumor mass, limiting exposure 
of other critical structures (i.e., small bowel) to 
radiation thus decreasing the rate of toxicity. 
Preoperative radiation also clearly establishes 
boundaries of the intended treatment fi elds. 
Postoperative radiation on the other hand allows 
for better assessment of tumor histology and 
grade, which enables selection of patients most 
likely to benefi t from radiation therapy. However, 
when the large tumor is removed, a void is cre-
ated and fi lled with other critical structures. 
These structures are exposed to the radiation, 
resulting in increased gastrointestinal toxicity 
with postoperative radiation therapy. The lack of 
level 1 evidence and the varied radiation treat-
ment plans in published series make discernment 
of the timing of radiation in retroperitoneal sar-
comas diffi cult to determine. Preoperative radia-
tion therapy with complete surgical resection has 
been associated with improved recurrence- free 
survival, disease-specifi c survival, and overall 
survival. The 5-year local recurrence-free sur-
vival of 60 %, disease-specifi c survival of 46 %, 
and overall survival of 61 % were demonstrated 
in two prospective trials of patients with interme-
diate and high-grade retroperitoneal sarcomas 
who had preoperative radiation therapy and 
aggressive surgical resection with R0 or R1 sta-
tus [ 84 ]. Postoperative radiation has been associ-
ated with improved relapse-free survival but has 
not impacted overall survival [ 85 ,  86 ]. The addi-
tion of intraoperative radiation therapy to 
aggressive surgical resection and preoperative 
external beam radiation improves local recurrence-
free rates to 83 % from 61 % and overall survival 
rates to 74 % from 30 % when compared to sur-
gical resection alone [ 87 ,  88 ]. At our institution, 

preoperative radiation with or without intraoper-
ative radiation has become the standard approach 
to RPS. Published data from our institution has 
shown one- and two-year local control rates of 64 
and 50 % and OS of 90 % at 1 year and 74 % at 2 
years with minimal toxicity from preoperative 
radiation [ 58 ]. 

 Current recommendations state that for all 
patients with surgically resected disease and R1 
margins who did not receive preoperative radia-
tion should undergo postoperative radiation [ 42 ]. 
Radiation should also be considered in patients 
with an R0 resection and high-grade tumors [ 42 ]. 
Patients who received preoperative radiation and 
underwent surgical resection with R1 margins 
may receive an additional radiation boost to the 
tumor bed [ 42 ]. 

 The role of chemotherapy for localized soft 
tissue sarcomas of the retroperitoneum is limited. 
Most commonly, chemotherapy for localized dis-
ease is used as a radiation sensitizer or as neoad-
juvant cytoreductive therapy to improve 
achievement of an R0 resection. A recent meta- 
analysis by Pervaiz et al. found a marginal benefi t 
to adjuvant chemotherapy with respect to local 
recurrence, distant recurrence, overall recur-
rence, and overall survival [ 89 ]. Their work dem-
onstrated an odds ratio (OR) for local recurrence 
of 0.73 (95 % CI 0.56–0.94;  p  = 0.02) and an OR 
for overall survival of 0.56 (95 % CI 036–0.85; 
 p  = 0.01) in favor of adjuvant chemotherapy. The 
greatest benefi t was achieved with a combination- 
based chemotherapy of doxorubicin and ifos-
famide [ 89 ]. 

    Follow-Up and Surveillance 

 Local recurrence is a major morbidity and a lead-
ing cause of mortality in patients with retroperi-
toneal sarcomas. Because 40–60 % of patients 
with retroperitoneal sarcomas will develop a 
recurrence, close follow-up is vital to improving 
patient outcomes [ 42 ]. 

    According to the NCCN guidelines, patients 
who undergo surgical resection and have an R0 
margin status should have a history and physical 
exam and CT of the abdomen and pelvis every 
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3–6 months for 2–3 years and then annually. 
Patients who undergo surgical resection and have 
an R1 margin status or have a high-grade tumor 
with an R0 margin status should have a history 
and physical exam and CT of the abdomen and 
pelvis every 3–6 months for 2–3 years, then every 
6 months for 2 years, then annually.   

    Management of Recurrent 
and Metastatic Retroperitoneal 
Sarcomas 

 Recurrence is common with retroperitoneal sar-
comas. 40–60 % of resected retroperitoneal sar-
comas will develop recurrence. Each local 
recurrence makes complete surgical resection 
more diffi cult and less likely. 

 Recurrent retroperitoneal sarcomas are evalu-
ated with a biopsy and staged with CT imaging of 
the chest, abdomen, and pelvis (Figs.  27.7  and 
 27.8 ). Once metastatic disease is ruled out and 
the recurrence is determined to be local, the 
patient should undergo complete surgical resec-
tion with a curative intent, if feasible (Figs.  27.6 , 

 27.7 ,  27.8 ,  27.9  and  27.10 ). The success for com-
plete resection is favorable with the fi rst recur-
rence but signifi cantly decreases with each 
additional recurrence. Lewis et al. showed that 
57 % of patients with a fi rst local recurrence were 
able to undergo complete surgical resection 
where only 22 % of second and 10 % of third 
recurrences were completely resected [ 81 ].

       The role of surgery in metastatic disease is 
dependent on multiple factors. Data suggest that 
patients with isolated pulmonary metastases may 
have an improved disease-free survival with pul-
monary metastasectomy [ 90 ]. Patients with 
abdominal sarcomatosis, which is more common 
with retroperitoneal sarcomas, may also benefi t 
from metastasectomy. The liver is a common site 
of metastatic disease for patients with retroperi-
toneal sarcomas. Rehders et al. showed 5- and 

  Fig. 27.8    A patient with a recurrent liposarcoma 
(Courtesy of Quyen D. Chu, MD, MBA, FACS)       

  Fig. 27.7    A patient with a recurrent liposarcoma 
(Courtesy of Quyen D. Chu, MD, MBA, FACS)       

  Fig. 27.6    A patient with a recurrent liposarcoma 
(Courtesy of Quyen D. Chu, MD, MBA, FACS)       
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10-year survival rates of 49 % and 33 % respec-
tively with median survival of 44 months after 
hepatic metastasectomy [ 91 ]. An important 
 consideration for metastasectomy is the number 
and location of metastases and the behavior of 
the tumors. Complete surgical resection of meta-
static disease is a signifi cant prognostic factor for 

improved survival [ 73 ]. Patients with slow- 
growing, low-grade metastases that are stable 
over a signifi cant period of time and have a 
lengthy disease-free interval between the primary 
sarcoma and development of metastases are 
likely to achieve the most benefi t from surgical 
resection [ 90 ,  91 ]. The majority of patients with 
advanced retroperitoneal sarcomas are often too 
advanced to benefi t from metastasectomy. 
However, many of these patients will develop 
signifi cant symptoms that require surgery for pal-
liation. Yeh et al. showed that 71 % of patients 
had relief of symptoms at 30 days after palliative 
surgery [ 92 ]. The durability of symptom relief is 
limited, and at 100 days from palliative surgery, 
only 54 % of patients had relief of symptoms 
[ 92 ]. Surgical intervention for advanced disease 
requires highly selected patients to ensure the 
best chance of improved disease-free survival or 
palliation of symptoms. 

 Patients with recurrent or advanced disease 
should also receive radiation therapy and chemo-
therapy if not included in prior treatments. 
Despite the limited benefi t of chemotherapy 
in localized retroperitoneal sarcomas, there is a 
role for chemotherapy in advanced sarcomas. 
Doxorubicin is considered fi rst-line treatment for 

  Fig. 27.10    A patient with a recurrent liposarcoma (Courtesy of Quyen D. Chu, MD, MBA, FACS)       

  Fig. 27.9    A patient with a recurrent liposarcoma 
(Courtesy of Quyen D. Chu, MD, MBA, FACS)       
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stage IV disease. The addition of ifosfamide to 
doxorubicin improves the response rate but does 
not impact overall survival compared to single- 
agent doxorubicin [ 5 ,  93 ]. Other cytotoxic 
 medications that can be used as single agents or 
in combination with doxorubicin include gem-
citabine, epirubicin, or paclitaxel. The drugs 
most commonly used for palliation of symptoms 
are doxorubicin and ifosfamide [ 5 ]. 

 The administration of chemotherapy and/or 
radiation therapy preoperatively or postopera-
tively in the setting of metastasectomy is 
unknown, and discussion at a multidisciplinary 
tumor board is highly recommended.  

    Gastrointestinal Stromal Tumors 
(GIST) 

 For completeness, GISTs will be briefl y dis-
cussed. A more in-depth discussion can be found 
in Chap.   28     on GIST. GISTs are the most com-
mon mesenchymal tumors. They can arise any-
where along the gastrointestinal tract, but the 
stomach and the small intestine are the most 
common sites [ 94 ]. These tumors are extralumi-
nal in location, involving the muscularis propria 
of the intestinal wall. 95 % of tumors are associ-
ated with an activating tyrosine kinase receptor 
protein mutation:  KIT  or  CD117  [ 95 ]. 5 % of 
GIST tumors do not contain this mutation and are 
considered  KIT -negative GISTs. A small per-
centage of the  KIT -negative tumors will have a 
mutation in the platelet-derived growth factor 
receptor-alpha gene [ 96 ]. 

 Most GISTs do not elicit symptoms and are 
found incidentally during physical examinations 
or endoscopic procedures. If symptoms are pres-
ent, they are usually related to mass effect of the 
tumor and result in nausea, emesis, early satiety, 
pain, and/or abdominal distention. A signifi cant 
number of GIST tumors are discovered on cross- 
sectional imaging for abdominal pain. Once the 
diagnosis of GIST has been suggested by imag-
ing, endoscopic ultrasound may be performed to 
help delineate the full depth of the tumor. 
   Preoperative biopsy is only indicated if (1) the 
diagnosis is in question, (2) a diagnosis of lymphoma 

is to be excluded, or (3) neoadjuvant therapy is 
being considered. 

 Surgical resection is the mainstay of treat-
ment. Microscopically negative margin is the 
goal of surgery. A 1 cm gross surgical margin 
should be taken to ensure an R0 resection. 85 % 
of patients with primary GIST will be candidates 
for complete surgical resection, and 70–90 % of 
cases will have negative margins [ 97 – 99 ]. The 
recurrence rate for primary GIST after complete 
surgical resection ranges from 26 to 44 % [ 97 ,  98 , 
 100 ]. 

 Patients with high-risk pathologic fi ndings 
(size >5 cm, mitotic rate >5 per 50 high-powered 
fi eld) benefi t from postoperative imatinib ther-
apy. Imatinib is a selective inhibitor of the  KIT  
protein-tyrosine kinase. Multiple studies have 
shown an improvement in recurrence-free sur-
vival when imatinib therapy is given postopera-
tively to completely resected GIST tumors. A 
double-blinded randomized trial done by the 
American College of Surgeons Oncology Group 
(ACOSOG Z9001) showed a prolonged 
recurrence- free survival of 98 %  versus  83 % for 
patients given 400 mg/day of imatinib therapy for 
one year after surgical resection compared to 
patients receiving placebo [ 101 ]. Another 
recently published trial by the Scandinavian 
Sarcoma Group XVIII found that 36 months of 
postoperative imatinib therapy improved 
recurrence- free survival and overall survival 
when compared to 12 months for patients at high 
risk of recurrence [ 102 ]. Currently the NCCN 
guidelines recommend 36 months of imatinib 
therapy for primary resected GIST at high risk of 
recurrence [ 42 ]. 

 The treatment of choice for unresectable pri-
mary gastrointestinal stromal tumors and recur-
rent or metastatic gastrointestinal stromal tumors 
is imatinib therapy. Phase II and III trials have 
shown good response rates and improved 
progression- free survival (PFS) among unresect-
able or metastatic GIST patients taking imatinib 
therapy [ 103 – 106 ]. The B2222 trial confi rmed 
durable disease control with imatinib in patients 
with advanced GIST. The estimated 9-year over-
all survival from this trial was 35 %. Thirty-eight 
percent of patients responded to treatments and 
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49 % of patients had stabilization of their disease 
[ 107 ]. Current recommendations include 400 mg/
day of imatinib therapy with dose escalation 
upon tumor progression [ 42 ]. For patients with 
nonmetastatic unresectable primary GIST, preop-
erative imatinib therapy has been associated with 
a 60 % partial response rate and eventual surgical 
resection in 36 % of patients [ 108 ]. The NCCN 
guidelines recommend preoperative imatinib 
therapy in locally advanced GIST with the hope 
of downstaging for surgical resection [ 42 ]. 
Preoperative treatment should continue as long as 
cross-sectional imaging shows continued 
response to therapy. 

    Follow-Up and Surveillance 

 According to the current NCCN guidelines, 
patients with resected localized GIST should 
undergo a complete history and physical exam 
every 3–6 months with cross-sectional imaging 
of the abdomen and pelvis every 3–6 months for 
5 years, then annually after 5 years [ 42 ]. 

  Salient Points 
•     Soft tissue sarcomas can be located through-

out the body. The extremity and retroperito-
neum are the two most common sites of soft 
tissue sarcomas.  

•   The majority of soft tissue sarcomas have 
complex unbalanced karyotypes resulting 
from a variety of genetic mutations.  

•   Most common subtypes are malignant fi brous 
histiocytoma, liposarcoma, and leiomyosarcoma.  

•   Tumor grade, tumor size, tumor location, mar-
gin status, and primary tumor versus recurrent 
tumor have all been shown to carry prognostic 
implications for soft tissue sarcomas.  

•   Grade is the strongest predictor of patient 
outcome.  

•   Workup and evaluation of sarcomas involve a 
complete history and physical exam, cross- 
sectional imaging studies, evaluation of distant 
disease, and discussion at a multidisciplinary 
tumor board for a defi nitive treatment plan.  

•   CT of the chest should be considered for high- 
grade and large extremity sarcomas.  

•   Fine-needle aspiration or core needle biopsy 
can be performed to obtain a diagnosis for 
extremity masses.  

•   For extremity lesions larger than 5 cm, an inci-
sional biopsy is recommended.  

•   The goal of surgery for extremity sarcomas is 
functional limb-sparing surgery.  

•   Re-resection to achieve a negative margin is 
recommended for extremity sarcoma.  

•   Incision should be placed longitudinally along 
the limb for extremity sarcoma.  

•   There is no role for lymph node sampling 
except for synovial sarcoma, epithelioid sar-
comas, clear cell sarcomas, vascular sarco-
mas, and rhabdomyosarcoma.  

•   Postoperative radiation improves local control 
but not overall survival for extremity sarcoma.  

•   Postoperative radiation can be omitted for 
stage 1 tumor with a resection margin >1 cm.  

•   There is no difference in local control rates or 
overall survival rates between preoperative 
radiation versus postoperative radiation, 
although there is an increased in wound com-
plication rate in the preoperative group.  

•   The goal of surgery for RPS is en bloc resec-
tion of tumor and involved adjacent organs.  

•   Radiation therapy plays an important role 
in local tumor control for both extremity and 
retroperitoneal sarcomas.  

•   The role of chemotherapy is not well under-
stood in the setting of adjuvant therapy. 
However, for metastatic disease, combination 
therapy with doxorubicin and ifosfamide 
plays an important role in palliative 
treatment.  

•   40–60 % of soft tissue sarcomas will recur. 
Treatment of local recurrences involves com-
plete surgical resection when appropriate.  

•   95 % of GISTs have a  KIT  mutation.  
•   Standard treatment of GIST involves com-

plete surgical resection and 3 years of adju-
vant imatinib for high-risk tumors.     

  Study Questions 
     1.    The most common location of soft tissue sar-

coma is:
    A.    Retroperitoneum   
   B.    Extremity   
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   C.    Head and neck   
   D.    Visceral       

   2.    The three most common histologic subtypes 
of soft tissue sarcomas are:
    A.    Liposarcoma, angiosarcoma, and 

leiomyosarcoma   
   B.    Synovial sarcoma, leiomyosarcoma, and 

rhabdomyosarcoma   
   C.    Liposarcoma, leiomyosarcoma, and 

malignant peripheral nerve sheath tumors   
   D.    Liposarcoma, leiomyosarcoma, and 

malignant fi brous histiocytoma       
   3.    Prognostic markers for soft tissue sarcomas 

include:
    A.    Tumor size, tumor grade, gender, and 

mutational status   
   B.    Tumor size, tumor location, resection mar-

gin, and tumor grade   
   C.    Tumor location, tumor grade, mutational 

status, and recurrent versus primary tumor   
   D.    Tumor grade, tumor size, tumor location, 

and gender       
   4.    A 33-year-old male was recently diagnosed 

with a well-differentiated liposarcoma of the 
posterior lower left leg. MRI revealed a 7 cm 
lobulated mass superfi cial to the fascia. 
Treatment options include:
    A.    Surgery followed by adjuvant doxorubicin   
   B.    Radiation alone   
   C.    Amputation of the left leg   
   D.    Limb-sparing surgical resection of the left 

lower leg mass       
   5.    A 67-year-old female with a history of a well- 

differentiated retroperitoneal liposarcoma 
resected 3 years ago presents for routine fol-
low- up. On CT of the abdomen/pelvis, two new 
lesions are identifi ed. One is located in the right 
psoas perirenal area (primary surgical bed) 
without invasion or involvement of surround-
ing organs. The second lesion is located in the 
right pelvis with concern for involvement of the 
right ureter. The next step in treatment is:
    A.    Cytotoxic chemotherapy with doxorubicin 

and ifosfamide   
   B.    CT of the chest to r/o pulmonary metastases   
   C.    Surgical resection of the primary bed 

tumor alone   
   D.    En bloc surgical resection of both tumors 

and surrounding involved organs       

   6.    The mutation associated with GIST is:
    A.    p53   
   B.    Rb1   
   C.    APC   
   D.    KIT       

   7.    Treatment for localized high-risk GIST includes:
    A.    Surgical resection alone   
   B.    Surgical resection with radiation therapy   
   C.    Surgical resection with adjuvant imatinib 

for 1 year   
   D.    Surgical resection with adjuvant imatinib 

for 3 years       
   8.    The characteristics of high-risk GIST include:

    A.    Size >10 cm, mitoses >5/50 hpf   
   B.    Size >5 cm, mitoses >5/50 hpf   
   C.    Size >5 cm, mitoses >10/50 hpf   
   D.    Size >10, mitoses >10/50 hpf       

   9.    The drug treatment of choice for metastatic 
GIST is:
    A.    Imatinib   
   B.    Vemurafenib   
   C.    Doxorubicin   
   D.    Gemcitabine          

  Sarcoma Chapter Question Answers 
     1.    B   
   2.    D   
   3.    B   
   4.    D   
   5.    B   
   6.    D   
   7.    D   
   8.    B   
   9.    A           
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  CT    Computed tomography   
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  GIST    Gastrointestinal stromal tumor   
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        Learning Objectives 
 After reading this chapter, you should be able to:
•    Describe the epidemiology, clinical presenta-

tion, and staging of GISTs.  
•   Understand the importance of mutations in 

tyrosine kinase receptors KIT and platelet- 
derived growth factor receptor alpha 
(PDGFRA) in the diagnosis, prognosis, and 
treatment of GISTs.  

•   Describe the factors which predict 
recurrence.  

•   Select options for local and systemic/recurrent 
control of the disease.  

•   Understand the criteria for adjuvant and neo-
adjuvant therapy.  
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•   Describe the controversies surrounding optimal 
dose and duration of therapy for imatinib.  

•   Describe treatment options for imatinib- 
resistant GISTs.     

    Background 

    Gastrointestinal stromal tumors (GISTs) are 
the most common sarcoma of the gastrointesti-
nal (GI) tract, accounting for 1–3 % of all GI 
malignancies in the United States (US). The 
estimated incidence of GISTs is 3,000 to 5,000 
new cases per year, with other studies suggest-
ing that asymptomatic, incidentally detected 
sub- centimeter gastric GISTs may occur more 
frequently. GISTs are slightly more common in 
males (53 %) and are most commonly diag-
nosed between the ages of 55 and 65 years of 
age. GISTs are rare in children and occur 
almost exclusively in the stomach in this popu-
lation [ 1 ]. 

 GISTs arise from the interstitial cells of Cajal, 
an intestinal pacemaker cell located in and around 
the myenteric plexus. GISTs may be present 
throughout the GI tract, but they are most fre-
quently located in the stomach (65–70 %) or 
small intestine (25–45 %), followed by the colon 
and rectum (5–15 %) and esophagus (<5 %) 
(Figs.  28.1 ,  28.2 , and  28.3  and  28.4 ). Primary 
omental or mesenteric GISTs have been reported 
but are exceptionally rare [ 2 ,  3 ].

  Fig. 28.1    Upper endoscopy of a stomach GIST (Courtesy 
of David Schwartz, MD, Vanderbilt University Medical 
Center)       

  Fig. 28.2    Endoscopic ultrasound (EUS) of a stomach 
GIST (Courtesy of David Schwartz, MD, Vanderbilt 
University Medical Center)       

  Fig. 28.3    CT of a stomach GIST (Courtesy of Quyen 
D. Chu, MD, MBA, FACS)       

  Fig. 28.4    Patient with a large stomach GIST (Courtesy 
of Quyen D. Chu, MD, MBA, FACS)       
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      CD-117 antigen by almost all (80–95 %) 
GISTs represented a major breakthrough in the 
classifi cation, approach, and treatment of these 
tumors over the last 30 years [ 4 ]. Other spindle 
cell neoplasms arising in the GI tract such as 
lipomas, true leiomyomas, and leiomyosarco-
mas are typically CD-117 negative. The CD-117 
molecule is part of the KIT receptor tyrosine 
kinase that is a product of the KIT proto-onco-
gene. This gene encodes a transmembrane recep-
tor for a growth factor named stem cell factor 
(SCF). Binding of SCF to KIT induces KIT 
dimerization and activation. Constitutive activa-
tion of KIT signaling leads to uncontrolled cell 
proliferation and inhibition of apoptosis. The 
KIT product is expressed on the interstitial cells 
of Cajal, mast cells, and melanocytes, but a mes-
enchymal spindle cell tumor in the GI tract that 
stains diffusely positive for CD117 is character-
istic of a GIST. 

 KIT mutations generally occur in one of four 
of the 21 exons of the gene. The most common 
mutation is of exon 11 which encodes for the 
intracellular component of the transmembrane 
portion, but mutations of exon 9 (the extracellular 
component of the transmembrane portion) are 
also common (7 %). Mutations of exon 13 and 
exon 17 are rare. Mutations make KIT function 
independent of activation, leading to a high rate 
of mitosis and genomic instability [ 5 ]. 

 A small percentage of GISTs (5–7 %) have a 
mutation in the platelet-derived growth factor 
receptor-alpha (PDGFRA) instead of the more 
common KIT mutation [ 6 ]. PDGFRA is a 
receptor tyrosine kinase which shares extensive 
similarities with KIT, but the mutations are dis-
tinct in that they do not respond to the same 
growth factors. Almost all GISTs will harbor 
either the KIT or PDGFRA mutation, but not 
both since each is an alternative path to uncon-
trolled proliferation. As many as 60 % of 
PDGFRA mutations occur in exon 18 (specifi c 
mutation noted as D842V). Emerging data sug-
gest that mutation type has important implica-
tions for prognosis, recurrence, response to 
therapy, and the development of tyrosine kinase 
inhibitor resistance.  

    Diagnosis and Staging 

 GISTs originate from the interstitial cell of Cajal 
or its precursor, within the submucosa or muscu-
laris propria, but may extend toward the serosa 
(extraluminal or exophytic type) or lumen (endo-
luminal type). Clinical symptoms typically vary 
depending on the tumor size, growth type, and 
location. Most patients presenting with symp-
toms have tumors that exceed 5 cm in maximum 
dimension, and some tumors are as large as 
30–40 cm at presentation. The most frequent 
symptoms include early satiety, gastrointestinal 
or intraperitoneal hemorrhage, and abdominal 
mass or pain. Intestinal obstruction and intesti-
nal perforation can also occur. Associated symp-
toms may include nausea, vomiting, anorexia, 
and weight loss. Other patients with GISTs are 
asymptomatic and are incidentally diagnosed by 
abdominal imaging or endoscopy. No laboratory 
test can confi rm or exclude the diagnosis of a 
GIST [ 7 ]. 

 Radiologic exams are often essential in deter-
mining the size, location, extent of local invasion, 
and operative strategy for the treatment of GISTs. 
Imaging is also critical in restaging, monitoring 
the response to therapy, and performing follow- up 
surveillance for recurrence. Contrast-enhanced 
computed topography (CT) is preferred for initial 
screening and staging because of its superior 
ability to provide a comprehensive evaluation of 
the abdomen (Fig.  28.3 ). Magnetic resonance 
imaging (MRI) may be preferred for the evaluation 
of GISTs in certain anatomic sites such as the 
rectum or liver. Tumors that are greater than 5 cm, 
lobulated, enhance heterogeneously, and have 
mesenteric fat infi ltration, ulceration, or an exo-
phytic growth pattern are more likely to demon-
strate metastatic or recurrent behavior. Conversely, 
smaller GISTs, those with an endoluminal growth 
pattern, and those with a homogeneous pattern of 
enhancement tend to demonstrate less aggressive 
behavior. 

 While positron emission tomography (PET) 
imaging of GISTs is rarely required for the eval-
uation of localized disease, PET is capable of 

28 Gastrointestinal Stromal Tumor (GIST)



630

detecting sub-centimeter lesions and may there-
fore be useful for detecting an unknown primary 
site or monitoring the response to systemic ther-
apy. PET can also help differentiate active tumor 
from necrotic or inactive scar tissue, malignant 
from benign tissue, and recurrence from nonde-
script postsurgical changes. 

 On upper gastrointestinal endoscopy, a 
smooth, mucosa-lined protrusion of the bowel 
wall may be present, with or without signs of 
ulceration (Fig.  28.1 ). Standard endoscopic 
biopsies usually do not obtain suffi cient tissue 
for a defi nite diagnosis. Endoscopic ultrasound 
(EUS)-guided fi ne-needle aspiration (FNA) or 
forceps biopsies have a higher yield and may 
also be useful for excluding the diagnosis of 
other submucosal lesions (Fig.  28.2 ). Defi nitive 
tissue diagnosis is not required for a resectable 
lesion in which there is a high suspicion for a 
GIST, but biopsy should be performed to con-
fi rm the diagnosis when metastatic disease is 
present or suspected. A biopsy is also required 
for patients with a locally advanced GIST who 
are being considered for neoadjuvant therapy. 
EUS-FNA of the  primary site is preferred over 
percutaneous biopsy due to the risk of tumor 
hemorrhage and dissemination. 

 The gross pattern of GISTs is diverse but most 
are well-circumscribed nodular masses. However, 
they can also be multinodular and exhibit foci of 
cystic degeneration, hemorrhage, and necrosis. 
Microscopically, most GISTs can be divided into 
histologic subgroups including both spindle cell 
type, epithelioid type, and mixed variants. 
Intestinal variants are histologically more homog-
enous group of tumors. Differentiation between 
GISTs and other spindle cell tumors is typically 
based upon morphology, immunohistochemistry 
staining, and molecular analysis. Approximately 
85–90 % of GISTs has gain-of-function muta-
tions of KIT and PDGFRA genes and character-
istically stain positive for either KIT (CD117), 
CD34, or DOG1. The level of expression can 
vary from diffuse and strong to focal and weakly 
positive. CD34, however, is not a sensitive or spe-
cifi c marker, staining only 50–80 % of gastric 
and small intestinal GIST. The morphologic 
identifi cation of KIT negative remains a diagnos-

tic challenge, but a newly discovered antigen 
known as DOG1 (discovered on GIST-1) can 
help to identify certain KIT-negative GISTs. 
DOG1 is a calcium-dependent, receptor-activated 
chloride channel protein, and it is expressed in 
GISTs independent of mutation type. In view of 
the cross-reactivity and expression of these anti-
bodies in a variety of other spindle cell mesen-
chymal tumors considered in the differential 
diagnosis of GIST, a panel of antibodies is rec-
ommended and include CD117, DOG1, CD34, 
S10, desmin, smooth muscle actin, and keratin as 
indicated. 

 Several factors have been identifi ed as con-
tributing to clinical outcomes in patients with 
GISTs. The most reliable prognostic factors for 
GISTs are tumor size, location of the primary 
tumor, and the mitotic index [ 8 ]. Gastric tumors 
have a more favorable prognosis than the intesti-
nal ones with similar characteristics [ 9 ]. Risk of 
metastatic disease or recurrence is higher for 
tumors greater than 5 cm and those demonstrat-
ing high cellularity, prominent nuclear pleomor-
phism, necrosis, greater than 5 mitoses per 50 
high-power fi eld (HPF), and invasion into adja-
cent structures. Historically, some GISTs were 
classifi ed as “benign” based on a size less than 
2 cm and favorable histologic features, but with 
long-term follow-up, it is becoming increasingly 
clear that virtually all GISTs have the potential 
for malignant behavior and recurrence. 

 The American Joint Commission on Cancer 
(AJCC) and International Union Against Cancer 
(UICC) fi rst included a TNM (tumor/node/
metastasis) classifi cation and staging system for 
GISTs in the 2010 7th edition of the cancer stag-
ing manual (Table  28.1 ) [ 10 ]. The T-categories 
are based on tumor size and then combined with 
mitotic rate and tumor site to defi ne a clinical 
stage. Given the rarity of nodal metastasis with 
GISTs, any patient without examined regional 
nodes is considered to be N0. The presence of 
either nodal or distant disease is classifi ed as 
stage IV. There remains some controversy as to 
whether or not the TNM system applies well to 
GISTs since factors known to predict outcomes 
such as mutation type and tumor rupture are not 
included.
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       Operative Therapy 
for Localized GISTs  

 Operative resection remains the treatment of 
choice for a localized GIST (Table  28.2 ). 
Complete surgical resection of the gross tumor 
and pseudocapsule including en bloc resection of 
any involved adjacent organs is recommended if 
possible. GISTs are fragile and should be han-
dled with care to avoid tumor rupture. Both non-
radical resection with a positive margin (R1) and 
tumor rupture are associated with adverse out-
comes. Because lymph node involvement is 
exceedingly rare, extensive lymphadenectomy 
does not provide a survival advantage and is not 
recommended. Repeat resection is generally not 
indicated for microscopically positive margins on 
fi nal pathology, although every effort should be 
made to obtain negative microscopic margins at 
the initial operation.

   Most gastric GISTs can be resected using a 
wedge resection with a 1–2 cm margin. For 
tumors along the greater curvature of the stom-
ach, the omentum is removed from the stomach 

   Table 28.1    American Joint Committee on Cancer 
(AJCC) TNM staging for gastrointestinal stromal tumor 
(7th edition   )   

 Primary tumor (T) 

 TX  Primary tumor cannot be assessed 
 T0  No evidence of primary tumor 
 T1  Tumor ≤2 cm 
 T2  Tumor >2 cm but <5 cm 
 T3  Tumor >5 cm but <10 cm 
 T4  Tumor >10 cm in greatest diameter 

 Regional lymph nodes (N) 

 N0  No regional lymph node metastasis* 
 N1  Regional lymph node metastasis 

 *Note: If regional node status is unknown, use N0, not NX 

 Distant metastasis (M) 

 M0  No distant metastasis 
 M1  Distant metastasis 

 Anatomic stage/prognostic groups 

 Group  T  N  M  Mitotic rate 

  Gastric GIST * 
 Stage IA  T1 or T2  N0  M0  Low 
 Stage IB  T3  N0  M0  Low 
 Stage II  T1, T2  N0  M0  High 

 T4  N0  M0  Low 
 Stage IIIA  T3  N0  M0  High 
 Stage IIIB  T4  N0  M0  High 
 Stage IV  Any T  N1  M0  Any rate 

 Any T  Any N  M1  Any rate 
  Small intestinal GIST ** 
 Stage I  T1 or T2  N0  M0  Low 
 Stage II  T3  N0  M0  Low 
 Stage IIIA  T1  N0  M0  High 

 T4  N0  M0  Low 
 Stage IIIB  T2–T4  N0  M0  High 
 Stage IV  Any T  N1  M0  Any rate 

 Any T  Any N  M1  Any rate 

 *Note: Also to be used for omentum 
 **Note: Also to be used for esophagus, colorectal, 
mesentery, and peritoneum 
 Any patient with N or M disease is classifi ed as stage 
IV, irrespective of T stage 

 Histopathologic grade 

 Low mitotic rate: ≤5 per 50 HPF 
 High mitotic rate: >5 per 50 HPF 

  Adapted from Compton    et al. [ 33 ]. With permission from 
Springer Verlag  

   Table 28.2    Treatment summary for localized, recurrent, 
and metastatic GIST   

 Clinical 
scenario  Management 

 Local disease  Complete en bloc resection with 
tumor-free margins 
 Consider neoadjuvant therapy for 
patients with marginally resectable 
disease or those who would require total 
gastrectomy, pancreaticoduodenectomy, 
or an abdominoperineal resection or if 
the tumor is particularly large 
 Consider adjuvant therapy with imatinib 
for higher-risk tumors (>5 cm, 
>5 mitoses/50 HPF) 
 No role for conventional radiation or 
chemotherapy 

 Recurrent or 
metastatic 
disease 

 Treat with imatinib until treatment failure 
 Consider dose escalation or other 
tyrosine kinase inhibitors for imatinib- 
refractory or resistance GISTs 
 Surgical resection of residual tumors of 
responding patients or symptomatic 
tumors may be considered 
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near the tumor. For lesser curvature lesions, a 
pyloromyotomy should be performed if the vagal 
nerves supplying the pylorus are disrupted. Many 
GISTs may be resected using a laparoscopic 
approach. Extraluminal tumors (serosal based) 
are easily localized laparoscopically, while endo-
luminal tumors may require concurrent upper 
endoscopy. In laparoscopic resections, the speci-
men should be removed from the abdomen in an 
endoscopic retrieval bag to avoid spillage or 
seeding of port sites. Sphincter-sparing surgery 
should be considered for rectal GISTs. In selected 
cases, neoadjuvant imatinib therapy may enable 
sphincter-sparing surgery and improve outcomes 
in patients with low rectal GISTs. Even when 
complete resection is achieved, many tumors can 
recur, often involving the liver and peritoneum.  

    Systemic Therapy 

 Systemic chemotherapy and radiation have mini-
mal activity against GISTs and are not routinely 
recommended. Since tyrosine kinase activation 
occurs in the majority of cases, tyrosine kinase 
inhibition (TKI) has emerged as the primary 
therapeutic modality for metastatic or recurrent 
GISTs (Table  28.3 ).

      Imatinib Mesylate 

 Imatinib mesylate (Gleevec®, Novartis Pharma-
ceuticals) is an oral agent that is a selective 
molecular inhibitor of the KIT tyrosine kinase. In 
2000, imatinib was found to be effective against 
metastatic GISTs in a single patient [ 11 ], and its 
effi cacy was confi rmed in multiple subsequent 
phase II and phase III clinical trials [ 12 – 15 ]. 

 Due to the uncertainty about the optimal 
dose of imatinib for patients with unresect-
able or metastatic disease, a series of clinical 
trials evaluated different regimens for which 
dosing regimen varies from 400 mg/day to 
400 mg twice a day [ 12 ,  13 ,  16 ]. Blanke et al., 
reporting for the US/Finnish B2222 trial, 
randomized 147 patients with unresectable or 
metastatic gastrointestinal stromal tumors to 

either 400 mg/day or 600 mg/day of imatinib. 
The response rates, median progression- free 
survival (PFS), and median overall survival 
(OS) were nearly identical for both arms [ 13 ]. 
The overall response rate was 68 %, the median 
duration of response was 29 months, and the 
median time to progression was 24 months 
overall, 20 months in the 400 mg/day group 
and 26 months in the 600 mg/day group [ 13 ]. 

 Two phase III trials were launched to further 
delineate the optimal effective dose of imatinib—
one was conducted jointly in the United States by 
the Southwest Oncology Group (SWOG), Cancer 
and Leukemia Group B (CALGB), National 
Cancer Institute of Canada, and the Eastern 

   Table 28.3    Summary of selected clinical trials on GISTs   

 Study [Ref]  Findings 

 US-CDN 
(phase 3) [ 14 ] 

 No difference in PFS or OS 
between 400 mg qd and 
800 mg qd dosing schedule 

 EU-AUS 
(phase 3) [ 15 ] 

 Initial report: PFS advantage 
with 800 mg qd over 400 mg qd 
 Follow-up report: No advantage 
with 800 mg qd dose 

 MetaGIST [ 18 ]  Combined data from UC-CDN 
and EU-AUS 
 No OS with 800 mg qd schedule 
 Improved PFS for patients with 
KIT exon 9 mutation 

 ACOSOG Z9001 
(phase 3) [ 25 ] 

 Adjuvant imatinib prolonged 
RFS but not OS 

 SSG XVIII (phase 3) 
[ 26 ,  27 ] 

 3-year adjuvant imatinib 
prolonged both RFS and OS 
over 1 year 

 RTOG 0132/ACRIN 
6665 (phase 2) [ 30 ] 

 Demonstrates role of 
neoadjuvant imatinib 

 Demetri [ 31 ]  Sunitinib improved PFS and OS 
for patients with advanced GIST 
who were resistant to or 
intolerant of imatinib 

  US-CDN Joint trial by the Southwest Oncology Group, 
Cancer and Leukemia Group B, National Cancer Institute 
of Canada, and the Eastern Cooperative Oncology Group 
 EU-AUS Joint trial by European Organisation for 
Research and Treatment of Cancer, Italian Sarcoma 
Group, Australasian Gastro-Intestinal Trials Group    
  ACOSOG  American College of Surgeons Oncology 
Group,  SSG XVIIII  Scandinavian Sarcoma Group,  RTOG  
Radiation Therapy Oncology Group,  ACRIN  American 
College of Radiology Imaging Network,  PFS  progression- 
free survival,  OS  overall survival,  Qd  daily  
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Cooperative Oncology Group (ECOG) (trial S0033, 
referred to as US-CDN) [ 14 ], and the other was 
conducted jointly in Europe and Australia by 
the European Organisation for Research and 
Treatment of Cancer (EORTC), the Italian 
Sarcoma Group (ISG), and the Australasian 
Gastro-Intestinal Trials Group (AGITG) (trial 
62005, referred to as EU-AUS) [ 15 ]. The 
US-CDN trial randomized 746 patients to receive 
either 400 mg (standard dose) or 800 mg (high 
dose) of imatinib daily, and in a median follow-
 up of 4.5 years, there was no difference in dose 
response, PFS, or OS [ 14 ]. The EU-AUS trial, 
however, found that although OS was identical 
in both arms, there was a small but signifi cant 
PFS advantage for the high-dose arm [ 15 ]. 
However, a further follow-up report of the study 
found the difference in PFS became statistically 
insignifi cant [ 17 ]. 

 While these results confi rmed the safety and 
effi cacy of imatinib at 400 mg daily as the stan-
dard initial dose, high-dose imatinib might bene-
fi t a select group of patients, specifi cally those 
with the KIT exon 9 mutation. A meta-analysis of 
1,640 patients from the combined data of the two 
large phase III randomized trials demonstrated 
that although there was no OS advantage with the 
high-dose regimen, there was a small improve-
ment in PFS for those with the KIT exon 9 muta-
tion [ 18 ]. The National Comprehensive Cancer 
Network (NCCN) recommends dose escalation 
up to 800 mg daily for patients with documented 
mutations in KIT exon 9 [ 19 ]. 

 Four clinical trials have found that mutation 
type can serve as an important predictor of 
response to therapy [ 20 – 23 ]. Patients with KIT 
exon 11 mutations respond better to imatinib than 
those with KIT exon 9 mutations [ 21 ,  22 ]. Using 
archival pathology specimens from patients 
enrolled in the B2222 trial, Heinrich et al. found 
that patients with the exon 11 mutation had a 
partial response rate of 84 % compared to only 
48 % for those with exon 9 mutations [ 22 ]. 
Results from the EORTC phase III trial (EORTC-
62005) [ 21 ] and the North American phase III 
study SWOG (Southwest Oncology Group) [ 23 ] 
also confi rmed that the KIT exon 11 genotype is 

associated with a favorable outcome as compared 
to the exon 9 genotype. Despite these encourag-
ing results, however, there is no data to support 
that mutational analysis improves OS. 

 Rapid disease progression is seen within 
months after imatinib is discontinued, and there-
fore, imatinib interruption is not recommended. 
Continuous therapy until disease progression (or 
lifelong if disease does not progress) is currently 
the standard of care for patients with metastatic 
GIST. In select patients, metastasectomy may 
improve survival if a complete (R0) resection can 
be achieved, or resection may be mandatory if 
tumors become infected or cause bleeding or 
intestinal obstruction.  

    Adjuvant Therapy 

 While surgery is the optimal therapy for localized 
GISTs, it does not routinely produce a durable 
cure. Complete resection is possible in approxi-
mately 85 % of patients, but a majority of these 
patients will recur or develop distant disease. The 
5-year survival rate approximates 50 %, and the 
median time to recurrence following resection is 
2 years. Given the success of imatinib in the 
advanced setting and the high recurrence rates 
after complete resection of GIST, there is a sub-
stantial rationale for testing imatinib in the adju-
vant setting. 

 The American College of Surgeons Oncology 
Group (ACOSOG) conducted a phase II trial 
(ACOSOG Z9000) to evaluate the safety and effi -
cacy of adjuvant imatinib (400 mg daily) for 1 
year following a complete resection [ 24 ]. This 
study demonstrated prolonged RFS and OS com-
pared to historical controls in patients who were 
considered as having a high risk of recurrence. 
The results of ACOSOG Z9000 were confi rmed 
in a subsequent phase III trial (ACOSOG Z9001) 
[ 25 ]. In this trial, 713 patients with completely 
resected primary GISTs of at least 3 cm or greater 
were randomly assigned to receive either 1 year of 
adjuvant imatinib (400 mg daily) or placebo. 
Those that received adjuvant imatinib had an 
improved RFS over the placebo group (98 % vs. 
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83 %;  p  < 0.0001). Accrual was stopped early 
based on an interim analysis that demonstrated 
superiority of imatinib over placebo. However, 
there was no difference in OS, but this may have 
been due to the short duration of follow-up, the 
limited number of relapses, and the high degree of 
effi cacy of imatinib in patients who were allowed 
to cross over to active treatment, thus obscuring 
potential difference in overall survival. 

 Because recurrence following cessation of 
imatinib after 1 year of treatment is common, the 
Scandinavian Sarcoma Group (SSG) XVIII ran-
domized 400 patients with high-risk GISTs to 
either 1 year or 3 years of adjuvant imatinib [ 26 , 
 27 ]. At a median follow-up of 54 months, the 
3-year treatment arm had a signifi cantly longer 
RFS and OS than the 1-year group. Although 
prolonged treatment was associated with more 
treatment-related adverse events, these were gen-
erally mild (grade 1 or 2). 

 A question remains as to whether or not an 
even longer duration of therapy would be benefi -
cial. Answer to this question depends on data 
maturation of two key trials: (1) EORTC 62024, 
a phase III trial randomizing 750 patients to 
either imatinib 400 mg daily for 2 years versus 
observation with a primary endpoint of overall 
survival [ 28 ], and (2) Post-resection Evaluation 
of Recurrence-free Survival for gastroIntestinal 
Stromal Tumors (PERSIST-5), a phase II trial 
treating 85 postsurgical patients with imatinib 
400 mg daily for 5 years with a primary outcome 
of time to progression [ 29 ]. 

 Selecting high-risk patients for adjuvant ima-
tinib therapy has not been well established. The 
SSGXVIII trial defi ned the high-risk group as 
tumor size >10 cm, mitotic rate >10/50 HPF, 
tumor size >5 cm and >5 mitoses/HPF, or a rup-
tured GIST [ 27 ]. NCCN currently recommends 
at least 36 months of imatinib therapy for patients 
with tumors larger than 5 cm in size with a high 
mitotic rate (>5 mitoses/50 HPF) or a risk of 
recurrence that is greater than 50% [ 19 ]. 
Alternatively, 1 year of imatinib is considered by 
many medical oncologists to be appropriate for 
intermediate-risk GIST (≤5 cm, ≥mitoses/50 
HPF or >10 cm, ≤5 mitoses/50 HPF).  

    Neoadjuvant Imatinib 

 For patients with extensive involvement of 
adjacent organs and borderline resectability, 
preoperative imatinib therapy may be consid-
ered. The Radiation Therapy Oncology Group/
American College of Radiology Imaging 
Network (RTOG 0132/ACRIN 6665) trial was 
the fi rst to evaluate the effi cacy of neoadjuvant 
imatinib [ 30 ]. In this phase II trial, 63 patients 
with resectable primary GIST of 5 cm or larger 
or resectable metastatic/recurrent disease were 
treated preoperatively with imatinib 600 mg 
daily for 8–12 weeks. Following resection, all 
patients received at least 24 months of postop-
erative imatinib. Partial response rates of 5–7 % 
and stable disease rates of 83–91 % were 
observed with preoperative imatinib. The esti-
mated 2-year PFS rate was 83 % for those 
patients with primary disease and 77 % for 
those with recurrent or metastatic disease [ 30 ]. 
While this trial confi rmed the safety of neoad-
juvant imatinib, the short duration of therapy 
may have blunted any substantial response rates 
since in patients with metastatic disease, maxi-
mal radiographic response to imatinib generally 
occurs after 3–9 months. 

 There currently is no consensus as to the 
indications for neoadjuvant imatinib, with most 
limiting treatment to those with high-risk tumors 
or tumors in anatomic locations which would 
result in a potentially morbid resection. The 
NCCN recommends initial treatment with ima-
tinib for patients with marginally resectable 
GISTs and in those with tumors in anatomic 
locations where resection presents signifi cant 
morbidity (esophagus, esophagogastric junction, 
duodenum, and distal rectum) [ 19 ]. The most 
commonly recommended treatment regimen is 
3–12 months of 400 mg daily of imatinib, with 
the duration of time dependent on ongoing 
radiographic response. If genotyping is per-
formed, patients with KIT exon 9 mutations 
should be treated with 800 mg of imatinib, and 
those with mutations typically resistant to ima-
tinib (PDGFRA exon 18 D842V) should proceed 
directly to resection [ 19 ]. 
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    Resistance to Imatinib 
 Unfortunately, most patients who initially 
respond to imatinib ultimately acquire resistance 
to the drug and demonstrate disease progression. 
Median time to progression is typically 2–3 
years. Acquired resistance to imatinib is a fre-
quent event in patients with metastatic GISTs. 
Primary resistance is defi ned as evidence of clini-
cal progression in the fi rst 6 months of imatinib 
therapy. Primary resistance is most commonly 
seen in patients with KIT exon 9, PDGFRA exon 
18, or those with wild-type GISTs. Secondary 
resistance typically presents with progression at 
18–24 months and is often due to a secondary 
mutation in KIT. Secondary resistance occurs 
primarily in patients with exon 11 mutations. 
Once clinical progression occurs, dose escalation 
from 400 mg daily to 800 mg daily or switching 
to sunitinib may be considered.   

    Sunitinib Malate 

 Sunitinib malate (Sutent®, Pfi zer Inc.) targets 
multiple tyrosine kinases, and an increasing num-
ber of reports indicate effi cacy in imatinib- 
refractory or intolerant patients. In a randomized 
phase III placebo-controlled trial, sunitinib was 
associated with an improved time to tumor pro-
gression (27.3 vs. 6.4 weeks) and greater esti-
mated OS [ 31 ]. In a subsequent open-label, 
multicenter, randomized placebo-controlled 
phase II study, patients with advanced GIST and 
imatinib failure were randomized to either suni-
tinib or placebo. Patients receiving sunitinib had 
a better outcome; the overall clinical benefi t rate 
was 53 %, with median PFS and OS of 34 and 
107 weeks, respectively [ 32 ]. 

 Emerging data also suggests that the clinical 
activity of sunitinib in imatinib-resistant patients 
is signifi cantly infl uenced by mutation type. 
Sunitinib induced higher response rates in 
patients with primary KIT 9 exon mutations as 
compared to exon 11 mutations (58 % vs. 34 %). 
PFS and OS were also longer for patients with 
the exon 9 mutation, while patients with the 
PDGFRA mutation had no clinical benefi t. 
Combination therapy either concurrently or 

sequentially with agents of different tyrosine 
kinase inhibitor classes may have a synergistic 
effect. Some patients, particularly those with cer-
tain types of PDGFRA mutations, exhibit pri-
mary resistance to both imatinib and sunitinib. 
Patients with this phenotype should seek enroll-
ment in a clinical trial.   

    Posttreatment Follow-Up 

 There is no consensus on optimal posttreatment 
follow-up for patients with GISTs. Recurrences 
are common, and they typically occur in the liver 
or peritoneum. The NCCN recommends a history 
and physical examination and CT scan every 3–6 
months for 5 years, then annually [ 10 ]. The 
European Sarcoma Network Working Group 
(ESMO) emphasizes risk assessment in selecting 
the frequency and makeup of follow-up regimens 
(19). For high-risk tumors, routine follow-up 
with CT every 3–6 months for 3 years during 
adjuvant therapy is recommended, followed by 
imaging every 3–6 months for 5 years, then annu-
ally for fi ve additional 5 years. For low-risk 
tumors, the usefulness of routine follow-up is not 
known. 

  Salient Points 
•     GISTs arise from the interstitial cells of Cajal, 

an intestinal pacemaker cell.  
•   80–95 % of GISTs have KIT mutation; 5–7 % 

have platelet-derived growth factor receptor 
alpha (PDGFRA) mutation.  

•   Discovered on GIST-1 (DOG1) helps identify 
KIT-negative and PDGFRA-negative GISTs.  

•   Gastric GISTs generally have more favorable 
prognosis than intestinal GISTs.  

•   The most reliable prognostic factors for GISTs 
are tumor size, location of the primary tumor, 
and the mitotic index.  

•   Defi nitive tissue diagnosis is not required for 
resectable lesions.  

•   Surgical resection remains the treatment of 
choice for localized GISTs.  

•   Systemic chemotherapy and radiation are not 
routinely recommended.  

•   Lymphadenectomy is not recommended.  
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•   Surgery alone does not routinely produce a 
durable cure, providing rationale for adjuvant 
imatinib therapy.  

•   Consider adjuvant imatinib therapy for tumor 
>5 cm with >5 mitoses/50 HPF, tumor >10 cm, 
mitotic rate >10/50 HPF, tumor >5 cm and >5 
mitoses/HPF, or a ruptured GIST.  

•   Imatinib mesylate (GLEEVEC TM ) is a selective 
molecular inhibitor of the KIT tyrosine kinase 
which is an effective treatment for GISTs. 
Mutation type is emerging as an important 
predictor of the response to targeted therapy.  

•   Two phase III trials demonstrated no survival 
advantages with 800 mg regimen over 400 mg.  

•   Patients with a KIT exon 9 mutation have a 
prolonged progression-free survival with the 
higher-dose regimen.  

•   Patients with a KIT exon 11 mutation respond 
better to Gleevec than those with a KIT exon 9 
mutation. However, patients with a KIT exon 
9 mutation respond better to sunitinib than 
those with a KIT exon 11 mutation.  

•   Most patients who initially respond to Gleevec 
ultimately acquire resistance and demonstrate 
disease progression.  

•   Sunitinib malate targets multiple tyrosine 
kinases and is effective in imatinib-refractory 
or intolerant patients.  

•   There is no consensus as to the indications for 
neoadjuvant imatinib; it has been used in high-
risk tumors or tumors located in regions in which 
surgical resection can result in serious morbidity.     

  Questions 
     1.    Which of the following statement is false?

    A.    Pediatric GISTs are rare, but when they 
do occur, they are typically in the small 
intestine.   

   B.    The estimated incidence of GISTs in the 
United States is 3,000–5,000 new cases, 
though this estimate may not account for 
small incidentally diagnosed tumors.   

   C.    GISTs are most commonly located in the 
stomach and small intestine, but colon, 
rectal, and esophageal tumors also occur.   

   D.    GISTs are the most common sarcoma of 
the GI tract, accounting for 1–3 % of all 
GI malignancies.   

   E.    GISTs are sensitive to chemotherapy and 
radiation therapy.       

   2.    Which of the following is NOT helpful in 
diagnosing GISTs?
    A.    c-KIT   
   B.    k-ras   
   C.    PDGFRA   
   D.    DOG1   
   E.    CD34       

   3.    A 55-year-old man is noted to have a 2.5 cm 
submucosal greater curve mass on an upper 
endoscopy performed for gastroesopagheal 
refl ux. He is asymptomatic and CT scan 
reveals the mass and no further disease. The 
next step in management is:
    A.    Distal gastrectomy, vagotomy, and 

omentectomy   
   B.    Wedge resection   
   C.    Imatinib therapy   
   D.    Systemic chemotherapy   
   E.    Observation       

   4.    Which of the following features is NOT a 
prognosticator in GISTs?
    A.    Tumor size   
   B.    Mitotic rate   
   C.    2 cm resection margin   
   D.    Staining for PDGFR-alpha   
   E.    Location of primary tumor       

   5.    A 65-year-old woman presents with upper 
abdominal pain and early satiety. A large 
7 cm GIST is noted on CT scan which 
appears to invade the spleen, transverse 
colon, and celiac axis. The next step in man-
agement is:
    A.    En bloc resection including splenectomy 

and transverse colectomy   
   B.    Imatinib therapy followed by resection 

after maximal response   
   C.    Radiation therapy and chemotherapy   
   D.    Referral to palliative care   
   E.    Treatment with sunitinib       

   6.    Which of the following features are NOT 
associated with a worse prognosis on CT 
imaging?
    A.    Exophytic growth phase   
   B.    Heterogeneity of contrast and evidence 

of tumor necrosis   
   C.    Size less than 2 cm   
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   D.    Invasion into adjacent organs   
   E.    Size greater than 10 cm       

   7.    Which of the following statements is TRUE?
    A.    Sunitinib is used as initial therapy for 

large GISTs.   
   B.    There is no consensus as to the indica-

tions for neoadjuvant imatinib.   
   C.    Most patients will not develop resistance 

to imatinib.   
   D.    Lymphadenectomy should be routinely 

performed.   
   E.    Intestinal GISTs have more favorable 

prognosis than gastric GISTs.       
   8.    Options for imatinib-refractory or resistance 

GIST include which of the following:
    A.    Systemic doxorubicin-based 

chemotherapy   
   B.    External beam radiation   
   C.    Second-line tyrosine kinase inhibitor 

(sunitinib)   
   D.    Palliative care   
   E.    Combined chemoradiation therapy       

   9.    Which of the following statements is 
INCORRECT?
    A.    Adjuvant imatinib given at 800 mg daily 

is better than 400 mg daily.   
   B.    Patients with mutations in KIT exon 9 

should be considered for imatinib at 
800 mg qd.   

   C.    Patients with KIT exon 11 mutations are 
more responsive to imatinib than those 
with KIT exon 9 mutations   

   D.    Despite having a better response with a 
particular mutation, mutational analysis 
has not been shown to improve overall 
survival.   

   E.    Neoadjuvant imatinib should be consid-
ered for patients with marginally resect-
able GISTs.       

   10.    Which of the following is considered NOT to 
be high risk?
    A.    Tumor >10 cm   
   B.    Ruptured GIST   
   C.    Tumor >5 cm with >5 mitoses/50 HPF   
   D.    Tumor size 2 cm   
   E.    Mitotic rate >10/50 HPF          

  Answers 
     1.    A   
   2.    B   
   3.    B   
   4.    D   
   5.    B   
   6.    C   
   7.    B   
   8.    C   
   9.    A   
   10.    D          
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         Learning Objectives 
 After reading this chapter, you should be able to:
 –    Describe the epidemiology and clinical pre-

sentation of different adnexal masses.  
 –   Understand the approach to adnexal masses 

for patients in each age group: premenarchal 
patients, patients of childbearing age, and 
postmenopausal patients.  

 –   Describe the World Health Organization 
classifi cation system for histologic subtypes 
of ovarian neoplasms.  

 –   Understand the prognostic factors associated 
with the malignant subtypes of adnexal 
malignancies.  

 –   Identify when fertility-sparing surgery is 
appropriate.  

 –   Appropriately utilize well-described tumor 
markers.  

 –   Describe the staging procedures for malignant 
adnexal masses and understand the FIGO 
staging system.  

 –   Identify patients requiring adjuvant therapy.     

    Introduction 

 The differential diagnosis of an adnexal mass can 
be complex and can include a multitude of pro-
cesses in both the ovaries and fallopian tubes 
(Table  29.1 ). The likelihood that an ovarian mass 
is malignant is largely dependent on the age of 
the individual patient. Therefore, intraoperative 
management of an adnexal mass will be guided 
by the age of the patient and whether preserva-
tion of fertility is desired. In young women and 
women of childbearing age, approximately 90 % 
of adnexal masses are benign; this is in contrast 
to women of postmenopausal age in whom up to 
25 % of adnexal masses are malignant [ 1 ]. 
Another important group, premenarchal patients, 
must also be considered carefully as adnexal 
masses in this group are rare, but are more likely 
to be malignant. While age is the most important 
risk factor for malignancy, other important risk 
factors include family history, nulliparity, early 
menarche, and late menopause. The approach to 
each patient should depend on whether or not 
there is suspicion of malignancy with consideration 
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toward preservation of fertility in young women 
and women of childbearing age.

   Adnexal masses encountered incidentally at 
time of abdominal surgery can present as a 
challenge to the surgeons. Proper management of 
these masses often depends on patient’s age and 
fi ndings from preoperative workup. Ideally pre-
operative workup should include a transvaginal 
ultrasound and evaluation of tumor markers. 
Simple-appearing cystic masses with normal 
tumor markers are less suspicious for malig-
nancy, whereas complex cystic masses with solid 
components and elevated tumor markers may 
raise concern for an adnexal malignancy. 
However, an understanding of possible types of 
adnexal masses, both benign and malignant, may 
assist the general surgeon in appropriately man-
aging adnexal masses incidentally found at time 
of surgery. 

 Generally when a suspicious mass is encoun-
tered, if a gynecologic oncologist is available, it 
is always advisable to call for an intraoperative 
consultation in the case of gynecologic malig-
nancy. When either a gynecologist or gyneco-
logic oncologist is not available or frozen section 
is unable to yield defi nitive histologic diagnosis, 
conservative approach of removing the abnormal 

adnexal mass while preserving the contralateral 
adnexa should always be considered. 

 Additional surgical procedures including 
hysterectomy, contralateral salpingo-oophorec-
tomy can be performed if needed in a subsequent 
setting. The conservative approach will allow the 
pathologist to properly analyze the entire speci-
men and the gynecologic oncologist to have the 
opportunity to counsel the patient and her family 
regarding any further additional surgical proce-
dures and adjuvant therapies that may be required 
prior to defi nitive surgery. 

 In the following section, different types of 
ovarian neoplasm will be discussed. Salient fea-
tures will be presented to assist the surgeons and 
gynecologists in understanding the ovarian tumor 
that is encountered during the surgery. Specifi c 
surgical approaches as they pertain to adnexal 
masses in women of different age groups will 
then be discussed in order to aid in intraoperative 
decision-making.  

    Histologic Types of Ovarian 
Neoplasms 

 The ovaries are made up of three types of cells: 
epithelial cells, germ cells, and stromal cells. 
Generally, adnexal neoplasms are grouped into 
fi ve larger categories based on histologic type 
according to the World Health Organization 
classifi cation system. The most commonly 
encountered are: epithelial, germ cell, sex cord-
stromal tumors, metastatic tumors, and a miscel-
laneous group. There exist both benign and 
malignant entities in the three larger subtypes. 
Epithelial ovarian tumors are the most commonly 
encountered, which account for approximately 
75 % of all ovarian tumors and 90–95 % of 
ovarian malignancies. Germ cell tumors are the 
second most common, accounting for about 
15–20 % of ovarian neoplasms. Approximately 
5–10 % of all ovarian neoplasms are categorized 
as sex cord- stromal tumors [ 2 – 4 ] (Table  29.2 ). 
Lastly, it must always be considered that an 
ovarian tumor may represent metastatic disease 
from another primary, most commonly from the 
breast, colon, stomach, and other gynecologic 
organs such as the endometrium or the cervix.

   Table 29.1    Differential diagnosis of adnexal masses   

 Ovarian 

 Simple cyst 
 Corpus luteum 
 Follicular cyst 
 Benign serous 
 Benign mucinous 

 Complex 
 Endometrioma 
 Dermoid 
 Malignant ovarian tumor 
 Malignant metastatic tumor 

 Malignant tumors 
 Epithelial 
 Germ cell 
 Sex cord 

 Extraovarian 
 Ectopic pregnancy 
 Tubo-ovarian abscess 
 Hydrosalpinx 
 Pedunculated fi broid 
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      Epithelial Tumors 

 Epithelial-type tumors are the most commonly 
encountered of the ovarian tumors, and the major-
ity of these tumors are benign [ 2 ,  4 ]. Epithelial- 
type tumors are classifi ed as either benign, 
malignant, or tumors of low malignant potential. 
Epithelial-type tumors can be further divided 
according to the type of cells into which they dif-
ferentiate: serous, mucinous, endometrioid, clear 
cell, and Brenner tumors. Malignant tumors of 
epithelial origin are then further subdivided 
according to their degree of differentiation (well, 
moderately, and poorly differentiated neoplasm), 
which is refl ected in their clinical behavior. 
Tumors of low malignant potential, also referred 
to as borderline tumors, represent a group of 
tumors that demonstrate a pattern of proliferation 
greater than those found in benign tumors, but 
lacking destructive invasion of the stromal com-
ponents of the ovary. Borderline tumors have a 
substantially more favorable prognosis compared 

to their malignant counterpart, with an overall 
10-year survival of 83–93 % [ 4 ,  5 ]. 

 The pattern of spread among the epithelial 
tumors is unique in that it involves exfoliation of 
surface ovarian tumor into the peritoneal cavity, 
resulting in peritoneal surface spread. Important 
risk factors have been identifi ed for malignant 
epithelial tumors. Among these the strongest cor-
relation has been found with BRCA mutations. 
Approximately 5–10 % of ovarian cancers are 
associated with mutations in BRCA1 and BRCA2 
tumor suppressor genes. The average lifetime 
risk for ovarian cancer in patients with BRCA1 
mutations is approximately 30–40 % and a 
smaller risk for patients with BRCA2 mutations 
(10–18 %) [ 6 ]. Management of patients with 
BRCA1 and BRCA2 are further discussed in 
Chap.   6    , BRCA1 and BRCA2 in Breast Cancer 
and Ovarian Cancer. Other important risk factors 
include age, nulliparity, obesity, and family his-
tory. Oral contraceptive use has been found to be 
protective [ 2 ,  4 ,  7 ,  8 ]. 

  Serous epithelial tumors  are the most common 
of all ovarian tumors (Figs.  29.1 ,  29.2 , and  29.3 ). 
These tumors are subcategorized into benign, 
malignant, and tumors of low malignant poten-
tial. The mean age at presentation of malignant 
serous tumors is in the sixth decade of life, and 
this tumor type is uncommon in women less than 
35 years of age. Serous carcinomas are further 

   Table 29.2    Ovarian tumors and incidence   

 Histologic types 
 Incidence of 
ovarian tumors 

 Epithelial ovarian tumors  75 % 
 Germ cell tumors  15–20 % 
 Sex cord-stromal tumors  5–10 % 

  Fig. 29.1    Microscopic view of serous cystadenoma of low malignant potential (micropapillary type)       
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divided into low-grade and high-grade types. 
Low-grade histologic types tend to be slower 
growing with better survival outcomes, whereas 
high-grade serous carcinomas are associated with 
rapid growth, advanced presentation of disease, 
and poor survival [ 2 ,  9 ].

     Benign and low malignant potential serous 
tumors tend to present slightly earlier in life, more 
commonly in and before the fi fth decade of life [ 2 ]. 
Well-staged borderline tumors that are confi ned to 

the ovary have an excellent prognosis. These tumors 
are bilateral in approximately one-third of cases; 
therefore, in cases of fertility- sparing surgery, the 
contralateral ovary must be carefully inspected and 
preserved if it appears normal. 

  Mucinous tumors  like serous tumors are 
divided into benign, malignant, and low malig-
nant potential types, with benign being the most 
common. All three types classically present as very 
large ovarian tumors with a mean size of 18 cm. 

  Fig. 29.2    Gross specimen of serous cystadenocarcinoma       

  Fig. 29.3    Microscopic picture of serous cystadenocarcinoma       
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These tumors are less common than their serous 
counterpart representing only 10 % of epithelial-
type ovarian tumors. The age distribution of these 
tumors is similar to that of the serous types with 
malignancy occurring more commonly beyond 
the fi fth decade of life. It must be kept in mind 
when encountering this tumor type that these 
masses may represent metastasis, most com-
monly from the gastrointestinal tract. These 
tumors are usually bilateral in nature. This can 
make diagnosis challenging, as the ovarian tumor 
may be the fi rst visible sign of disease. Careful 
inspection of the gastrointestinal tract should be 
carried out when mucinous tumor is encountered 
incidentally and routine appendectomy is recom-
mended for patient with malignant ovarian muci-
nous tumor. 

  Endometrioid tumors  make up a smaller por-
tion of epithelial-type ovarian tumors. Like other 
epithelial tumors, they are also classifi ed as 
benign, malignant, and borderline. The age distri-
bution is similar to other epithelial-type tumors. 
The malignant tumors can present synchronously 
with endometrioid-type endometrial cancers of 
the uterus in up to 30 % of cases. 

  Clear cell tumors  are uncommon and are clas-
sically thought to be more aggressive than the 
other epithelial tumors; however, data regarding 

this is inconsistent. Clear cell tumors can present 
as tumors of low malignant potential; however, it 
is very diffi cult to differentiate these from the 
malignant subtype. Clear cell tumors are most 
often associated with endometriosis.  

    Ovarian Germ Cell Tumors 

 These tumors account for 15–20 % of all ovarian 
tumors but represent less than 5 % of all ovarian 
malignancies. The benign mature cystic tera-
toma, also referred to as a dermoid cyst, makes 
up the largest component of tumors in this cate-
gory and is the most common ovarian neoplasm 
overall (Figs.  29.4  and  29.5 ).

    Dermoids often contain components from all 
three embryonic germ layers, but most com-
monly of the ectoderm layer containing elements 
such as hair and sebum. These tumors often have 
a high-fat content, and their buoyancy places 
these tumors at higher risk for ovarian torsion. It 
is important in cases of dermoid cysts that thor-
ough inspection of the other ovary is performed, 
as 20 % of these cysts are bilateral. As these 
tumors are usually benign, conservative approach 
such as ovarian cystectomy should be attempted 
if possible. Tumors of this category also represent 

  Fig. 29.4    Gross specimen of a mature cystic teratoma       
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the most common ovarian malignancies affecting 
women younger than 20 years of age, and in fact, 
approximately 70 % of these tumors occur in this 
age group. Malignant tumors in this category 
include dysgerminomas, endodermal sinus 
tumors (yolk sac tumors), immature teratomas, 
mixed germ cell tumors, and embryonal tumors. 

  Dysgerminomas  are the most common of the 
malignant type, and although they can be seen in 
patients with normal karyotypes, they are also 
classically seen in patients with gonadal dysgen-
esis, such as patients with testicular feminization. 
The risk of bilaterality is approximately 10 %, and 
the contralateral ovary should be inspected care-
fully. The risk of dysgerminomas peaks at age 20 
but can range from age 6 to 40 depending on the 
histologic type. These tumors tend to be predomi-
nantly solid, large fl eshy masses [ 10 ,  11 ]. 

  Yolk sac tumors  are the next most common of 
the germ cell tumors and tend to grow quite rap-
idly (Figs.  29.6  and  29.7 ). These tumors are typi-
cally unilateral; however, metastasis to the 
contralateral ovary may occur. In adults, yolk sac 
tumors account for approximately 15 % of all 
germ cell tumors. Yolk sac tumors are relatively 
more common in children. These tumors tend to 
be more cystic than dysgerminomas and may 
exhibit more substantial areas of necrosis. Yolk 
sac tumors are aggressive and these patients 
require adjuvant chemotherapy [ 10 ,  11 ].

     Immature teratomas  are the third most com-
mon malignant tumor in this category 
(Figs.  29.8  and  29.9 ). It contains variable 
amounts of immature tissue from all three 
germ cell layers. Again, most patients are diag-
nosed as stage I disease, and survival is most 
closely associated with grade of the tumor. 
Survival of women with grade 1 disease is 
100 %, grade 2 disease is 70 %, and grade 3 
disease is 33 %. Adjuvant therapies are usually 
recommended for patients with stage I grade 3 
tumors or advanced stage diseases [ 11 ].

  Fig. 29.6    Gross specimen of yolk sac tumor       

  Fig. 29.5    Microscopic picture of a mature cystic teratoma       
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        Ovarian Sex Cord-Stromal Tumors 

 Sex cord-stromal tumors are signifi cantly less 
common and comprise only 5–10 % of all ovarian 
tumors. These tumors are derived from the sex 
cord and stromal components of the ovary. Because 
of this derivation tumors of this type can contain a 
variety of cell types including granulosa cells, 

theca cells, lutein cells, Sertoli cells, Leydig cells, 
and fi broblasts. Fibromas and thecomas make up 
the benign category, which rarely demonstrate 
malignant counterparts. Fibromas account for the 
most common tumor among the sex cord-stromal 
tumors. Often with sex cord- stromal tumors, the 
histologic components of the tumor are a combi-
nation of more than one of these types of cell. 

  Fig. 29.7    Microscopic picture of yolk sac tumors       

  Fig. 29.8    Gross specimen of immature tumor       
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  Granulosa cell tumors  are the next most com-
mon tumors in this category (Figs.  29.10  and 
 29.11 ). They are an estrogen-producing malignant 
type of ovarian tumor. Granulosa cells comprise 
70 % of the tumors in this category and are divided 
in adult type and juvenile type, which differ mor-
phologically and in the age distribution of patients 
affected. The adult-type histology is the more 
common of the two accounting for approximately 
95 % of cases. Both types often present with signs 
of unopposed estrogen (abnormal vaginal bleed-
ing, precocious puberty, etc.); however, the juve-
nile-type granulosa cell tumor is known to be far 
more aggressive with one small study demonstrat-
ing only a 23 % survival in stages II–IV disease. 
The average size of tumor at presentation is 12 cm, 
and these tumors should be suspected in patients 
from this age group who present with large unilat-
eral adnexal masses [ 4 ,  12 ,  13 ].

     Sertoli-Leydig cell tumors  are rarer than gran-
ulosa cell tumors, making up less than 1 % of all 
ovarian tumors. In some cases, they can be asso-
ciated with virilization as they may secrete tes-
tosterone but like granulosa cell tumors often 
present with symptoms of an abdominal mass 
and menstrual disorders. These tumors are also 
quite large at presentation with an average 16 cm 
tumor size noted at time of detection. Also like 
granulosa cell tumors, these tumors tend to be 

diagnosed in early stage disease with only 2–3 % 
demonstrating extraovarian spread at time of 
diagnosis [ 4 ].  

    Fallopian Tube and Peritoneal 
Surface Tumors 

 Benign cysts of the fallopian tube are referred to 
as paratubal cysts. They are often simple and of 
no consequence. Therefore, surgical intervention 

  Fig. 29.9    Microscopic picture of immature tumor       

  Fig. 29.10    Gross specimen of granulosa-theca cell tumor       
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is not necessary for this incidental fi nding. 
Malignant tumors of the fallopian tube and pri-
mary peritoneal surface tumors behave very simi-
larly to epithelial ovarian malignancies. In fact, 
recent studies have suggested that high-grade 
serous carcinoma may actually originate from the 
fi mbriated end of the fallopian tubes. Given the 
proximity of the fallopian tube to the ovary, and 
the typically advanced nature of these malignan-
cies, it is often diffi cult to distinguish between 
primary fallopian tube and primary ovarian 
tumors. In contrast, although primary peritoneal 
tumors behave similarly to epithelial ovarian 
malignancies, at time of diagnosis, the ovaries 
are either only minimally involved or not involved 
at all. Carcinomatosis can be present in all three 
entities [ 14 ].  

    Evaluation of the Surgical Specimen 

 Diagnosis is typically made via frozen section, 
which is both highly specifi c and sensitive in the 
evaluation of adnexal masses. The sensitivity and 
specifi city are highest for malignant and benign 
tumors (88–97 %), with less accuracy being seen 
in the diagnosis of borderline tumors (33–62 %). 
Once a diagnosis of adnexal malignancy is made 
by frozen section, an appropriate staging proce-
dure should be initiated.  However, in cases of 
uncertainty, a conservative approach should be 

taken. The patient can always return at a later 
time to complete the staging procedure once a 
fi nal pathologic diagnosis is achieved  [ 15 – 17 ]. 

    Tumor Markers 
 Although tumor markers are not considered useful 
for routine screening in ovarian tumors, they may 
assist with preoperative diagnosis by increasing 
suspicion of particular tumor types. Tumor mark-
ers are also useful after initial diagnosis for evalu-
ation of therapeutic response and can be an 
indicator of recurrent disease (Table  29.3 ).

        Surgical Approach to Young Patients 
and Women of Childbearing Age 

 When approaching malignancy in the younger 
patient, fertility-sparing surgery, when appropri-
ate, is at the focus of management. Malignant 
tumors in this age group tend to present at an 

  Fig. 29.11    Microscopic picture of juvenile granulosa cell tumor       

   Table 29.3    Tumor markers by histologic subtype   

 Histology  Tumor marker 

 Epithelial type  CA-125 
 Germ cell tumors  Alpha-fetoprotein (AFP)  
 Yolk sac tumor  Lactate Dehydrogenase

b-hCG  Choriocarcinoma 
 Granulosa cell tumor  Inhibin B and A 

 Estradiol 
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early stage and can often be staged conserva-
tively, sparing the uterus and the contralateral 
ovary. If both ovaries are involved, sparing of the 
uterus may be considered. If possible, consulta-
tion with a reproductive endocrinologist should 
be utilized as they may provide guidance regard-
ing egg or embryo cryopreservation for future 
fertility. Prevalence of different histology types is 
important to keep in mind, as many of these 
tumors are less aggressive than their epithelial 
counterparts and present at early stage disease. In 
one review of patients with germ cell tumors, sur-
vival for stage I disease was 98.2 % and that for 
patients with advanced disease stages was 94.4 % 
[ 18 ]. The favorable survival of these tumors is 
due in part to the diagnosis at early stage disease 
and largely because these tumors respond well to 
current chemotherapeutic regimens. In cases of 
more advanced disease, metastatic disease should 
be appropriately resected (cytoreduced), which 
may be possible even with consideration to fertil-
ity sparing.  In short, all visible disease should be 
cytoreduced while sparing the uterus and contra-
lateral ovary if possible . Again, in cases of uncer-
tainty, a conservative approach should be taken. 
The patient can always return at a later time to 
complete the staging procedure once a fi nal 
pathologic diagnosis is achieved [ 15 – 17 ]. 
Although these patients respond well to current 
chemotherapy regimens, those who have com-
plete cytoreduction of disease at time of surgery 
fare better [ 19 ]. 

 Ovarian masses in premenarchal girls are rare; 
however, when encountering a mass in this popu-
lation, it is important to keep in mind that up to 
20 % of ovarian masses in children are malignant 
[ 1 ]. Therefore, all adnexal masses in this age 
group should be approached carefully. Ideally if 
tumor markers can be sent prior to surgery, they 
may help guide management. 

 Appropriate tumor markers to send include 
AFP, LDH, 4. bHCG, inhibin B, and CA-125. It 
must be emphasized that the surgical approach in 
young women must be balanced between ade-
quate removal of all tumor and fertility preserva-
tion. Conservative management should    always be 
considered with this age group, keeping in mind 
the option of returning for surgical staging once a 

full discussion has been made with the patient 
and her family. 

 In contrast to epithelial malignant tumors, 
which exhibit surface spread, germ cell tumors 
tend to exhibit early lymphatic spread. This 
becomes important in surgical planning. 
Evaluation must begin with careful inspection of 
the affected ovary and the contralateral ovary. 
Biopsy of the contralateral ovary may be consid-
ered in cases of dysgerminoma; however, unnec-
essary biopsy should be avoided as it may cause 
damage to the remaining ovary. Additionally in 
cases of gonadal dysgenesis, removal of the other 
ovary should also be considered. The staging pro-
cedure should begin with collection of ascites, if 
present, and pelvic washings to be sent for evalu-
ation. If disease appears to be limited to the ovary, 
then biopsies of the omentum and peritoneal sur-
faces are recommended. Suspicious pelvic and 
para-aortic nodes should be removed. If there are 
no palpable nodes, then random sampling is rec-
ommended. In rare cases of advanced disease, 
complete removal of all visible disease is recom-
mended [ 20 ]. These procedures should be per-
formed by a gynecologic oncologist or a surgeon 
who is trained to perform lymphadenectomy.   

    Surgical Approach to Women 
Beyond Childbearing 
and Postmenopausal Patients 

 The approach to women beyond childbearing age 
is different than that in younger patients. For one, 
the histologic malignant tumor types in this age 
group tend to be more aggressive and present at 
later stages of disease. Secondly, as preservation 
of fertility no longer is of concern, full staging 
surgery, including hysterectomy, is typically rec-
ommended. The predominant malignant tumor 
type in this age group is the epithelial tumor. 
Common presenting symptoms are fairly nonspe-
cifi c and include bloating, pelvic pain, decreased 
appetite, and early satiety. Multiple retrospective 
reviews have demonstrated that complete cytore-
duction is directly correlated with improved 
overall survival [ 21 – 23 ]. However, 5-year sur-
vival is poor and epithelial ovarian tumors 
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 continue to be one of the great challenges of 
gynecologic oncology in spite of improved che-
motherapeutic regimens and surgical technique. 

 The approach to surgical staging is dependent 
on the histologic type of ovarian tumor. In this age 
group, epithelial-type malignancies are most com-
mon and often multiple surfaces within the perito-
neum are involved. Surgical staging primarily 
involves obtaining pelvic and abdominal cytologic 
washings, careful exploration of the upper and 
lower abdomen, recommend removal of the bilat-
eral fallopian tubes and ovaries, removal of the 
uterus, pelvic and para-aortic lymph node sam-
pling, omentectomy, and removal of all visible dis-
ease. Various procedures including bowel resection, 
splenectomy, and upper abdominal resections may 
be required to achieve an optimal cytoreduction. 
Adequate staging is important for both prognosis 
and for determination of appropriate adjuvant ther-
apy (Table  29.4 ). Staging may be done via lapa-
rotomy or laparoscopy. In skilled hands, 
laparoscopic approaches appear to confer similar 
survival advantage; however, the rate of rupture is 
noted to be higher in laparoscopic surgery [ 17 ,  24 ].

   The approach to borderline disease may be 
more conservative as many studies demonstrate 
that although conservative surgery may be 

 associated with higher incidence of recurrence, in 
most cases, secondary cytoreduction is possible 
and recurrence in those cases has not been found 
to affect overall survival. However, the surgical 
approach for each patient should be individual-
ized, and in cases where fertility is not a consid-
eration, many gynecologic oncologists would 
recommend removal of the bilateral fallopian 
tubes and ovaries [ 17 ,  25 – 27 ].  

    Adjuvant Chemotherapy 

 Appropriate adjuvant chemotherapy is guided 
both by the histology of the tumor and by the 
grade of the tumor. Patients can be referred to a 
gynecologic oncologist for the continuation of 
their care and for adjuvant therapy planning. For 
several decades, chemotherapy has been the stan-
dard treatment for all but early stage and well- 
differentiated tumors. Combination platinum and 
paclitaxel-based chemotherapy has become the 
fi rst-line treatment for advanced epithelial ovar-
ian tumors with an overall response rate of 
approximately 75 %, and adjuvant therapy is rec-
ommended for patients with stage IC disease or 
greater. Recently the inclusion of intraperitoneal 

   Table 29.4    International Federation of Gynecology and Obstetrics (FIGO) classifi cation of ovarian cancer staging   

 FIGO 
stage  Description 

  1    Tumor limited to ovaries (1 or both)  
 1A  Tumor limited to 1 ovary, capsule intact, no tumor on ovarian surface, no malignant cells in pelvic ascites 

or washings 
 1B  Tumor limited to both ovaries, capsules intact, no tumor on ovarian surface, no malignant cells in pelvic 

ascites or washings 
 1C  Tumor limited to one or both ovaries with any of the following: capsule ruptured, tumor on ovarian surface, 

malignant cells in ascites or in pelvic washings 
  II    Tumor involves one or both ovaries with pelvic extension  
 IIA  Extension and/or implants on the uterus and/or tubes, no malignant cells in ascites or peritoneal washings 
 IIB  Extension to other pelvic tissues, no malignant cells in ascites or peritoneal washings 
 IIC  Pelvic extension as described in IIA and IIB with malignant cells in ascites or pelvic washings 
  III    Tumor involves one or both ovaries with microscopically confi rmed peritoneal metastasis outside the pelvis  
 IIIA  Microscopic peritoneal metastasis beyond the pelvis 
 IIIB  Macroscopic peritoneal metastasis beyond the pelvis, ≤2 cm in greatest dimension 
 IIIC  Macroscopic peritoneal metastasis beyond the pelvis, >2 cm in greatest dimension, or regional lymph node 

metastasis 
  IV    Distant metastasis, includes liver parenchyma and supradiaphragmatic spread  
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chemotherapy has been reported to result in 
improved survival in patients with optimally 
cytoreduced advanced ovarian cancers [ 28 ]. It 
has also been demonstrated that patients with 
epithelial high-grade stage 1A/1B tumors benefi t 
from adjuvant chemotherapy [ 29 – 31 ]. Patients 
with stage IA dysgerminoma and immature tera-
toma tumors can be followed closely and do not 
require adjuvant therapy. Chemotherapy is rec-
ommended for all patients with yolk sac tumors 
and for dysgerminoma and immature teratoma 
patients with stage IB disease or greater. The cur-
rent recommended regimen is a platinum-based 
combination therapy: bleomycin, etoposide, and 
cisplatin [ 32 ]. These chemotherapy regimens can 
all be quite toxic, and full understanding of 
adverse effects is important.  

    Other Considerations 

 Other benign entities to consider in the differen-
tial diagnosis of adnexal masses are tubo-ovarian 
abscess, ectopic pregnancy, and ovarian torsion. 
Classically, tubo-ovarian abscesses present with 
gradual onset pain and can be associated with 
fevers, nausea, emesis, and purulent vaginal dis-
charge. In fact, the presentation of a tubo-ovarian 
abscess and appendicitis can be very similar. 
Ruptured tubo-ovarian abscesses are considered 
a life-threatening emergency and require prompt 
surgical intervention. Surgery should be com-
bined with antimicrobial therapy in such cases. 
The goal of surgery should be to remove as much 
of the abscess cavity and infectious material as 
possible. In patients who have completed child-
bearing, a hysterectomy and bilateral salpingo- 
oophorectomy may be appropriate [ 32 ,  33 ]. 
Patients who are clinically stable with no evi-
dence of sepsis or large abscess may be treated 
with antibiotics alone [ 33 ]. 

 Ovarian torsion refers to the partial or com-
plete rotation of the ovary about its ligamentous 
support. Classically, the pain associated with 
ovarian torsion is sudden onset, severe, intermit-
tent, and unilateral. Although torsion more com-
monly occurs in the case of adnexal masses, 
ovarian torsion can also occur in normal ovaries. 

Patients with ovarian torsion may also present 
with nausea and vomiting. Prompt diagnosis is 
important as the surgeon’s ability to salvage the 
ovary decreases as the ovary becomes necrotic. 
Detorsion of the ovary should be attempted and 
the ovary should be observed for return of normal 
color. In cases where the color does not return or 
the ovary appears necrotic, a salpingo- 
oophorectomy should be performed. 

 If an ectopic pregnancy is suspected, a blood 
pregnancy level (bHCG) should be sent. Patients 
with ectopic pregnancy often present with 
abdominal pain, amenorrhea, or abnormal vagi-
nal bleeding. Surgically, hemoperitoneum may 
be noted in the case of a ruptured ectopic preg-
nancy. Surgical management involves a salpin-
gectomy, with care taken not to disrupt the blood 
supply to the ovary. 

  Salient Points 
 –     The management of adnexal masses must be 

guided with respect to the age of the patient 
and whether fertility is desired.  

 –   The likelihood of malignancy is less likely in 
women of childbearing age and more likely in 
premenarcheal and postmenopausal women.  

 –   Generally if a suspicious lesion is encoun-
tered, a frozen section should be performed.  

 –   When either a gynecologist or gynecologic 
oncologist is not available or frozen section is 
unable to yield defi nitive histologic diagnosis, 
conservative approach of removing the abnor-
mal adnexal mass while preserving the contra-
lateral adnexa should always be considered 
for women of childbearing age. Additional 
surgical procedures including hysterectomy 
and contralateral salpingo-oophorectomy can 
be performed if needed in a subsequent 
setting.  

 –   Full surgical staging of ovarian malignancy 
should include pelvic and abdominal wash-
ings, exploration of the upper and lower abdo-
men, removal of bilateral tubes and ovaries, 
removal of the uterus, pelvic and para-aortic 
lymph node sampling, removal of omentum, 
and  removal of all visible disease .  

 –    Epithelial neoplasms  are the most commonly 
encountered of the ovarian tumors, and the 
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majority of these tumors are benign. Subtypes 
are serous, mucinous, endometrioid, clear 
cell, and Brenner tumors.  

 –    Ovarian germ cell tumors  account for 
15–20 % of all ovarian tumors but represent 
less than 5 % of all ovarian malignancies. 
Most tumors in this category are benign der-
moid cysts; however, malignant subtypes are 
the most common ovarian malignancies 
affecting women younger than 20 years. The 
most common malignant subtypes are dys-
germinoma, yolk sac tumor, and immature 
teratomas.  

 –   Ovarian sex cord-stromal tumors comprise 
only 5–10 % of all ovarian tumors. Benign 
fi bromas are the most common tumors in this 
category. The most common malignant sub-
types are granulosa cell and Sertoli-Leydig 
cell.    
     Surgical Approach to Young Women and 

Women of Childbearing Age    
 –    Fertility preservation, when appropriate, is at 

the focus of management in these patients.  
 –   Tumors in this age group tend to be lower 

grade and can often be staged conservatively.  
 –    All visible disease should be removed while 

sparing the contralateral ovary and uterus if 
possible.   

 –   It must be emphasized that the surgical 
approach in young women must be balanced 
between adequate removal of all tumor and 
fertility preservation.   
    Surgical Approach to Women Beyond 

Childbearing and Postmenopausal Patients    
 –    Malignant tumor types in this age group tend 

to be more aggressive histologic types and 
present at later stages of disease.  

 –   As preservation of fertility no longer is of con-
cern,  full staging surgery  is typically 
recommended.  

 –   Adequate staging is important for both prog-
nosis and for determination of appropriate 
adjuvant therapy.     

  Questions 
     1.    A 28-year-old nulliparous woman was inci-

dentally found at the time of cholecystectomy 
to have serous adenocarcinoma of the right 

ovary. Inspection of the uterus and left adnexa, 
omentum, and the abdominal and pelvic cavi-
ties did not reveal any other abnormal fi nd-
ings. All of following procedures should be 
considered except?
    A.    No additional surgical intervention at this 

time   
   B.    Pelvic washings for cytology and right 

salpingo-oophorectomy   
   C.    Pelvic washings for cytology, right salpingo- 

oophorectomy, peritoneal biopsy, and pel-
vic and para-aortic lymphadenectomy   

   D.    Pelvic washings for cytology, hysterec-
tomy, bilateral salpingo-oophorectomy, 
peritoneal biopsy, and pelvic and para- 
aortic lymphadenectomy   

   E.    Call for gynecologic oncology consultation       
   2.    The average lifetime risk for ovarian cancer in 

patients with BRCA1 mutations is 
approximately:
    A.    15 %   
   B.    30 %   
   C.    45 %   
   D.    60 %       

   3.    Which of the following tumor category repre-
sents the most common ovarian malignancies 
affecting women younger than 20 years 
of age.
    A.    Epithelial   
   B.    Sex cord-stromal   
   C.    Germ cell       

   4.    Which of the following sex cord tumor is an 
estrogen-producing ovarian tumor.
    A.    Granulosa cell tumors   
   B.    Yolk sac tumors   
   C.    Dysgerminomas   
   D.    Sertoli-Leydig cell tumors       

   5.    Match the tumor marker with the correct 
tumor category. Tumor markers may be used 
more than once.
    A.    Papillary serous adenocarcinoma   
   B.    Germ cell tumor   
   C.    Granulosa cell tumor   
   D   .    Yolk sac tumor    

    1.    CA-125   
   2.    Alpha-fetoprotein   
   3.    Inhibin A and B   
   4.    bHCG    
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      6.    True or false. Patients with stage IA 
 dysgerminoma and immature teratoma tumors 
can be followed closely and do not require 
adjuvant therapy.   

   7.    True or false. In young women and women of 
childbearing age, approximately 90 % of 
adnexal masses are benign.   

   8.    A 32-year-old, sexually active patient presents 
with gradual onset  pain, fevers, nausea, and 
emesis. Appendicitis is suspected and she is 
taken to the operating room. Her appendix is 
found to be normal. Which of the following 
adnexal masses is most likely to present with 
the above symptoms?
    A.    Papillary serous adenocarcinoma   
   B.    Ectopic pregnancy   
   C.    Tubo-ovarian abscess   
   D.    Dermoid cyst          

  Answers 
     1.    D   
   2.    B   
   3.    C   
   4.    A   
   5.    A-1, B-2, C-3, D-4   
   6.    True   
   7.    True   
   8.    C          
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  A 
  Abdominoperineal resection (APR) 

 anal cancer , 519  
 local recurrence , 519  
 morbidity and mortality , 520  
 Nigro protocol , 520  

   ACC.    See  Adrenal cortical carcinoma (ACC) 
   Accelerated partial breast irradiation (APBI) 

 dose, radiation , 73  
 IBTR , 74  
 IORT and EBRT , 73–74  

   ACTH secreting tumors.    See  Adrenocorticotropic- 
hormone (ACTH)-secreting tumors 

   Adenocarcinoma 
 adjuvant chemotherapy , 224  
 AJCC TNM staging , 223, 224  
 carcinoid , 217  
 characteristics , 218, 223, 225  
 colon , 353  
 description , 222–223  
 distal esophageal , 175  
 duodenal obstructing mass , 223  
 esophageal cancer , 171  
 intrahepatic cholangiocarcinoma (ICC) , 262  
 pancreatic   ( see  Pancreatic cancer) 
 rectal , 411, 412, 420, 424, 425  
 small bowel cancer , 222–224  
 survival , 224, 225  

   Adenoma malignum (ADM) , 477  
   Adenomatous polyposis coli (APC) mutation 

 attenuated familial adenomatous polyposis 
(aFAP) , 472  

 β-catenin , 468  
 chromosome 5q21 , 468  
 germline mutations , 469  

   Adequate lumpectomy , 52  
   Adjuvant chemotherapy 

 ACCENT studies , 372  
 adnexal masses , 651–652  
 capecitabine , 432  
 capecitabine plus oxaliplatin (CapeOx) , 370  
 early breast cancer (EBC) , 82–84  
 5-fl uorouracil (5-FU) , 522, 523  
 IMPACT B2 pooled analysis , 371  

 intergroup analysis , 371  
 microsatellite instability (MSI) , 372–373  
 MOSAIC trial , 368  
 multigene assays , 373–374  
 multimodality treatment , 120  
 NSABP C-07 trial , 370  
 NSABP pooled analysis , 370–371  
 Ontario Cochrane meta-analysis , 371  
 oxaliplatin , 369, 372  
 poor prognostic features , 375  
 QUASAR results , 371–372  
 SEER-medicare analysis , 371  
 trastuzumab , 91  

   Adjuvant Colon Cancer Endpoints (ACCENT) studies , 372  
   Adjuvant radiation therapy , 14, 32, 35, 75, 165, 304, 612  
   Adjuvant systemic therapy , 14–16  
   Adjuvant therapy.    See also  Neoadjuvant therapy 

 ACOSOG , 633  
 adjuvant capecitabine plus cisplatin (XP) , 208  
 adjuvant S-1 , 209  
 after surgical excision , 34  
 benign and malignant tumors , 55  
 capecitabine , 208  
 CCA , 276–277  
 chemotherapy , 82–83  
 CLASSIC showed superiority , 209  
 combination capecitabine plus oxaliplatin 

(CAPOX) , 209  
 complete resection , 633  
 defi nitive surgery , 81  
 disease-free survival (DFS) , 208  
 5-FU and leucovorin (LV) , 208  
 5-FU-based chemoradiation (CRT) , 205  
 gallbladder cancer (GBC) , 248–249  
 imatinib , 633  
 Intergroup 0116 (INT 0116) study , 205, 208  
 Japanese ACTS-GC , 208–209  
 neoadjuvant chemotherapy , 209  
 pancreatic cancer , 286  
 pCR , 93  
 peritoneal relapse risk , 205  
 postoperative nomograms , 205  
 postoperative therapy , 209  
 recurrence , 634  
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 Adjuvant therapy.  See also  Neoadjuvant therapy (cont.) 
 SSGXVIII trial , 634  
 systemic , 81  
 tamoxifen and aromatase inhibitors , 85–86  
 taxane-based , 83  
 trastuzumab , 91–93  
 T3/T4 disease , 208  

   ADM.    See  Adenoma malignum (ADM) 
   Adnexal masses 

 adjuvant chemotherapy , 651–652  
 cystic masses , 642  
 differential diagnosis , 641, 642  
 epithelial-type malignancies , 651  
 fallopian tubes , 641  
 FIGO , 651  
 gynecologic malignancy , 642  
 ovarian neoplasms   ( see  Ovarian neoplasms) 
 recurrence , 651  
 staging , 651  

   Adrenal cortical carcinoma (ACC) , 326–327, 330  
   Adrenal incidentalomas (adrenalomas) 

 ACC , 326–327  
 biopsy , 327  
 diagnostic imaging modalities , 315  
 diseases and conditions , 325, 326  
 FDG-PET scan , 316  
 hand-assisted laparoscopy , 316, 318  
 hormonal evaluation , 318, 320, 321  
 Hounsfi eld units (HU) ranging , 316, 317  
 laparoscopy and robotic techniques , 326  
 metastatic colon cancer , 316, 321  
 nonfunctioning incidentaloma follow-up , 327–329  
 open surgery , 326  
 pheochromocytoma   ( see  Pheochromocytoma) 
 radiological imaging , 315  
 scintigraphy, I-123/I-131 MIBG , 316, 320  
 size range , 316  
 transabdominal/retroperitoneal approach , 325  
 Zellballen architectural pattern , 316, 319  

   Adrenocorticotropic-hormone (ACTH)-secreting 
tumors , 577  

   Aldosteronoma.    See  Adrenal incidentalomas 
(adrenalomas) 

   Amelanotic melanoma , 5  
   American College of Surgeons Oncology Group 

(ACOSOG) , 435, 633  
   American Joint Committee on Cancer (AJCC) TNM 

staging system 
 adenocarcinomas , 223  
 appendiceal carcinoid , 587, 588  
 breast cancer , 65  
 classifi cation and stage , 172  
 clinical practice and research , 198  
 colon cancer , 360  
 colorectal , 590  
 cutaneous melanoma , 7  
 cutaneous squamous cell carcinoma and cutaneous 

carcinomas , 30  
 distal , 265  
 distal bile duct , 265  

 duodenum/ampulla/jejunum/ ileum carcinoid , 589  
 esophageal carcinomas , 173  
 gallbladder cancer , 239  
 gastric cancer , 199, 588  
 gastrointestinal stromal tumor , 631  
 GBC , 237  
 HCC , 337, 338  
 hepatocellular carcinoma , 338  
 intrahepatic bile ducts , 263  
 MCC , 36  
 melanoma , 4, 7–8  
 nonmelanoma skin cancers , 28, 30  
 pancreatic adenocarcinoma , 289  
 perihilar cholangiocarcinomas , 264  
 rectal , 417  
 site-specifi c prognostic factors , 35  
 small intestine cancer , 223, 224  
 soft tissue sarcomas , 608  
 squamous cell carcinoma , 28  
 stomach carcinomas , 199  
 thyroid carcinomas , 544–545  
 UICC , 221  

   AMP-activated protein kinase family (AMPK) , 476  
   Anal canal cancer, SCC.    See  Squamous cell carcinoma 

of anus 
   Anal intraepithelial neoplasia (AIN) , 515  
   Anal melanoma , 20  
   Anaplastic thyroid cancer (ATC) 

 FNA biopsy , 555  
 follow-up and surveillance , 557  
 locoregional disease , 556  
 metastatic disease , 556–557  
 neck ultrasound , 555  
 tumor , 555–556  

   Angiosarcomas (AS) 
 endothelial-derived tumors , 38  
 exogenous toxins , 39  
 follow up , 40  
 markers , 39  
 neoadjuvant chemotherapy , 40  
 radiation-induced AS , 38  
 Stewart–Treves syndrome , 39  
 surgical considerations , 40  
 wide-fi eld electron-beam therapy , 40  

   APC mutation.    See  Adenomatous polyposis coli 
(APC) mutation 

   Appendiceal carcinoids , 585, 587–589, 594, 596  
   Appendix 

 carcinoid tumors , 585  
 hindgut , 586  
 MCTs , 586  
 mesoappendix , 594  

   Appleby procedure , 293–294  
   APR.    See  Abdominoperineal resection (APR) 
   Aromatase inhibitors (AI) 

 DCIS , 53  
 phase III randomized trials , 86–87  
 risk profi le , 86  
 sequential/switching strategy , 87  
 serum estrogen concentration , 86  
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 tamoxifen , 85–86  
 third-generation trials , 87, 88  

   Arterial catheter-based embolic therapies , 345  
   AS.    See  Angiosarcomas (AS) 
   Aspirin 

 CAPP1 , 483  
 chemoprevention , 483  
 FAP , 481, 483  
 Lynch syndrome , 485  

   Associating Liver Partition and Portal Vein Ligation for 
Staged hepatectomy (ALPPS) , 454  

   ATC.    See  Anaplastic thyroid cancer (ATC) 
   Atypia of undetermined signifi cance/ follicular lesion of 

undetermined signifi cance (AUS/FLUS) , 543  
   Australasian Gastro-Intestinal Trials Group (AGITG) , 

183, 633  
   Axillary lymph node metastases , 97–98  

    B 
  Barrett’s esophagus , 171, 172, 176  
   Basal cell carcinomas (BCC) 

 advanced infi ltrative , 28, 29  
 close follow-up , 28  
 epitheliomas , 28  
 5-fl uorouracil (5-FU) , 29  
 groups , 28  
 imiquimod , 29  
 infi ltrative/morpheaform , 28  
 photodynamic therapy (PDT) , 29  
 radiation therapy (RT) , 29  
 sonic hedgehog signaling pathway , 28  
 surgical considerations , 28  
 TNM staging , 28, 30  
 ultraviolet (UV) light , 28  
 Vismodegib , 29–30  

   Biliary drainage/stenting , 249, 275, 295, 306, 340, 451  
   Bismuth–Corlette classifi cation , 264, 265, 271  
   BMP.    See  Bone morphogenetic protein (BMP) 
   Bone morphogenetic protein (BMP) , 478  
   Brachytherapy , 73–75, 182–183, 276  
   BRAF and MEK inhibition , 16, 18  
   BRCA1 and BRCA2, breast cancer and ovarian cancer 

 American Society of Breast Surgeons , 144  
 ASCO recommendations , 143  
 in Ashkenazi Jewish individuals , 143  
 BRCA genetic testing , 144  
 BRCAPRO , 144  
 Breast and Ovarian Analysis of Disease Incidence 

and Carrier Estimation Algorithm , 144  
 chemoprophylaxis , 147  
 family history , 144  
 gene mutation , 145  
 genetic counseling , 146  
 genetic predisposition syndrome , 145  
 genetics , 142–143  
 genetic testing , 145  
 health insurance coverage , 145  
 Health Insurance Portability and Accountability Act 

(HIPAA) , 145  

 for hereditary cancer , 145  
 incidence of cancer , 141–142  
 in men , 155  
 Myriad Genetics , 145  
 National Comprehensive Cancer Network , 143  
 prophylactic mastectomy , 154–155  
 prophylactic surgery , 147–154  
 statistical models , 144  
 tumor profi les , 142  
 vigilant screening recommendations , 146–148  

   Breast cancer.    See also  BRCA1 and BRCA2, breast 
cancer and ovarian cancer 

 AJCC TNM staging system , 65  
 BCT   ( see  Breast conserving therapy (BCT)) 
 EBC   ( see  Early breast cancer (EBC)) 
 IBC   ( see  Infl ammatory breast cancer (IBC)) 
 LABC   ( see  Locally advanced breast cancer (LABC)) 
 in male , 99  
 during pregnancy   ( see  Pregnancy, breast cancer during) 
 prophylactic mastectomy , 154–155  
 surgery , 165  
 trastuzumab , 91, 92  

   Breast conserving therapy (BCT) 
 EBCTCG , 83  
  vs.  mastectomy , 74  
 meta-analysis , 83  
 NAC , 123  
 non-IBC LABC , 120  
 noninvasive breast cancer , 52  
 radiation-induced AS , 38  
 SLNBx , 80  
 survival outcome , 73  

   Breslow’s thickness , 4, 8–10  
   Bronchopulmonary carcinoids , 592  

    C 
  Cancer 

 in breast cancer and ovarian cancer   ( see  BRCA1 and 
BRCA2, breast cancer and ovarian cancer) 

 GISTs , 630  
 and leukemia group B (CALGB) 9781 , 183, 632  
 pregnancy   ( see  Pregnancy, breast cancer during) 
 SCC   ( see  Squamous cell carcinoma of anus) 
 screening 

 breast cancer, in BRCA1/2 mutation carriers , 147  
 colon cancer   ( see  Screening for colon cancer) 
 gallbladder cancer (GBC) , 249  
 guidelines , 146  
 ovarian cancer, in BRCA1/2 mutation carriers , 

147–148  
 skin   ( see  Nonmelanoma skin cancers) 

   Capecitabine 
 adjuvant chemotherapy , 432  
 colon cancer , 370  
 5-FU , 440  
 mitomycin C (MMC) , 523  
 oral fl uoropyrimidine , 431  
 oxaliplatin , 431–432  
 plus oxaliplatin (CapeOx) , 370  
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 Capecitabine (cont.) 
 squamous cell carcinoma of anus , 523  
 Xelodar, neoadjuvant therapy , 431, 433  

   CAPP.    See  Colorectal Adenoma/Carcinoma Prevention 
Program (CAPP) 

   Capsule endoscopy (CE) , 219, 230  
   Carcinoembryonic antigen (CEA) , 260  
   Carcinoid tumors.    See also  Intestinal neuroendocrine 

tumors (iNETs) 
 acute appendicitis , 586  
 adenocarcinoma , 217  
 AJCC/UICC , 587  
 appendiceal , 594  
 bevacizumab , 592  
 bronchopulmonary , 592  
 cardiac function and valvular fi brosis , 221  
 chemotherapy , 591  
 chromogranin A levels , 587  
 clinical situation , 590  
 colorectal , 594–595  
 ENETS/WHO , 587  
 gastric , 592–593  
 genetic and prognostic factors , 589–590  
 histopathology and pathophysiology , 585–586  
 IFN-α , 591  
 jejunoileal , 593–594  
 localized disease, regional spread and distant 

disease , 589  
 long-term follow-up and outcomes , 596–597  
 MCTs , 586  
 metastatic disease , 595–596  
 NET , 586  
 primary neoplasm , 585  
 small bowel mesentery , 220  
 soft tissue mass , 587  
 sporadic endocrine tumors , 574  
 symptoms , 591  
 targeted radiotherapy , 591  
 vermiform appendix and distal ileum , 585  

   Carcinomatosis 
 complete cytoreduction , 494  
 gastric cancer , 501  
 peritoneal mucinous , 500  
 PSD , 494  
 staging system , 494  

   CCA.    See  Cholangiocarcinoma (CCA) 
   CE.    See  Capsule endoscopy (CE) 
   CEA.    See  Carcinoembryonic antigen (CEA) 
   Celecoxib , 471, 481, 483  
   Central nervous system (CNS) , 40, 301, 547  
   Cervical esophageal cancer , 184  
   CFS.    See  Colostomy free survival (CFS) 
   CgA.    See  Chromogranin-A (CgA) 
   Chemoprevention 

 ASCO , 100  
 aspirin , 483  
 CAPP , 483  
 celecoxib , 483  
 clinical oncology recommendations , 100, 101  
 clinical trials , 100, 101  

 colonoscopy , 481  
 COX-2 inhibitors , 481  
 curcumin and quercetin , 483  
 DFMO , 481  
 drug development , 480  
 FAP , 481  
 hereditary polyposis syndromes , 481, 482  
 IBIS-II , 100  
 locoregional options , 101, 102  
 Lynch syndrome , 483  
 NSABP P-1 trial , 99  
 NSAIDs , 481  
 prostaglandins , 481  
 raloxifene , 100  
 sulindac , 481  
 tamoxifen , 99  
 treatment of patients , 102, 103  

   Chemoprophylaxis , 147  
   Chemoradiation therapy (CRT) 

 bone marrow , 524  
 doses , 524  
 high-dose radiation , 525  
 locoregional recurrence , 524  
 for pancreatic adenocarcinoma , 300  
 toxicities , 524  
 upper rectal cancer , 418  

   Chemoradiotherapy for Oesophageal Cancer Followed 
by Surgery Study (CROSS) , 183  

   Chemotherapy 
 adjuvant   ( see  Adjuvant chemotherapy) 
 breast cancer during pregnancy , 166  
 CLM , 449  
 esophageal cancer , 184–185  
 extremity sarcomas , 612  
 NAC   ( see  Neoadjuvant chemotherapy (NAC)) 
 pathologic response , 455  
 perioperative, gastric cancer , 209–210  
 radiologic response , 456  
 regional , 18–19  
 resectability , 451  
 retroperitoneal sarcoma (RPS) , 616  
 sarcoma , 612  
 surgical management , 455  
 tamoxifen , 86  
 trastuzumab , 187  
 TSR , 453  

   Cholangiocarcinoma (CCA) 
 adjuvant therapy , 276–277  
 anatomic location , 257–258  
 biliary strictures , 262  
 CEA , 260  
 classifi cation , 257  
 description , 257  
 distal/lower ducts CCA , 274  
 ERCP , 260  
 etiology , 258–259  
 extended resection , 268–270  
 gallbladder cancer , 262  
 hepatic duct bifurcation , 258  
 hilar   ( see  Hilar cholangiocarcinoma) 
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 ICC   ( see  Intrahepatic cholangiocarcinoma (ICC)) 
 incidence, US and UK , 258  
 liver biopsy , 262  
 liver transplantation , 275–276  
 lymph node dissection , 270  
 Mirizzi syndrome , 262  
 MRCP , 260, 261  
 MRI , 260  
 palliative procedures , 274–275  
 portal vein embolization , 270  
 radiologic evaluation , 260  
 staging and classifi cation , 263–265  
 surgical exploration , 262–263  
 surgical resection risk , 259  
 treatment , 265–266  
 triphasic CT scan , 260, 261  

   Chromogranin-A (CgA) , 221, 230, 563, 586, 587, 590, 596  
   Circumferential radial margin (CRM) 

 in colon cancer , 362–363  
 early-stage rectal cancer , 384, 390  
 rectal cancer , 421  

   Circumferential resection margin (CRM) , 415, 420  
   c-kit , 225, 606, 636  
   Clark’s level, melanoma , 6  
   Clavien–Dindo classifi cation , 300, 301  
   Clinical nodal staging , 6  
   CLM.    See  Colorectal liver metastasis (CLM) 
   CNS.    See  Central nervous system (CNS) 
   Coloanal anastomosis , 419  
   Colon adenocarcinoma , 353  
   Colon cancer 

 ACCENT studies , 372  
 asymptomatic colon cancer, screening , 356–359  
 bile acids and cholecystectomy , 356  
 capecitabine plus oxaliplatin (CapeOx) , 370  
 colon and rectal cancer (CRC) , 353  
 dietary fat , 354  
 dietary fi bers , 355  
 etiology and risk factors , 353–354  
 evaluation and staging , 359–362  
 family history and genetic predisposition , 356  
 Fearon and Vogelstein proposed genetic model , 354  
 folate and alcohol , 355  
 fruits and vegetables , 355  
 IMPACT B2 pooled analysis , 371  
 infl ammatory bowel diseases , 356  
 insulin resistance and obesity , 355  
 intergroup analysis , 371  
 laparoscopic  vs.  open colectomy , 366–367  
 metastatic disease , 375–376  
 microsatellite instability (MSI) , 372–373  
 MOSAIC trial , 368  
 multigene assays , 373–374  
 NSABP C-07 trial , 370  
 NSABP pooled analysis , 370–371  
 Ontario Cochrane meta-analysis , 371  
 oxaliplatin addition impact , 372  
 oxaliplatin to fl uoropyrimidine-based 

chemotherapy , 369  
 poor prognostic features , 375  

 presentation , 359  
 QUASAR results , 371–372  
 radiotherapy , 375  
 red meat , 354  
 screening recommendations , 358  
 SEER-medicare analysis , 371  
 smoking , 356  
 surgical management , 362–366  
 systemic therapy , 368  

   Colonoscopy , 356–357, 359  
   Colorectal Adenoma/Carcinoma Prevention Program 

(CAPP) , 483  
   Colorectal cancer (CRC) 

 aFAP , 472, 474  
 APC , 470  
 celecoxib , 472  
 chemoprevention , 471, 480–483  
 desmoids tumors , 469, 471–473  
 duodenal cancer , 472  
 endoscopic polypectomies , 472, 474  
 FAP , 468–469  
 ileorectal anastomosis (IRA) , 470  
 incidence and epidemiology , 411  
 IPAA , 469, 470  
 jejunum telescoping , 478  
 juvenile polyposis syndrome (JPS) , 478–479  
 Lynch syndrome , 463–468  
 MAP , 474–475  
 NSAID therapy , 471  
 PJS , 475–478  
 POLE-and POLD1 , 479–480  
 proctectomy , 471  
 prophylactic surgery , 469  
 small bowel obstruction , 472, 473  
 Spigelman classifi cation , 472, 474  
 TPC , 470  

   Colorectal Cancer Collaborative Group , 426  
   Colorectal carcinoids , 590, 594–595  
   Colorectal liver metastasis (CLM) 

 chemotherapy , 455  
 CT morphology , 456  
 FLR volumes , 455  
 hepatectomy , 455  
 imaging modalities , 450  
 liver resection , 449, 454  
 pathologic response , 455  
 postoperative hepatic insuffi ciency , 455  
 PVE , 455  
 radiologic response , 456  
 RAS mutations , 457  
 resectability , 450–454  

   Colorectal neoplasia , 480  
   Colostomy free survival (CFS) , 520  
   Computed tomography (CT) 

 abdominoperineal resection , 414, 415  
 cholangiocarcinoma (CCA) , 260, 261  
 colon cancer, screening , 357  
 colorectal carcinoma , 414  
 colorectal liver metastasis (CLM) , 456  
 esophageal cancer , 174–175  
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 Computed tomography (CT) (cont.) 
 gastric cancer , 197–198  
 gastrointestinal stromal tumor (GIST) , 628, 629  
 hepatocellular carcinoma (HCC) , 336  
 imaging modalities , 414–416  
 liver metastases , 414, 456  
 local excision, ESRC , 391  
 locally advanced breast cancer (LABC) , 119  
 lymph nodes , 414  
 neoadjuvant chemoradiation therapy , 414, 415  
 pancreatic cancer , 286–287  
 thyroid cancer , 541–542  

   CRC.    See  Colorectal cancer (CRC) 
   CRM.    See  Circumferential resection margin (CRM) 
   CRS.    See  Cytoreductive surgery (CRS) 
   CRT.    See  Chemoradiation therapy (CRT) 
   CT colonography (CTC) , 357  
   Cushing syndrome , 318, 321, 326, 329  
   Cutaneous melanoma, prognostic factors , 8  
   Cyclooxygenase (COX) , 481  
   Cytoreductive surgery (CRS) 

 HIPEC , 492–493  
 intraperitoneal chemotherapy , 492  
 macroscopic and microscopic diseases , 492  
 pseudomyxoma peritonei , 491, 492  
 systemic chemotherapy , 492  

   Cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) 
inhibitor , 16, 17  

    D 
  DBE.    See  Double balloon endoscopy (DBE) 
   DCIS.    See  Ductal carcinoma in situ (DCIS) 
   Delayed gastric emptying (DGE) , 300  
   Dermatofi brosarcoma protuberans (DFSP) 

 age spectrum , 37  
 follow-up , 38  
 radiation , 37–38  
 soft tissue sarcomas , 37  
 surgical considerations , 37  
 tyrosine kinase inhibitors (TKIs) , 37  
 unique chromosomal translocation , 37  

   Desmoids tumors 
 colectomy , 469  
 fi broaponeurotic tissues , 471  
 hormonal agents , 471  
 intra-abdominal , 471  
 prophylactic surgery , 469  

   DFSP.    See  Dermatofi brosarcoma protuberans (DFSP) 
   DGE.    See  Delayed gastric emptying (DGE) 
   Diagnosis 

 BRCA1 and BRCA2 in breast cancer and ovarian 
cancer , 143–145  

 breast cancer during pregnancy , 163–164  
 carcinoid tumors , 586–589  
 cholangiocarcinoma , 259–263  
 ductal carcinoma in situ , 51  
 gastric cancer , 196–200  
 gastrointestinal stromal tumor (GIST) , 629–631  
 locally advanced breast cancer (LABC) , 116–119  

 melanoma , 4  
 multiple endocrine neoplasia (MEN) syndromes , 

575–576, 579–580  
 pancreatic adenocarcinoma , 285–286  
 pheochromocytoma , 322  
 phyllodes tumors , 55  
 skin biopsy , 36  

   Diffusion-weighted imaging (DWI) , 415  
   Difl uoromethylornithine (DFMO) , 481  
   Digital rectal examination (DRE) , 356, 412  
   Distal cholangiocarcinoma , 274  
   Distal esophageal adenocarcinoma , 175  
   Distal margin , 419, 420, 435, 440, 442  
   Distal pancreatectomy and splenectomy , 293–294, 296  
   D2 lymphadenectomy 

 D1 dissection , 203  
 gastric cancer nodal stations , 203  
 gastrointestinal motility, quicker recovery , 205  
 Korean Laparoscopic Gastrointestinal Surgery Study 

(KLASS) Group , 205  
 laparoscopic gastrectomy (LG) , 204–205  
 laparoscopic subtotal gastrectomy , 205, 206  
 long-term survival advantage , 204  
 lymph node dissection and labeled them D1-4 , 203  
 modifi ed D2 dissection, intraoperative picture , 204  
 prophylactic distal pancreatectomy , 203  
 randomized Dutch trial , 204  
 total gastrectomy , 203–204  

   DNA mismatch repair gene , 373  
   Double balloon endoscopy (DBE) , 219, 230, 478  
   DRE.    See  Digital rectal examination (DRE) 
   Drug-eluting bead (DEB) chemoembolization , 345  
   Ductal carcinoma in situ (DCIS) 

 adjuvant systemic therapy , 53  
 diagnosis , 51  
 features , 56  
 inherited BRCA mutations , 50  
 pathophysiology , 50–51  
 in postmenopausal women , 50  
 risk factors , 50  
 Surveillance, Epidemiology, and End Results 

(SEER) data , 50  
 treatment , 51–53  
 Van Nuys prognostic index , 51  

   DWI.    See  Diffusion-weighted imaging (DWI) 

    E 
  Early breast cancer (EBC) 

 abnormal mammogram/ultrasound , 68, 69  
 ACOSOG Z0010 and NSABP B-32 , 78  
 ACR and SBI , 70  
 ADH , 71  
 adjuvant chemotherapy , 81–84  
 AJCC TNM Staging , 65–68  
 ALND , 75, 78–79  
 APBI   ( see  Accelerated partial breast irradiation (APBI)) 
 aromatase inhibitors, 85–86–87 
 ASCO guidelines , 89  
 axillary lymphadenopathy , 65  
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 BI-RADS , 68, 70  
 BRCA1/BRCA2 gene mutation , 70  
 breast masses , 71  
 classic mammographic abnormalities , 68, 69  
 clinical examination and radiologic imaging , 71  
 clinician’s initial assessment , 65  
 curvilinear incisions , 71, 72  
 detection and treatment , 61  
 EBCTCG , 73  
 gail model , 62–63  
 histologic subtypes , 63–65  
 injection , 77  
 and LR , 76  
 lumpectomy , 76  
 lymph node status , 75  
 MRI screening , 71  
 MRM , 75, 76  
 multidisciplinary approach , 61  
 and NAC   ( see  Neoadjuvant chemotherapy (NAC)) 
 nodal irradiation , 80–81  
 non-palpable lesions , 72  
 NSABP B-04 and NSABP B-06 trial , 73  
 NSABP B-39/RTOG 0413 , 76  
 palpable lesions , 72  
 PMRT , 81  
 preoperative ultrasound-guided biopsy , 79–80  
 prognostic indices , 89–91  
 retrospective review , 74–75  
 risk factors , 62  
 RRR and HR , 82  
 screening MRI , 70  
 sentinel lymph node biopsy  vs.  axillary dissection , 77  
 SLNBx , 77, 80  
 stage I/II , 61–62  
 subareolar injection , 78, 79  
 subtypes , 84–85  
 tamoxifen , 85–88  
 third-generation aromatase inhibitors , 87, 88  

   Early-stage rectal cancer (ESRC).    See  Local excision, 
ESRC 

   Eastern Cooperative Oncology Group (ECOG) 
 ECOG 5194, noninvasive breast cancer , 52  
 interferon, adjuvant systemic therapy , 15  
 metastatic disease , 305  
 pancreatic cancer , 290  
 peritoneal surface disease (PSD) , 493  

   EBD.    See  Extrahepatic bile duct (EBD) 
   EBRT.    See  External beam radiation therapy (EBRT) 
   Eccrine porocarcinoma (EPC) 

 immunostaining , 41–42  
 lesions , 41  
 prognostic features , 42  
 surgical considerations , 42  

   Ectopic pregnancy , 652, 654  
   EMPD.    See  Extramammary Paget’s disease (EMPD) 
   En bloc resection 

 adrenalectomy , 327  
 bowel resection , 362  
 extrahepatic bile ducts , 271  
 gallbladder cancer , 247  

 retroperitoneal sarcomas , 615  
 and tumor rupture , 424  

   Endorectal ultrasound (ERUS) 
 early-stage rectal cancer, local excision , 389–390  
 LN involvement , 394  
 rectal cancer , 430, 434  

   Endoscopic mucosal resection (EMR) , 175  
   Endoscopic retrograde cholangiopancreatography 

(ERCP) , 260, 271  
   Endoscopic ultrasound (EUS) , 174, 287, 628  
   ENETS.    See  European Neuroendocrine Tumor Society 

(ENETS) 
   EPC.    See  Eccrine porocarcinoma (EPC) 
   Epithelial cell adhesion molecule (EpCAM) , 464  
   Epithelial tumors 

 BRCA mutations , 643  
 clear cell tumors , 645  
 contralateral ovary , 644  
 cystadenocarcinoma , 643, 644  
 cystadenoma , 643  
 endometrioid tumors , 645  
 malignant tumors , 643  
 mucinous tumors , 644–645  
 oral contraception , 643  

   ERCP.    See  Endoscopic retrograde 
cholangiopancreatography (ERCP) 

   ERUS.    See  Endorectal ultrasound (ERUS) 
   Esophageal cancer 

 adenocarcinoma , 171  
 adventitia, early stage distal esophageal 

adenocarcinoma , 173  
 AJCC TNM tumor classifi cation , 172, 173  
 anatomy and pathology , 172  
 Barrett’s esophagus , 171  
 chemotherapy , 184–185  
 clinical presentation , 174  
 colonic interposition , 178  
 CT scans , 174  
 distal esophageal adenocarcinoma , 175  
 endoscopic mucosal resection (EMR) , 175  
 endoscopic ultrasound (EUS) , 174  
 esophageal mass detection , 174  
 esophageal reconstruction , 176–177  
 esophagectomy , 178  
 fi ne needle aspiration (FNA) , 174  
 French Cook-type catheter , 178  
 French PEG-style tube , 178  
 gastroesophageal refl ux disease (GERD) , 171  
 histologic variants , 171  
 immediate surgical therapy , 176  
 localized/resectable disease , 185–186  
 locally advanced gastroesophageal junction 

lesion , 174  
 lymphadenectomy , 181  
 metastatic disease , 187–188  
 minimally invasive techniques , 181  
 obesity , 171  
 PET/CT scans , 174–175  
 photodynamic therapy (PDT) , 175  
 Plummer–Vinson syndrome , 171  
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 Esophageal cancer (cont.) 
 pre-and post-treatment standardized uptake values 

(SUV) , 175  
 radiation , 182–184  
 radiofrequency ablation (RFA) , 175–176  
 reconstruction, alternate methods , 181–182  
 solid organ resections for malignancy , 176  
 survival , 172  
 techniques   ( see  Esophagectomy) 
 T-stage sensitivity , 174  

   Esophagectomy 
 transhiatal , 178–180  
 transthoracic , 180–181  

   European Neuroendocrine Tumor Society (ENETS) , 
566, 587, 588  

   European Organization for Research and Treatment of 
Cancer (EORTC) , 52, 183, 426  

   European Society for Medical Oncology (ESMO) , 
413, 432  

   EUS.    See  Endoscopic ultrasound (EUS) 
   Excisional biopsies , 4  
   Extent of lymphadenectomy , 181, 203, 295  
   External beam radiation therapy (EBRT) 

 early breast cancers , 73  
 HCC , 345  
 hepatic intraarterial chemotherapy , 277  
 locoregional metastases , 549  
 Mayo Clinic transplantation , 276  
 recurrent neck disease , 554  
 SCC , 34  
 stereotactic radiosurgery , 547  

   Extrahepatic bile duct (EBD) , 245, 246  
   Extrahepatic cholangiocarcinoma (ECC) 

 AJCC/UICC TNM system , 264, 265  
 anatomic location , 258  
 bile duct resection , 268  
 Bismuth–Corlette classifi cation , 264, 265  
 preexisting medical conditions , 259  
 staging and classifi cation systems , 264–265  

   Extramammary Paget’s disease (EMPD) , 40–41  
   Extremity sarcomas 

 chemotherapy , 612  
 deep thigh mass , 609, 610  
 EORTC , 612  
 excisional surgical biopsy , 611  
 FNA , 611  
 follow-up and surveillance , 613  
 limb perfusion , 614  
 limb-sparing resection , 611  
 local recurrence , 613  
 MFH , 610  
 National Cancer Institute , 611  
 NCCN , 609  
 radiation exposure , 610  
 radiation therapy , 612  
 standard doxorubicin-based regimens , 614  
 synchronous metastatic disease , 613  
 thigh mass , 609, 610  
 trauma , 609  
 ultrasound , 610  

    F 
  Fallopian tube 

 benign cysts , 648  
 carcinomatosis , 649  
 differential diagnosis , 641  
 malignant tumors , 649  

   Familial adenomatous polyposis (FAP) 
 autosomal-dominant , 472  
 cancer diagnosis , 472  
 β-catenin pathway , 468  
 chromosome 5q21 , 468  
 colon cancers , 358, 359, 468  
 colorectal epithelium , 469  
 genotype–phenotype , 468  
 GI tract , 469  
 tumor suppressor function , 474  

   Familial medullary thyroid cancer (FMTC) , 550, 553, 
557, 578–580  

   Familial syndromes 
 environmental and immunologic risk factors , 606  
 MEN1 , 564  
 PNETS , 564  
 VHL , 565–566  
 VRH , 566  

   FAP.    See  Familial adenomatous polyposis (FAP) 
   Fecal DNA testing , 357  
   Fecal occult blood testing (FOBT) , 356  
   Fédération Nationales des Centres de Lutte Contre le 

Cancer (FNCLCC) , 207, 209, 608  
   Federation of Gynecology and Obstetrics (FIGO) 

staging , 651  
   Fertility sparing surgery , 644, 649  
   FIGO staging.    See  Federation of Gynecology and 

Obstetrics (FIGO) staging 
   Fine needle aspiration (FNA) 

 AJCC , 544–545  
 anaplastic thyroid cancer (ATC) , 555  
 AUS/FLUS , 543  
 axillary metastasis , 97  
 benign aspiration cytology , 542  
 Bethesda system , 542  
 core biopsy , 36  
 cystic masses , 71  
 esophageal cancer , 174  
 extremity sarcomas , 611  
 follicular neoplasm/suspicious for follicular 

neoplasm , 543  
 gastrointestinal stromal tumor (GIST) , 630  
 malignancy , 543–544  
 medullary thyroid cancer , 540  
 NCCN , 8  
 nondiagnostic/unsatisfactory samples , 542  
 palpable axillary lymph nodes , 116  
 palpable lymph nodes , 32  
 retroperitoneal sarcoma (RPS) , 615  
 submucosal lesions , 630  
 surgical removal , 543  
 suspicious lesions , 164  
 Tg measurement , 547  
 thyroid cancer , 542–544  
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 thyroid lobectomy and isthmusectomy , 548  
 ultrasound guidance , 542  

   FLR.    See  Functional liver remnant (FLR) 
   Fluorescence  in situ  hybridization (FISH) , 607  
   Fluoropyrimidine 5-fl uorouracil (5-FU) 

 CFS , 520  
 cisplatin , 522  
 CRT , 520–522  
 EORTC , 520  
 neoadjuvant  vs.  adjuvant chemotherapy , 522, 523  
 rectal cancer , 431  
 toxicity , 522  
 tumor regression response , 521  

   FMTC.    See  Familial medullary thyroid cancer (FMTC) 
   FNA.    See  Fine needle aspiration (FNA) 
   Follicular thyroid cancer (FTC) 

 distant metastases , 549  
 EBRT , 549  
 HCC , 548  
 HCN , 548  
 invasive , 548  
 PTC , 551  
 surveillance , 549  
 thyroidectomy , 548  

   French Cook-type catheter , 178  
   French PEG-style tube , 178  
   FTC.    See  Follicular thyroid cancer (FTC) 
   Functional liver remnant (FLR) , 340  
   Future liver remnant (FLR) , 270, 451, 452  

    G 
  Gallbladder cancer (GBC) 

 adjuvant therapy , 248–249  
 AJCC TNM staging , 237, 239  
 cholecystectomy , 236  
 complications , 248  
 controversies management , 245–246  
 cross-sectional imaging , 244  
 cystic duct , 243  
 cystic plate , 236  
 description , 235  
 early detection/screening , 249  
 en bloc bile duct resection , 248  
 endo-GIA vascular stapler , 248  
 gallbladder polyp   ( see  Gallbladder polyp) 
 heterogeneous mass , 244  
 HPB centers , 249  
 intraperitoneal portion , 236, 237  
 Japanese nationwide survey , 240  
 jaundice , 245–246  
 Kocher maneuver , 247  
 location , 236, 237  
 management, T stage , 241, 244  
 molecular genetic studies , 250  
 mucosa appears abnormal , 244  
 NCCN guideline , 241, 244  
 palliative therapy , 249  
 patients overall survival , 241–243  
 peritoneal/hepatic lesions , 244  

 peritoneal metastases , 244, 247  
 postoperative care , 248  
 regional lymphadenectomy , 247  
 regional lymph nodes , 236, 238  
 re-resection , 240, 241  
 risk factors , 236  
 SEER program , 237  
 segment 4b and 5 liver resection , 247  
 staging laparoscopy , 244, 246–247  
 T stage , 240–241  
 T4 tumors , 245  
 in USA , 235  

   Gallbladder polyp 
 adenomyomatosis , 240  
 cholecystectomy , 238, 239  
 cholesterol polyps , 238  
 conventional US , 238–239  
 follow-up , 239  
 PSC , 238  
 size , 238  
 wall lesions , 240  
 xanthogranulomatous cholecystitis , 240  

   Gastrectomy 
 laparoscopic gastrectomy (LG) , 204  
 laparoscopic subtotal , 205, 206  
 partial , 201  
 prophylactic , 196  
 total/subtotal , 198, 201–203  
 tumor in submucosa , 200–201  

   Gastric cancer 
 adjuvant chemoradiation therapy   

( see  Adjuvant therapy) 
 AJCC/TNM staging system , 198–200  
 Blumer’s shelf , 197  
 classifi cations , 196  
 complete surgical resection , 200  
 CT scan , 197  
 diagnostic laparoscopy (DL) , 197  
 EGD picture , 196  
 endoscopic mucosal resection (EMR) , 200  
 18-fl uoro-deoxyglucose positron emission 

tomography (FDG-PET) , 197  
 gastroesophageal junction (GEJ), adenocarcinoma , 198  
 hereditary diffuse , 196  
  H. pylori  infection , 196  
 human epidermal growth factor receptor-2 (HER-2) 

overexpression , 196  
 Krukenberg’s tumor , 197  
 Lauren classifi cation , 196  
 malignant gastric neoplasms , 195–196  
 microscopic positive margin , 202  
 nonoperative staging techniques , 195  
 palliative treatment , 210  
 partial gastrectomy, Billroth II (BII) 

gastrojejunostomy reconstruction , 201  
 perioperative chemotherapy , 209–210  
 postoperative gastroparesis , 202  
 regional control , 203–205  
 Siewert classifi cation , 198, 199  
 subtotal gastrectomy , 201  
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 Gastric cancer (cont.) 
 surveillance , 211  
 total gastrectomy, Roux-En-Y esophagojejunostomy 

reconstruction , 202  
   Gastric carcinoids , 590, 592–593  
   Gastric malignancy , 628, 636  
   Gastrinoma 

 calcium gluconate , 567  
 hepatic metastases , 575  
 hyperparathyroidism , 575  
 insulinoma , 577  
 MEN1 , 565  
 menin gene , 574  
 secretin stimulation test , 564  
 surgical treatment , 593  
 tumors , 577  

   Gastroesophageal refl ux disease (GERD) , 171  
   Gastrointestinal stromal tumor (GIST) 

 abdominal imaging/endoscopy , 629  
 adjuvant therapy , 633–634  
 benign , 630  
 CD-117 , 629  
 CT , 628, 629  
 description , 224–225  
 DOG1 , 630  
 EUS , 628  
 FNA , 630  
 follow-up and surveillance , 620  
 imatinib , 226, 228, 619, 632–633  
 KIT mutations , 629  
 liver and peritoneum , 225–226  
 local resection  vs.  Whipple procedure , 226, 227  
 lymphadenectomy , 226  
 malignant behavior and recurrence , 630  
 mesenchymal tumors , 619  
 mitotic rate , 226–227  
 MRI , 629  
 myenteric plexus , 628  
 neoadjuvant imatinib , 634–635  
 operative therapy , 631–632  
 optimal posttreatment , 635  
 palpable mass/gastrointestinal bleeding , 225, 226  
 pancreaticoduodenectomy , 226, 228  
 PDGFRA , 225, 629  
 PET , 629  
 phase II and III trials , 619  
 preoperative biopsy , 619  
 sarcoma , 628  
 SCF , 629  
 segmental duodenectomy , 226, 228  
 small bowel adenocarcinoma , 225  
 small intestinal manifestations , 224  
 sunitinib malate , 635  
 surgical resection , 225–226  
 TNM , 630, 631  
 tyrosine receptor kinase mutation , 225  
 upper endoscopy , 628  

   Gastrointestinal Tumor Study Group (GITSG) , 424  
   Genetic counseling , 143–144, 146  
   Genetic testing , 145  

   Germ cell tumors 
 cystic teratoma , 645, 646  
 dermoids , 645  
 dysgerminomas , 646  
 ectoderm layer , 645  
 immature teratomas , 646–648  
 Yolk sac tumors , 646, 647  

   GIST.    See  Gastrointestinal stromal tumor (GIST) 

    H 
  Haggitt classifi cation , 392, 393  
   HCC.    See  Hepatocellular carcinoma (HCC) 
   HCN.    See  Hürthle cell neoplasms (HCN) 
   Hepatic resection 

 Child-Pugh Class A cirrhosis , 341  
 Class A, B and C cirrhosis , 339  
 FLR , 340  
 intraoperative photograph , 340, 341  
 liver remnant after resection , 340, 341  
 METAVIR scoring , 340  
 Milan Criteria , 341  
 portal vein embolization , 340  
 salvage transplantation , 341  
 scope , 340–341  
 Western and Eastern series , 341–342  

   Hepatocellular carcinoma (HCC) 
 AJCC TNM staging , 337, 338  
 BCLC system , 338–339  
 cancer mortality worldwide , 335  
 Child-Turcotte–Pugh (CTP) score , 337  
 cross-sectional imaging , 336  
 CT and MRI , 336  
 FTC , 549  
 genetic syndromes , 548  
 hepatic arterial circulation , 336  
 initial lobectomy , 548  
 lesion arising , 336, 337  
 locoregional therapy , 344–345  
 Model for End Stage Liver Disease (MELD) 

score , 337  
 non-carcinoid tumors , 596  
 resection   ( see  Hepatic resection) 
 SBRT , 345  
 serum alpha-fetoprotein (AFP) , 336  
 systemic therapy , 346  
 transplantation , 343–344  
 TSH receptors , 549  
 ultrasound , 336  

   Hepatoduodenal lymphadenectomy , 236, 237, 245, 248  
   Hepatopancreaticobiliary (HPB) centers , 249  
   Hereditary diffuse gastric cancer , 196  
   Hereditary disease 

 adrenal lesions , 326  
 cervical ultrasound , 552  
 codon-directed timing , 552  
 lymphadenopathy , 552  
 MEN2 syndrome , 551  
 MTC , 551  
 parathyroid glands , 553  
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 pheochromocytoma , 326  
 single-institution endocrine surgery center , 552  

   Hereditary nonpolyposis colorectal cancer (HNPCC) , 
358, 359, 464  

   Heritable mutations , 3–4  
   Hilar cholangiocarcinoma 

 anterior resection, spiegel lobe , 271, 272  
 Bismuth–Corlette classifi cation , 265, 271  
 Child-Turcotte–Pugh (CTP) score , 271  
 diagnosing , 271  
 Klatskin’s tumor , 270, 271, 273  
 Model for End-Stage Liver Disease (MELD) score , 271  
 nodal stations, perihilar cholangiocarcinoma , 271, 273  
 patients survival , 272, 274  
 Roux-en-y hepaticojejunostomy , 271  
 surgical resection , 271  

   HIPEC.    See  Hyperthermic intraperitoneal chemotherapy 
(HIPEC) 

   Histopathology and pathophysiology, carcinoid tumors , 
585–586  

   HIV.    See  Human immunodefi ciency virus (HIV) 
   HPB centers.    See  Hepatopancreaticobiliary (HPB) centers 
   HPV.    See  Human papillomavirus (HPV) 
   Human immunodefi ciency virus (HIV) , 516  
   Human papillomavirus (HPV) 

 AIN , 515  
 anal cancer , 515  
 anogenital carcinoma , 516  
 cell-mediated immunity , 516  
 immune response , 515  
 normal tissue trauma , 515  
 sexual behavior , 516  

   Hürthle cell neoplasms (HCN) , 543, 548  
   Hyperparathyroidism , 550, 551, 553, 565, 573, 575–578, 

580, 582  
   Hyperplastic polyps , 359  
   Hyperthermic intraperitoneal chemotherapy (HIPEC) 

 complete cytoreduction , 492, 499  
 CRC , 501  
 gastric cancer , 501, 502  
 mesothelioma , 502–503  
 morbidity , 499  
 mortality , 500  
 ovarian cancer , 501–502  
 PMP , 500–501  
 primary tumor , 500  
 PSD   ( see  Peritoneal surface disease (PSD)) 
 quality of life , 503–504  
 sarcomatosis , 503  

    I 
  Ileal pouch-anal anastomosis (IPAA) , 477  
   ILP.    See  Isolated limb perfusion (ILP) 
   IMA.    See  Inferior mesenteric artery (IMA) 
   Imaging modalities 

 colorectal carcinoma , 417  
 colostomy , 413  
 CT , 414–415  
 local excision , 418  

 MRI , 415–416  
 mucinous tumors , 417  
 pathologic staging , 417  
 PET/CT , 416  
 T1 and T2 lesion , 413  
 TNM staging , 417  
 TRUS , 416  

   Imatinib mesylate 
 KIT tyrosine kinase , 632  
 metastasectomy , 633  
 NCCN , 633  
 PFS , 633  

   Immunohistochemical stainings, melanoma , 4  
   Immunotherapy and targeted therapy , 8  
   IMPACT B2 pooled analysis , 371  
   IMRT.    See  Intensity modulated radiation 

therapy (IMRT) 
   iNETs.    See  Intestinal neuroendocrine tumors (iNETs) 
   Inferior mesenteric artery (IMA) , 419  
   Inferior mesenteric vein (IMV) , 421  
   Infl ammatory bowel disease (IBD) , 259, 517  
   Infl ammatory breast cancer (IBC) 

 in African–American women , 115  
 breast abscess , 114, 116  
 clinical signs , 133  
 diagnosis , 114  
 HER-2 overexpression , 127  
 mammogram , 117  
 neoadjuvant studies , 94  
 nipple retraction , 114  
 and non-IBC LABC , 114–117  
 pathognomonic fi nding , 133  
 primary and secondary , 115  
 retrospective analysis , 124  
 skin-sparing mastectomy , 120  
 trastuzumab and pertuzumab , 94  

   Initial lymphadenectomy 
 advanced melanoma with satellite lesions , 14  
 Groin lymph node dissection , 13  
 NCCN guidelines , 12  
 overall survival (OS) rates , 12–14  

   Insulinoma 
 hypoglycemia , 564  
 MEN1 , 565  
 PNETs , 567  
 profound hypoglycemia , 575  
 symptomatic control , 577  

   Intensity modulated radiation therapy (IMRT) 
 CRT , 524–525  
 OAR , 525  
 skin toxicity , 525  

   Interferon 
 alfa-2b , 15–16  
 E1684 , 15  
 Eastern Cooperative Oncology Group (ECOG) 

trials , 15  
 IFN-α , 15–16, 591, 592  
 PET scan, patient with widely metastatic 

melanoma , 15  
 systemic cytotoxic chemotherapy , 14  
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   The International Study Group of Pancreatic Fistula 
(ISGPF) 

 DGE , 300  
 POPF , 298, 299  

   International Union Against Cancer (UICC) , 221, 289, 
587, 588  

 distal bile duct , 265  
 ECC , 264  
 GIST , 630  
 ICC , 263  

   Intersphincteric resection , 384, 419  
   Intestinal neuroendocrine tumors (iNETs) 

 carcinoid syndrome , 220–221  
 characteristics , 218, 219  
 enterochromaffi n cells , 219  
 24 hour urine collection , 221  
 intra-abdominal mesenteric-based mass , 

219, 220  
 LAR and CLARINET trial , 221  
 medical treatment options , 221  
 octreotide scintigraphy avidity , 222  
 PROMID study , 221  
 somatostatin and somatostatin , 220  
 surgical resection , 221, 222  

   Intrahepatic cholangiocarcinoma (ICC) 
 adenocarcinoma , 262  
 anatomic location , 258  
 defi nition , 257–258  
 hepatic resection , 268  
 incidence, US and UK , 258  
 liver segmental anatomy , 266, 267  
 outcomes after resection , 266, 267  
 patients survival , 269  
 peritumoral biliary dilatation. , 260  
 preexisting medical conditions , 259  
 satellite lesions , 268  
 staging and classifi cation systems , 

263–264  
 surgical management , 266  
 vascular resection , 268, 269  

   Intraperitoneal chemotherapy.    See  Hyperthermic 
intraperitoneal chemotherapy (HIPEC) 

   INT 0116 trial , 208  
   Invasive lobular carcinoma (ILC) , 96  
   Ipilimumab , 16  
   ISGPF.    See  The International Study Group of Pancreatic 

Fistula (ISGPF) 
   Isolated limb perfusion (ILP) , 18–19  

    J 
  Jejunoileal carcinoids , 593–594  
   Juvenile polyposis syndrome (JPS) 

 BMP , 478  
 Cowden disease , 478  
 edematous lamina , 479  
 gastric cancer , 478–479  
 GI , 479  
 MLPA , 478  
 Smad4 , 478  

    K 
  Karnofsky Performance Status (KPS) scale , 290  
   Kikuchi classifi cation , 392, 393  
   Kinetic growth rate (KGR) , 451  
   KIT 

 exon mutations , 634  
 imatinib mesylate , 632  
 interstitial cells , 629  
 PDGFRA , 629  
 tyrosine kinase , 629  

   Klatskin’s tumor , 261, 270, 273  
   KPS scale.    See  Karnofsky Performance Status (KPS) scale 

    L 
  Laparoscopic colectomy (LC) 

 CLASICC trial , 366  
 COLOR trial , 366  
 oncologic outcomes , 366  
 overall survival (OS) equivalent , 366  
 robotic surgery , 366  
 trials , 367  

   Laparoscopic proctectomy (LP) 
 colectomy , 435  
 oncologic outcomes , 435  
 open rectal surgery , 435, 436  
 TME , 435  

   LCIS.    See  Lobular carcinoma in situ (LCIS) 
   LDLT.    See  Living donor liver transplantation (LDLT) 
   Liver resection 

 cardiopulmonary complications , 248  
 Couinaud’s anatomic/segmental divisions , 267  
 GBC , 245  
 ICC , 266  
 immunohistochemical study , 237  
 T1b patients, survival , 241  

   Liver transplantation , 275–276  
   Living donor liver transplantation (LDLT) , 343–344  
   Lobular carcinoma in situ (LCIS) 

 chemoprevention , 54  
 features , 56  
 pathophysiology , 53  
 pleomorphic LCIS , 54  
 SEER database reports , 53  
 treatment , 53  

   Local disease , 426, 432, 438, 527, 568–569, 596  
   Local excision, ESRC 

 angiolymphatic invasion , 392  
 candidates (patient/tumor) , 394–396  
 criteria , 385  
 CT scan , 391  
 endorectal ultrasound (ERUS) , 389–390  
 grade , 392  
 Haggitt classifi cation , 392, 393  
 histologic classifi cation , 391  
 histopathological features , 391  
 host lymphoid response to tumor , 394  
 invasive adenocarcinoma , 384  
 Kikuchi levels , 393  
 LN involvement , 394  
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 magnetic resonance imaging (MRI) , 390–391  
 neural invasion , 394  
 overall survival (OS) rate , 385  
 PET scan , 391  
 posterior approach , 385  
 rectal adenocarcinomas , 385, 388–389  
 Robotic-TEM , 388, 389  
 salvage surgery outcomes, recurrence , 400–401  
 surgical treatment evolution , 383–384  
 TAMIS , 388  
 TEM   ( see  transanal endoscopic microsurgery (TEM)) 
 TLE   ( see  transanal local excision (TLE)) 
 transanal excision , 385  
 transanal local excision and adjuvant therapy , 397  
 tumor budding , 394  
 tumor invasion, depth , 392  
 tumor type , 391  

   Localized/resectable disease , 185–186  
   Locally advanced breast cancer (LABC) 

 AJCC , 119  
 Caucasian woman, noninfl ammatory , 116, 117  
 core needle biopsy , 116  
 description , 113  
 F-FDG PET scan , 119  
 hematoxylin and eosin stain , 118  
 and IBC , 113, 114  
 left breast heaviness , 116, 118  
 mammogram , 116, 117  
 NCCN guidelines , 119  
 non-IBC LABC , 114–116  
 PET/CT scan , 119  
 stage III/IV , 113  

   Local recurrences (LR) 
 abdominosacral resection , 438  
 colonoscopy , 438  
 pelvic exenteration , 438  
 recurrent rectal cancer , 437–438  

   Local therapies for recurrent disease , 19  
   Locoregional control , 8  
   Locoregional disease , 20, 36, 302, 547, 550, 554, 556  
   Locoregional therapy 

 chemical ablation , 344  
 embolization therapies , 344–345  
 microwave ablation , 344  
 radioembolization , 345  
 radiofrequency ablation (RFA) , 344  

   LP.    See  Laparoscopic proctectomy (LP) 
   LR.    See  Local recurrences (LR) 
   Lymph node dissection 

 adjuvant radiation therapy , 14  
 initial lymphadenectomy , 12–14  
 oligometastatic stage IV disease , 14  
 radical lymphadenectomy , 270  
 rectum , 423  

   Lymph nodes (LN) , 514  
   Lymphoma , 228–229  
   Lynch syndrome 

 Amsterdam II criteria , 465, 466  
 BRAF mutations , 466  
 colonoscopy , 467  

 DNA polymerase , 464, 465  
 EpCAM , 464  
 extracolonic cancers , 466–468  
 germline mutations , 466–467  
 HNPCC , 464  
 immunohistochemistry , 464  
 MMR genes , 464, 465  
 MSI , 464, 465  
 prophylactic surgical options , 467  
 segmental colectomy , 467  
 urinary tract malignancy , 467  

    M 
  Magnetic resonance imaging (MRI) 

 abdominal/pelvic CT , 40  
 alternate imaging modality , 287, 319  
 colorectal cancer , 416  
 computed topography , 219  
 CRM , 415  
 DWI , 415  
 endorectal coils , 415  
 HCC lesion , 336  
 high false-negative detection rate , 128  
 mammography , 70  
 metastatic workup and surveillance , 8  
 muscularis propria , 415, 416  
 non-IBC LABC , 116  
 preoperative , 70–71  
 preoperative breast , 150  
 RDOG study , 415  
 recommendations , 71  
 screening , 70  

   Male breast cancer , 99  
   Malignant fi brous histiocytoma (MFH) , 606, 607  
   Malignant melanoma , 230, 231  
   Malignant polyps , 392  
   Mammalian target of rapamycin (mTOR) , 127, 221, 569, 

591, 592  
   Margins 

 intermediate-thickness melanoma , 9  
 recommended , 9  
 sentinel lymph node biopsy, indications , 9  
 thick melanoma , 9–10  
 thin melanoma , 8–9  

   Medical Research Council Adjuvant Gastric Infusional 
Chemotherapy (MAGIC) trial , 183–184, 207, 
209, 210  

   Medullary thyroid cancer (MTC) 
 calcitonin , 553–554  
 hereditary disease , 551–553  
 levothyroxine , 553  
 MEN2a/MEN2b , 550  
 metastases , 554  
 neck , 554  
 parafollicular C cells , 549  
 pheochromocytoma , 577  
 pheochromocytoma/parathyroid dysfunction , 579  
 primary C-cell hyperplasia , 580  
 radioactive iodine ablation , 578  
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 Medullary thyroid cancer (MTC) (cont.) 
 RET , 550  
 serum calcitonin and CEA level , 540  
 sporadic , 550–551  
 systemic chemotherapy , 554  
 thyroid malignancy , 578  
 vandetanib , 555  
 washout fl uid , 553  

   Melanoma 
 ABCDE features, diagnosis , 4  
 adjuvant systemic therapy , 14–16  
 amelanotic melanoma , 5  
 anal melanoma , 20  
 back, back of upper arms, neck, and scalp (BANS) , 5  
 BRAF and MEK inhibition , 16, 18  
 Clark’s level , 6  
 clinical nodal staging , 6  
 cutaneous melanoma, prognostic factors , 8  
 education and early diagnosis , 3  
 immunotherapy and targeted therapy , 8  
 incidence of ulceration , 5  
 ipilimumab , 16  
 local therapies for recurrent disease , 19  
 locoregional control , 8  
 lymph node dissection, completion , 12–14  
 management , 4  
 margins , 8–10  
 mitotic rate , 5–6  
 non-cutaneous melanomas , 20  
 PET/CT with brain MRI , 8  
 photomicrograph showing sheets , 5  
 regional chemotherapy , 18–19  
 regional lymph nodes , 10–11  
 risk factors , 3–4  
 serum lactate dehydrogenase (LDH) level , 6  
 TNM staging for cutaneous melanoma , 7–8  
 tumor depth , 4  
 tumor thickness and ulceration, on survival , 7  
 vulvar melanoma , 20  
 wide local excision , 6  

   MEN1.    See  Multiple endocrine neoplasia type 1 (MEN1) 
   MEN2.    See  Multiple endocrine neoplasia type 2 (MEN 2) 
   Menin , 564, 574  
   Merkel cell carcinoma (MCC) 

 adjuvant radiation , 36  
 AJCC lists site-specifi c prognostic factors , 35  
 chronic lymphocytic leukemia (CLL) , 34–35  
 erythematous nodule , 35  
 follow-up , 36–37  
 histologic patterns , 35  
 HIV patients , 34  
 incidence rates , 34  
 Merkel cell polyomavirus (MCV) , 34  
 pathogenesis , 34  
 punch biopsy , 35  
 solid organ transplant recipients , 34  
 surgical considerations , 36  
 TROG , 36  

   Mesorectal excision 
 chemoradiotherapy , 420, 421  

 fascia , 420, 422  
 hypogastric nerve , 420, 422  
 TME , 420, 422  
 T3N0M0 disease , 420, 421  

   Metastatic disease 
 cancer-specifi c deaths , 525  
 chemotherapeutic regimens , 187  
 ECOG , 305  
 esophageal cancer , 187–188  
 5-FU , 187  
 GBC , 244  
 GEJ , 187  
 G1/G2 tumor grade , 596  
 IVC ATC , 556  
 liver resection , 595  
 liver transplantation , 595  
 locoregional control , 556  
 lymph nodes , 551  
 melanoma , 236  
 mitotane , 327  
 mTOR , 569  
 multidisciplinary approach , 570  
 occult nodal , 33  
 pancreatic adenocarcinoma , 305  
 pancreatic cancer , 305  
 panitumumab , 224  
 PET , 243  
 primary colon cancer , 376  
 rectal cancer , 375  
 retroperitoneal sarcomas , 617  
 small bowel , 230  
 somatostatin injections , 569  
 Southwest Oncology group , 188  
 systemic therapy , 187  

   Metastatic melanoma 
 ipilimumab , 16  
 PET scan , 15  
 small bowel obstruction , 230, 231  

   Metastatic Pancreatic Adenocarcinoma Clinical Trial 
(MPACT) study , 305  

   Microsatellite instability (MSI) , 372–373, 464, 465  
   Microwave ablation , 344  
   MIE.    See  Minimally invasive esophagectomy (MIE) 
   Milan Criteria , 341, 343  
   Minimally invasive esophagectomy (MIE) , 181  
   Minimally invasive techniques , 181  
   Mismatch repair (MMR) 

 CRCs , 466  
 endometrial cancer , 464  
 Lynch syndrome , 464, 483  
 MSI , 464  

   Mitomycin C (MMC) 
 capecitabine , 523  
 5-FU , 520–523  

   Mitotic rate, melanoma , 5–6  
   MLPA.    See  Multiplex ligation-dependent probe 

amplifi cation (MLPA) 
   MMR.    See  Mismatch repair (MMR) 
   Morphologic response , 456, 458  
   MOSAIC trial , 368  
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   MPACT study.    See  Metastatic Pancreatic 
Adenocarcinoma Clinical Trial (MPACT) 
study 

   MRI.    See  Magnetic resonance imaging (MRI) 
   MSI.    See  Microsatellite instability (MSI) 
   MTC.    See  Medullary thyroid cancer (MTC) 
   mTOR.    See  Mammalian target of rapamycin (mTOR) 
   Multicenter Selective Lymphadenectomy Trial (MSLT- 1) , 

10, 12  
   Multigene assays , 373–374  
   Multimodality treatment 

 adjuvant chemotherapy , 120  
 algorithm , 120, 121  
 Bevacizumab , 127  
 cCR and pCR , 120–123  
 chemotherapy and radiation , 307  
 concomitant HER-2-targeted therapy , 120  
 dual inhibition, HER-2 receptors , 127  
 HER-2 target-specifi c agents , 126–127  
 molecular subtypes , 131–132  
 NAC , 123–124  
 neoadjuvant chemotherapy , 127–128  
 NET , 124–126  
 phase three clinical trials , 120  
 postmastectomy radiation therapy , 130–131  
 prognostic factors , 132  
 radiation , 120  
 single modality , 113, 114  
 SLNBx , 130  
 surgery , 128–130  

   Multiple endocrine neoplasia (MEN) syndromes 
 hormone-secreting organs , 573  
 MEN1 , 573–577  
 MEN2 , 577–582  

   Multiple endocrine neoplasia type 1 (MEN1) 
 autosomal dominant syndrome , 564  
 clinical presentation , 574–575  

 conditions and symptoms , 574, 575  
 insulinomas , 575  
 NME , 575  
 PHPT , 574  
 pituitary tumors , 575  

 diagnosis and screening , 575–576  
 endocrine tumors , 575  
 epidemiology , 573  
 gastrinoma , 565  
 genetics , 574  
 hyperparathyroidism , 576  
 pituitary neoplasms , 577  
 PNET , 577  
 screening recommendations , 576  
 true surgical cures , 576  
 type 2 gastric carcinoid lesions , 593  

   Multiple endocrine neoplasia type 2 (MEN 2) 
 albumin-corrected calcium , 580  
 diarrhea , 579  
 FMTC , 579  
 genetics , 578  
 MEN 2A , 578–579  
 MEN 2B , 579  

 MTC , 577  
 parafollicular C cells , 578  
 pheochromocytoma , 580  
 prophylactic thyroidectomy guidelines , 580–582  

   Multiplex ligation-dependent probe amplifi cation 
(MLPA) , 478  

   MYH associated polyposis (MAP) 
 aFAP , 475  
 base excision repair , 474  
 biallelic mutations , 474  
 extracolonic lesions , 475  
 gastrointestinal tract screening , 475  
 glycosylase protein , 475  
 MUTYH gene , 475  

    N 
  National Comprehensive Cancer Network (NCCN) 

 colorectal , 423  
 esophageal cancer , 176  
 fi ne-needle aspiration biopsy , 8  
 GBC , 244  
 gemcitabine and cisplatin , 249  
 genetic breast cancer risk , 143  
 guidelines , 8, 33  
 LCIS , 54  
 lymph node-negative tumors , 93  
 metastatic pancreatic , 305  
 multidisciplinary team , 609  
 pancreatic tumors , 289, 290  
 preoperative therapy , 208  

   National Surgical Adjuvant Breast and Bowel Project 
(NSABP) , 424  

   National Surgical Adjuvant Breast and Bowel Project 
Protocol B , 52  

   NCCN.    See  National Comprehensive Cancer Network 
(NCCN) 

   Necrolytic migratory erythema (NME) , 575  
   Neoadjuvant chemoradiation therapy 

 APR , 428  
 Cochrane meta-analysis , 426  
 EORTC , 426  
 ERUS , 430  
 lymph nodes , 430  
 resectable rectal cancer , 426–428  
 sphincter-sparing surgery , 429  
 TME , 428  
 T3N0 disease , 430  
 trial selection , 428, 429  

   Neoadjuvant chemotherapy (NAC) 
 adjuvant therapy , 209  
 angiosarcomas (AS) , 40  
 anthracycline-containing regimen , 124  
 BCT rate , 93  
 dose-dense , 124  
 downsizing and downstaging , 123  
 GEJ tumors , 183  
 IBC and LABC , 125  
 locoregional control , 123  
 monitoring response , 127–128  
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 Neoadjuvant chemotherapy (NAC) (cont.) 
 multimodality treatment , 127–128  
 negative LNs , 122  
 neoCRT , 274  
 in node-positive breast cancer , 80  
 non-IBC LABC patients , 124  
 NSABP B-18 , 93  
 pCR , 93  
 phase III trial , 94, 185  
 PMRT , 122  
 rectal cancer , 415  
 retrospective analysis , 124  
 sentinel lymph node biopsy (SLNB) , 130  
 SLNBx , 80, 130  
 surgical complications and drug resistance , 123  
 target-specifi c , 94–96  

   Neoadjuvant concurrent chemoradiation , 175–176, 
182–183  

   Neoadjuvant therapy 
 biopsy and , 630  
 capecitabine (Xelodar) , 431, 433  
 chemoradiotherapy , 426–430  
 EORTC , 432  
 esophageal cancer , 185  
 fl uoropyrimidine 5-FU , 431  
 GITSG , 424  
 induction chemotherapy , 434  
 leucovorin , 432  
 LR , 424  
 micrometastatic disease , 432  
 oxaliplatin , 432–433  
 pancreatic cancer , 302–304  
 pelvic recurrence , 424  
 preoperative radiation therapy , 424, 426  
 pT3N0 tumors , 432  
 rectal adenocarcinoma , 424, 425  
 resectable rectal cancer , 432, 433  
 SCRT , 430–431  
 TME , 426  

   NET.    See  Neuroendocrine tumor (NET) 
   Neuroendocrine tumor (NET) 

 gallbladder , 236  
 indolent growth pattern , 220  
 lymphadenectomy , 221  
 medullary thyroid cancer , 557  
 MTC , 554  
 octreotide scintigraphy , 587  
 pancreas , 219  
 pheochromocytoma and paraganglioma , 322  
 polyamines , 575  
 somatostatin receptors , 220  

   Nigro protocol , 520, 526, 527  
   NME.    See  Necrolytic migratory erythema (NME) 
   Non-cutaneous melanomas , 20  
   Non-IBC locally advanced breast cancer 

(Non-IBC LABC) 
 and BCT , 120  
 induction chemotherapy , 116  
 infl ammatory recurrence , 115  
 ipsilateral internal mammary nodes , 114  

 patients pictures , 115  
 risk, death , 116  
 skin/chest wall , 114  
 treatment , 134  

   Noninvasive breast cancer 
 ductal carcinoma in situ (DCIS) , 51–53, 56  
 lobular carcinoma in situ (LCIS) , 53–54, 56  
 phyllodes tumors , 54–55  

   Nonmelanoma skin cancers 
 angiosarcomas (AS) , 38–40  
 BCC   ( see  Basal cell carcinomas (BCC)) 
 DFSP   ( see  Dermatofi brosarcoma protuberans (DFSP)) 
 eccrine porocarcinoma (EPC) , 41–43  
 merkel cell carcinoma (MCC) , 34–37  
 Paget’s disease , 40–41  
 squamous cell carcinoma , 30–34  

   Nonsteroidal anti-infl ammatory drugs (NSAIDs) 
 colorectal neoplasia , 480  
 COX , 481  
 desmoid tumors , 471  
 duodenal polyposis , 472  
 sulindac and indomethacin , 471  

   NSABP B-17 , 52  
   NSABP B-24 , 52  
   NSABP C-07 trial , 370  
   NSABP pooled analysis , 370–371  
   NSAIDs.    See  Nonsteroidal anti-infl ammatory drugs 

(NSAIDs) 

    O 
  Octreotide 

 carcinoid tumor , 592  
 LAR , 591  
 neuroendocrine tumors , 220  
 pancreaticoduodenectomy , 299  
 radiopharmaceutical distribution , 587  
 scintigraphy , 222  

   Oligometastatic stage IV disease , 14  
   Ontario Cochrane meta-analysis , 371  
   Operable breast cancer 

 bilateral oophorectomy , 85–86  
 meta-analysis , 83  
 trastuzumab , 92  

   Organ at risk (OAR) , 525  
   Ovarian malignancy 

 germ cell tumors , 653  
 surgical staging , 652  

   Ovarian neoplasms 
 conservative management , 650  
 dysgerminoma , 650  
 epithelial tumors , 643  
 fallopian tube , 648–649  
 germ cell tumors , 645–648  
 lymphadenectomy , 650  
 metastatic disease , 642  
 peritoneal surface tumors , 648–649  
 sex cord-stromal tumors , 647–648  
 tumor markers , 649  
 WHO , 642  
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   Ovary.    See  Ovarian neoplasms 
   Oxaliplatin 

 addition impact , 372  
 fl uoropyrimidine-based chemotherapy , 369  

    P 
  Paget’s disease 

 breast , 98–99  
 breast carcinoma , 40  
 combination chemotherapy , 41  
 EMPD , 40–41  
 FDG-PET , 41  
 follow-up , 41  
 infectious dermatitis , 40  
 nonsurgical modalities , 41  
 punch biopsies , 40  
 radiation therapy , 41  
 surgical considerations , 41  

   Pancreatic cancer 
 adjuvant therapy , 304–305  
 biliary drainage/stenting , 295  
 chemoradiation , 291, 300, 301  
 “classic”  vs.  pylorus-sparing Whipple procedure , 293  
 clinical trials 

 adjuvant treatment , 305  
 MPACT study , 305  
 randomized phase 3 trials , 300, 301  

 computed tomography (CT scan) , 286–287  
 diagnosis , 285–286  
 distal pancreatectomy and splenectomy , 293–294, 296  
 ductal adenocarcinoma , 283  
 ECOG/Zubrod scale , 290  
 endoscopic retrograde cholangiopancreatography 

(ERCP) , 287  
 endoscopic ultrasound (EUS) , 287  
 etiology , 284  
 EUS guided biopsy , 291  
 extended lymphadenectomy , 295  
 follow-up , 306  
 guideline-directed care , 289  
 histopathology , 285, 286  
 intraepithelial neoplasias/PanINs , 284–285  
 KPS scale , 290  
 magnetic resonance imaging (MRI) , 287  
 metastatic disease , 305–306  
 neoadjuvant therapy , 291, 302–304  
 palliative care , 306–307  
 pancreaticoduodenectomy/Whipple procedure , 

293, 294  
 POPF   ( see  Postoperative pancreatic fi stulas (POPF)) 
 positron emission tomography (PET) , 288–289  
 PV reconstruction , 295, 297  
 resectable tumors , 291–292  
 selection, surgical candidates , 289  
 staging , 289, 290  
 surgical resection , 291–293  
 Surveillance Epidemiology and End Results (SEER) 

database , 284  
 total pancreatectomy , 293, 295  

   Pancreatic intraepithelial neoplasias (PanINs) , 
284–285, 307  

   Pancreatic neuroendocrine tumors (PNETs) 
 biochemical and clinical manifestation , 564, 565  
 chromogranin A levels , 587  
 classifi cation/stage , 566  
 familial syndromes , 564–566  
 functional tumors , 563  
 gastrinoma triangle , 564, 566, 577  
 heterogenous group , 563  
 hypersecrete glucagons , 564  
 local disease , 568–569  
 medical therapy , 577  
 MEN 1 , 575  
 metastatic disease , 569–570  
 mTOR , 592  
 primary fashions , 564  
 resectable  vs.  unresectable disease 

 decision tree , 567, 568  
 multidisciplinary approach , 566  
 radiologic imaging and operative photograph , 

567, 568  
 somatostatin receptors , 568  
 SRS , 567  

 secretin stimulation test , 564  
   Pancreaticoduodenectomy , 293, 294  
   PanINs.    See  Pancreatic intraepithelial neoplasias 

(PanINs) 
   Papillary thyroid cancer (PTC) 

 anti-Tg antibodie , 547  
 cytotoxic chemotherapy , 547–548  
 doxorubicin , 549  
 EBRT/CNS , 547  
 locoregional lymph nodes , 551  
 lymph node , 545  
 macroscopic local recurrences , 549  
 nodal disease , 545  
 prophylactic dissection , 545  
 radiation exposure , 548  
 RAI ablation/rhTSH , 546  
 remnant tissue , 546  
 SEER , 544–545  
 surveillance , 546  
 thyroglobulin , 546  
 WBS , 547  

   Paraganglioma , 322–324  
   Pathologic complete response (pCR) 

 anthracycline , 123  
 breast tumor and axillary nodes , 93  
 and cCR , 120–123  
 clinical trials , 93  
 LABC , 122  
 neoCRT , 432  
 prognostic marker , 122  
 resectable rectal cancer , 437  
 surrogate marker , 94  
 trastuzumab and lapatinib , 127  

   Pathologic response , 453, 455–458  
   PBSO.    See  Prophylactic bilateral salpingo-oophorectomy 

(PBSO) 
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   PDGFRA.    See  Platelet-derived growth factor 
receptor- alpha (PDGFRA) 

   PDGFRs.    See  Platelet-derived growth factor receptor 
(PDGFR) 

   PDT.    See  Photodynamic therapy (PDT) 
   PEI.    See  Percutaneous ethanol injection (PEI) 
   Percutaneous ethanol injection (PEI) , 344, 345  
   Perihilar cholangiocarcinoma 

 diagnosis , 260  
 nodal stations , 273  
 surgical management , 271  

   Peri-operative therapy, gastric cancer , 209–210  
   Peritoneal surface disease (PSD) 

 abdominal technique , 497, 499  
 carcinomatosis index , 494, 495  
 chemotherapy , 496  
 coliseum , 497  
 cytoreduction , 495–496  
 diagnostic laparoscopy , 494  
 ECOG , 493  
 grading resection , 496  
 hyperthermia , 497  
 lateral liver and porta hepatis , 494  
 locoregional recurrence , 493  
 malnutrition , 493  
 modalities , 497, 498  
 morbidity , 493  
 MRI , 494  
 organ dysfunction , 493  
 ostomies and anastomoses , 499  
 perfusion , 498, 499  
 PET , 494  
 PMP , 493  
 preoperative imaging , 494  
 solid organ involvement , 494  
 urology consultation , 495  

   PET.    See  Positron emission tomography (PET) 
   Peutz Jeghers syndrome (PJS) 

 ADM , 477  
 AMPK , 476  
 GI tract , 477  
 hamartomas , 477  
 Human Genome Organization , 476  
 LKB1 , 476  
 malignant transformations , 475  
 MLPA , 476  
 mucocutaneous melanin , 476–477  
 muscularis mucosa , 477  
 nasopharyngeal carcinoma , 47  

   Pheochromocytoma 
 biochemical diagnosis , 322  
 clinically silent , 330  
 clinical presentation , 322  
 extra-adrenal site , 322, 324  
 hereditary, malignant and bilateral , 322–324  
 intraoperative management , 324–325  
 Italian retrospective multicenter study , 320  
 “Zellballen” architectural pattern , 319  

   Photodynamic therapy (PDT) 
 oxygen-free radicals, generation , 275  

 Basal cell carcinomas (BCC) , 29  
 esophageal cancer , 175  
 squamous cell carcinoma (SCC) , 33–34  

   PHPT.    See  Primary hyperparathyroidism (PHPT) 
   Phyllodes tumors 

 adjuvant therapy , 55  
 description , 54–55  
 diagnosis , 55  
 pathophysiology , 55  
 surgical treatment , 55  

   PJS.    See  Peutz Jeghers syndrome (PJS) 
   Platelet-derived growth factor receptor (PDGFR) , 346, 569  
   Platelet-derived growth factor receptor-alpha (PDGFRA) 

 imatinib and sunitinib , 635  
 KIT mutation , 629  
 mutation , 225  
 tyrosine kinase , 629  

   Plummer–Vinson syndrome , 171  
   PMP.    See  Pseudomyxoma peritonei (PMP) 
   PNETs.    See  Pancreatic neuroendocrine tumors (PNETs) 
   Portal vein embolization (PVE) , 270  

 FLR , 452  
 KGR , 451  
 liver parenchyma , 452  

   Portal vein (PV) reconstruction , 295, 297  
   Positron emission tomography (PET) , 416  
   Postmastectomy radiation therapy (PMRT) 

 and CMF , 130  
 LRF patients , 130  
 LRR rate , 81  
 molecular subtypes , 131–132  
 radical mastectomy , 130  
 randomized trials , 131  
 systemic therapy , 130  
 T1-2 and limited nodal disease , 81  

   Postoperative pancreatic fi stulas (POPF) 
 Clavien–Dindo classifi cation , 300, 301  
 DGE , 300  
 intraoperative drain placement , 300  
 ISGPF , 298, 299  
 pancreatic stump , 297  
 prophylactic somatostatin , 299  
 risk factors , 298  
 trans-anastomotic pancreatic duct stenting , 299–300  

   Pregnancy, breast cancer during 
 background/epidemiology , 163  
 biopsy , 164–165  
 imaging , 163–164  
 management algorithm , 164  
 radiation , 165  
 surgery , 165  
 systemic therapy , 166  
 termination of pregnancy , 166  

   Preoperative radiation therapy , 424, 426  
   Prevention and Observation of Surgical Endpoints 

(PROSE) study , 147  
   Primary hyperparathyroidism (PHPT) , 553, 574, 

575, 579  
   Primary sclerosing cholangitis (PSC) , 238, 259, 260  
   Progression-free survival (PFS) , 633  
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   Prophylactic bilateral salpingo-oophorectomy (PBSO) , 
147, 151–154  

   Prophylactic mastectomy , 154–155  
 BRCA1 and BRCA2 carriers , 148  
 impact , 149, 150  
 PBSO , 151–154  
 in women with invasive breast cancer , 150–151  

   Prophylactic somatostatin , 299  
   Prophylactic surgery, breast and ovarian cancers 

 contralateral prophylactic mastectomy , 150–151  
 impact , 149, 150  
 mastectomy , 147  
 PBSO , 147, 151–154  
 PROSE study , 147  
 psychological and quality of life concerns , 149  

   Prophylactic thyroidectomy 
 calcitonin , 580  
 hyperparathyroidism , 582  
 MEN 1 and diffuse symptomatic gastrinomas , 580, 581  
 MTC , 580  
 mutation identifi cation , 580  
 neck dissection , 580, 581  
 penetrance and treatment , 582  
 pheochromocytomas , 582  
 RET , 551  

   PROSE study.    See  Prevention and Observation of 
Surgical Endpoints (PROSE) study 

   PSC.    See  Primary sclerosing cholangitis (PSC) 
   PSD.    See  Peritoneal surface disease (PSD) 
   Pseudomyxoma peritonei (PMP) , 500–501  
   PTC.    See  Papillary thyroid cancer (PTC) 
   PVE.    See  Portal vein embolization (PVE) 
   PV reconstruction.    See  Portal vein (PV) reconstruction 

    R 
  Radiation Therapy Oncology Group (RTOG) , 182  

 RTOG 9207 , 182–183  
   Radioactive iodine ablation (RAI ablation) , 546–549, 

553, 557  
   Radiofrequency ablation (RFA) , 344  
   Radiology Diagnostic Oncology Group (RDOG) , 415  
   Radiotherapy 

 breast cancer during pregnancy , 165  
   RAI ablation.    See  Radioactive iodine ablation 

(RAI ablation) 
   RAS mutation , 457, 458  
   Rearranged during transfection (RET) 

 chromosome , 550  
 MTC , 551  
 neural crest-derived tissues , 578  
 pheochromocytoma , 580  
 PHPT , 579  
 prophylactic thyroidectomy , 551  
 proto-oncogene , 578  
 somatic mutations , 324  

   Recombinant human TSH (rhTSH) , 546, 547, 549  
   Rectal adenocarcinoma , 411, 412, 420, 424, 425  
   Rectal cancer 

 abdominoperineal resection , 412, 413  

 anal sphincter complex , 412, 413  
 circumferential margin , 420  
 coloanal anastomosis , 419  
 colonoscopy , 413  
 CRC , 411  
 CRM , 420  
 DRE , 412  
 en bloc resection , 424  
 ESMO , 413  
 Hodgkin’s lymphoma , 412  
 Houston valves , 413, 414  
 IMA , 419  
 imaging modalities , 413–418  
 inguinal adenopathy , 412  
 local and pelvic recurrence , 420  
 LP , 435–437  
 LR , 437–438  
 lymph node dissection , 423–424  
 mesorectal excision , 420–421  
 neoadjuvant therapy , 424–434  
 optimal timing , 435  
 ostomy , 434  
 portal venous system , 413  
 proctoscopy , 413  
 pT3N0M0 rectal cancer , 434–435  
 rectosigmoid junction , 418  
 risks factors , 411  
 vascular pedicle , 421, 423  
 watch and wait , 437  

   Regional chemotherapy , 18–19  
   Regional lymph nodes , 10–11  
   Relative risk, melanoma , 3–4  
   Resectability , CLM  

 ALPPS , 454  
 chemotherapy , 451  
 extrahepatic disease , 450  
 FLR volume , 451, 452  
 hepatectomy , 451  
 hepatic parenchyma , 451  
 indocyanine , 452  
 isolated lung metastases , 451  
 KGR , 452  
 LiverMetSurvey , 451  
 peritoneal disease , 451  
 PVE , 451–453  
 synchronous metastases , 454  
 TSR , 453–454  

   RET.    See  Rearranged during transfection (RET) 
   RET proto-oncogene , 550, 573, 577, 578  
   Retroperitoneal sarcoma (RPS) 

 abdomen and pelvis , 614  
 abdominal sarcomatosis , 617  
 chemotherapy , 616  
 chest, abdomen and pelvis , 617  
 cytotoxic medications , 619  
 doxorubicin , 618–619  
 FNA , 615  
 gastrointestinal/renal systems , 614  
 gastrointestinal toxicity , 616  
 gross specimen , 615  
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 Retroperitoneal sarcoma (RPS) (cont.) 
 lipomatous tumor , 614  
 liposarcoma , 617, 618  
 local recurrence , 616  
 metastasectomy , 618  
 metastatic disease , 617  
 multidisciplinary approach , 615  
 preoperative radiation , 616  
 radiation therapy , 615  

   rhTSH.    See  Recombinant human TSH (rhTSH) 
   Robotic transanal endoscopic microsurgery 

(Robotic- TEM) , 388, 389  
   RTOG.    See  Radiation Therapy Oncology Group (RTOG) 

    S 
  Sarcoma 

 cancer death , 606  
 chemotherapy , 612  
 cutaneous origin , 37  
 Ewing’s sarcoma , 607  
 extremity , 611  
 gallbladder , 236  
 immune system and chronic lymphedema , 606  
 low-grade metastases , 618  
 NCCN , 609  
 postoperative radiation , 612  
 pulmonary metastases , 614  
 radiation therapy , 615  
 SEER database , 607  

   SBRT.    See  Stereotactic body radiation 
therapy (SBRT) 

   Scandinavian Sarcoma Group (SSG) XVIII , 634  
   SCC.    See  Squamous cell carcinoma (SCC) 
   Screening for colon cancer 

 colonoscopy , 356–357, 359  
 CT colonography (CTC) , 357  
 digital rectal examination (DRE) , 356  
 endoscopic view , 357  
 familial adenomatous polyposis (FAP) , 358, 359  
 fecal DNA testing , 357  
 fecal occult blood testing (FOBT) , 356  
 hereditary nonpolyposis colon cancer (HNPCC) , 

358, 359  
 hyperplastic polyps, surveillance , 359  
 recommendations , 357, 358  

   SEER.    See  Surveillance, epidemiology and end results 
(SEER) 

   SEER-medicare analysis , 371  
   Sentinel lymph node biopsy (SLNB) 

  vs.  axillary lymph node dissection , 77  
 indications and contraindications , 78  
 melanoma thickness , 9  
 and NCCN , 8  
 neoadjuvant chemotherapy , 130  
 occult nodal metastatic disease , 33  

   Sentinel node biopsy 
 high-risk thin melanomas , 10  
 lymphadenectomy , 10  
 mapping , 11  

 Multicenter Selective Lymphadenectomy Trial 
(MSLT-1) , 10, 12  

 thick melanomas , 10  
   Serum lactate dehydrogenase (LDH) level , 6  
   Sex cord-stromal tumors 

 fi bromas and thecomas , 647  
 granulosa cell tumors , 648, 649  
 Sertoli-Leydig cell tumors , 648  

   Short course radiotherapy (SCRT) 
 Colorectal Cancer Group Study , 431  
 resectable rectal cancer , 431  
 sphincter rates , 430  
 toxicity , 430  

   Small bowel cancer 
 adenocarcinoma , 222–224  
 barium enteroclysis , 219  
 capsule endoscopy and DBE , 219  
 computed topography and MRI , 219  
 epidemiology , 217–218  
 etiology and pathogenesis , 218–219  
 GISTs , 224–228  
 iNETs , 219–222  
 lymphoma , 228–229  
 metastatic disease , 230  
 patients survival percentage , 230  
 push endoscopy , 219  

   Soft tissue sarcoma 
 AJCC , 608  
 epidemiology , 605–606  
 Ewing’s sarcoma , 607  
 extremity sarcomas , 609–614  
 FISH , 607  
 FNCLCC , 608  
 genomic mutations , 607  
 GIST , 619–620  
 histology , 606–607  
 local recurrence rates , 609  
 prognostic implications , 608  
 risk factors , 606  
 RPS , 614–619  

   Somatostatin 
 biliary symptoms , 221  
 distant metastasis , 567  
 MEN 1 syndrome , 565  
 PNETs , 564  
 prophylactic , 299  
 symptomatic/metastatic disease , 220  

   Somatostatin receptor scintigraphy (SRS) , 220, 567–568  
   Sorafenib , 338, 346  
   Squamous cell carcinoma (SCC) 

 actinic keratosis (AK) , 30  
 advanced metastatic lymph nodes , 32  
 diclofenac , 34  
 epidermal growth factor receptor (EGFR) , 34  
 external beam radiation therapy , 34  
 fi ne-needle aspiration , 32  
 histologic grading , 31  
 intraepithelial , 30–31  
 palpable lymph nodes , 32  
 papules and nodules , 31  
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 photodynamic therapy (PDT) , 33–34  
 punch biopsies , 31–32  
 seborrheic keratosis , 30  
 skin biopsy , 31–32  
 superfi cial , 31  
 surgical considerations , 33  
 TNM staging classifi cation , 30, 33  
 topical 5-FU , 34  

   Squamous cell carcinoma of anus 
 abdominosacral resection , 526  
 ACT II trial , 527  
 adenocarcinoma and melanoma , 514  
 AIN , 515, 517  
 anorectal region , 513, 514  
 APR , 519  
 capecitabine and MMC , 523  
 cetuximab and cisplatin , 523  
 colostomy , 520  
 CRT , 520, 523–525  
 endoscopy , 517  
 epithelium , 514  
 5-FU + cisplatin , 522–523  
 5-FU/cisplatin , 527  
 5-FU + MMC , 520–521  
 5-FU + MMC  vs.  5-FU , 521–522  
 GI tract , 513  
 HIV , 516, 523–524  
 HPV , 515  
 IBD , 517  
 KRAS mutations , 527  
 large intestine , 513  
 local excision , 519  
 locoregional failure rates , 526  
 lymphatics , 514  
 lymph nodes (LN) , 514  
 metachronous , 526  
 Nigro protocol , 526  
 risk factors , 514  
 RT , 520, 524–525  
 sexual behavior , 516  
 smoking , 516–517  
 solid organ transplantation , 516  
 staging , 517–519  

   SRS.    See  Somatostatin receptor scintigraphy (SRS) 
   Stem cell factor (SCF) , 629  
   Stereotactic body radiation therapy (SBRT) , 345  
   Sulindac 

 colorectal adenocarcinoma , 481  
 duodenal polyposis , 472  
 NSAIDs , 481  

   Sunitinib , 635  
   Surveillance, epidemiology and end results (SEER) 

 bowel cancers , 217  
 brachytherapy , 75  
 breast cancer , 50  
 cholecystectomy , 241  
 FTC , 548  
 GBC , 249  
 MCC , 34  
 medicare database , 371  

 patients stage I–III , 36  
 sarcomas , 607  
 thyroid cancers , 554  

   Systemic therapeutic , 346  

    T 
  TAMIS.    See  transanal minimally invasive surgery 

(TAMIS) 
   Tamoxifen 

 as adjuvant therapy , 56  
 anastrozole , 53  
 and aromatase inhibitors , 85–86  
 chemotherapy , 86  
 hormonal agents , 471  
 and lumpectomy , 86  
 NSABP P-1 trial , 99  
 placebo , 54  
 raloxifene , 54  
 and raloxifene , 100  

   TEM.    See  Transanal endoscopic microsurgery (TEM) 
   Thyroid cancer 

 ATC , 555–557  
 cervical lymphadenopathy , 540  
 CT/MRI , 541–542  
 diagnostic evaluation , 540  
 FNA , 542–544  
 FTC , 548–549  
 MTC , 549–555  
 nodules , 539  
 palpate , 540  
 PTC , 544–548  
 TSH , 540, 541  
 ultrasound , 541  

   Thyroidectomy 
 follicular carcinoma , 543  
 guidelines , 580–582  
 invasive FTC , 548  
 lymph node involvement , 552  
 mutation , 580  
 papillary thyroid carcinoma , 545  
 prophylactic , 551  
 survival rates , 579  
 thyroid gland , 546  

   Thyroid-stimulating hormone (TSH) , 540, 541, 543, 
545–547, 549, 553, 557  

   TLE.    See  Transanal local excision (TLE) 
   TME.    See  Total mesorectal excision (TME) 
   TNM.    See  Tumor node metastasis (TNM) 
   T3N0M0 rectal cancer 

 chemoradiotherapy , 434  
 ERUS/MRI , 434  
 imaging modality , 435  
 mesorectal lymph node , 434  

   TNM staging for cutaneous melanoma , 7–8  
   Total mesorectal excision (TME) 

 Colorectal Cancer Group , 426  
 rectal adenocarcinoma , 426  

   Total pancreatectomy , 293, 295  
   Total proctocolectomy (TPC) , 470  
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   Transanal endoscopic microsurgery (TEM) 
 dorsoposterior extraperitoneal pelviscopy , 387  
 end-to-end anastomosis , 387  
 in Europe , 388  
 perirectal fat and regional LN basin , 386  
 surgical equipments and technique , 387  
 TAMIS , 397–398  
 T1N0 , 398–399  
 T2N0 , 399–400  
 transanal local excision , 386  

   Transanal excision , 385, 388.     See also  Local excision, 
ESRC 

   Transanal local excision (TLE) 
 and adjuvant therapy , 397  
 depiction , 386  
 direct visualization , 385  
 follow-up period , 396  
 local recurrence , 396  
 procedure , 386  
 Surveillance, Epidemiology, and End Results 

(SEER)-based study , 397  
 survival outcome , 397  
 traction sutures , 386  

   Transanal minimally invasive surgery (TAMIS) , 388, 
397–398  

   Trans-anastomotic pancreatic duct , 299–300  
   Transarterial chemoembolization (TACE) , 345, 346  
   Transhiatal esophagectomy , 178–180  
   Transplantation 

 cost-effective analysis , 343  
 downstaging , 343  
 guidelines , 343  
 LDLT , 343–344  
 Milan Criteria , 343  

   Transrectal ultrasound (TRUS) , 416  
   Trans Tasman Radiation Oncology Group (TROG) , 36, 183  
   Transthoracic esophagectomy , 180–181  
   Trastuzumab 

 adjuvant chemotherapy , 91  
 BCIRG-006 trial , 93  
 cardiotoxicity , 91–92  
 cardiotoxicity profi le , 92  
 chemotherapy , 187  
 herceptin adjuvant (HERA) , 91  
  HER2/Neu  gene , 91  
 HER-2 positive tumors , 91  
 metastatic setting , 91  
 non-anthracycline regimen , 92  
 operable breast cancer , 91, 92  
 and pertuzumab , 94  
 PHARE , 92  

   Trimodality treatment , 183  
   Triple-negative breast cancer (TNBC) , 96–97  
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