The Bethesda !
Handbook of

Jame Abraham
James L. Gulley ##
Carmen J. Alle-%l |

ﬁ' Wr.'rtters Kluwer | L

incott Y
W i.mrnﬂ &Wllkln g



http://booksfree4u.tk

Thank You for Downlozeling

For More E-Books, Please Visit

Universal Free E-Book Store

Follow Us

Donate Us, In order to keep our Service Alive, We have to pay for placing files (Abstracts, Books,
Literature & Software) on File Hosting Servers, Your donationswill make our process of payment a bit
easer, Please use any one of the Payment Gateway for Donation. Never matter what amount you donate

(10'sor 100'sor 1000's).

~ Donate
with
PayPal

or or
http://url-s.gg/paypal http://url-s.gg/payumoney

Universal Free E-Book Store


https://www.facebook.com/pages/Universal-Free-E-Book-Store/377649939080669
https://google.com/+Booksfree4uTk-sza
https://twitter.com/U_F_E_S
https://in.linkedin.com/in/UFESK
http://ufes.tumblr.com/
https://www.youtube.com/channel/UClG18RABGXZPgvFoDli2QFw
http://booksfree4u.tk
http://booksfree4u.tk
https://www.paypal.com/cgi-bin/webscr?cmd=_s-xclick&hosted_button_id=UZTLCA9NSL5Q6
https://www.payumoney.com/paybypayumoney/#/44787
Shaik Zaheer Ahmed
Text Box
                     or
      http://url-s.gq/paypal


Shaik Zaheer Ahmed
Text Box
                     or
   http://url-s.gq/payumoney


https://www.paypal.com/cgi-bin/webscr?cmd=_s-xclick&hosted_button_id=UZTLCA9NSL5Q6
https://www.payumoney.com/paybypayumoney/#/44787
http://booksfree4u.tk

(S IE D IE S gH IS D Ty
HANDBOOK

O EFESCIANITCAL
ONCOLOGY

FOURTH EDITION

Universal Free E-Book Store


http://medical.dentalebooks.com
http://booksfree4u.tk

THE BETHESDA
HANDBOOK

OF CLINICAL
ONCOLOGY

FOURTH EDITION

EDITORS

JAME ABRAHAM, MD, FACP

Drirecior, Breast l:’:urs:nh:-g:.'i"mgr.ml.
'I'nmlg(i.u'.cﬂ Insstitute, Clevelapd Clinic

Clevelard, Chio

JAMES L. GULLEY, MD, PHD, FACP

Chief, Medical Omoology Service

Center for Cancer Research

National Cancer Inslitute

Mational Institutes of Health

Bethesda, Maryland

Formserly of Ensory University School of Medicine
And Loma Linda University School of Medicine

CARMEN |.ALLEGRA, MD

Professor and Chief, Division of Hematology and Oncology
Associate Director for Clinical and Translational Research
Shands/Universty of Florida Cancer Center

University of Florida

Gaknsesville, Florida

). Wolters Kluwer

Philadelphia » Baltimone - Misw York « London
Buenos Alres - Hong Kong - Sydney + Tokyo

Universal Free E-Book Store


http://booksfree4u.tk

Senior Executive Editor: Jonathan W. Pine

Senior Product Manager: Emilie Moyer

Director of Medicine Marketing: Lisa Zoks
Manufacturing Manager: Beth Welsh

Production Project Manager: Alicia Jackson
Designer: Teresa Mallon

Production Service: Integra Software Services Pvt. Ltd
Printer: R.R. Donnelley

Fourth Edition

© 2014 by Lippincott Williams & Wilkins, a Wolters Kluwer business
Two Commerce Square,

2001 Market Street

Philadelphia, PA 19103

LWW.com

1st edition copyright 2000; 2nd edition copyright 2005; 3rd edition copyright 2010 by Lippincott Williams & Wilkins

All rights reserved. This book is protected by copyright. No part of this book may be reproduced in any form or by any means, including
photocopying, or utilized by any information storage and retrieval system without written permission from the copyright owner, except for
brief quotations embodied in critical articles and reviews. Materials appearing in this book prepared by individuals as part of their official
duties as U.S. government employees are not covered by the above-mentioned copyright.

Printed in China

Library of Congress Cataloging-in-Publication Data
Bethesda handbook of clinical oncology / editors, Jame Abraham, James L. Gulley, Carmen J. Allegra. — Fourth edition.
p.; cm.

Handbook of clinical oncology

Includes bibliographical references and index.

ISBN 978-1-4511-8758-8

I. Abraham, Jame, editor of compilation. II. Gulley, James L. (James Leonard), 1964- editor of compilation. III. Allegra, Carmen J.,
editor of compilation. IV. Title: Handbook of clinical oncology.

[DNLM: 1. Neoplasms—therapy—Handbooks. QZ 39]

RC262.5

616.994—dc23

2013039691

Care has been taken to confirm the accuracy of the information presented and to describe generally accepted practices. However, the
authors, editors, and publisher are not responsible for errors or omissions or for any consequences from application of the information in
this book and make no warranty, expressed or implied, with respect to the currency, completeness, or accuracy of the contents of the
publication. Application of this information in a particular situation remains the professional responsibility of the practitioner.

The authors, editors, and publisher have exerted every effort to ensure that drug selection and dosage set forth in this text are in
accordance with current recommendations and practice at the time of publication. However, in view of ongoing research, changes in
government regulations, and the constant flow of information relating to drug therapy and drug reactions, the reader is urged to check the
package insert for each drug for any change in indications and dosage and for added warnings and precautions. This is particularly
important when the recommended agent is a new or infrequently employed drug.

Some drugs and medical devices presented in this publication have Food and Drug Administration (FDA) clearance for limited use in
restricted research settings. It is the responsibility of the healthcare provider to ascertain the FDA status of each drug or device planned
for use in their clinical practice.

10987654321

Universal Free E-Book Store


http://LWW.com
http://booksfree4u.tk

We dedicate this book to those lives
that are touched by cancer and to their
caregivers who spend endless hours
taking care of them.

“May I never forget that the patient is
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PREFACE

The Bethesda Handbook of Clinical Oncology is a clear, concise, and comprehensive reference book
for the busy clinician to use in his or her daily patient encounters. The book has been compiled by
clinicians who are working at the National Cancer Institute and National Institutes of Health, Johns
Hopkins, Mayo Clinic, and Cleveland Clinic, as well as scholars from other academic institutions. To
limit the size of the book, less space is dedicated to etiology, pathophysiology, and epidemiology and
greater emphasis is placed on practical clinical information. For easy accessibility to the pertinent
information, long descriptions are avoided, and more tables, pictures, algorithms, and phrases are
included.

The Bethesda Handbook of Clinical Oncology is not intended as a substitute for the many excellent
oncology reference textbooks available that are essential for a more complete understanding of the
pathophysiology and management of complicated oncology patients. We hope that the reader-friendly
format with its comprehensive review of the management of each disease with treatment regimens,
including dosing and schedule, makes this book unique and useful for oncologists, oncology fellows,
residents, students, oncology nurses, and allied health professionals.

The landscape of oncology has changed substantially since we published the first edition of the
book more than 13 years ago. For the fourth edition, we have updated all chapters and added two new
chapters, “Clinical Genetics” and “Diagnosis-Driven Individualization of Cancer Care.” In addition,
we have included multiple-choice questions for most chapters to enhance the learning experience and
help clinicians prepare for their board examinations.

As always, we have attempted to capture the advances in the field and listened to the feedback from
readers to improve this edition. We hope that anyone needing a comprehensive review of oncology
will find The Bethesda Handbook of Clinical Oncology to be an indispensable resource.

Jame Abraham
James L. Gulley
Carmen J. Allegra
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1]

Head and Neck Cancer

Carter Van Waes, Karl E. Haglund, and Barbara A. Conley

EPIDEMIOLOGY

The incidence of head and neck squamous cancer is more than 500,000 cases per year worldwide, and
40,000 to 60,000 cases per year in the United States, where it comprises approximately 3% to 5% of
all new cancers and 2% of all cancer deaths. Most patients are older than 50 years, and incidence
increases with age; the male-to-female ratio is 2:1 to 5:1. The age-adjusted incidence is higher among
black men, and, stage-for-stage, survival among African Americans is lower overall than in whites.
Death rates have been decreasing since at least 1975, with rates declining more rapidly in the last
decade. Ninety percent of these cancers are squamous cell histology. The most common sites in the
United States are the oral cavity, pharynx, larynx, and hypopharynx. Nasal cavity, buccal, paranasal
sinus cancers, salivary gland malignancies, and various sarcomas, lymphomas, and melanoma are
less common.

RISK FACTORS

Heavy alcohol consumption increases the risk of developing squamous head and neck cancer twofold
to sixfold, whereas smoking increases the risk 5- to 25-fold, depending on gender, race, and the
amount of smoking. Both factors together increase the risk 15- to 40-fold. Smokeless tobacco and
snuff are associated with oral cavity cancers. Use of smokeless tobacco, or chewing betel with or
without tobacco and slaked lime (common in many parts of Asia and some parts of Africa), is
associated with premalignant lesions and oral squamous cancers.

Multifocal mucosal abnormalities have been described in patients with head and neck cancer (“field
cancerization). There is a 2% to 6% risk per year for a second head and neck, lung, or esophageal
cancer in patients with a history of cancer in this area. Those who continue to smoke have the highest
risk. Second primary cancers represent a major risk factor for death among survivors of an initial
squamous carcinoma of the head and neck.

Epstein-Barr virus (EBV) has been detected in virtually all nonkeratinizing and undifferentiated
nasopharyngeal cancers but less consistently in squamous nasopharyngeal cancers. Human
papillomavirus (HPV) infection is associated with up to 70% of cancers of the oropharynx and tonsil,
and some larynx and squamous nasopharyngeal cancers. The incidence of HPV+ cancers seems to be
increasing in several countries, and HPV positivity is more common in cancers in nonsmokers.
Disorders of DNA repair (e.g., Fanconi anemia, dyskeratosis congenita) as well as organ
transplantation with immunosuppression are also associated with increased risk of squamous head
and neck cancer.
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SCREENING

The U.S. Preventive Task Force makes no recommendations regarding regular screening for oral
cancer in the general population, due to the low incidence and lack of sensitivity studies. They do
recommend counseling for cessation of tobacco use and limitation of alcohol intake.

The American Cancer Society recommends oral examination during physician or dental
appointments. The oral examination should include inspection of all mucosal areas, assessment of
range of motion of tongue, bimanual palpation of floor of mouth, palpation of the tongue, and
assessment of dental health.

Careful examination of the head and neck is warranted in individuals with risk factors (e.g., tobacco
and/or alcohol use) and suggestive symptoms. Any local/regional complaints require evaluation,
especially if symptoms persist for more than 4 weeks or after treatment for presumed infection.

PREVENTION AND CHEMOPREVENTION

The most important recommendation for prevention of head and neck cancer is to encourage
smoking cessation and to limit alcohol intake. As risk for HPV-associated head and neck cancer is
associated with multiple sexual partners, education on safer sexual practices may also be helpful.
Consideration should be given to prophylactic administration of HPV vaccines to adolescents, a
treatment currently approved by the U.S. Food and Drug administration for prevention of cervical
cancer (bivalent or quadrivalent vaccines) in females and genital warts in males (quadrivalent
vaccine), as well as for prevention of anal precancers (quadrivalent vaccine). Data are currently being
gathered on the effect of vaccination on incidence of HPV-related head and neck cancer.

Premalignant lesions occurring in the oral cavity, pharynx, and larynx may manifest as leukoplakia
(a white patch that does not scrape off and that has no other obvious cause) or erythroplakia (friable
reddish or speckled lesions). These lesions require biopsy and potentially excision. The risk of
leukoplakias without dysplasia progressing to cancer is about 4%. However, up to 40% of severe
dysplasias or erythroplasias progress to cancer.

Presently, there is no effective chemoprevention for patients at risk for head and neck squamous
cancer. A recent trial with PPAR agonist pioglitazone showed regression or reduction in size of
leukoplakia in ~80% of subjects. A multicenter phase II study is underway. Chemoprevention outside a
clinical trial is not recommended.

ANATOMY

A simplified depiction of extracranial head and neck anatomy is presented in Figure 1.1. The major
regions and subsites of the upper aerodigestive tract are divided into the nose and paranasal sinuses;
nasopharynx (NP); oral cavity (OC; lips, gingiva, buccal areas, floor of mouth, hard palate, and
tongue anterior to the circumvallate papillae); oropharynx (OP; soft palate, tonsils, base of tongue
and lingual tonsils, and pharyngeal wall between palate and vallecula); hypopharynx (HP; pharyngeal
wall and piriform sinuses, between vallecula and esophageal inlet); and larynx (epiglottis, glottis, and
subglottic trachea).
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FIGURE 1.1 Sagittal section of the upper aerodigestive tract. (Adapted from Oatis CA. Kinesiology: The Mechanics and
Pathomechanics of Human Movement. Baltimore, MD: Lippincott Williams & Wilkins; 2004.)

Knowledge of the lymphatic drainage of the neck assists in identification of the site of a primary
tumor when a palpable lymph node is the initial presentation, and in staging metastatic spread,
enabling the surgeon or radiation oncologist to plan appropriate treatment of both primary and neck
disease. The patterns of lymphatic drainage divide the neck into several levels (Fig. 1.2). Level I
comprises the submental or submandibular nodes, which are most often involved with lesions of the
oral cavity or submandibular salivary gland. Level II (upper jugular lymph nodes) extends from the
skull base to the hyoid bone, and is frequently the site of metastatic presentation of naso- or
oropharyngeal primaries. Level III (middle jugular lymph nodes between the hyoid bone and the
lower border of the cricoid cartilage) and level IV (lower jugular lymph nodes between the cricoid
cartilage and the clavicle) are most often involved by metastases from the hypopharynx, larynx, or
above. Level V is the posterior triangle including cervical nodes along cranial nerve XI, frequently
involved along with level II sites in cancers of the naso- and oropharynx. Level VI is the anterior
compartment from the hyoid bone to the suprasternal notch bounded on each side by the medial
carotid sheath, and is an important region for spread of laryngeal and thyroid carcinomas. Level VII
is the area of the superior mediastinum, and portends distant metastasis.

PRESENTATION

Symptoms and signs most often include pain and/or mass effects of tumor, involving adjacent
structures, nerves, or regional lymph nodes (Table 1.1). Adult patients with any of these symptoms for
more than 4 weeks should be referred to an otolaryngologist. Delay in diagnosis is common due to
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patient delay, repeated courses of antibiotics for otitis media or sore throat, or lack of follow-up. A
persistent lateralized symptom or firm cervical mass in an elderly smoker or sexually active middle-
aged adult at risk for HPV is highly suggestive of squamous cell carcinoma (Fig. 1.3). For
nasopharyngeal and oropharyngeal cancers, a common presenting symptom is a neck mass, often in a
node in the jugulodigastric area and/or the posterior triangle. In advanced lesions, cranial nerve
abnormalities may be present. Distant metastases are uncommon at presentation, but may occur with
nasopharyngeal, oropharyngeal, and hypopharyngeal cancers. The most common sites of distant
metastases are lung and bone; liver and CNS involvement is less common.

FIGURE 1.2 Diagram of the neck showing levels of lymph nodes. Level |, submandibular; level II, high jugular; level IlI,
midjugular; level IV, low jugular; level V, posterior triangle; level VI, tracheoesophageal; level VII, superior mediastinal, is not
shown. (From Robbins KT, Samant S, Ronen O. Neck dissection. In: Flint PW, Haughey BH, Lund VJ, et al., eds. Cumming’s
Otolaryngology Head and Neck Surgery. 5th ed. Copyright Elsevier, 2010. Used with permission.)

DIAGNOSIS, WORKUP, AND STAGING EVALUATIONS

The history should include the following:

Signs and symptoms as listed in Table 1.1 and above

Tobacco exposure (pack-years; amount chewed; and duration of habit, current or former)

Alcohol exposure (number of drinks per day and duration of habit)

Other risk factors (chewing betel nut)

In nonsmokers with oropharyngeal symptoms or cervical nodes, history of HPV or oral sexual
practice, particularly with multiple partners

In nonsmokers aged 18 to 50, history or family history of anemia, Fanconi anemia, or
dyskeratosis congenita

Cancer history of patient and family

8. Thorough review of systems
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Table 1.1 Common Presenting Signs and Symptoms of Head and Neck Cancer

Painless neck mass
Odynophagia
Dysphagia
Hoarseness
Hemoptysis

Trismus

Otalgia

Otitis media

Loose teeth

lil-ficting dentures
Cranial nerve deficits
Monhealing oral ulcers

Meck mass

Physical examination

(80% of primary
tumors found)

e ——

Primary
not found

FA

(95% likelihood of accurate
diagnosis of metastatic

SCCA)
MNegative Positive
Repeat biopsy |
PETICT to direct PETICT
bicpsy head/neck/chest
Consider other [
diagnoses
Endoscopy and directed
biopsises (under anesthesia
if necessary)
Primary not Definitive treatment
found—treat as according to site
unknown primary and stage

FIGURE 1.3 Evaluation of cervical adenopathy when a primary cancer of the head and neck is suspected.

The head and neck physical examination should include the following:

1. Careful inspection of the scalp, ears, nose, and mouth
2. Palpation of the neck and mouth, assessment of tongue mobility, determination of restrictions in
the ability to open the mouth (trismus), and bimanual palpation of the base of the tongue and floor

of the mouth

3. During examination of the nasal passages, NP, oropharynx, hypopharynx, and larynx, flexible
endoscopes or mirrors as appropriate should be strongly considered for symptoms of hoarseness,
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sore throat, or enlarged lymph nodes not cured by a single course of antibiotics. When a neck
mass with occult primary is the first presentation, the primary site can be located by clinical or
flexible endoscopic examination in ~80% of cases.

4. Special attention to the examination of cranial nerves

For abnormalities identified by history, physical examination, and/or endoscopy, the following
evaluations should be performed. Superficial cutaneous or oral mucosal lesions, with irregular
shape, erythema, induration, ulceration, and/or friability (easy bleeding) of greater than 2-week
duration warrant biopsy, as these frequently are early indicators of severe dysplasia, carcinoma in
situ, or invasive malignant process. For findings or lesions involving the nose, NP, oropharynx,
hypopharynx and larynx, or neck with unknown primary, computed tomography (CT) and/or
magnetic resonance imaging (MRI) with contrast should first be performed to identify origin, extent,
and potential vascularity of lesions. Surgical biopsy of a neck mass before endoscopy is
contraindicated if a squamous cell carcinoma is suspected. Open biopsy may worsen local control,
increase the rate of distant metastases, and decrease overall survival rate, possibly by spreading the
disease at the time of the biopsy. An open biopsy does not provide any information additional to that
obtained from fine needle aspiration (FNNA), and direct laryngoscopy is still necessary for staging and
treatment planning. Tissue diagnosis obtained by FNA biopsy of the node has a sensitivity and
specificity approaching 99%. However, a nondiagnostic FNA or negative flexible endoscopy does not
rule out the presence of tumor. Positron emission tomography (PET) scans combined with CT
(PET/CT) or MRI can often localize smaller or submucosal primaries of the naso- and oropharynx
that present with level Il or V cervical adenopathy. Intraoperative endoscopic biopsy is then done with
a secure airway under anesthesia. Bilateral tonsillectomy will sometimes reveal the source of an
occult cancer, especially for HPV+ cancers. Esophagoscopy and bronchoscopy may be indicated for
symptoms such as dysphagia, hoarseness, cough, or to search for occult primary.

After the diagnosis of cancer is established, the patient should be staged using physical
examination, endoscopic studies, and radiologic studies, which usually include CT scan and/or MRI
of the primary tumor, neck, and chest. CT scan is considered the primary imaging study for
evaluation of bone involvement, regional, mediastinal, and pulmonary metastasis. MRI may
complement the CT scan with greater resolution of soft tissue for primary tumor staging, and
evaluation of skull base and intracranial involvement. PET/CT scans are being used more frequently
to detect tumors or nodes that are not obvious on other scans and for monitoring for disease
recurrence in patients with advanced locoregional disease treated with concurrent chemotherapy and
radiotherapy. PET/CT scanning is indicated for staging patients with unknown primaries and for
advanced head and neck cancers. A chest CT or PET/CT is indicated for all patients because of the
risk of metastasis or a second lung malignancy. Body CT is not usually necessary.

Additional studies vary according to the clinical stage, symptoms, and primary site.

Specialized tests include tissue pl6 immunostaining and in situ hybridization for HPV for
oropharyngeal carcinoma, and tissue EBV IgA and DNA tests for nasopharyngeal carcinoma.
Laboratory tests typically obtained prior to initiating therapy include complete blood counts, renal
and liver function tests, serum calcium and magnesium (if platinum-based chemotherapy is to be
given), baseline thyroid function tests, and pregnancy testing in females of child-bearing age. In
patients with unexplained anemia, short stature, and/or micro-ophthalmia, consideration should be
given to mitomycin C testing for chromosomal fragility for Fanconi anemia, as chemo- or
radiotherapy is contraindicated.

Dental evaluation should be performed and any necessary extractions should be carried out 10 to
14 days prior to any planned radiation. Baseline speech, swallow, and audiometry evaluation should
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be performed.

STAGING CLASSIFICATION

Clinical staging is based on physical and endoscopic examinations and imaging tests. The staging
systems of the American Joint Committee for Cancer (AJCC) or the Union Internationale Contre le
Cancer (UICC) (tumor, node, metastasis [TNM], stages I to IV) are used. The AJCC classification has
further subdivided the most advanced disease stages into stage IVA (moderately advanced), stage IVB
(very advanced), and stage IVC (distant metastatic).

The staging of primary tumors is different for each site within the head and neck, although some
common themes exist. The AJCC Cancer Staging Manual, which entered its seventh edition in 2009,
should be consulted for details for each site and subsite. The T classification indicates the extent of the
primary tumor. For primary tumors of the oral cavity, hypopharynx, and oropharynx, lesions up to 2
cm in diameter are T1, 2 to 4 cm are T2, and greater than 4 cm are classified as T3. For laryngeal
carcinomas, limited involvement of one or more subsites are staged T1 and T2, respectively, while
vocal cord immobility or pre-epiglottic space involvement with a larynx or hypopharynx primary
indicates at least stage T3. Lesions with local invasion of adjacent cartilage, bone, or soft tissues
indicate stage T4.

The N classification is uniform for all primary sites, except NP. Any clinical lymph node
involvement indicates at least stage IIl. The presence of a single ipsilateral lymph node 3 cm or
larger, multiple ipsilateral lymph nodes of any size, or contralateral lymph nodes of any size is
classified as stage IV regardless of T stage.

The presence of distant metastasis (M1) indicates stage IVC disease. Mediastinal lymph node
involvement is considered distant metastasis.

Tumor differentiation grade has not shown clear association with outcome and is not considered
when staging head and neck cancers.

PROGNOSIS

The most important determinant of prognosis is stage at diagnosis. The 5-year survival for stage I
patients exceeds 80% but is less than 40% in stage III and IV disease. Most patients have locally
advanced disease involving one or several lymph nodes on one or both sides of the neck. The
presence of a palpable lymph node in the neck generally decreases the survival rate by 50% compared
to the same T stage without node involvement.

Prognoses for oropharynx cancers associated with HPV, even when locally advanced, are about
30% to 50% better than similar cancers that are not associated with HPV, but this improved outlook is
reduced in smokers. A subset of patients with matted lymph nodes has been reported to have poorer
prognosis.

Most relapses occur locoregionally. Distant metastases are more commonly seen later in the course
of the disease or as part of relapse after successful initial treatment, and predominantly involve lung,
bone, and less commonly liver. Second primary cancers after an index head and neck cancer in
smokers commonly occur in the head and neck region, the lung, or the esophagus, and may represent
a significant mortality risk after curative treatment of the initial head and neck cancer. Recently, there
seems to have been a decline in second primary cancer incidence in patients with an index
oropharyngeal cancer. This may be due to the higher incidence of HPV-related oropharyngeal
cancers, as well as the likelihood that such patients are less likely to be heavy smokers.
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TREATMENT

The management of patients with squamous head and neck cancer is complex (Fig. 1.4). The choice of
treatment modality depends on the stage and site of disease as well as the condition of the patient. In
general, either surgery or radiation is effective as single-modality therapy for patients with early-
stage disease (stage I or II) for most sites. The choice of modality depends on local expertise, patient
preference, and functional result. For the 60% of patients with locally advanced disease (stages III, IV,
and MO), curative combined-modality therapy is indicated. These therapies could include primary
surgery with adjuvant radiation (with or without concomitant chemotherapy), radiation with or
without concomitant systemic therapy, and neoadjuvant chemotherapy followed by radiation with or
without concomitant systemic therapy. Investigational paradigms using response to one cycle of
neoadjuvant chemotherapy and biomarkers in selection of patients for chemoradiation or surgery and
radiation have been reported for oropharyngeal and laryngeal cancers.

Squamous cell carcinoma of the
head and neck

Early stage Locally advanced
(stage I, 1I) stage I, IV (MO)
|
Surgery or Resectable Unresectable
radiation |
Oropharynx Larynx Ovral cavity | | Hypopharyx PS 01 PS2-3
S |
/ \ RT alone or
Tumor HPY+ | | Tumor HPY- Palliative
l | SI.II'EET}" followed b}’ chernarl:l'-er-ap}r |
: RT or ChemoRT =5

Organ Organ ChemoRT or Supportive
preservation preservation InieHon care
therapy: therapy: chemotherapy
Consider Surgery + RT followed by RT +
clinical trial ChemoRT chemotherapy in
or Cetuximab RT responders
Surgery + RT or
ChemoRT Clinical trial
Cetuximab RT

FIGURE 1.4 Treatment for head and neck squamous cell carcinomas (MO).

Patients with recurrent locoregional disease or solitary lung metastasis have benefited from
surgical salvage. Some patients may be best treated with radiation, or with reirradiation to a limited
field. Unresectable recurrent or distant metastatic disease is usually treated with systemic therapy with
palliative intent.

Patients with squamous head and neck cancer should be evaluated before treatment is initiated by a
multidisciplinary team including an otolaryngologist or head and neck surgical oncologist, radiation
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oncologist, medical oncologist, dentist, nutritionist, speech and swallowing pathologist, and
personnel involved in rehabilitation.

Surgery

The nature of the surgical procedure is determined primarily by the size of the tumor and the
structures involved. Resectability depends on the experience of the surgeon and the rehabilitation
team. In general, a tumor is unresectable if the surgeon anticipates that all gross tumor cannot be
removed or that local and distant control will not be achieved after surgery even with adjuvant
radiation therapy. Generally, involvement of the skull base, pterygoid, prevertebral fascia and deep
neck musculature, and/or the carotid artery, portends a poor outcome with surgery or other
modalities. Involvement of these structures may be indicated by clinical findings such as limitation of
ocular movements, tumor involving the pterygoid fossa, severe trismus, laryngeal fixation to the
prevertebra, neuropathies of cranial nerves, or nodal fixation in the neck, or by CT, MRI, and PET
scans.

T1 and T2 lesions of the oral cavity, oropharynx, and hypopharynx may be amenable to wide local
excision with a 2-cm margin, and closed by primary or secondary intention, skin graft, or local tissue
flap reconstruction. Limited carcinoma in situ and T1 and T2 lesions of the larynx may be treated by
microlaryngoscopic mucosal excision or cordectomy. T2 and selected T3 cancers may be
approached using one of the various external supraglottic, hemilaryngectomy or extended partial
laryngectomy procedures that have been developed. Newer technologies for transoral and transnasal
endoscopic surgical approaches have been recently investigated for resection of T1, T2, and selected
T3 carcinomas involving the oropharynx, larynx, paranasal, and skull base region. The feasibility
and outcomes for transoral laser and transoral robotic surgery (TORS) coupled with neck dissection
or radiation have provided an alternative approach to chemoradiation for function sparing treatment
of selected T1/T2 oropharyngeal and supraglottic primaries, and multicenter trials for comparison of
these treatments have been proposed. More extensive surgeries, especially those involving the
function of the tongue, oral cavity, or oropharynx, may require myocutaneous or microvascular free
flaps to achieve functional reconstruction of deficits affecting mucosa, innervated muscle, and/or
bone. However, as will be discussed below, with the advent of primary therapy with concurrent
chemoradiotherapy for advanced T3/4 cancers of the larynx, NP, oropharynx, and hypopharynx,
surgery is also being used for treatment of advanced neck disease (N2, N3) and for salvage of
nonresponding or recurrent tumors of the primary site.

Cervical lymph node dissections may be elective or therapeutic. Elective neck dissections are done
at the time of initial surgery in patients with necks that are clinically negative when the risk of a
microscopically positive lymph node is at least 30%. Therapeutic neck dissections are done for
clinically obvious masses at the time of primary surgical treatment, or persistent clinical mass,
radiographic, or PET abnormalities after neoadjuvant or concurrent chemoradiotherapy. Cervical
lymph node dissections are classified as radical, modified radical, or selective. The radical dissection
includes removal of all lymph nodes in the neck from levels I to V (see Fig. 1.2), including removal
of the internal jugular vein, spinal accessory nerve, and sternocleidomastoid muscle. Due to excessive
morbidity of loss of shoulder function, this surgery is now reserved primarily for very extensive
disease such as N2- or N3-stage disease with extracapsular spread involving CNXI and the
sternocleidomastoid muscle. The modified radical dissection preserves one or more of the
nonlymphatic structures, usually CNXI without or with the sternocleidomastoid muscle. In selective
neck dissections, only certain levels of lymph nodes are removed, based on the specific lymphatic
drainage from the primary site, and lack of extracapsular spread. With no palpable adenopathy, and

Universal Free E-Book Store


http://booksfree4u.tk

no CT or PET scan evidence of clinical nodal involvement, nodal metastases will be present beyond
the confines of an appropriate selective neck dissection less than 10% of the time. Sentinel lymph
node dissection and PET scanning are currently being evaluated for use in diagnosing positive lymph
nodes in patients with neck examinations that are clinically negative.

Radiation Therapy

Over the past two decades, radiation therapy has evolved to a fine art that demands a keen
appreciation of both tumor biology and radiation physics. The use of CT for simulation and three-
dimensional techniques for treatment planning has improved accuracy in portal design based on an
improved understanding of the radiographic extent of the tumor. IMRT techniques have helped to
reduce normal tissue toxicity while maintaining high doses to the target volume. The advantages of
these advances have been demonstrated by an improvement in locoregional control and a decrease in
normal tissue toxicity. Brachytherapy offers similar advantages when performed by experienced
physicians. In addition, radiation using charged particles, such as protons or carbon ions, rather than
conventional photons, has theoretical advantages for sparing of sensitive normal tissues. With the
number of facilities offering charged particle radiation on the rise, direct evidence supporting the
theoretical advantages is now being amassed.

Advances in diagnostic imaging have contributed to improvements in radiation therapy planning.
Both PET and MRI allow better tumor delineation. Current technology allows fusion of the images
from various imaging techniques on each patient so that the radiation oncologist may define the
tumor and critical normal structures more accurately. While the goal of IMRT is to improve treatment
planning, the goal of image-guided radiation therapy (IGRT) is to improve the accuracy of treatment
delivery. IGRT involves imaging patient anatomy and adapting to patient position while the patient is
positioned on the treatment machine, with the goal of targeting disease more accurately, minimizing
treatment delivery variation, and more effectively sparing normal tissues. Traditionally, radiation
therapy has been delivered at 1.8 to 2 Gy once daily for a total of 50 to 70 Gy with successive field
reductions based on risk assessment. IMRT allows the integration of all sites into a single plan with
lower-risk areas receiving lower doses per fraction while higher-risk areas receive higher doses per
fraction. With this technique, gross tumor is typically administered daily doses higher than 2.1 Gy.

Altered fractionation schemes have had mixed success. These include hyperfractionation (1.2 to 1.5
Gy twice or thrice daily) and the concomitant boost technique (1.8 Gy in the morning to the entire
field followed by 1.5 Gy in the evening to a smaller field encompassing high-risk disease). With
either schedule, it is essential to maintain 4 to 6 hours between fractions to allow normal tissue repair.
Although altered fractionation improves outcome, this is offset by an increase in acute toxicity
without increase in long-term complications. The integration of chemotherapy with altered fraction
schedules is under investigation. However, preliminary results of a phase III trial (RTOG 0129)
comparing standard fractionated to accelerated fractionated chemoradiation showed no difference in
outcome or late toxicity between the groups. Early-stage (T1, T2, NO) disease responds well to
single-modality treatment with either surgery or radiation therapy. Radiation therapy allows organ
preservation—as evidenced by its role in the management of early-stage cancers of the glottic larynx
and pharynx. However, more advanced disease (generally, stage III and IV) requires the integration of
radiation therapy with other modalities.

Toxicity of Radiation

With the advances in radiation treatment planning and delivery, toxicities associated with radiation
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are less than they were two decades ago. Common severe acute radiation toxicity includes dermatitis,
mucositis, loss of taste, xerostomia, dysphagia, and hair loss. Decreased hearing is uncommon.
Dental evaluation and necessary extractions should be performed before radiation because dental
extractions in a radiated mandible can lead to osteonecrosis. Dentulous patients should be given
prophylactic fluoride. Patients receiving radiation are at high risk for tooth decay due to the
xerostomia caused by injury to the salivary glands as well as mucosal damage. Radioprotectors such
as amifostine and pilocarpine have not demonstrated a consistent ability to decrease xerostomia.
IMRT techniques enabling the reduction of dose to the parotid glands have had more success.
Similarly, permanent swallowing dysfunction can be avoided by decreasing the dose to the
pharyngeal musculature. Prophylactic, pretreatment, and posttreatment evaluations by a speech
therapist also help in preventing and alleviating dysphagia in these patients.

Concomitant Chemoradiation

Radiation with concomitant chemotherapy is used with the intent of organ preservation when
surgery would result in the compromise of voice and swallowing functions. It is also used in patients
who have stage IVB disease in attempt to cure a patient for whom surgery is not considered a good
option (patient not medically fit for surgery or is disease is considered “unresectable”) or IVC
disease when, although palliative, local control is desired. Studies have evaluated the use of
chemotherapy administered before radiation or surgery (i.e, neoadjuvant or induction
chemotherapy), instead of surgery (i.e.,, concomitant chemotherapy and radiation) or after surgery
(i.e., adjuvant chemotherapy and radiation). The rationale for concomitant chemoradiation is based on
experimental evidence of synergism between chemotherapy and radiation that is theoretically
mediated by interference by chemotherapy with multiple intracellular radiation-induced stress-
response pathways involved in apoptosis, proliferation, and DNA repair. The finding that certain
chemotherapeutic agents (e.g., cisplatin, 5-fluorouracil [5-FU], taxanes, and hydroxyurea) can induce
radiosensitivity and increase log cell kill from radiation supports this treatment strategy. Cisplatin, the
most extensively evaluated drug in large randomized trials, has the advantage of not having mucositis
as toxicity; although as a radiation enhancer, it does increase radiation-induced mucositis.

Radiation administered concurrently with chemotherapy or the anti-EGFR antibody cetuximab has
been shown to improve survival in patients with advanced head and neck cancers (Table 1.2).
Randomized clinical trials and meta-analyses show that for locally advanced head and neck squamous
cell carcinoma, concomitant chemoradiation (with cisplatin) produces a small but significant survival
advantage of about 8% at 5 years compared to radiation therapy alone. The U.S. Intergroup compared
concomitant cisplatin and radiation to split-course radiation with cisplatin and 5-FU to standard
radiation alone in patients with unresectable head and neck squamous cancer and showed that

concurrent cisplatin at 100 mg/m? every 21 days with daily radiation (5 days per week) significantly
improved survival rates. Administration of concurrent cisplatin with radiation is also associated with
higher rates of larynx preservation in locally advanced larynx cancer, compared to radiation alone.
More frequent dosing of cisplatin (e.g., weekly or daily) is postulated to increase sensitization, and is
an area of active investigation. A randomized trial of neoadjuvant cisplatin and 5-FU followed by
radiation versus concurrent cisplatin and 5-FU with radiation in patients with unresectable head and
neck cancer showed similar survival rates but improved locoregional control for the concomitant
arm. Results have been presented in abstract form for patients with stage II to IV resectable cancers,
comparing a taxane-based triplet neoadjuvant regimen followed by radiation and concomitant weekly
carboplatin (or accelerated boost radiation with weekly Docetaxel) to concomitant accelerated boost
radiation with cisplatin given every 21 days. This phase III trial showed no difference in 3-year
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survival, though poor accrual caused early stopping. A second phase II trial, comparing radiation
given concurrent with docetaxel, 5SFU and hydroxyurea, both given every other week with or without
neoadjuvant taxane-based triplet chemotherapy showed better disease-free survival but similar overall
survival for the neoadjuvant arm. Consequently, concomitant platinum-based chemoradiation may be
considered for patients with unresectable advanced head and neck cancer with good performance
status.

Concomitant chemoradiation regimens using taxanes with either 5-FU or cisplatin show promising
results as do regimens containing 5-FU and hydroxyurea with concomitant twice-daily radiation, with
both chemotherapy and radiation administered together every other week. Agents that inhibit EGFR
signaling have been evaluated as radiation enhancers in head and neck squamous cancer. More than
90% of head and neck squamous cancers express EGFR, and increased expression has been
correlated with poorer survival rates after radiation therapy. The EGFR inhibitory monoclonal
antibody cetuximab has been shown to result in an enhancement of response and survival over
radiation alone, although more than 50% of the trial participants had oropharyngeal primary tumors,
a type previously associated with greater responsiveness to radiation. In contrast to trials comparing
radiotherapy with or without chemotherapy, there was no reduction in distant metastases in the
cetuximab arm. Clinical studies are ongoing with combinations of EGFR inhibitors, with radiation
and with standard chemotherapy agents. Preliminary reports of RTOG 0522 showed no progression-
free or overall survival benefit with the addition of cetuximab to standard cisplatin-based
chemoradiation, although mature results are awaited. Recent studies suggest that additional molecular
alterations, in addition to EGFR, are likely to be important for response, such as nuclear factor-
kappaB (NFkB), signal transduction and transcription-3 (STAT-3), and inactivation or mutation of
tumor suppressor p53, mutation or overexpression of MET, as well as epithelial-to-mesenchymal
transition. Agents targeting these pathways individually, such as bortezomib, quinacrine (NF-kB,
p53), and STAT decoy, have shown limited activity.

Table 1.2 Common Chemoradiation Regimens

Regimens Common toxicities

Cisplatin 100 mg/m? IV every 21 days during radiation  Renal dysfunction, severe nausea/delayed vomiting,
dehydration, increased mucesitis, hearing toxicity,

Carboplatin AUC -2 IV with paclitiel 35-50 mg/m?  Myelotoxicity, increased mucositis

IV weekly during radiation
Cetuximab loading dose 400 mg/m? [V followed acneiform rash, mucositis, allergic reaction

by 250 mg/m*/week IV (can be given as single

agent or with cisplatin and 5-FU regimen

as neoadjuvant therapy prior to RT, or

concomitantly with RT)

After chemoradiation in patients with N2, N3, or multiple nodes at diagnosis, elective lymph node
dissection may be carried out when complete response is obtained at the primary site, especially when
there is less than complete nodal response to chemoradiation. N2 or greater nodes often (about 20%)
harbor tumor even if a clinically complete response is obtained in the neck with chemoradiation.
Surgical salvage may be attempted if complete control is not achieved at the primary or locoregional
site. Major complications with surgical salvage are found in about 52% of patients previously treated
with organ-preserving regimens.

Postoperative/Adjuvant Therapy

The decision to administer adjuvant radiation or chemoradiation is typically guided by pathologic
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findings. When surgery is the primary modality, postoperative radiation therapy or chemoradiation is
generally preferred to the preoperative setting.

Adjuvant concomitant cisplatin and radiation in patients at high risk for recurrence after surgery
has been studied both in Europe and in the United States. Both studies found a benefit in locoregional
control and disease-free survival for patients receiving adjuvant concomitant cisplatin and radiation
over radiation alone. The European study also identified an overall survival benefit, which the
American study did not. Both the initial analysis and subsequent reanalysis of pooled data from both
trials suggested that the benefits were particularly prominent and enduring in patients with positive
margins or extracapsular extension of tumor. Therefore, this population is considered to be at high
risk of recurrence and is typically recommended to receive postoperative concurrent cisplatin-based
chemoradiation. On the other hand, radiation alone is typically recommended for patients considered
to be at intermediate risk of recurrence, with risk factors such as pathologic T3—4/NO disease,
multiple positive nodes (without extracapsular extension), perineural or lymphovascular invasion, or
oropharyngeal cancers with cervical nodal level IV or V involvement. Studies are ongoing to
evaluate the addition of cetuximab to postoperative radiation in patients with intermediate risk factors.

Induction/Neoadjuvant Chemotherapy Followed by Radiation

The advantages of induction (neoadjuvant) chemotherapy include reduction of tumor burden
potentially allowing more effective local control with surgery or radiation, as well as organ
preservation, though at the price of increased toxicity, cost, and length of treatment. Induction
chemotherapy has also been used experimentally as a predictive indicator of benefit for
chemoradiation—responders are given definitive chemoradiation and nonresponders are treated with
definitive surgery followed by radiation. In stage III and IV larynx and hypopharynx cancer,
chemotherapy followed by radiotherapy compared to laryngectomy followed by radiotherapy
showed no decrement in overall survival, and larynx preservation was achieved in two-thirds of
surviving patients who received chemoradiation. Surgical salvage was eventually necessary for about
one-third of the patients with larynx cancer treated with chemoradiation, and therefore close follow-
up is required in the event that salvage surgery is needed. For laryngeal cancer, concomitant cisplatin
and radiation therapy has since been shown to result in better local control and organ preservation,
but not survival, compared to neoadjuvant chemotherapy followed by radiation or radiation alone.

Recently, several investigators have studied combinations of a taxane, a platinum, and 5-FU as
induction chemotherapy prior to radiation or to concomitant chemoradiation. A phase III study in
stage Il and IV cancers of the oral cavity, oropharynx, hypopharynx, and larynx demonstrated
improved disease-free and overall survival after follow-up of 32.5 months, for patients receiving
cisplatin, 5-FU, and taxane chemotherapy compared to cisplatin and 5-FU for up to four courses prior
to radiation alone. A second study used cisplatin and 5-FU with or without paclitaxel for three
courses, followed by chemoradiation with high-dose cisplatin on days 1, 22, and 43 if response was at
least 80%. This trial also showed that complete response rate (the primary end point of the trial) was
improved (33% vs. 14%) in the triplet arm. With a median follow-up of 23 months, survival data had
not yet matured. A third phase III trial randomized unresectable or organ preservation patients to
induction therapy with cisplatin and 5-FU with or without docetaxel, followed by radiation with
weekly carboplatin at AUC 1.5. With a median follow-up time of 42 months, treatment with the triple
drug neoadjuvant therapy showed a 30% improvement in survival.

Induction therapy with a taxane, platinum agent, and 5-FU combination has shown response rates up
to 70% in chemotherapy naive patients with unresectable head and neck squamous cancers. Presently,
induction chemotherapy with a taxane, cisplatin, and 5-FU combination, with adequate supportive care
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for hematologic toxicity, followed by radiation therapy can be considered as a reasonable treatment
strategy, particularly in patients with unresectable cancers, advanced nodal disease (N2c/N3), and
good performance status. Preliminary (abstract) reports (noted above) on trials that randomized
advanced-stage resectable patients to concomitant chemoradiation treatment with or without induction
chemotherapy have not yet shown a survival advantage, though seem to show a disease-free survival
advantage to the neoadjuvant arm.

Reirradiation

Reirradiation without and with chemotherapy has been studied in patients with recurrent local and
regional disease. Reirradiation has usually been studied in selected patients with relatively limited
recurrent disease, so that the volume of reirradiated tissue can be minimized. Highly conformal
radiation methods such as IMRT are employed to minimize dose to surrounding tissues. The total
spinal cord and brain stem doses are typically of primary concern. The interval between the courses
of radiation is also important for minimizing toxicities, and most trials have used 6 months as the
minimum interval. In the setting of recurrence, multidisciplinary management remains important,
since reirradiation has been evaluated with favorable results when delivered as a solitary modality or
when delivered postoperatively or with concurrent chemotherapy. Radiation doses in the range of 60
Gy are typically delivered. Short-term local control rates of 15% to 65% are observed, and median
survival times of 8 to 28 months are reported.

Supportive Care
Acute Toxicities of Treatment

Patients treated with concomitant chemoradiation therapy require frequent clinical assessment and
prompt institution of supportive care to avoid severe or fatal consequences during the acute phase of
treatment (during chemoradiation and 1 to 2 months following chemoradiation).

Nutriton Careful assessment of the need for a percutaneous enteral feeding device should be done.
These devices have been shown to be beneficial for patients who are thin, or have lost significant
weight. They are not necessary for all patients, but if not placed, such patients must be assessed every
1 to 2 weeks for toxicity and weight loss. A good rule of thumb is to place these devices if the patient
loses 10% of their normal weight prior to treatment or in the initial 4 weeks of concomitant
chemoradiation.

Hydration Combined chemoradiation leads to increased fluid loss, especially with severe mucositis,
and/or with loss of normal taste or appetite secondary to chemoradiation. Patients should be assessed
every 1 to 2 weeks for skin turgor, orthostatic blood pressure changes, lightheadedness on standing,
or increased creatinine (especially with platinum combinations). If any of these symptoms or signs is
present, saline hydration should be given intravenously.

Mucositis A significant number of patients receiving chemoradiation therapy will develop severe
mucositis that impairs nutrition and causes severe pain. If a patient cannot swallow, or loses 10% of
body weight, then assistance to nutrition, such as percutaneous enteral feeding, is indicated. Candida
infection of the affected mucosal surfaces is fairly common. At the first sign of candidiasis,
antifungal therapy should be instituted, topically and/or orally. A preparation containing an
antifungal, anesthetic, and calcium carbonate suspension is useful. Narcotic pain control should be
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aggressive and patients should be taught to track pain severity and self-administer their narcotics
before the peak of pain occurs. It is useful to use a transdermal administration route, using careful
dose calculation based on total use of short acting narcotic, plus a short-acting (liquid) narcotic to
control pain.

Hypomagnesemia This is common with high-dose platinum agents and is managed with oral or
intravenous replacement.

Hypothyroidism Up to 50% of patients may have increased thyroid stimulating hormone levels (TSH)
after radiation therapy. Prior to and following acute treatment and every 3 months during follow-up,
TSH should be monitored and appropriate replacement therapy instituted.

Rash Cetuximab may cause an acneiform rash in the upper torso and face which may become
infected if not treated. Patients should be started prophylactically on moisturizers as topical therapy.
Steroid-containing topical creams and doxycycline are also helpful for a more severe rash (confluent
in more than one body area). The rash often improves after the first few weeks, and may not be
present in the radiation fields.

Allergic Reactions Severe and life-threatening allergic reactions have occurred with cisplatin,
carboplatin, and antiepidermal growth factor receptor (EGFR) antibodies. Infusion of these agents
should only be done when appropriate emergency equipment and trained personnel are available.

Late Toxicities of Treatment

A significant minority of patients will have swallowing difficulties for several years or
permanently, with attendant risk of aspiration and pneumonia. Swallowing therapy and potentially
continued enteral nutrition with a percutaneous tube may be necessary for these patients.

Xerostomia Risk of dry mouth due to incidental radiation to the salivary glands is present but has
been lessened by more accurate treatment planning and delivery with intensity-modulated radiation
therapy (IMRT) methods. Initial management typically includes saliva substitutes, oral mucosal
lubricants, and frequent sips of water. Systemic cholinergic agonists can be considered for
xerostomia that persists for more than 1 year after treatment completion. There is growing evidence
supporting a role for acupuncture or acupuncture-like transcutaneous electrical nerve stimulation
(ALTENS) in palliation of xerostomia as well.

Dental Caries An increased risk of developing dental caries accompanies any change in salivary flow
or composition. For this reason, any patient who has had head and neck radiation should have regular,
frequent dental evaluations. Long-term, daily use of fluoride trays is often recommended. Meticulous
oral hygiene can reduce the likelihood of other late effects, such as osteoradionecrosis (ORN).

Osteoradionecrosis Bone exposure following radiation may lead to progressive ORN, which occurs in
5 to 7% of patients treated with radiation. To prevent ORN, extractions should be performed in
patients with poor dentition and allowed adequate time for healing prior to therapy (at least 2 weeks).
If ORN develops, patients with dead sequestra (necrotic bone) should be referred to an oral
maxillofacial surgeon for sequestrectomy. Culture may provide sensitivities for IV antibiotic therapy.
Sequestrectomy coupled with long-term pentoxifylline has been reported to result in healing in most
patients within 1 year. Hyperbaric oxygen has been used for many years, but was not found to be of
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benefit in a randomized clinical trial.

Mobility Impairment Both surgery and radiation can cause fibrosis of soft tissues of the neck, impacting
cosmesis and/or neck mobility. Treatment often includes physical therapy for neck stretching and
strengthening and massage. The combination of tocopherol (1,000 International Units per day) and
pentoxifylline (400 mg BID) improves symptoms of fibrosis, can result in some degree of regression
of fibrosis, and is well tolerated. Greater regression is generally achieved with earlier initiation of
therapy.

Palliative Chemotherapy

Chemotherapy is effective as palliative treatment for recurrent or metastatic squamous head and neck
cancer, or in unresectable cancers in patients who cannot undergo combined modality treatment. The
median survival for patients with locally recurrent or disseminated disease is 6 to 9 months, and only
20% to 30% are alive at 1 year. Whenever possible, patients should be encouraged to enroll in clinical
trials that evaluate new agents or new combination regimens.

The choice of single-agent or combination chemotherapy depends largely on whether
chemotherapy is used as part of a curative regimen, or for palliation, as well as the patient’s overall
health and performance status. Combination chemotherapy yields higher response rates but has
increased toxicity when compared with single agents. Common chemotherapy agents used for head
and neck cancer include cisplatin, carboplatin, docetaxel, paclitaxel, 5-FU, methotrexate, and the anti-
EGFR antibody cetuximab (Table 1.3). Cisplatin is considered to be standard chemotherapy for head
and neck cancer either alone or in combination with 5-FU or a taxane and/or cetuximab. Carboplatin
(AUC 5) may be slightly less active than cisplatin for head and neck squamous cancer, but is preferred
in patients at high risk for cisplatin toxicity, e.g., patients with renal dysfunction, neuropathy, or
hearing loss. Small studies have also evaluated pemetrexed, gemcitabine, ifosfamide, irinotecan,
vinorelbine, and others, showing response rates of 10 to 25% and median survival of 4 to 7 months in
nonrandomized clinical trials. Prior to the use of taxane combinations, meta-analyses and randomized
trials demonstrated improved response for cisplatin compared with methotrexate, and improved
response for cisplatin and 5-FU combination compared with single drugs, although improvement in
survival with combinations versus single agents is less clear. In the metastatic setting, the combination
of cisplatin and infusional 5-FU produces a 70% response rate and a 27% complete remission rate in
chemotherapy-naive patients, but the response rate is 30% to 35% with less than 10% complete
responses in patients who have relapsed after radiation therapy. An older randomized trial of cisplatin

and 5-FU versus carboplatin (fixed dose of 300 mg/m?) and 5-FU versus weekly methotrexate in
patients with recurrent or metastatic head and neck squamous cancer demonstrated response rates of
32%, 21%, and 10%, respectively. Median survival was not improved by combination chemotherapy
(6.6, 5.0, and 5.6 months, respectively).

Both docetaxel and paclitaxel have shown antitumor activity. Paclitaxel doses of 75 mg/m? every 3
to 4 weeks are usually tolerable in combination with a platin and/or 5-FU. Docetaxel is usually

administered at doses of 60 to 100 mg/m? every 3 to 4 weeks. Weekly schedules are being evaluated.
Taxane combinations, including paclitaxel or docetaxel, cisplatin or carboplatin, with 5-FU, show
promising response rates and can be given with modest toxicity if growth factors are used.

The EGFR inhibitor cetuximab is approved by the FDA for use combined with platinum-containing
chemotherapy or as a single agent after progression on a platinum regimen for recurrent or
metastatic disease. Cetuximab is also approved for use with radiation therapy for treatment of locally
advanced squamous head and neck cancer, where there is a survival advantage compared to radiation
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alone (see above).

Table 1.3 Common Chemotherapy Regimens for Head and Neck Squamous Cancer

Regimens Common Toxicities

Methotrexate 40-60 mg/m®/week IV, depending on  Mucositis, myelosuppression
patient tolerance

Cisplatin 70-100 mg/m? IV every 21-28 days Renal dysfunction, hearing loss, dehydration,
(can be used concomitantly with radiation) severe nausealvomiting (highly emetogenic )

Paclitaxel 75 mg/m?® IV over 1-3 h every neurctoxicity, myelosuppression, allergic
21-28 days reactions

Cetuximab loading dose 400 mg/m® [V followed Acneiform rash, diarrhea, myelosuppression
by 250 mg/m¥week IV (can be given as single Allergic reactions
agent or with dsplatin and 5-FU regimen, or
concomitantly with radiation)

Cisplatin 100 mg/m? IV day | and 5 FU Highly emetogenic; renal dysfunction,
8001000 mg/m*/day IV by continuous hearing loss, dehydration, diarrhea, hand-foot
infusion X 4-5 days, every 21-28 days syndrome, myelosuppression

Docetaxel 75 mg/m? IV day |, cisplatin 75 mg/m? Severe myelosuppression (supportive filgrastim
IV day | and 5 FU 750 mg/m? iv over 24 h by needed); renal dysfunction, dehydration,

continuous infusion X 5 days, every 21-128 days hearing loss, neurotoxicity, edema, hand-foot
syndrome, diarrhea

Follow-Up

Curative treatment of patients with head and neck cancer should be followed by a comprehensive head
and neck physical examination every 1 to 3 months during the first year after treatment, every 2 to
4 months during the second year, every 3 to 6 months from years 3 to 5, and every 6 to 12 months
after year 5. Imaging studies should be done approximately 10 to 12 weeks after completion of
radiation therapy (if given) and then every 3 to 6 months for the first 3 years, or for any symptoms or
signs suggesting recurrence or second primary cancer. The TSH level should be obtained every 3 to
6 months if the thyroid is irradiated. Generally, thyroid hormone replacement therapy should begin
when, and if, TSH remains stably elevated, before symptoms of hypothyroidism appear. Up to 50% of
patients will develop hypothyroidism by 5 years after radiation therapy to the head and neck. Patients
with nasopharyngeal tumors who were treated with radiation are at risk for pituitary failure
(121,122).

The highest risk of relapse is during the first 3 years after treatment. After 3 years, a second
primary tumor in the lung or head and neck is the most important cause of morbidity or mortality.
Because of this risk, a semiannual chest radiograph or CT is recommended. Some recurrences, as
well as second primaries, can be treated with curative intent.

SITE-SPECIFIC TREATMENT OF HEAD AND NECK TUMORS
Oral Cavity

The oral cavity includes the lip, anterior two-thirds of the tongue, floor of the mouth, buccal mucosa,
gingiva, hard palate, and retromolar trigone. Approximately 20,000 new cases are diagnosed
annually in the United States. Squamous cell carcinoma is the histologic type observed in most cases.
The epidemiology, natural history, common presenting symptoms, risk of nodal involvement, and
prognosis for specific subsites are shown in Table 1.4.

Early lesions (stages I and II) are treated with either surgery or radiation therapy as single-
modality therapy. Treatment of the neck by sentinel node or supraomohyoid selective neck dissection
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or radiation is indicated for invasive cancers due to the significant risk of nodal metastasis. For
resectable locally advanced disease (stages III and IV, and MO0), surgery for the primary tumor and
appropriate neck dissection is indicated (see Fig. 1.4). Postoperative radiotherapy or
chemoradiotherapy is indicated for close margins, perineural or lymphatic invasion, nodal disease
stage N2 or greater, or with extracapsular spread. Definitive radiation therapy with or without
chemotherapy is an option for patients with resectable disease at any stage who have high medical or
surgical risk, or according to patients’ preference (based on discussions about quality of life,
functional outcome, and toxicity profile of each treatment). Treatment for unresectable locally
advanced and metastatic disease is included in sections on chemo- and radiotherapy.

Oropharynx

The oropharynx includes the base of the tongue, tonsils, posterior pharyngeal wall, and the soft
palate. The epidemiology, natural history, common presenting symptoms, risk of nodal involvement,
and prognosis for specific subsites of the oropharynx are shown in Table 1.5. In the last 10 years, it
has become apparent that there are at least two different subtypes of oropharynx cancer. Oropharynx
cancer associated with HPV infection has increased in incidence by over 200%, while the incidence
non-HPV-related oropharynx cancer has decreased. Currently half or more oropharynx cancers are
HPV-. Patients tend to be slightly younger than those with HPV— oropharynx cancer, and tend to have
less tobacco exposure. Most of these tumors are due to high risk HPV, particularly types 16 and 18.
Patients with oropharynx cancer should have their tumors assessed for HPV subtypes, and for the
presence of p16 immunostaining. Oncogenes expressed by the virus (E6 and E7) interfere with the
function of p53 and Rb, and drive proliferation. The absence of a functional Rb leads to p16
overexpression. The prognosis for HPV- oropharynx cancer is 30% to 50% better compared with
HPV- oropharynx cancer. Currently, treatment of both HPV— and HPV- oropharynx cancers are
similar. Treatment may include primary surgery with postoperative radiation or chemoradiation as
necessary (multiple positive lymph nodes, extracapsular spread). TORS may be an option for some
tumors, and may provide a functional surgical result. Primary chemoradiation therapy is frequently
used for stage IIl or IV disease as a result of superior organ preservation and swallowing when
compared to nonfunction sparing surgical resection and reconstruction of the tongue base, reserving
surgery for management of regional node metastases or for salvage of persistent disease. The
adoption of IMRT has resulted in improved functional outcomes as well. Older randomized trials,
which did not assess for HPV status, show that concurrent chemoradiation significantly improves
locoregional control and survival compared with radiotherapy alone. Increased complexity, toxicity,
and need for close follow-up of this combined-modality approach mandates that the patient has
adequate performance status and psychosocial resources.
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Table 1.4 Head and Meck Cancer: Oral C:win_.l

Matural History
and Common
Presenting Modal Prognosis
Site Epidemiology Symptoms Involvement (5-y Survival)
Lip Risk factors are sun  Exophytic mass or 5-10% TI,90%
exposure and ulcerative lesion; Midline umors T2 84%
tobacco; 3,600 mare comman in spread With lymph
N CASES A year; lower lip (F2%): bilaterally node
1040 times more slow-growing Level | more involvemnent,
commaen in white tumors; pain and comman S50%
men than in black bieeding (submandibular
Men or women and submental);
{black or white) upper lip
lesions
rmemsmize
earlier: Level |
and also
preauricular
Alveclar 10% of all oral Exophytic mass or 0% (TO% fT4)  TI.85%
ridge and cancers; infilerating tumor.  Levels land Il T2 80%
retromolar MF, 4:1 may invade bone; meone common 13, 60%
trigone bleeding. pain T4, 20%
exacerbated by
chewing, loose
teath, and ill-fieting
dentures
Floor of mouth  10-15% of Painful infiltrative TI 2% T2, 30%; By stage:
oral cancers, lesions, may T3, 47%; I, B5-90%
{occurrence invade bone, and T4, 53% Il, 80%
0671 00,000); muscles of floor Levels | and Il I, 66%
MF, 3:1; median age. of mouth and mere common IV 31%
&0y tongue Advanced
stage, 30%
Hard palate 0.4 cases/ 100,000 Deeply infiltrating Less frequendy: By stape:
(5% of oral cavity);  or superficially 6-19% I, 75%
M:F 8:1; 50% cases  spreading pain Il 46%
squarmecas, 50% HIL, 36%
salivary glands M1
Buccal mucosa  B% of oral cavity Exophytic more 10% at diagnosis  18-77% all stages
cancers in United often, silent
States; women > presenmtion;
men pain, bleeding,
difficulty in chewing
M:F. male-to-female ratio,
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Table 1.5 Head and Neck Cancer: Oropharynx and Larymx
Matural History and

Common Presenting Hoddal Prognosis
Site Epidemiclogy Symptoms Irvalvement (5-y Survival)
Base of 4000 new cases  Advanced at presentation Al stages: TOX By stage:
Longue anmually in {silent hqanm.“msm (T} oo BOX I, &0%
the: Uniced behareior); pain, dysphagia, (T4) I, 40%
Searas; M:F wight less, and coalga Levwals I and [N 1, 304
ratio, 3=5:1. {from cranial nerve more commaon, 1Y 15=70%
May be HPV- invohwement); neck mass also [V, W and V1
associated I a frequent presenction
Torall, ronsillar  Tobacco and Toraillar fosaa: more advanced  Tonsillar Tensilfar fossa,
pillar, and alcohal; HFYV at presentation: T5% stage pillar T2, 38% 9% (seage )
soft palate COMIMon Il or FY, pain, dysptagia, Tonsilar fossa to | 7=65%
mliht lcess, and neck mass T2, 8% (55K [:nwel‘ﬂ
Soft palate: more indolent, presant with Soft paline, 85%
My present as M2 er N3 (soge [) wa
erythroplakia disexse) 21% (seage IV)
Posterior Advanced at diagnosis (silent  Clinically palpable By stape:
Pharyn gﬂl lqnuon:;paln.bludhg,:hd nodes 1,75%
wall welight loss; neck mass is T, 15% I.70%
commen il syrrpoom TL 0% . 4%
T3 66% T
T4, 755
Bilareral
Invedeernent
b common
Supraglorts 35% of bryngeal  Most arise in epigotis:early  Chverall rae: By stge:
cancers lyrph nade vabement TI63%:T2, 1, 70— 1 00
due to extensive lymphatic TORTIT9%;  IL50-50%
drainage; two-thirds T4 7¥% I, 45-T0%
of pacients bave nodal Lewnls 11 1ILand IV IV 20-60%
itastases an diagnosi e COmmon
Glontis Mast comman  Most fovorable prognosis; laze  Sparse hymphatic T, 74-86%
laryngeal lymph nade imvabement draimge, sarly TL&T-T5%
CANCET usially well difforenciaved, leslons rarely  T3.55
bt with infiltrative groweh mtastasize 1o T4.50
patzern; hoarseness is yenph nodes.
an early yymptom; T0% Clinically
have localized disease at positive:T1, T2
diagnosis Lewels I, Il and Y
R COMITICN
T3.T4, 20-25%
F
Subglottiy Rare, [-8% of  Poorly differentiated, infiltrative  20-30% overall 26% overall
lryngeal growth pattern unrestricted  Pretracheal and
CANCErs by tssuse barriers; rarely paratracheal
causes hoarsemess, may nades mare
cause dysprea from airway cormmanky
invo ement; two-thirds of imvolved

patients have metastatic
disease at presentation

M rrade-to-fomale ratio.

Because of the much improved prognosis of HPV- oropharynx cancers, clinical trials are
assessing the efficacy of less intense treatments. RTOG 1016 (NCT01302834) compares IMRT with
cisplatin versus IMRT with cetuximab in locally advanced stage III/IV oropharynx cancer that is
positive for p16 expression. Several phase II trials are also evaluating TORS and reduced radiation
dose for HPV- oropharynx cancers. The Eastern Cooperative Oncology Group has completed
accrual to a phase II trial of paclitaxel, cisplatin, and cetuximab followed by cetuximab in
combination with low-dose or standard-dose intensity-modulated radiotherapy in HPV- stage III or
IV resectable oropharynx cancer (NCT01084083) and 2-year progression-free survival (PFS) results
are awaited.

Non-HPV-associated cancers usually present at a locally advanced stage, and are treated with
chemoradiation or induction chemotherapy followed by chemoradiation, with surgery reserved for
residual disease or recurrence. In selected advanced patients, surgery could also be used as the
primary modality, followed by radiation or chemoradiation as indicated. If available, clinical trials
are recommended for this group, as well.

Nasopharynx

The epidemiology, natural history, common presenting symptoms, risk of nodal involvement, and
prognosis for nasopharyngeal cancer are shown in Table 1.6. It is rare in most parts of the world,
with an incidence of less than 1 case per 100,000 population. However, it is endemic in certain areas,
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including North Africa, Southeast Asia, China, and the far northern hemisphere. EBV is strongly
associated with nasopharyngeal carcinoma. This association has been demonstrated by serologic
studies and by the detection of the viral genome in tumor samples. Diet (salt-cured fish and meat) and
genetic susceptibility are other probable risk factors; tobacco and alcohol are not risk factors, except
in a minority of cases.

The World Health Organization (WHO) classification divides nasopharyngeal carcinoma into three
types: type 1, keratinizing squamous cell carcinoma; type I, differentiated nonkeratinizing squamous
cell carcinoma; and type III, undifferentiated nonkeratinizing carcinoma. Type II, the most common,
is also sometimes referred to as lymphoepithelioma because of the characteristic exuberant lymphoid
infiltrate accompanying malignant epithelial cells.

The most common initial presentation is a neck mass. Other presenting signs and symptoms are
related to tumor growth, with resulting compression or infiltration of neighboring organs. These
include serous otitis media, nasal obstruction, tinnitus, pain, and involvement of one or multiple
cranial nerves.

Nasopharyngeal carcinoma has a high metastatic potential to regional nodes and distant sites. WHO
type I has the greatest propensity for uncontrolled local tumor growth and the lowest propensity for
metastatic spread (60% clinically positive nodes) compared with WHO type II and type III cancers
(80% to 90% clinically positive nodes). Even though WHO type I cancer is associated with a lower
incidence of lymphatic and distant metastases than are types II and IIl, its prognosis is worse because
of a higher incidence of deaths from uncontrolled primary tumors and nodal metastases.

Staging for nasopharyngeal carcinoma differs from that of other head and neck sites, particularly
with regard to nodal staging. For full details, see the AJCC Cancer Staging Manual. Stage 1 is node-
negative disease confined to the NP. In stage II disease, the tumor extends to the parapharyngeal
region with or without unilateral lymph node(s) measuring 6 cm or less. The disease is considered
locally advanced disease (stages III and IV) when the tumor extends beyond the parapharyngeal
region to involve other structures (bone, orbit, cranial nerves, intracranial extension) or when
bilateral or any supraclavicular lymph nodes are involved.

The prognoses for different stages of nasopharyngeal carcinoma are shown in Table 1.6.

General treatment guidelines are shown in Figure 1.5. Surgery is usually not recommended
because of anatomic considerations and the pattern of spread of the cancer via the retropharyngeal
lymphatics. Radiation has been the standard treatment, with good results (local control rates: T1-T2,
80% to 90%; T3-T4, 70% to 80%), and remains the standard of care for stage I cancer. However, for

stage II disease, a recent randomized trial showed that concurrent weekly cisplatin (30 to 40 mg/m?)
added to radiation confers an overall survival benefit over radiation alone. Thus, consideration of
chemoradiation is advisable in stage II disease.
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Table 1.6 Head and Meck Cancer: Hypopharynx, Masal Cavity, Paranasal Sinuses, and NP

MNatural History
and Commaon
leing Maodal anp'mh
Site Epid logy ymip Ivolvernent  (S-y Survival)
Hypopharyns LS00 new cases  Aggressive, diffuse Abundant Survival varies
yearly in local spread, lyrnghatic between
LUnited States; early lymph node drainage sites within
eticlogy: involvement; Up to &0% hypopharynx
tobacco, occult metastases have clinically  TI, T2, 40%
alcohed, and e thyrold and pasithe T3-T4,
rutritional paratrachesl yrngh nodes 16-3T%
abnormalities mode chairg pain, at dh@'u:ul:.
reck stiffness
{retropharyngeal
roedes), omlgia
(eranial merve X},
irrigaticn, and mucus
renertion
50% present a3 neck
mass; high risk of
diseant meitaves
Masal cavity and Rare, 0.75/100,000 Monhealing ubcer, 10=-20% BO% for all
parznasal sinuses CCUITENCE in occasioral beedng, clinically sices all
LUinined States unilateral nazal posithve seapes, J0%
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FIGURE 1.5 Treatment of nasopharyngeal carcinoma (MO0).

In a randomized trial in the United States in the 1990s, concurrent cisplatin (cisplatin 100 mg/m?
every 21 to 28 days) and daily radiation followed by three courses of adjuvant cisplatin and 5-FU was
shown to improve overall survival (76% for concurrent chemoradiation vs. 46% for radiation
therapy alone). On the basis of this study, concurrent chemoradiation followed by adjuvant
chemotherapy is still considered standard treatment for locally advanced nonmetastatic (stage III and
IV) nasopharyngeal cancer in the United States. Other drugs, such as taxanes, appear to have activity
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but have not been evaluated extensively.

Larynx

Risk factors include a history of tobacco and/or alcohol intake. HPV is detected in subset of laryngeal
cancers. In addition, certain dietary factors and exposure to wood dust, nitrogen mustard, asbestos,
and nickel have been implicated as etiologic factors. The male-to-female ratio for laryngeal cancer is
4.5:1, with a peak incidence in the sixth decade of life. This disease is 50% more common in African
Americans than in whites and 100% more common in whites than in Hispanics and Asians. More than
95% of laryngeal cancers are squamous cell carcinomas.

Laryngeal cancers can be supraglottic, glottic, and/or subglottic. The epidemiology, natural
history, common presenting symptoms, risk of nodal involvement, and prognosis for specific
subsites of the larynx are shown in Table 1.5.

Early glottic cancers not requiring laryngectomy (T1-T2 NO) are usually treated with
microendoscopic surgery or radiation. Transoral robotic or laser surgery has been used for T1-2
and selected T3 supraglottic cancers. Locally advanced resectable tumors (T3-T4 or T2 N-) may be
treated with surgery, with addition of adjuvant radiation if locoregional risk factors are present (i.e.,
close or positive margins, T3/4 tumor involving pre-epiglottic space, laryngeal-cricoid cartilage or
hyoid bone, lymphatic or vascular or perineural involvement, multiple positive nodes, extracapsular
invasion, subglottic extension, or prior tracheostomy). For supraglottic cancers with high risk of
neck metastasis or other sites with lymph node involvement, neck dissection, and/or neck radiation is
indicated. An alternative is the use of combined radiation and chemotherapy. In 1991, the Veterans
Administration Laryngeal Study Group trial established that sequential chemotherapy with cisplatin
and infusional 5-FU followed by radiation therapy in highly responsive patients resulted in equivalent
survival and a larynx preservation rate of about 66% compared to treatment with surgery followed by
radiation. A subsequent randomized phase III trial conducted in the United States demonstrated that

concurrent cisplatin (100 mg/m? on days 1, 22, and 43) and radiation therapy resulted in better
laryngectomy-free survival, larynx preservation rate, and local-regional control rate than either
sequential (induction) cisplatin and 5-FU followed by radiation therapy or radiation therapy alone.
Survival rate was not significantly different for the three treatments, in part reflecting the ability to
surgically salvage laryngeal cancer patients treated for organ preservation. Patients who received any
chemotherapy had a lower metastatic rate at 2 years than did patients who received radiation alone.
Patients with high-volume T4 disease (with destruction of larynx or massive extension of supraglottic
laryngeal cancer to the base of tongue), who were not likely to obtain functional laryngeal and
swallowing preservation without aspiration with chemoradiation, have traditionally been treated with
surgery followed by radiation therapy rather than by organ preservation therapy. Recently, however,
an investigational hybrid paradigm using one cycle of neoadjuvant cisplatin has been used to
“chemoselect” patients with >50% tumor reduction for concurrent chemoradiation with significant
organ preservation rates, even in patients with T4 disease. Those patients with <50% tumor reduction
after cisplatin or incomplete response after chemoradiation undergo total laryngectomy.

Speech rehabilitation is critically important for patients with advanced laryngeal cancer who are
undergoing total laryngectomy. Phonation options include tracheoesophageal puncture at the time of
total laryngectomy, esophageal speech, or a mechanical electrolarynx. Most patients can obtain
satisfactory communication through one of these techniques.

Patients whose lesions are unresectable or patients who are considered to have high surgical risks
are candidates for definitive radiation therapy with chemotherapy if performance status is good. The
treatment for a patient with metastatic disease is discussed under Palliative Chemotherapy in this
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chapter.

Hypopharynx

The epidemiology, natural history, common presenting symptoms, risk of nodal involvement, and
prognosis for specific subsites of the hypopharynx are shown in Table 1.6.

Early cancers not requiring laryngectomy (most T1 NO-N1; small T2 NO) can be treated with
surgery or radiation. Transoral robotic and laser surgery has been shown to be feasible in selected
cases. Locally advanced resectable tumors (T3-T4 any N) may be treated with surgery followed by
radiation or sequential or concomitant chemoradiation. In these cases, surgery usually involves total
laryngectomy and/or partial or total pharyngectomy and neck dissection. Even with this radical
surgery and the consequent functional impairment, the survival prognosis is poor.

Combined-modality treatment with chemoradiation allows organ function preservation with
chances of survival being equivalent to that after surgery (Table 1.6). Recently, the European
Organisation for the Research and Treatment of Cancer (EORTC) reported on a larynx/hypopharynx
preservation study. Two hundred and two patients were randomized to either total laryngectomy with
partial pharyngectomy and neck dissection, followed by irradiation, or to chemotherapy with up to

three cycles of induction chemotherapy (cisplatin 100 mg/m? on day 1 — 5-FU 1,000 mg/m? on days 1
to 5) followed by irradiation for complete responders or conventional treatment for incomplete
responders. At a median follow-up of 10.5 years on 194 eligible patients, the 10-year OS rate was
13.8% in the surgery arm and 13.1% in the chemotherapy arm. The 10-year PFS rates were 8.5% and
10.8%, respectively. In the chemotherapy arm, the 10-year survival with a functional larynx (SFL) rate
was 8.7%. This strategy did not compromise disease control or survival, which remained poor and
allowed more than half of the survivors to retain their larynx.

Patients who are prone to high surgical or medical risks can be treated with chemoradiation or
radiation. The management of metastatic disease is discussed under “Palliative Chemotherapy” in this
chapter.

Nasal Cavity and Paranasal Sinuses

Carcinomas of the nasal cavity and sinuses are rare entities, and include squamous cancers,
melanomas, esthesioneuroblastoma, and sinonasal undifferentiated carcinoma (SNUC). Non-
Hodgkin’s lymphomas, plasmacytomas, sarcomas, adenoid cystic carcinoma, and other histologies
may also present in the nasal cavity and sinuses. The epidemiology, natural history, common
presenting symptoms, risk of nodal involvement, and prognosis for carcinomas of the nasal cavity
and paranasal sinuses are shown in Table 1.6.

Carcinomas of the nasal cavity and paranasal sinuses are usually detected in patients in advanced
stages because of the relatively silent tumor location. Symptoms may include facial swelling, nasals
stuffiness, pain, or epistaxis. Such patients should be evaluated by a multidisciplinary team
experienced in tumors of the nasal cavities and sinuses. If feasible, surgery is the preferred primary
management, but reports of good outcomes with the use surgery followed by adjuvant radiation with
or without chemotherapy have been published. Hypopituitarism may be a complication of radiation
treatment. Local recurrence is common for epithelial tumors, while distant metastases are less
common for these tumors.

Cancer of Unknown Primary Site (of the Head and Neck)
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The workup of a patient with a neck mass is shown in Figure 1.3. Nasopharyngeal, oropharyngeal,
and hypopharyngeal origins are most common. PET/CT together with biopsies reveals the origin of
most of these cancers. In <10% of cases, a primary tumor is not found, and the term “cancer of
unknown primary site” is used. Cervical lymph node involvement (except supraclavicular) by
squamous carcinoma usually indicates a head and neck primary tumor. Unknown primary tumors of
the head and neck are usually treated with neck dissection and radiation or concurrent
chemoradiotherapy as for NP or OP cancers. The prognosis is roughly equivalent to cancers with the
same N (nodal) status. For patients treated by surgery and/or concurrent chemoradiotherapy, 5-year
survivals of 75% to 87% have been reported.

Salivary Gland Cancer

Salivary gland cancers make up about 3% of all head and neck cancers diagnosed in the United States
yearly. Tobacco and alcohol consumption are not risk factors, except possibly in women. Ionizing
radiation and certain occupational exposures (e.g., in workers in rubber and automotive industries,
wood workers, and farm workers) have been associated with the development of salivary gland
cancer.

The salivary glands are classified as major (parotid, submandibular, and sublingual) and minor
(distributed along upper aerodigestive tract, predominantly in the oral and nasal cavities and the
paranasal sinuses). About 75% of parotid gland neoplasms are benign, whereas about 75% of
submandibular, sublingual, and minor salivary gland tumors are malignant.

Most salivary gland tumors are benign, and the most common histology is pleomorphic adenoma,
characterized by slow growth and few symptoms, and is most frequently seen in the parotid gland.
The most common presentation of benign salivary gland tumors is asymptomatic swelling of the lip,
the parotid, or the submandibular or the sublingual gland. Persistent pain or neurologic involvement
(mucosal or tongue numbness and facial nerve weakness) suggests malignant disease. The benign
salivary gland tumors are listed in Table 1.7.

The 2005 WHO classification recognizes 24 histologic subtypes of salivary gland cancers. The
most common type of malignant salivary gland cancer arising from the major salivary gland is
mucoepidermoid carcinoma, followed by squamous carcinoma, acinic cell, adenoid cystic, and
adenocarcinoma not otherwise specified. In the minor salivary glands, mucoepidermoid cell cancer is
again the most common, followed by adenoid cystic carcinoma and adenocarcinoma not otherwise
specified. Salivary duct carcinoma represents a subtype of adenocarcinoma that resembles ductal
carcinoma of the breast histologically, but generally has an aggressive natural history. The clinical
characteristics and prognosis of specific malignant salivary gland tumors are shown in Table 1.8.

Surgery is the mainstay of treatment for all localized stages of salivary gland tumors.
Postoperative radiation is indicated for localized tumors of high-grade histology that are large, with
close or positive margins, and/or positive regional lymph nodes. Radiation is the primary treatment
for unresectable tumors. The role of chemotherapy is limited to the management of locally recurrent,
unresectable disease or distant metastatic disease. Lung and bone are the most frequent sites for
distant metastatic disease. There is no established standard chemotherapy for salivary gland cancer.
Regimens employing cisplatin, carboplatin, anthracyclines, taxanes, cyclophosphamide, and 5-FU
result in transient responses in 14% to 30% of patients with adenocarcinoma or mucoepidermoid
carcinoma, but the effect on survival is unknown.
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Table 1.7 Salivary Gland Benign Tumors

Pleomorphic adenoma (benign mixed tumor)

Warthin tumor (papillary cystadenoma lymphomatosum)
Monemerphic adenoma
Benign lymphoepithelial lesion

Oncocytoma
Ductal papilloma

Sebaceous lymphadenoma

Table 1.8 Selected Salivary Gland Malignant Tumers: Clinkcal Characteristics and Prognosis

Histology

Mucoepidermaid carcinoma

Adenocancinema

Squamous cell carcinama

Acinic cell carcinama

Adenokd cystic carcinoma

Clinical Characteristics

Most comman malignant e in
major salivary glands; most comemeon
in parotid glands (32%)

Low grade: local problems, long
hismrr.n.lr\e with w\euhﬂz
resection; rarely metastasizes

e 1 1:1%){q21:p 13) in 50-70%

High grade: locally aggressive, imvades
nerves and vessels, and
MTkstasiTes earky

16% of parotid and 7% of
submandibular madignant umors

Grade correlates with survival

Uncommon: 7% of parotid ghnd and
10% of submandibular gland
maligrant osmors

Grade correlates with survival

Squameas cell carcinoma of meple,
auricular, and facial skin can
mtastasive to parotid nodes and
can be confused with primary
parotid tumaer

= | 0% of all salivary glind malignant
mors

Low grade with slow growth,
infrequent facial nerve imvolvement,
Infrequent and late metasoses
{lungs)

Regional metastasis in 5-10% of
patients

Most common malignant tumsr in
submandibular gland (41%), | 1%
of paratid ghnd

Prognosis

Law grade: T6—55% 5y
survival

High grade: 30-50% 5.y
survival

T6—B5% 5-y survival

34-T1% 10y survival
24% Sy survival
18% 10y survival

B2% Sy survival
B8 10-y survival

Sy survivak S0-90%
10y survivak 30-67%
15~y survivak 25%

High incidence of nerve imasion,
which compromises local control

(B H)(q22-13;p23-14) in 50%

4% of patents develop metsmades;
most commeon site of measmies
is the hurg. Patients may lve mary
years with hang metastsis, but
wisceral or bone metastases indicate

poor: prognosks
14% of parotid ghand and 12% of Sy survival: 31-65%
submandibular gland cancers 10y 23-20%
May originate in previous pleomarphic
adenoma
Lymph node imvolvement in 25%
of cases;
26—31% of patients develop metastases

Malignant mised wumer

Molecular characterization of salivary gland tumors has revealed some characteristic molecular
alterations. In 50% to 70% of mucoepidermoid cancers, a translocation t(11;19)(g21;p13) creates a
fusion protein product of MEC translocated 1 (MECT) with mastermind-like gene family (MAMLZ2)
that interrupts NOTCH signaling. The presence of this fusion correlates with low-grade histology and
improved prognosis. In about half of adenoid cystic carcinomas, t(6;9)(q22-23;p23-24) results in a
fusion of MYB and NFIB, and portends a worse prognosis, as does del(1p32-p36). A new subtype of
salivary gland cancer, mammary analog secretory carcinoma, is characterized by t(12;15)(p13;q25),
fusing the ETV6 and NTRK3 genes. Other molecular characteristics of salivary tumors have been
evaluated. EGFR has been found to be expressed or overexpressed in mucoepidermoid and salivary
duct cancers, but activating mutations and high-level amplifications appear to be rare. Expression of
HER?2 with amplification appears to occur in about 30% of salivary duct cancers, and the majority of
these cancers appear to express androgen receptors. PTEN abnormalities and activating mutations of
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PIK3CA have also been described in salivary gland cancers. Thus far, trials of targeted agents have
not developed a clear signal of which salivary tumors may respond to a particular targeted therapy,
even when the target is present. Targeted therapies, particularly inhibitors of EGFR, VEGF or its
receptors, and Her-2/neu, have been tested in phase 2 clinical trials. Larger trials or trials
incorporating molecular eligibility criteria are needed to confirm the activity of these new agents
against salivary gland cancers either alone, or in combination. Exploratory studies of assigning
treatments based on molecular abnormalities of a particular patient’s tumor have shown intriguing
results (response or prolonged time to progression). Patients with good performance status should be
encouraged to enter clinical trials.

OTHER HEAD AND NECK TUMORS
Sarcoma

Soft tissue sarcomas of the head and neck account for only about 2% of all head and neck
malignancies in adults. Of head and neck sarcomas, approximately 70% are seen in adults and 30%
are in children. These tumors are heterogeneous and can present in any head and neck site, commonly
as a submucosal or subcutaneous painless mass. In the hypopharynx and NP, the presenting symptoms
may be cranial nerve abnormalities or airway or swallowing difficulties. As in sarcomas at other
sites, grade is an important prognostic indicator. High-grade, aggressive tumors such as malignant
fibrous histiocytoma, angiosarcoma, osteogenic sarcoma, neurofibrosarcoma, and soft part
sarcomas tend to be locally aggressive and spread along neurovascular structures, fascia, and bone.
Distant spread is typically to the lungs, but can less commonly involve other sites. In contrast to soft
tissue sarcomas in other locations, in the head and neck region, local disease tends to have a greater
impact on survival than does distant metastatic disease. This is likely because of the region’s tight
anatomical constraints, which limit the ability to achieve the wide resection margins typically
required for local control of soft tissue sarcomas. Regional nodal disease is possible with some
histologic types of sarcoma, but is much less common than with squamous cell carcinoma. Sarcomas
may also arise after radiation therapy, but this is very uncommon in the head and neck region. The
prognosis for these secondary sarcomas may be worse than for primary sarcomas.

Initial evaluation and workup is similar to that for a squamous cell carcinoma at the same site with
some key differences. MRI is likely to be more useful in defining the extent of disease for treatment
planning. In addition, if sarcoma is suspected, biopsy should be performed carefully with meticulous
hemostasis, since the risk of seeding the biopsy tract or any biopsy-related ecchymosis is higher with
soft tissue sarcomas.

Treatment depends on stage, age of the patient, tumor type, location, and size. Rhabdomyosarcomas
should be treated under the current cooperative group trial. For bone and other soft tissue sarcomas,
en bloc resection with wide (>1 cm) margins is the goal, but may not be possible because of the
proximity of vital structures. Elective neck radiation is not necessary because the incidence of occult
positive lymph nodes is low. Given the infiltrative nature of soft tissue sarcomas, there should be a
low threshold for including adjuvant radiation and/or brachytherapy to improve local control, even
in low-grade sarcomas. Postoperative chemotherapy is generally advised for most osteosarcomas,
and may provide a local control benefit for soft tissue sarcomas as well. Such patients should be
referred to clinical trials when possible. Overall survival rate approaches 60% for patients with
sarcomas of the head and neck.
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Melanoma

Most cutaneous head and neck melanomas occur on the face, scalp or neck. Superficial spreading
melanoma is most common, followed by nodular melanoma. The principles of staging and treatment
of cutaneous melanoma of the head and neck are similar to those for cutaneous melanomas elsewhere
on the body. Elective neck dissection may be considered, and superficial parotidectomy may be
needed due to nodes in the parotid. Sentinel lymph node dissection requires expertise due to the
complexity of lymph drainage in the head/neck region, and the possibility of sentinel nodes in the
parotid gland, with risk of facial nerve injury on dissection.

Mucosal melanomas represent less than 1% of all melanomas. The peak age of diagnosis is 60 to
80 years. In SEER data from 1987 to 2009, 452 mucosal melanomas of the head and neck were
reported. The majority occurred in the nasal cavity, paranasal sinuses and middle ear (73%), while
fewer occurred in the oral cavity, oropharynx, NP, or salivary gland (27%). Sinonasal lesions may
present with epistaxis and nasal obstruction, while oral cavity lesions are usually flat and pigmented.
Because of the rarity of these tumors, most literature reports consist of small numbers of cases
treated over several decades. Primary treatment is usually surgery, and adjuvant radiation therapy
may improve local control, without effect on survival. Local recurrence and metastases are common.
Five-year survival is about 25% for these diseases. The National Comprehensive Cancer Network
(NCCN) has recently published guidelines for diagnosis, workup, treatment, and follow-up of
mucosal melanomas.

Molecular profiling has demonstrated mutations in NRAS and KIT, amplification of RREB1, and
loss of MYB, P16INK4a, and PTEN. Fewer patients with mucosal melanoma appear to have BRAF
mutations, compared with patients with cutaneous melanoma. There have been reports of responses of
mucosal melanomas to ipilumumab, as well as to targeted agents when the target is present (imatinib,
c-kit), and studies employing treatment guided by molecular profiling are being performed.

Targeted Therapies and Future Directions

EGFR is overexpressed in most head and neck squamous cancers, and therapies targeting this
receptor and its downstream pathways have been the subject of most extensive investigation. Increased
expression of EGFR correlates with poorer prognosis in this cancer. EGFR targeted therapy with the
humanized antibody cetuximab in combination with radiotherapy has been approved by the U.S. Food
and Drug Administration for treatment of head and neck cancer. However, the small improvement in
response of radiation with cetuximab over radiotherapy alone, and the activity of EGFR targeted
therapies alone (approximately 10% response rate) suggest that EGFR is a sole driver of a relatively
small subset of head and neck squamous cancers. Several mechanisms of resistance to EGFR-targeted
agents have been described in head and neck squamous cancers and other tumors. Amplification or
mutation of PI3K catalytic subunit in ~30% and activation of PI3K-mTOR in >70% of head and neck
squamous cancers has been reported. Preclinical and clinical activity of mTOR inhibitors has been
observed, and several mTOR inhibitors are under clinical investigation at National Institutes of
Health (NIH) and elsewhere. Activation of the NF-kB pathway is important in head and neck
squamous cancer cell survival and reported in over 70% of these cancers. While proteasome
inhibitors target NF-kB, they demonstrated limited activity alone or in combination with
chemotherapies or reirradiation. They were also found to antagonize the clinical therapeutic effects
of cetuximab or radiotherapy, by inhibiting degradation of EGFR. STAT3 is another important cell
survival pathway, for which oligonucleotide decoys have demonstrated activity in pilot studies, and
for which identification of small molecule inhibitors remains an important objective. Other targets
under investigation include PI3K-mTOR, MET, IGF-1R, and heat shock protein 90 inhibitors. IMRT
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has reduced toxicities of chemoradiation such as xerostomia and dysphagia, and other treatments that
ameliorate these side effects are also under study. For supportive care, a recent pilot NIH gene
therapy study demonstrated the feasibility of using adenoviral transfer of the aquaporin gene to
temporarily restore salivary flow. A follow-up trial with adeno-associated virus is in the planning
stages. Molecular characterization of tumors is a promising field made possible by high capacity
sequencing that will likely lead to individualized treatment and prevention approaches. The NIH
Cancer Genome Atlas report for genetic and pathway alterations in head and neck cancer is
forthcoming.
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REVIEW QUESTIONS

1. A 47-year-old man presents with a neck mass and sore throat. He has a 2-year history of smoking
1 pack per day in college, but has not smoked since, and drinks one to two glasses of wine per
week. He has been married for 15 years. He works as a financial consultant. Examination shows a
2 cm level II node on the left neck, and fiberoptic examination shows a mass in the left tonsil.
Biopsy shows squamous carcinoma and staining for p16 is positive. PET/CT shows a 2.5 cm
mass in the left tonsil, as well as 1 cm and 2 cm nodes in the left neck at level II, and a 1 cm node
in the left neck at level III. He is staged as T, N,, M, stage IVA.

Recommendations for treatment could include the following:
A. Surgery followed by radiation therapy

B. Definitive concurrent cisplatin and radiation

c. Treatment on a clinical trial for HPV- head and neck cancer
D. Chemotherapy with cisplatin, fluorouracil, and paclitaxel

E. A,B,or C

2. A 21-year-old woman presents with a sore tongue. Examination shows a 2.5 cm raised, tender
mass on the lateral left oral tongue. She is a nonsmoker. Her family history includes a brother
who died of leukemia as a child. She is married and has a 19-month-old daughter. She works part
time in the county library. Biopsy of the tongue lesion showed squamous cell carcinoma. PET/CT
shows only the 2.5 cm tongue mass; there is no lymph node positivity on the scan.

Which of the following is TRUE?

A. Second primary head and neck tumors are a significant cause of morbidity and mortality. She
should be followed up carefully for additional primary tumors

B. She should receive radiation and concomitant cetuximab for organ preservation

c. Consideration should be given to the possibility of an inherited abnormality in DNA repair

D. She should receive local excision only and close follow-up

E. Aand C

3. A 58-year-old man who emigrated from southern China 10 years ago is evaluated for a 3-month
history of an enlarging neck mass. Neck examination reveals two firm lymph nodes: a 4 cm left
level III node and a 2 cm left supraclavicular lymph node. Fiberoptic endoscopy reveals a mass in
the left NP. Biopsy revealed WHO type III nasopharyngeal carcinoma. Contrast-enhanced CT
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shows a 4.5 cm left level III lymph node, a 2.4 cm left supraclavicular node, as well as a mass

localized to the NP with parapharyngeal extension. These were the only regions to show FDG

uptake on PET/CT.

Which of the following is TRUE?

A. Surgical resection of the primary tumor with left neck dissection followed as needed by
chemoradiation is the treatment of choice

B. This represents one of a minority of head and neck cancers in which a strong association with
EBV has not been established

c. The recommended treatment is concurrent cisplatin chemotherapy and radiation followed by
adjuvant cisplatin and 5-FU chemotherapy

D. With this stage and grade of disease, 5-year overall survival is typically about 20%

E. BothCand D

4. A 62-year-old woman presented with a 2 cm oropharyngeal squamous cell carcinoma (base of
tongue) with spread to a 6 cm lymph node spanning left levels II and III. She began treatment with
concurrent cisplatin and radiation. She developed oral candidiasis in her fourth week of
treatment. She also experienced mucositis and throat pain with attendant anorexia and weight loss
that required percutaneous feeding tube placement and narcotic pain medications. She is being
seen for her end-of-treatment visit today and her weight has stabilized. She continues to use
narcotics regularly for throat pain and mucositis.

Which of the following is TRUE?

A. Prophylactic anticandida treatment should be initiated for all such patients beginning
concurrent chemoradiation.

B. Her percutaneous feeding tube should be scheduled for removal within the 1 to 2 months
following treatment completion.

C. Any necessary dental extractions should be carried out as soon as acute toxicities of treatment
subside after treatment is complete.

D. Should she have persistent xerostomia after treatment, cholinergic agonists may be
considered.

E. After definitive chemoradiation, neck dissection for this patient is ill advised.

5. A 68-year-old man with an 80-pack-year smoking history and a history of alcohol intake
consisting of 12 beers on most weekends presents with a stage IVA squamous carcinoma of the
glottic larynx (T3 N,. M,). His weight is 68 kg and height is 66". His performance status is good,

and he has no other medical problems except mild emphysema. He lives with his wife of 42 years

and is retired from a machining company where he worked for 35 years. His past history

includes military service in Vietnam, with exposure to Agent Orange. Which is the best treatment

choice for this patient?

A. Cisplatin with concurrent radiation

B. Radiation as definitive treatment

c. Surgery followed by postoperative concurrent cisplatin and radiation if nodal extracapsular
extension of disease or positive margins on pathological examination.

D. Cetuximab and concurrent cisplatin-based chemotherapy and radiation.

E. Aor C.
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Non—Small Cell Lung Cancer

Anish Thomas, Christina Brzezniak, and Giuseppe Giaccone

EPIDEMIOLOGY

= Lung cancer, broadly divided into small cell lung cancer (SCLC) and non—small cell lung cancer
(NSCLQ), is the leading cause of cancer death in both men and women in the United States and
worldwide.

= An estimated 226,160 new cases of lung and bronchus cancer (116,470 in men and 109,690 in
women) were diagnosed in 2012 in the United States, resulting in 160,340 deaths (87,750 in men,
72,590 in women).

= More than 70% of patients are diagnosed with advanced disease that is not amenable to curative
therapy.

m The 5-year relative survival rate for lung cancer is approximately 18.5%, reflecting a slow but
steady improvement from 13.7% in the 1970s.

= Stage at diagnosis accounts for the most marked variation in prognosis. Patient characteristics
associated with poorer prognosis include older age, male gender, and African American heritage.

= In the United States, as many women now die from lung cancer as die from breast, uterine, and
cervical cancers combined. The increase in lung cancer risk among women reflects changes in
smoking habits during the twentieth century. By 1987, lung cancer had surpassed breast cancer as
the leading cause of cancer death in women as a result of an increase in the prevalence of female
smokers.

= Rates of cigarette smoking have declined in the United States in the last 10 years, but developing
nations are now seeing an alarming increase in smoking rates.

ETIOLOGY AND RISK FACTORS

= The vast majority of lung cancer deaths are directly attributable to cigarette smoking.

= Tobacco smoke contains a highly complex mixture of carcinogens that have the potential to
damage DNA. Polycyclic aromatic hydrocarbons, aromatic amines, and tobacco-specific
nitrosamines have been implicated as the major mutagenic carcinogens responsible for DNA
adduct formation. The number of DNA adducts formed is directly related to the number of
cigarettes consumed; in heavy smokers they can be responsible for as many as 100 mutations per
cell genome.

= Compared to those who have never smoked, smokers have an approximate 20-fold increase in lung
cancer risk. The likelihood of developing lung cancer decreases among those who quit smoking
compared to those who continue to smoke.

= Estimates indicate that passive smoking accounts for approximately 3,000 lung cancer deaths per
year in the United States.

= Radon, a radioactive gas produced by the decay of radium 226, is the second leading cause of lung

Universal Free E-Book Store


http://booksfree4u.tk

cancer in the United States, accounting for 6,000 to 36,000 cases of lung cancer each year. The
decay of radium 226 produces substances that emit a-particles, which may cause cell damage.
Residential exposure has been associated with an increased risk of developing lung cancer.

= Occupational exposure to carcinogens such as asbestos, arsenic, chromates, chloromethyl ethers,
nickel, polycyclic aromatic hydrocarbons, and other agents is estimated to cause approximately 9%
to 15% of lung cancers. Asbestos exposure in smokers is associated with a synergistic risk of
developing lung cancer. Cigarette smoking impairs bronchial clearance and thereby prolongs the
presence of asbestos in the pulmonary epithelium.

= The contribution of hereditary factors to the development of lung cancer is less well understood
than for any other of the common forms of solid tumors in human. Proof that the familial
occurrence of lung cancer has a genetic basis is complicated by the central role of cigarette
smoking in the etiology of lung cancer.

= Large randomized, double-blind, placebo-controlled chemoprevention trials reported in the 1990s
provided no evidence that specific dietary constituents confer protection against lung cancer.

PATHOLOGY

m NSCLC can be divided into three major subtypes:

* Adenocarcinoma

» Squamous cell carcinoma

» Large cell carcinoma

= Adenocarcinoma is the most frequently diagnosed form of NSCLC in both men and women in the

United States. Tumors are classically peripheral and arise from surface epithelium or bronchial

mucosal glands. Histologic examination reveals gland formation, papillary structures, or mucin

production. The histologic characteristics of lung cancer in several developed countries, including
the United States, have changed in the past few decades, demonstrating that the frequency of
adenocarcinoma has risen while the frequency of squamous cell carcinoma has declined.

* Bronchioloalveolar carcinoma (BAC), a noninvasive subtype of adenocarcinoma, occurs more
frequently in women and nonsmokers, and is associated with bilateral, multifocal pulmonary
involvement, a lesser tendency for extrathoracic metastases, and a better survival rate than
similar-stage NSCLC.

= A revised multidisciplinary classification of lung adenocarcinoma recommends discontinuing the
use of the term BAC and instead introduced new categories such as adenocarcinoma in situ (AIS—
small solitary adenocarcinomas with pure lepidic growth) and minimally invasive adenocarcinoma

(MIA—small solitary adenocarcinomas with predominant lepidic growth and <5 mm invasion).

» Squamous cell carcinoma accounts for approximately 25% of NSCLCs and has the strongest
association with cigarette smoking. This tumor arises most frequently in the central proximal
bronchi and can lead to bronchial obstruction, with resultant atelectasis or pneumonia. Histologic
examination reveals visible keratinization, with prominent desmosomes and intercellular bridges.

= Large cell carcinoma is the least common subtype of lung cancer, accounting for approximately

10% of all NSCLCs.

BIOLOGY

= Lung cancer evolves through a multistep process from normal bronchial epithelium to dysplasia to
carcinoma in situ and finally to invasive cancer. These changes include activation of oncogenes,
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inactivation of tumor suppressor genes, and loss of genomic stability. Changes can be both genetic

(via deletions or mutations) and epigenetic (methylation), leading to altered cell proliferation,

differentiation, and apoptosis. Mutations in multiple tumor suppressor genes and oncogenes have

been associated with the development of NSCLC (Table 2.1). A small subset of somatic mutations

(“driver mutations™) are essential for lung carcinogenesis and tumor progression and confer a

selective growth advantage to the cancer cell. Cancer cells are often “addicted to” the continued

activity of these somatically mutated genes for maintenance of their malignant phenotype.

* p53 is involved in DNA repair, cell division, apoptosis, and growth regulation. In normal
conditions, p53 production increases when DNA damage occurs. Increased amounts of p53
induce cell cycle arrest in the G1 phase, allowing DNA repair. If a p53 deletion or mutation
exists, G1 arrest is not achieved and the abnormal cell proceeds to S phase, further dividing and
propagating genetic damage. Mutations in p53 are found in 50% of NSCLCs.

* The RB gene also regulates G1 growth arrest. Hypermethylation of the CpG-rich island at the
5'end of the RB gene is thought to lead to silencing of the RB gene and tumor progression. RB
gene mutations occur in 15% of NSCLCs.

* The human epidermal growth factor receptor (HER) family are a group of four trans-membrane
tyrosine kinase receptors: epidermal growth factor receptor (EGFR, ErbB1, HER1), ErbB2
(HER2/nu or HER?), ErbB3 (HER3), and ErbB4 (HER4). Following binding of a ligand to its
extracellular receptor, dimerization occurs, leading to activation of tyrosine kinases and a
subsequent increase in downstream signaling pathways including RAS-RAF and AKT protein
kinases. These pathways regulate angiogenesis, cell proliferation, and survival. Point mutations
within EGFR exons 18 to 21 which encode a portion of the EGFR tyrosine kinase domain predict
tumor sensitivity to EGFR tyrosine kinase inhibitors (TKIs). Common EGFR sensitizing
mutations include exon 19 deletions and exon 21 L858R point mutations. These mutations are
more frequently found in female patients with adenocarcinoma histology, patients of Asian
origin, or never or light smokers. They occur in up to 10% of US or European populations and
30% to 50% of Asian patients with NSCLC. Resistance to EGFR TKI may result from acquired
mutations, most commonly the EGFR T790M point mutation (50% of cases of acquired
resistance), in EGFR tyrosine kinase domain.

* KRAS is a member of the RAS family of oncogenes and codes for a 21-kDa guanine-binding
protein that mediates signal transduction pathways from cell surface receptors to intracellular
molecules. The RAS-RAF pathway produces signaling downstream of the EGFR trans-
membrane tyrosine kinase and promotes survival and proliferation. Mutations in EGFR and
KRAS are, in general, mutually exclusive and KRAS mutations confer primary resistance to
EGFR TKIs. The RAS oncogene can be activated either by a point mutation or by overexpression.
KRAS mutations are found with greater frequency in patients with adenocarcinoma histology
(approximately 15% to 30%), Caucasians, and smokers, and are less frequent in Asians.

* The anaplastic lymphoma kinase (ALK) is a receptor tyrosine kinase that is aberrant in a variety
of malignancies. ALK fusion with a variety of partner genes, most commonly EML4, results in
its dimerization and constitutive kinase activity which leads to activation of cellular pathways
involved in cell growth and proliferation. Approximately 3% to 7% of NSCLCs harbor ALK
fusions. ALK fusions are more common in younger patients, never or light smokers, and patients
with adenocarcinoma histology with signet ring or acinar histology and in most cases are
mutually exclusive of EGFR and KRAS mutations. ALK fusions predict sensitivity to crizotinib,
an ALK/MET TKI.
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Table 2.1 Frequency of Common Molecular Alterations in NSCLC

Description Percentage
KRAS mutations 15-25
EGFR mutations |0-35
PTEMN mutations 4-8

ALK rearrangement -7
HER2 mutations 2—4
PIK3CA mutations =3

AKT mutations -3
BRAF mutations =3

MNRAS mutations
MEK | mutations

RET rearrangement
ROS rearrangement

LUNG CANCER SCREENING

= Randomized trials of screening with chest radiography with or without sputum cytology have
shown no reduction in lung cancer—related mortality.
= Low-dose computed tomography (CT) screening may benefit individuals at an increased risk for
lung cancer. The potential harms of screening and the generalizability of results are unclear.
* The National Lung Screening Trial (NLST), a randomized trial, compared annual screening by
low-dose chest CT scanning with chest x-ray for 3 years in high risk individuals (age between
55 and 74 years with at least 30 pack-year cigarette smoking, and former smokers who had quit
within the previous 15 years: n = 53,454). There were 247 deaths from lung cancer per 100,000
person-years in the low-dose CT group and 309 deaths per 100,000 person-years in the
radiography group, representing a relative reduction in mortality from lung cancer with low-
dose CT screening of 20.0% (95% CI 6.8 to 26.7; P = 0.004). The rate of death from any cause
was reduced in the low-dose CT group, compared with the radiography group by 6.7% (95% CI
1.2 to 13.6; P = 0.02).

CLINICAL PRESENTATION

= A minority of patients present with an asymptomatic lesion discovered incidentally on chest
radiograph. No set of signs or symptoms are pathognomonic of lung cancer, so diagnosis is
usually delayed.

» Clinical signs and symptoms of lung cancer are outlined in Table 2.2.

CLINICAL EVALUATION
Single Pulmonary Nodule

= Definition: Solitary mass, often found incidentally, surrounded by lung tissue, well circumscribed,
measures <3 cm without mediastinal or hilar adenopathy.

= Benign inflammatory vascular abnormalities or infectious lesions can mimic more sinister lesions.
Review of previous chest imaging is a crucial first step. A stable lesion over a 2-year period
suggests a benign condition.

m CT of the chest is required to assess for other nodules, adenopathy, or chest wall invasion.
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s "F-fluorodeoxyglucose-positron emission tomography (“FDG-PET”) is used to evaluate single
pulmonary nodules (SPNs). False-positive PET scans may occur in conditions such as tuberculosis
or histoplasmosis. False-negative results have been reported for small lesions (<1 cm) and
neoplasms with low metabolic activity, such as in some cases of BAC. Mean sensitivity of FDG-
PET is 96%; mean specificity is 75%. The negative and positive predictive value of PET for
pulmonary nodules is approximately 90%.

= A growing SPN needs a pathologic diagnosis. Tissue can be obtained by fine needle aspiration
(FNA), transbronchial biopsy, or surgical resection. Flexible fiber optic bronchoscopy is
appropriate for central lesions and can lead to a diagnosis in 97% of cases via biopsies, bronchial
washings, and brushings.

Table 2.2 Clinical Signs and Symptoms of Lung Cancer

Primary disease

Central or endobronchial tumor growth

Cough

Sputum production

Hemoptysis

Dyspnea

Wheeze (usually unilateral)

Stridor

Pneumonitis with fever and productive cough (secondary to obstruction)
Peripheral tumor growth

Pain from pleural or chest wall involvement

Cough

Dyspnea

Pneumonitis

Regional involvernent (either direct or metastatic spread)

Hoarseness (recurrent laryngeal nerve paralysis)

Dysphagia (esophageal compression)
Dyspnea (pleural effusion, tracheal/bronchial obstruction, pericardial effusion, phrenic nerve palsy,

lymphatic infiltration, superior vena cava obstruction)

Horner's syndrome (sympathetic nerve palsy)
Metastartic involvement (common sites)
Bone (pain exacerbated by movement or weight bearing, often worse at night; fracture)
Liver {right hypochondrial pain, icterus, altered mental satus)
Brain (altered mental status, seizures, motor and sensory deficits)
Paraneoplastic syndromes
Hypertrophic pulmenary ostecarthropathy
Hypercalcemia
Dermatomyositis (Eaton-Lambert syndrome)

Hypercoagulable state
Gynecomastia

= Observation may be reasonable in a low-risk individual (<40 years old and has never smoked) with
a negative FDG-PET and a stable lesion measuring <2 cm. Reimaging with regular CT scans and
follow-up clinic appointments are recommended.

Suspected Lung Cancer

= Full history and physical examination are recommended, followed by complete blood count and
chemistry tests, chest x-ray, and CT of the chest and abdomen (including adrenal glands).

= Sputum analysis may be helpful in cases of central lesions.

= Bone scans and plain films of affected areas are warranted where bone pain exists. Routine imaging
of the brain in asymptomatic patients is controversial.
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= Peripheral lesions may require percutaneous transthoracic FNA, which can be performed under CT
or fluoroscopic guidance.

= Mediastinoscopy, a more invasive method, may be needed to obtain a histologic diagnosis in
difficult-to-reach primary tumors. Mediastinoscopy can reveal unsuspected tumors in mediastinal
lymph nodes—a negative implication for survival. Evaluation of the mediastinum is recommended
before surgery in suspected mediastinal disease and intraoperatively prior to any planned
resections.

= An accurate pathologic diagnosis and staging of disease is essential in the management of lung
cancer. Stage of disease determines whether surgical resection is warranted. Clinical staging often
underestimates the true extent of the disease. The combination of PET evaluation and
mediastinoscopy is routinely used to complete staging.

= Preresection forced expiratory volume per second (FEV1) should be >2 L for pneumonectomy, 1 L
for lobectomy, or 0.6 L for segmentectomy.

= Preresection forced vital capacity should be >1.7 L.

= In patients who undergo surgical resection, surgical/pathologic staging should be used to predict
recurrence and to evaluate the need for adjuvant therapy.

STAGING

= The tumor-node-metastasis (TNM) staging system bases patient prognoses on tumor size, lymph
node involvement, and metastasis. Median overall survival for patients with pathologic stages IA,
IB, IIA, IIB, IIIA, IIIB, and IV are 119, 81, 49, 31, 22, 13, and 17 months, respectively.

= The seventh edition of the TNM Classification of Malignant Tumours (UICC) was adopted by the
American Joint Committee on Cancer (AJCC) in 2010. A summary of the TNM classification, stage
grouping, and anatomical drawing can be found at
http://www.cancerstaging.org/staging/posters/lung 12x15.pdf. In stages I and II, disease is limited to
one lung and does not involve the mediastinum or more distant sites. Involvement in stage III is
heterogeneous and ranges from a tumor of size < 2 cm with metastasis in ipsilateral mediastinal
and/or subcarinal lymph node (T1a, N2-stage IIIA) to a tumor of any size with local invasion or a
separate nodule in a different ipsilateral lobe with metastasis in contralateral mediastinal or hilar
nodes (T4, N3-stage IIIB). Stage IV includes tumor involvement in a contralateral lobe and
presence of malignant pleural (or pericardial) effusions or distant metastases.

TREATMENT
Stages land Il

= Stage I and stage I NSCLCs are considered early-stage disease. These two stages combined account
for 25% to 30% of all lung cancers.

= Five-year survival rates are 58% to 73% for stage I and 36% to 46% for stage II.

= Surgical resection is the recommended treatment for patients with stage I and stage II NSCLCs. In
patients who are medically fit for surgical resection, lobectomy or greater resection is
recommended rather than sublobar resections (wedge or segmentectomy).

= Video-assisted thorascopic surgery (VATS) is an acceptable alternative to open thoracotomy.

= Intraoperative systematic mediastinal lymph node sampling or dissection is recommended for
accurate pathologic staging.
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= Even with complete resection, approximately half of these patients eventually experience relapse
after resection, with a two- to three-fold higher proportion of distant metastases over local
recurrences.

* In selected patients who undergo complete surgical resection, several large trials have
demonstrated a statistically significant survival benefit from cisplatin-based adjuvant
chemotherapy (IALT, ANITA, JBR 10).

* The Lung Adjuvant Cisplatin Evaluation (LACE) meta-analysis which used individual patient data
(n = 4,584) from five trials with a median follow-up of 5.2 years found that adjuvant cisplatin-
based chemotherapy was associated with a an decrease in absolute risk of death of 54 % at 5
years compared with no chemotherapy (hazard ratio [HR] 0.89; 95% CI 0.82 to 0.96).

= Among completely resected early-stage NSCLC, adjuvant chemotherapy is not recommended for
stage IA, is standard for stage II, and may be useful in a subset of patients with stage IB.
 In the LACE meta-analysis, the overall survival benefit varied considerably by stage of disease,

with potential harm seen in stage IA (HR 1.40; 95% CI 0.95 to 2.06), a trend toward benefit in
stage IB (HR 0.93; 95% CI 0.78 to 1.10), and clear benefit in stage II (HR 0.83; 95% CI 0.73 to
0.95) patients.

= Since there is no reliable way to identify which stage IB patients may derive benefit from adjuvant
chemotherapy, current guidelines recommend chemotherapy in stage IB high-risk patients, defined
by large size (more than 4 cm), poor differentiation, vascular invasion, visceral involvement, and
suboptimal resection.

= Current evidence suggests that postoperative radiotherapy is associated with decreased survival for
patients with stage I (NO) and stage II (N1) NSCLCs. However, most meta-analyses included several
older studies that used radiotherapy methods that are inferior to current methods.

» If surgery is contraindicated in early-stage NSCLC, radiotherapy can be an effective means of local
control. In clinical studies, accelerated radiotherapy (54 Gy in 12 days) was associated with better
4-year survival than conventional radiotherapy (60 Gy in 6 weeks). Stereotactic body radiation
therapy (SBRT), which delivers a high dose to a target volume and spares surrounding normal
tissues, may be an option for patients with primary tumors of size <5 cm and in whom surgery is
contraindicated.

Stage llIA

= Stage IIIA (N2) NSCLC is a therapeutically challenging and controversial subset of lung cancer,
with a 5-year survival rate of only 24%.

= Randomized trials strongly suggest a combined modality approach in stage IIIA disease.
Conflicting data, however, have led to difficulties in proposing specific management guidelines.
This, in part, is secondary to the heterogeneous nature of stage IIIA disease.

» Clinically NO or N1 patients are often taken for upfront surgical resection with cure achievable in
25% to 50% of these patients. However, should incidentally discovered N2 disease be found at
surgery, complete tumor resection and mediastinal lymphadenectomy are recommended. With the
high rate of recurrence in this patient population adjuvant chemotherapy to address micrometastatic
disease is recommended.

* The International Adjuvant Lung Cancer Trial of 1,867 patients with stages IB to IIIA (39% stage
IITA) randomized patients to three to four cycles of postoperative cisplatin-based chemotherapy
versus surgery alone, with adjuvant 60 Gy radiotherapy given to both arms of stage IIIA patients
(the use of radiotherapy was left to the investigator’s choice). After a median 56-month follow-
up, the overall survival rate was significantly higher in the chemotherapy group (HR 0.86), with a

Universal Free E-Book Store


http://booksfree4u.tk

5-year survival rate of 44.5% in the chemotherapy group versus 40.4% in the control arm, with
the strongest benefit in patients with stage III disease.

* The ANITA study randomized 840 completely resected patients with stages I to IIIA (35% stage
IITA) to four postoperative cycles of cisplatin and navelbine versus observation (radiotherapy as
per preference of participating center). After a median follow-up of >70 months, long-term 5-
year survival of stage IIIA patients in the chemotherapy arm was significantly greater at 42%
versus 26% in the observation arm (P = 0.013).

= Postoperative radiation therapy (PORT), while reducing local recurrence, does not improve
survival, may be detrimental, and is not recommended as standard of care. Advocates of
radiotherapy have emphasized that there are several differences between the treatment administered
in several trials included in this meta-analysis and current practices in the United States.
 The PORT meta-analysis (Meta-Analysis Trialist Group) of 2,128 patients treated in nine

randomized trials with a median follow up of 3.9 years found a significant increase in risk of
death with PORT (overall risk ratio 1:21; P = 0.001).

= Evidence has yet to be established substantiating the benefit of adding adjuvant radiotherapy to
adjuvant chemotherapy in fully resected stage IIIA patients.

» Individuals with clinically apparent (bulky) N2 disease or N2 disease found at mediastinoscopy
prior to thoracotomy should not undergo upfront surgery based on the poor results of primary
resection for bulky stage IIIA disease. Selected patients with nonbulky N2 disease, defined as a
single N2 positive node less than 2 cm, may be considered for surgical resection followed by
adjuvant therapy. However, thorough discussion regarding lack of data illustrating optimal
treatment in this setting is needed.

= Poor survival rates with surgery alone in N2 disease, even with postoperative chemotherapy or
radiotherapy, have led to the use of radiotherapy and/or chemotherapy in the neoadjuvant setting,
with the aim of making an unresectable tumor resectable and improving long-term survival.
Theoretically, advantages include shrinking the tumor to allow for easier resection and nodal
clearance, decreased surgical seeding, in vivo chemosensitivity testing of the chemotherapy
regimen, and increased patient acceptance and compliance. Disadvantages of neoadjuvant therapy
may include delayed tumor resection and increased surgical morbidity and mortality. While high
rates of pathologic complete response and negative mediastinal nodes result from neoadjuvant
chemoradiotherapy, it is also associated with substantial toxicity.

* A meta-analysis evaluating neoadjuvant chemotherapy found a nonstatistically significant trend in
favor of neoadjuvant chemotherapy (HR 0.65; 95% CI 0.41 to 1.04).

* Two clinical trials (European Organization for Research and Treatment of Cancer 08941 and
North American Intergroup 0196) showed no significant difference in overall survival between
patients with bulky stage IIIA NSCLC treated with neoadjuvant chemotherapy then surgery versus
definitive chemoradiation alone (no surgery).

= The use of concurrent chemotherapy/radiotherapy versus sequential treatment has been addressed
in numerous trials. At present, for patients with bulky N2 disease treatment with concurrent over
sequential chemotherapy/radiotherapy is recommended.

= Concurrent chemotherapy/radiotherapy followed by consolidation chemotherapy is currently not
recommended as standard of care.

Stage llIB

= All patients with N3 (metastasis in contralateral mediastinal, contralateral hilar, ipsilateral or
contralateral scalene, or supraclavicular node) involvement or T4 N2 disease are stage IIIB.

Universal Free E-Book Store


http://booksfree4u.tk

Anticipated 5-year survival for most patients with stage IIIB disease is 3% to 7%.

= Optimal treatment depends on extent of disease, age of patient, comorbidities, performance status
(PS), and weight loss.

= Stage IIIB lung cancers are not amenable to curative surgical resection unless they are highly
selected.

= For patients with stage IIIB disease with PS of 0 to 1, and minimal weight loss (<5%), platinum-
based combination chemoradiotherapy followed by chemotherapy is recommended.

= The most common chemotherapeutic agents used concurrently with radiotherapy are etoposide,
vinblastine, and paclitaxel in conjunction with cisplatin or carboplatin. No randomized phase III
trials of concurrent chemoradiotherapy have shown the superiority of one chemotherapy regimen
over another.

= Studies have shown that induction chemotherapy followed by concurrent chemoradiotherapy is not
superior to initial treatment with concurrent therapy. It is uncertain how many cycles of
chemotherapy are optimal in the treatment of patients with stage IIIB disease. The American Society
of Clinical Oncology (ASCO) guidelines recommend two to four cycles of platinum-based
chemotherapy, two of which should be administered concurrently with thoracic radiotherapy.

Stage IV or Recurrent Disease

= Prognosis for patients with advanced-stage NSCLC is poor. Best supportive care produces median
survival rates of 16 to 17 weeks and 1-year survival rates of 10% to 15%. Addition of
chemotherapy improves 1-year survival to >35%.

= Subsets of patients with stage IIIB disease who are treated as though they have stage IV disease
include those with advanced ipsilateral supraclavicular adenopathy, and those whose intrathoracic
disease is not amenable to combined treatment modalities.

= Therapy options for patients with advanced or metastatic disease includes chemotherapy or targeted
therapy as these are shown to improve quality of life and reduce symptoms from disease burden.
However, chemotherapy is only palliative in nature, and not curative, therefore supportive therapy
alone may be chosen if the patient is unable to tolerate systemic treatments due to poor PS or other
comorbidities.

= Chemotherapeutic regimens can be divided into first-line, maintenance, second-line, and third-line
settings.

First-Line Therapy

= Several factors have to be considered in choice of first-line treatment for metastatic or recurrent
NSCLC: age, PS, and comorbidities of the patient, and molecular abnormalities and histology of
the tumor.

= Patients with tumors harboring EGFR-sensitizing mutations should receive an EGFR TKI. In such
patients, several studies have shown the efficacy of erlotinib and gefitinib, oral small molecule
inhibitors which compete with ATP for binding to the EGFR receptor tyrosine-kinase domain.

» The IPASS trial which randomized previously untreated patients with NSCLC who were likely to
have EGFR mutations based on clinical criteria (n = 1,217) (Asian, adenocarcinoma histology,
never or former light smokers) to receive gefi tinib (250 mg PO qd) or chemotherapy found
superior response rates (43.0% vs. 32.2%) and PFS (12-month progression-free rate 25 vs. 7%)
with gefitinib. The most common adverse reactions with EGFR TKIs are skin rash and diarrhea.

= Patients with tumors harboring ALK translocations, as detected by an approved ALK break-apart
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fluorescence in situ hybridization FISH test, should receive crizotinib, an oral selective small

molecule inhibitor of the catalytic activity of ALK fusion protein among others.

* In an expanded cohort phase I trial, crizotinib resulted in overall response rates of over 50% in
previously treated patients with advanced NSCLC positive for ALK translocation.

= Patients harboring neither EGFR mutations nor ALK translocation should receive standard
chemotherapy. Four to six cycles of platinum-based doublets prolongs survival and improves
symptom control and is the standard of care for patients with recurrent or metastatic NSCLC and
good PS. However, no single regimen has demonstrated superiority in patients with advanced

NSCLC and treatment decisions should be based on benefit versus toxicity.

 An ECOG study which randomized 1,207 patients to a reference regimen of cisplatin and
paclitaxel or to one of three experimental regimens: cisplatin and gemcitabine, cisplatin and
docetaxel, or carboplatin and paclitaxel found comparable efficacy for all four regimens. This
trial yielded an objective response rate of 19%, with a median survival of 7.9 months, a 1-year
survival rate of 33%, and a 2-year survival rate of 11%.

= Histology is an important determinant of the choice of chemotherapy agent. A phase III trial
comparing pemetrexed/cisplatin to cisplatin/gemcitabine in 1,700 advanced/metastatic patients in
the first-line setting found OS between both treatment arms to be the same. However, subset
analysis for histology revealed significant differences.

* In patients with adenocarcinoma histology, combination of pemetrexed with cisplatin
demonstrated improved survival and reduced toxicity compared with gemcitabine/cisplatin. OS
was 12.6 months in the pemetrexed arm versus 10.9 months in the gemcitabine arm.

» Conversely those with squamous histology showed improved survival with cisplatin/gemcitabine
(10.8 months) as initial chemotherapy treatment versus pemetrexed/cisplatin (9.4 months).

= Bevacizumab, a recombinant humanized monoclonal antibody that is directed against VEGF

(thereby preventing its interaction with the VEGF receptor), is approved for treatment of

nonsquamous histology advanced/metastatic disease in combination with chemotherapy as first-line

treatment.

« ECOG 4599 which randomized selected patients with nonsquamous NSCLC (n = 878) to
chemotherapy (carboplatin/paclitaxel) alone or with bevacizumab found significant
improvements in OS (median 12.3 vs. 10.3 months), PFS (median 6.2 vs. 4.5 months) and
response rates (35% vs. 15%). The risk of treatment-related deaths was higher in patients who
received bevacizumab.

* The AVAIL trial further evaluated bevacizumab in nonsquamous histology tumors randomizing
patients to cisplatin/gemcitabine with our without two different doses of bevacizumab. Although
addition of bevacizumab significantly prolonged PFS, the improvement was modest (median 6.7
and 6.5 months respectively for bevacizumab 7.5 mg/kg and 15 mg/kg respectively; 6.1 months
for placebo), and there was no OS benefit with addition of bevacizumab. It is unclear whether the
lack of OS benefit is secondary to differences in chemotherapy between the two trials.

» Cetuximab is a monoclonal antibody that binds to the EGFR. It may be considered only for highly

selected patients with PS of 0 to 1.

* The phase III FLEX trial randomized patients with EGFR-expressing advanced NSCLC to
cetuximab plus cisplatin/vinorelbine versus cisplatin/vinorelbine alone. Patients received a
maximum of 6 cycles every 3 weeks. Cetuximab was administered until progression or
unacceptable toxicity. A small, yet significant OS benefit, regardless of histology, was seen:
median OS of 11.3 months for cetuximab arm versus 10.1 months in the control arm.

* Cetuximab was further evaluated in the first-line setting in the BMS099 trial comparing paclitaxel
or docetaxel plus carboplatin with randomization to receive cetuximab versus placebo, which
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was continued until disease progression or unacceptable toxicity. No differences in response,
PFS, or OS were seen.
= Addition of a third chemotherapeutic agent to platinum-based doublets has failed to show a superior
survival benefit; response rates improved only at the cost of substantially increased toxicity.

Maintenance Chemotherapy

= Maintenance therapy is the use of systemic therapy in patients with a response or stable disease after
first-line therapy until disease progression or unacceptable toxicity with goals of delaying disease
progression and to extend survival, without adversely affecting quality of life.

= One of the drugs used in first-line therapy (continuation maintenance) or a new agent (switch
maintenance) may be used for maintenance.

= Pemetrexed, bevacizumab, gemcitabine, or cetuximab may all be chosen as continuation
maintenance options.

* The PARAMOUNT trial, a double-blind placebo-controlled trial which investigated continuation
pemetrexed maintenance therapy in patients with nonsquamous histology, found that
pemetrexed maintenance resulted in a 36% reduction in risk of progression (HR 0.64; 95% CI
0.51 to 0.81; P = 0.00025).

» The phase III, IFCT-GFPC 0502 trial randomized patients to maintenance gemcitabine, erlotinib,
or observation after lack of progression on cisplatin/gemitabine as upfront therapy. A significant
improvement in PFS was observed for the gemcitabine maintenance (HR 0.51; 95% CI 0.39 to
0.66). Gemcitabine may be used in patients with squamous histology for continuation
maintenance.

* Both cetuximab (FLEX trial) and bevacizumab (ECOG 4599) (discussed above) demonstrated
PFS benefit to the continuation of these therapies after nonprogression on upfront chemotherapy.
Cetuximab may be used as continuation maintenance in patients with squamous cell histology
unlike bevacizumab.

= Pemetrexed, docetaxel, and erlotinib are chemotherapeutic options for switch maintenance therapy.

* A phase III study evaluated the use of pemetrexed maintenance following nonprogression with
nonpemetrexed—containing platinum-based chemotherapy versus best supportive care.
Pemetrexed significantly improved not only PFS (4.3 vs. 2.6 months; HR 0.5; 95% CI 042 to
0.61; P < 0.0001) but also OS (13.4 vs. 10.6 months; HR 0.79; 95% CI 0.65 to 0.95; P = 0.012)
compared to placebo, respectively.

* Erlotinib switch maintenance has been studied after nonprogression on platinum-based
chemotherapy. PFS was significantly longer for the erlotinib arm compared to placebo,
regardless of EGFR mutational status (12.3 vs. 11.1 weeks; P < 0.0001). However, patients with
EGFR mutations were the ones who benefited the most from maintenance erlotinib.

* In patients with squamous histology docetaxel maintenance may be considered.

= Maintenance chemotherapy may be ideal in patients where close monitoring for disease
progression is not feasible and for whom rapid disease progression after the completion of first-
line treatment may preclude administration of active second-line agents.

Second-Line Therapy

= Most patients who undergo first-line therapy will eventually develop disease progression and
second-line therapy is administered in this setting.
= Second-line therapy has an impact on survival and quality of life in advanced NSCLC; therefore,
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patients with a PS of 0 to 2 should be offered further treatment following progression.
= Approved agents for treatment of locally advanced or metastatic NSCLC after one prior therapy are
docetaxel, pemetrexed (in nonsquamous histology), and erlotinib.

» TAX 317, a phase III trial which randomized patients with advanced NSCLC and prior platinum-
based chemotherapy (n = 104) to docetaxel (75 mg/m? IV every 21 days) or best supportive care,
found longer overall survival with docetaxel (median 7.5 months vs. 4.6 months).

* In an open-label randomized phase III trial of patients with advanced NSCLC after failure of one
chemotherapy regimen (n = 571), pemetrexed (500 mg/m? IV every 21 days) resulted in
equivalent efficacy outcomes with docetaxel (median OS 8.3 months vs. 79 months for
docetaxel) but with significantly fewer side effects.

* BR 21, a randomized (2:1), double blind, placebo-controlled trial of patients advanced NSCLC
after failure of one or two chemotherapy regimens (n = 731), demonstrated improved OS with
erlotinib (150 mg PO qd) (6.7 months vs. 4.3 months for placebo).

Third-Line Therapy

= Erlotinib is also an approved agent in the third-line setting. If disease progression occurs after
second-line or third-line chemotherapy, it is recommended that patients with a PS of 0 to 2 be
enrolled in a clinical trial or treated with best supportive care.

REVIEW QUESTIONS

1. A 70-year-old otherwise healthy former smoker presents with persistent cough and hemoptysis of
2-month duration. Further workup reveals a 3 cm cavitating hilar mass, multiple bilateral
parenchymal lung nodules, and a 2 cm hypodense lesion in the right hepatic lobe. Biopsies of the
lung and liver masses are consistent with squamous cell lung carcinoma. Tumor molecular
analysis shows the absence of EGFR, KRAS mutations, and ALK fusion. MRI brain shows no
evidence of metastatic disease. Which of the following combinations would be the best choice for
first-line chemotherapy?

A. Cisplatin and gemcitabine

B. Cisplatin and pemetrexed

c. Carboplatin, paclitaxel, and bevacizumab
D. Carboplatin, pemetrexed, and bevacizumab

2. Based on available data, which of the following is true regarding screening for lung cancer in a

54-year-old man with 20 pack-year history of smoking who quit 3 years ago?

A. Annual low-dose CT screening is expected to result in a reduction in lung cancer-related
mortality

B. Annual low-dose CT screening is expected to result in a reduction in all-cause mortality

c. Chest x-ray and sputum cytology are expected to result in a reduction in lung cancer-related
mortality

D. Chest x-ray and sputum cytology are expected to result in a reduction in all-cause mortality

E. None of the above

3. A 70-year-old otherwise healthy woman came to medical attention with long-standing cough. CT
scan showed a 4 cm left hilar mass and right hilar lymphadenopathy. The patient underwent
bronchoscopy, right video-assisted thoracic surgery, wedge biopsy, and cervical
mediastinoscopy with biopsy. Pathology showed lung adenocarcinoma with involvement of right
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hilar lymph nodes. Tissue is inadequate for molecular analyses. Which of the following is the
best treatment option?

A. Surgical resection of the primary mass and lymph nodes followed by adjuvant chemoradiation
B. Concurrent chemotherapy and radiation

c. Neoadjuvant chemotherapy followed by surgery

D. Sequential chemotherapy and radiation
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Small Cell Lung Cancer

Jarushka Naidoo and Oscar S. Breathnach

EPIDEMIOLOGY

Small cell carcinomas are a biologically aggressive subset of neuroendocrine tumors (NETs) that
most commonly originate in the lung. These cancers constitute approximately 15% to 20% of all lung
carcinomas, the incidence of which is decreasing worldwide. Small cell lung cancer (SCLC) is a
disease of the smoking population. Multimodality therapy in SCLC improves survival in patients who
exhibit a response to combination chemotherapy. SCLC is highly responsive to chemotherapy, but
unfortunately exhibits a high rate of relapse and thus poor prognosis.

PATHOLOGY

The 1999 WHO International Association for the Study of Lung Cancer (IASCLC) classifies SCLC
into three groups:

1. Classical small cell carcinoma
2. Large cell neuroendocrine tumor
3. Combination of small cell carcinoma, with areas of non—small cell lung carcinoma (NSCLC)

SCLC is characterized by poor differentiation, elevated mitotic rate, and a high proliferation index as
per the World Health Organisation classification (WHO). Cellular morphology under light
microscopy shows small round blue cells with scant cytoplasm, fine granular chromatin, and
indistinct nucleoli.

Immunohistochemical stains indicating the presence of small cell carcinoma include:

— Keratin
— Tissue transcription factor-1 (TTF-1)
— Epithelial membrane antigen

Immunohistochemical markers of neuroendocrine differentiation include:

— Synaptophysin
— Chromogranin
— Neuron-specific enolase

Thirty percent of SCLC biopsies can contain NSCLC, thus leading to the hypothesis that lung
carcinoma originates from a pluripotent stem cell. NSCLC can co-express the above markers in up to
10% of cases, and lead to diagnostic challenges.

GENETIC ABNORMALITIES
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The most commonly observed genetic mutations in SCLC include

— p53 (75% to 95% SCLCs)

— 10q and 9p loss of heterozygosity (PTEN site)

— 3p deletion (loss of tumor suppressor genes)

— Loss of Rb genes (60% of SCLCs)

— Telomerase enzyme activity is present in 90% of SCLCs. Telomerase functions to stabilize
telomere length and resultant cellular immortality. This enzyme is usually present in cells with the
ability to divide indefinitely, such as hematopoietic cells and basal epidermoid cells.

— C-kit and phosphorylated C-kit (80% to 90% of SCLCs)

— Kras and p16 mutations are uncommon

CLINICAL PRESENTATION

Seventy percent of SCLCs are metastatic at diagnosis. Patients can either present with symptoms
related to the primary tumor or sites of metastatic disease. SCL.Cs are classically central in location,
and present with symptoms such as cough, shortness of breath, or signs of post obstructive infection.
Commonest sites of metastasis include the liver, adrenal glands, bone, and brain, and can cause
clinical symptoms of bone pain, weight loss, general physical decline, and neurologic symptoms.
SCLC is associated with a number of clinical syndromes caused by the production of paraneoplastic
antibodies. These syndromes, termed “paraneoplastic syndromes,” confer a poor prognosis, and
include:

— Eaton-Lambert myasthenic syndrome (anti-Hu antibodies against voltage-gated calcium channels)
— Syndrome of inappropriate antidiuretic hormone (ADH excess)

— Ectopic ACTH production (Cushing’s syndrome)

— Ectopic parathyroid hormone production

— Sensory neuropathy

— Paraneoplastic encephalomyelitis

The presence of antibodies can be tested in the blood to diagnose the above syndromes. Weight loss is
also postulated to be a paraneoplastic phenomenon.

STAGING
Two staging systems exist for SCLC:
1. Veteran’s Administration Lung Group

— This group divides SCLC into two stages: Limited stage and extensive stage.

— Limited stage (LS) SCLC is defined as disease that is encompassed safely into one radiation field.
This usually involves disease confined to one hemithorax. Contralateral mediastinal and ipsilateral
supraclavicular lymphadenopathy usually do not preclude a diagnosis of limited stage disease.

— Extensive stage (ES) disease is SCLC that has spread outside one of hemithorax, contralateral
mediastinal lymph nodes, and ipsilateral supraclavicular lymph nodes. This usually refers to
patients with distant metastases, or a cytologically confirmed malignant pleural or pericardial
effusion.

— LS SCLC is usually treated with combined chemotherapy and thoracic radiotherapy, with curative
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intent.
— ES SCLC is not curable, and is thus treated with palliative chemotherapy alone.

2. International Association for Lung Cancer
— This consists of a TNM-based staging system.
— Patients without distant metastatic disease are treated as limited stage disease.

Staging workup usually consists of the following:

— History and physical examination

— CT thorax/abdomen (including adrenal glands)
— CT or MRI brain

— +/—Isotope bone scan

IMAGING

CT or MRI brain scans are important as 10% to 15% of SCLCs have brain metastases at presentation,
and early detection and treatment have been shown to improve both patient morbidity and mortality.
The use of positron emission tomography (PET) in the staging of SCLC is a controversial topic.
Two studies by Fischer et al. demonstrated that PET/CT had a sensitivity and specificity of 93% and
100% compared to 79% and 100% with standard staging. The rate of upstaging from LS to ES SCLC
ranged from 0% to 33% in seven studies, with sample sizes of 4 to 63 patients. The main impact of
PET/CT was noted in cases of unsuspected lymph node metastases where a change in the treatment
volume of thoracic radiotherapy occurred. PET or PET/CT has not demonstrated improved
assessment of treatment response compared to conventional imaging, and has not been shown to
assist in prognostication of SCLC. However, studies investigating these questions have been small.

PROGNOSTIC FACTORS

Adverse prognostic factors include

— Poor performance status (PS) (Eastern Cooperative Oncology Group PS [ECOG PS] =3 to 4)
— Weight loss
— High disease burden (high LDH levels)

Favorable prognostic factors in limited stage disease include

— Female gender
— Normal LDH
— Stage I disease

Favorable prognostic factors in metastatic disease include

— One metastatic site
— Normal LDH

SURVIVAL
Median overall survival (OS) for treated LS SCLC is 15 to 20 months, and treated ES SCLC is 8 to
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13 months. Median OS for untreated extensive stage disease is 6 weeks. The 2-year survival for LS
SCLC is 20% to 40% and <5% for ES SCLC. The median survival of patients with platinum-
refractory or resistant disease is 7 and 30 weeks.

TREATMENT
Limited Stage SCLC

LS SCLC is treated with combined chemotherapy and thoracic radiotherapy. SCLC is an extremely
chemosensitive tumor, and combination therapy produces 80% to 90% response rates, and 50% to
60% CR rates.

Chemotherapy

The most commonly used chemotherapy consists of a combination of cisplatin and etoposide (EP
or PE regimen) due to high response rates and adequate tolerability. Carboplatin can be substituted
for cisplatin in patients with a borderline ECOG PS (2 to 3). However, due to an increased risk of
myelosuppression, cisplatin is preferred to carboplatin in LS SCLC, unless cisplatin is
contraindicated or poorly tolerated.

Thoracic Radiotherapy

Patients treated with chemotherapy alone for LS SCLC have an 80% rate of local recurrence.
Thoracic radiotherapy improves OS and reduces the rate of local recurrence. A meta-analysis of
thoracic radiotherapy in LS SCLC showed an increase in the rate of local control by 23% (24% to
47%) and a 5% absolute improvement in OS at 2 years (15% to 20.5%).

Thoracic radiotherapy includes all gross tumor volume present on post chemotherapy planning
radiologic investigations, and nodal regions present on prechemotherapy staging. Standard treatment
consists of single daily fractions of 1.5 to 2.0 Gy 5 days per week for a 6-week period. Accelerated
hyperfractionation consists of an increased number of fractions delivered in a shorter time period.
These regimens are associated with increased toxicity. A hyperfractionated schedule of 45 Gy,
delivered over a period of 3 weeks twice daily, has shown superior survival outcomes, and is the
current standard of care. The CALGB 30610 trial aims to compare such a schedule with traditional
longer schedules in a head-to-head comparison.

Thoracic radiotherapy can be concurrent, sequential, or have alternating patterns of delivery.
Concurrent and alternating patterns have shown improved survival compared to sequential treatment,
but at an increased rate of toxicity (pneumonitis, myelosuppression, esophagitis). Patients who
receive different chemotherapy regimens to standard EP do not benefit from early radiotherapy. A
recent phase III trial investigated the use of standard chemoradiotherapy with cisplatin and etoposide

versus daily cisplatin 6 mg/m?/day plus etoposide, and showed higher rates of toxicity, with no
difference in local control or OS. Early thoracic radiotherapy delivered concurrently with cycle 1 or
2 of the standard 3-weekly platin-based chemotherapy is the current gold standard.

Extensive Stage SCLC
The chemotherapeutic regimens commonly used in SCLC include (Table 3.1)

— Platinum compounds (cisplatin, carboplatin)
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Podophyllotoxins (etoposide, teniposide)

— Camptothecins (irinotecan, topotecan)

— Alkylating agents (ifosfamide, cyclophosphamide)
— Anthracyclines (doxorubicin, epirubicin, amrubicin)
— Taxanes (paclitaxel, docetaxel)

— Vinca alkaloids (vincristine)

— Gemcitabine

Standard treatment for ES SCLC is palliative chemotherapy. In patients of adequate ECOG PS (>2) the
EP regimen is the standard of care. Cisplatin-based treatment has demonstrated superior response
rates and OS in some subgroups. A recent meta-analysis of carboplatin versus cisplatin-based
chemotherapy in ES SCLC and poor prognosis LS SCLC demonstrated noninferiority of carboplatin-
based regimens in terms of response and survival. Significant hematologic toxicity was noted with
carboplatin, and gastrointestinal, ototoxicity, and nephrotoxicity were seen with cisplatin. These
factors impact the choice of therapy. Multiple trials have explored the possible substitution of
etoposide for irinotecan in ES SCLC. A phase III Japanese trial showed higher response rates (84%
vs. 66%) and longer median OS (12.8 months vs. 9.4 months) when compared to EP. The IRIS trial
compared EP to carboplatin—irinotecan (CI) and showed a higher response rate and improved median
survival favoring the irinotecan arm (8.5 months vs. 7.1 months).

The Elderly

Forty percent of patients with SCLC are over the age of 70 years. Combination chemotherapy is
associated with higher rates of toxicity in patients with poorer PS and organ reserve. However,
elderly patients who are able to tolerate multimodality therapy benefit from this approach. Elderly
patients with a poor PS, who are unable to receive standard combined therapy for LS SCLC, may
derive palliative and survival benefit from two cycles of chemotherapy with sequential radiotherapy.
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Table 3.1 Chemotherapy Regimens for Small Cell Lung Cancer

Regimen Dose Duration
EP (cisplatin-containing)
Cisplatin &0 mg/m? Q4 weekly ¥ 4-6 cycles

Etoposide 120 mg/m? IV days |-3
OR
100 mgfm?® day 1-3
EP (carboplatin-containing)
Carboplatin AUC & Q4 weekly x 4-6 cycles
Etoposide 100 mgim?® days -3
EP (3 weekly)
Cisplatin 25 mgim® IV days 1-3 Q3 weekly % 4-6 cycles
Etoposide B0 mg/m® days 1-3
EP (3 weekly)
Cisplatin B0 mg/m? day | Q3 weekly ¥ 4-6 cycles
Etoposide 80 mg/m? days 1-3
Cl
Cisplatin &0 mg/m® day | Q4 weekly x 4 cycles
Irinotecan 60 mg/m? IV days 1,8, 15
CAY
Cyclophosphamide 1,000 mgim® IV day | Q3 weekly x 4-6 cycles
Doxorubicin 45 mg/m® IV day |
Vincristine I mgfm? IV day |
CAE
Cyclophasphamide 1,000 mg.m? IV day | Q3 weekly x 46 cycles
Doxorubicin 45 mg/m? [V day |
Etoposide 50 mgfm® IV days 1-3
CAVE
Cyclophosphamide 1,000 mgfm* IV day | Q3 weekly x 46 cycles
Doxorubicin 50 mgim? IV day |
Vincristine 1.5 mglm?® IV day |
Etoposide &0 mgim? IV days 1-5
IC
Irinotecan 175 mg/im? day | Q3 weekly = 4 cycles
Carboplatin AUC 4
Topotecan 1.5 mg/m?® days -5 Q3 weekly x 4 cycles

1.25-1.5 mg/m? days 1-3

Q3 weekly x 4 cycles

ALIC, area under the curve; po, post operative.

Relapsed/Refractory SCLC

Relapsed SCLC is recurrent disease more than 3 months post completion of first-line therapy.
Refractory disease refers to recurrent disease during first-line therapy, or within 3 months of
treatment completion. Eighty percent of patients with SCLC and nearly all patients with ES SCLC will
relapse after first-line therapy. The treatment of relapsed/refractory disease consists of palliative
chemotherapy.

Common chemotherapeutic agents used are mentioned above, and are usually given as single
agents, with an average response rate of 10% to 25%. The current recommended second-line therapy
is single agent topotecan, which when compared to best supportive care in a registration randomized
trial, was found to improve both quality of life and survival. Oral and intravenous topotecan shows
similar response rates. Topotecan can be used in both the relapsed and refractory settings, with
response rates of 11% to 31% and 2% to 7% respectively. A phase IIl trial comparing CAV
(cyclophosphamide, doxorubicin, and vincristine) to topotecan in second line showed similar
response rates (18% vs. 24%) and median survival (25 weeks vs. 24.7 weeks). Topotecan was
associated with higher rates of thrombocytopenia and anemia, but had improved symptom control
and less neutropenia compared to CAV. Risk factors for myelosuppression with topotecan include
poorer PS, prior radiotherapy, extensive prior chemotherapy, prior platinum therapy, and renal
impairment.

The median OS of relapsed, treated SCLC is 2 to 6 months. For patients with a longer disease-free
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interval and adequate PS, a rechallenge of initial chemotherapy regimen is reasonable. Response rates
for irinotecan are similar to topotecan in patients with sensitive disease (30%) and refractory disease
(<10%), with a median survival of 5 to 7 months. Single agent amrubicin has shown promising
activity in refractory SCLC, with an overall response rate of 21.3%, median PFS of 3.2 months, and
OS of 6 months, with an acceptable toxicity profile.

Surgery

SCLC presents rarely as an isolated lesion (<5% of cases). Patients with stage I SCLC (T1-2NO) can
be treated with complete resection (lobectomy + mediastinal lymph node dissection), followed by
adjuvant chemotherapy or chemoradiotherapy if mediastinal lymph node stage is negative or positive
respectively. This approach yields a 43% to 53% 5-year survival rate. These recommendations are
based on retrospective data and single institution studies. Two randomized trials in 1966 and 1994
investigated the role of surgery in SCLC, and did not support the role of surgery as the primary
treatment of an isolated or recurrent lesion. These studies were done prior to the use of modern
imaging techniques that would likely upstage many of these patients. A randomized trial of stage I
SCLC to surgery versus combined chemoradiotherapy has not yet been done, but would be required
to answer this clinical question. Adjuvant surgery after first-line chemotherapy (carboplatin/VP16 +/—
ifosfamide) with or without radiotherapy was investigated prospectively in 23 patients with stage I to
IITA SCLC. In this study, only patients with a CR or pathologic stage I demonstrated a benefit in terms
of local relapse and OS.

Prophylactic Cranial Irradiation

The incidence of brain metastases in SCLC at 2 years is 80%. Brain metastases represent an area of
significant morbidity and mortality in SCLC. Prophylactic cranial irradiation (PCI) consists of 5 to
7 fractions of whole-brain radiotherapy delivered to prevent the onset of symptomatic brain
metastases. Each treatment consists of 1.5 to 2.0 Gy per fraction. Higher doses (>3.0 Gy), concurrent
chemotherapy, and high total radiotherapy doses have been associated with late neurologic toxicity. In
LS SCLC, two meta-analyses demonstrated a 25% reduction in the cumulative incidence of brain
metastases at 3 years (23% to 58%) and an improvement in 3-year OS with PCI (20.1% vs. 15.3%). In
ES SCLC, the NEJM published an EORTC trial that showed those patients who exhibited either a
partial or complete response to combination chemotherapy, benefitted from PCI. PCI reduced the
incidence of symptomatic brain metastases from 40% to 15% at 1 year, and improved 1-year OS from
13% to 27%. PCI was well tolerated, with the commonest toxicities consisting of headache, nausea,
and fatigue. PCI is not recommended for patients with a poor ECOG PS (3 to 4), multiple
comorbidities, or impaired cognitive function. PCI is not given concurrently with chemoradiotherapy
due to potentially cumulative neurotoxicity.

New Therapeutic Directions

Multiple strategies have been employed to try and improve response rates and survival in SCLC.
These include additional agents, dose escalation, dose dense therapies, targeted therapies, and
prognostic/predictive biomarkers.

Additional Agents
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First Line A recent phase III trial of carboplatin/pemetrexed versus standard EP in first-line ES SCLC
demonstrated inferior PFS and OS in the experimental arm. The addition of bevacizumab to standard
EP improves PFS but demonstrated no OS benefit. Two phase III trials demonstrated a lack of benefit
with the addition of paclitaxel to EP in ES SCLC, with an increase in treatment-related mortality in the
experimental arm (6.5% vs. 2.4%). The addition of cyclophosphamide and epirubicin to EP showed an
improvement in response rate and a minor improvement in survival, with a significant increase in
hematologic toxicity. Ipilumumab, a CTLA4 inhibitor licensed in the treatment of metastatic
malignant melanoma, was investigated in a three arm phase II study in first-line ES SCLC.
Ipilumumab was administered either in a phased or concurrent basis with carboplatin/paclitaxel, and
assessed by PFS, irPFS (immune-related), BORR (best overall response rate), irBORR, survival, and
safety. Phased ipilumumab showed an improvement in irPFS, irBORR, and OS. Further studies with
this drug are awaited.

Second Line Combination therapy with paclitaxel and carboplatin, doxorubicin, gemcitabine,
cisplatin, and ifosfamide has yielded response rates of 25% to 75.3% in the phase II setting.
Carboplatin and paclitaxel showed a response rate of 73% and would require further study. Five phase
IT trials investigated the combination of gemcitabine and irinotecan in the relapsed setting, with
response rates ranging from 10% to 50%, and different conclusions reached in terms of therapeutic
benefit. Combinations of gemcitabine with vinorelbine or irinotecan did not show any clinical benefit.
Ifosfamide has been shown to improve OS and response rate in one trial, but this was not observed in
subsequent validation studies. Picoplatin is a cisplatin analog that has shown preclinical activity in
phase II studies in platinum-resistant and platinum-sensitive SCLC. It aims to overcome platinum
resistance and in the phase II setting for relapsed/refractory disease demonstrated a 15% response rate
and 30% disease control rate. The results of a registration trial are awaited.

Maintenance Therapy Maintenance therapy beyond 4 to 6 cycles of chemotherapy has shown a modest
benefit in terms of response rate, but no improvement in survival, and significantly worse toxicity.
This was demonstrated by Giacconne et al. with 5 versus 12 cycles of CDE (cyclophosphamide,
doxorubicin, and etoposide), and Ettinger et al. with CAV and CAV-HEM (alternating with
hexamethylamine, etoposide, and methotrexate) in complete responders.

Dose Escalation/Dose Dense Therapy

Increasing the administered dose or reducing the interval between doses achieves higher response
rates, but not necessarily a survival advantage in SCLC. One trial that demonstrated an improvement
in OS in LS SCLC stratified patients between standard dose PCDE (cisplatin, cyclophosphamide,
doxorubicin, etoposide) versus high-dose PCDE (HD-PCDE), which uses 20% higher drug doses on
cycle 1. HD-PCDE demonstrated improved response rates (67% vs. 54%) and improvements in 2- and
5-year OS (42% vs. 20% and 26% vs. 8%). Growth factor support with GCSF or GM-CSF was used to
support the delivery of higher drug doses. Meta-analyses of dose intensity in trials using
CAV/CAE/EP showed small but statistically insignificant improvements in OS in ES SCLC.

Targeted Therapy

Biologic agents targeting novel therapeutic pathways in SCLC include anti-VEGF therapies
(bevacizumab), Mtor inhibitors (temsirolimus), tyrosine kinase inhibitors (imatinib and vandetanib),
matrix metalloproteinase inhibitors, and antisense oligonucleotide olibmersen. More recently, the use
of oral dasatinib, a SRC inhibitor, was found to have no minimal clinical activity in the phase II
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CALGB 30602 study. The proteosome inhibitor bortezemib showed some activity, and future trials
are investigating its use with topotecan in the relapsed/refractory setting. Hypoxia-targeting agent
tirapazamine (TPZ) was investigated in a phase II study in combination with cisplatin/etoposide and
thoracic radiotherapy in LS SCLC. TPZ demonstrated an improvement in median survival to 22
months, compared to 17 months in the seminal INT-0096 trial that established combined
chemoradiotherapy as standard of care on LS SCLC. However, a trial of TPZ in head and neck cancer
was terminated early secondary to increased rates of grade 3/4 esophagitis. Further studies to confirm
the role of TPZ, and similar agents are awaited.

Biomarkers

ERCC1 (excision repair cross-complementing-1) is a molecular marker that has been shown to
predict response to platinum-based chemotherapy in non-small cell lung cancer. High ERCC1
expression by IHC and RT-PCR has been shown by a number of trials to be prognostic in LS SCLC.
However, it has not been shown to be predictive of response to therapy. Whole-genome and haplotype
analyses have demonstrated that GSS, ABCC2, and XRCC1 single-nucleotide polymorphisms (SNPs)
involved in glutathione metabolism and DNA repair pathways are prognostic in SCLC. Clinical
applications for these findings are limited by the different methods of evaluating ERCC expression,
and the need for further validation studies. Circulating tumor cells (CTCs) and circulating tumor cell
clusters or microemboli (CTMs) have been studied as potential prognostic and pharmacodynamic
biomarkers in SCLC. One study has shown that CTC number and reduction after one cycle of
chemotherapy are independent prognostic markers. Further studies regarding the clinical utility of
these tools are required.

FOLLOW-UP/SURVEILLANCE

NCCN (National Cancer Control Network) and other national and organizational guidelines
recommend the following algorithms for post treatment follow-up:
1. LS SCLC
— History and physical examination every 3 to 4 months within years 1 to 2 post treatment
— History and physical examination 6 monthly within years 3 to 5 post treatment, annually
thereafter
— Chest imaging at the time of history and physical examination (x-ray or CT)
2. ES SCLC
— 3 to 6 monthly CT thorax/abdomen year 1 post treatment
— 3 to 6 monthly chest x-ray years 2 to 5 post treatment
— 3 to 6 monthly history and physical examination by clinician

Focused radiologic and laboratory investigations should be carried out depending on the clinical
signs/symptoms of the patient at the time of consultation.

REVIEW QUESTIONS

A 56-year-old male presents with a 2-week history of shortness of breath and hemoptysis. A routine
CXR reveals a 4 cm right hilar mass with associated ipsilateral hilar lymphadenopathy. A CT of the
thorax, abdomen, and pelvis does not reveal any distant metastases. A bronchoscopy and biopsy
reveal small cell carcinoma of the lung.
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1. What immunohistochemical staining pattern would be consistent with the above diagnosis?

A. TTF1 positive, CK 7 positive, keratin positive, chromogranin positive, synaptophysin positive

B. TTF1 negative, CK 7 negative, keratin negative, chromogranin negative, synaptophysin
negative

c. TTF1 negative, CK 7 negative, keratin positive, chromogranin positive, synaptophysin
positive

D. TTF1 positive, CK 7 negative, keratin negative, chromogranin positive, synaptophysin
positive

2. What other staging investigation should this patient receive?
A. PET/CT
B. CT or MRI brain
C. Mediastinoscopy
D. Bone marrow aspiration and trephine

3. What stage is this patient’s disease?
A. Stage |
B. Stage IV
c. Limited stage
D. Extensive stage

4. What treatment would you advise for this gentleman’s small cell lung carcinoma
A. Carboplatin AUC 6 day 1 and Etoposide 100 mg/m? days 1, 2, 3 q 3 weekly x 6
B. Cisplatin 60 mg/m? day 1 and Etoposide 100 mg/m? days 1, 2, 3 q 3 weekly x 6
c. Cisplatin 25 mg/m? days 1, 2, 3 and Etoposide 100 mg/m? days 1, 2, 3 q 3 weekly x 4 with
concurrent thoracic radiotherapy

D. Carboplatin AUC 5 day 1 and Etoposide 100 mg/m? days 1, 2, 3 q 3 weekly x 4 with sequential
thoracic radiotherapy

5. This patient’s CT brain is negative for metastases. Would your treatment plan for this patient
include prophylactic cranial irradiation?
A. Yes
B. No
c. Maybe
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Esophageal Cancer

Mark K. Doherty and Gregory D. Leonard

Esophageal cancer is the ninth most commonly occurring cancer worldwide and the sixth most
common cause of cancer mortality. It is highly curable in its earliest stages; however, it usually
presents with advanced disease. Recent years have seen many advances in the management of
esophageal cancer including optimization of neoadjuvant strategies, nonsurgical treatment options in
early-stage disease, and the introduction of biologics agents to the management of advanced disease.

EPIDEMIOLOGY

United States

= Esophageal cancer was estimated to account for 1% of all malignancies and 6% of all
gastrointestinal malignancies in 2012. The age-adjusted incidence from 2000 to 2009 is 4.6 cases
per 100,000 population (http://seer.cancer.gov/csr/1975_2009).

= Approximately 17,460 new cases and 15,010 deaths were estimated for 2012.

= The median age at diagnosis is 69 years. This cancer rarely occurs in patients younger than 25
years.

= Esophageal cancer is two to four times more frequent in men than in women. Siewert type 1 tumors
(adenocarcinoma [ADC]) are eight to nine times more common in men than in women.

= Rates of occurrence of esophageal cancer are approximately threefold higher among blacks than
among whites.

= Squamous cell carcinoma (SCC) is more common in black men; ADC is more common in white
men.

» Five-year relative survival rates were 5% from 1975 to 1977, 10% from 1987 to 1989, and 19%
from 2001 to 2007.

Rest of the World

» There are approximately 500,000 cases of esophageal cancer in the world, but there is marked
geographic variation. Regions with clusters of high rates include China (e.g., Linxian), Iran,
France, and South Africa.

= In the 1970s, approximately 90% of esophageal cancers were SCCs. The incidence of ADCs has
increased dramatically and currently accounts for approximately 60% to 70% of new cases—a rate
of acceleration greater than that of any other cancer in the United States.

ETIOLOGY
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Adenocarcinoma

= Barrett’s esophagus

= Obesity

» Gastroesophageal reflux disease (GERD), which can be caused by obesity and might result in
Barrett’s esophagus

Squamous Cell Carcinoma

= Tobacco
= Alcohol
= Predisposing conditions:
» Tylosis (SCC)
* Achalasia
Esophageal diverticula and webs (SCC)
* Plummer-Vinson syndrome
* Human papillomavirus (HPV)
¢ Celiac disease
= Less significant causes include environmental exposure and dietary factors.

BARRETT’S ESOPHAGUS

Barrett’s esophagus, perhaps as a result of GERD, is the most important risk factor (100 times risk
increase over other factors) for ADC.
Screening recommendations (no randomized trial data for surveillance practices) are as follows:

= For no dysplasia, endoscopy every 3 to 5 years

= For low-grade dysplasia, endoscopy every 6 months for 12 months and then yearly

m For high-grade dysplasia, 3-monthly endoscopy, esophagectomy, endomucosal resection,
photodynamic therapy (PDT), or other ablative therapies

CLINICAL PRESENTATION

The most common clinical presentations of esophageal cancer are listed in Table 4.1 and are usually
related to local compression or infiltration symptoms or generalized malaise and anorexia.

Table 4.1 Clinical Presentation of Esophageal Cancer

Symptoms Patients with Symptoms (%)
Dysphagia (solids usually before liquids) 80-96

Weight loss 42-46

Odynophagia =50

Epigastric or retrosternal pain =20

Cough or hoarseness =5

Tracheoesophageal fistula 1-13

The classic triad for presentation of esophageal cancer is as follows:

= Asthenia
= Anorexia
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= Analgesia (for dysphagia)

DIAGNOSIS

= Symptoms
* Dysphagia or odynophagia
Hematemesis
* Dyspepsia
* Hoarseness
* Dyspnea
* Anorexia
= Signs (usually late presentation)
* Horner syndrome
Left supraclavicular lymphadenopathy (Virchow’s node)
+ Cachexia
* Hepatomegaly
* Bone metastases (rare, but paraneoplastic hypercalcemia can occur)
= Upper gastrointestinal endoscopy
» This diagnostic procedure is the gold standard. The combination of endoscopic biopsies and
brush cytology has an accuracy of greater than 90% in making a tissue diagnosis of esophageal
cancer.
= Barium contrast radiography
» This diagnostic procedure can document contour and motility abnormalities and unexpected
airway fistula and may be useful when the entire esophagus has not been visualized
endoscopically. However, a tissue diagnosis is needed for definitive diagnosis.

PATHOLOGY

= Most newly diagnosed patients have ADC, but there are contrasting reports on their relative
prognosis. Less than 1% of esophageal tumors are lymphoma, melanoma, carcinosarcoma, or
small cell carcinoma.

= Fifty percent of tumors arise in the lower one-third of the esophagus, 25% arise in the upper
esophagus, and 25% of tumors occur in the middle one-third of the esophagus.

STAGING

The American Joint Commission for Cancer (AJCC) has designated staging of cancer by TNM
classification, which defines the anatomic extent of disease. The most recent edition of this staging
system proposes a distinction between T4a and T4b tumors—those that invade other structures but are
resectable or unresectable, respectively. Other changes include staging based on histology and tumor
grade, as well as N-staging based on the number of affected locoregional lymph nodes.

The Siewert classification subclassifies gastroesophageal junction tumors into three types
according to their anatomic location: type I are distal esophagus tumors, type II are cardia tumors,
and type III are subcardia gastric tumors.

Staging workup can include the following:
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= Computerized tomography (CT) scan: CT scan of the chest and abdomen can demonstrate evidence
of spread of tumors to lymph nodes or distant metastases to the liver (35%), lungs (20%), bone
(9%), and adrenals (5%). CT scan may underestimate the depth of tumor invasion and peri-
esophageal lymph node involvement in up to 50% of cases. Magnetic resonance imaging (MRI)
provides similar results to CT.

= Endoscopic ultrasound (EUS): EUS may be helpful when metastases are not detected by CT or other
imaging modalities. EUS is the optimal technique for locoregional staging. A meta-analysis
demonstrated greater than 71% sensitivity in staging preoperative depth of invasion (T) and greater
than 60% sensitivity for locoregional lymph nodes (N); specificity was greater than 67% and
greater than 40%, respectively.

= Positron emission tomography (PET)/CT: PET/CT is useful when CT is negative for metastatic
disease, and can change management of the disease in 25% to 40% of patients. It has limited utility
in establishing T stage, and EUS is superior in establishing N stage, but PET/CT has a greater
sensitivity for detecting distant metastatic disease than CT alone. PET/CT is currently being
investigated for use in tailoring treatment based on metabolic response in the CALGB 80302 study.

= Bronchoscopy is required in tumors less than 25 cm from the incisors to exclude invasion of the
posterior membranous trachea or tracheoesophageal fistula.

= Laparoscopy is sometimes performed for staging of EGJ tumors without evidence of metastatic
disease, to rule out peritoneal dissemination.

TREATMENT
Surgery

= Surgery alone remains a recognized treatment for esophageal cancer with resectable local or
locoregional disease. In 1993, surgery was used as a component of treatment in 34% of patients.
Surgery alone was used in 18% of patients. In recent years, the improved survival seen with
combined modality treatment has meant that surgery alone is generally only considered for patients
with very early stage disease (T 1-2NOMO).

» Endomucosal resection (EMR) with ablation is considered definitive treatment for patients with
early Tla tumors, and may provide staging information for tumors with more advanced T stage.

= Recent improvements in staging techniques and patient selection have improved surgical morbidity
and mortality. Operative mortality rates are now less than 5%. Surgical expertise is a major
contributor to survival, with better outcomes in high-volume centers. Resection is possible in
approximately 50% of patients. Five-year survival in patients with surgical resection is 5% to 25%.

» Surgical principles include a wide resection of the primary tumor with the goal of an RO resection
(no residual tumor), including more than 5 cm resection margins plus regional lymphadenectomy.
Intraoperative frozen section can assess residual disease, which, if present, is considered an R1
(microscopic tumor) or R2 (macroscopic tumor) resection.

= In general, patients with cervical carcinoma of the esophagus (above the aortic arch) are not
considered candidates for surgical resection; chemoradiation is favored in these patients. Other
indicators of unresectable disease include T4 tumors or extensive nodal disease. Medical
unresectability (due to comorbidities or poor performance status) is another common reason for
patients not proceeding to esophagectomy.

= Surgical approaches include the following:
» Transthoracic resection: En bloc esophagectomy requires laparotomy and thoracotomy, for

example, total thoracic or transthoracic (Lewis) procedures. A three-field lymph node dissection
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(extended lymphadenectomy) includes superior mediastinum and cervical lymphadenectomy. It is
the treatment of choice in Japan, but is associated with increased toxicity and has a questionable
survival advantage.

* Transhiatal esophagectomy: This includes laparotomy and cervical anastomosis. This technique
avoids thoracotomy.

Chemoradiotherapy (Combined-Modality Approach)

Although no large prospective randomized trials have directly compared primary chemoradiation
with surgery, definitive chemoradiation for locoregional carcinoma of the esophagus is considered
an alternative to surgery.

Inoperable Disease

Definitive Chemoradiotherapy
= The Radiation Therapy Oncology Group (RTOG) 85-01 trial demonstrated a survival advantage

(14 vs. 9 months median survival and 27% vs. 0% 5-year survival) in favor of chemoradiotherapy
over radiotherapy alone. The study used a regimen of cisplatin and short-course infusional 5-FU in
combination with 50 Gy radiotherapy, compared with 64 Gy radiotherapy alone. A number of
randomized trials of chemoradiotherapy versus radiotherapy alone have failed to duplicate the
results of RTOG 85-01; however, a Cochrane review has confirmed the superiority of
chemoradiotherapy versus radiotherapy in fit, motivated patients.

= The cisplatin/fluorouracil regimen used in the RTOG study carries significant toxicity, and
alternative regimens have been sought to allow for effective treatment with better safety profiles.
The recently presented phase III PRODIGE-5/ACCORD-17 study demonstrated similar survival in
patients treated with a fluorouracil/oxaliplatin (FOLFOX) regimen to those treated with the RTOG
regimen, but with lower rates of death from toxicity (1.1% vs. 6.4%) or within 15 days from
chemotherapy (1.1% vs. 3.2%).

Operable Disease

Definitive Chemoradiotherapy Direct comparisons of chemoradiotherapy versus surgery in resectable
esophageal cancer are limited and the optimal approach is controversial. Two trials have provided
evidence to support a nonsurgical approach in some patients:

= In the first trial, patients with locally advanced but resectable squamous tumors were treated with
chemoradiotherapy, and patients with at least a partial response were randomized to continued
chemoradiotherapy or surgery. There was an improvement in local control rates (64% vs. 41% at
2 years), but no difference in overall survival, and early mortality and length of hospital stay were
less in the chemoradiotherapy arm (12.8% vs. 3.5%, P = 0.03)

= The second trial randomized patients with locally advanced squamous tumors to either definitive
chemoradiotherapy or chemoradiotherapy (lower doses of radiation) and surgery. There was no
significant difference in survival outcomes (17.7 vs. 19.3 months, respectively) between the two
groups of patients.

Radiation dose escalation has not proved to be beneficial. A trial examining this approach was closed
after an interim analysis indicated that there would be no advantage with higher doses of radiation.
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Neoadjuvant Chemoradiotherapy (Trimodality Approach)

m The rationale for preoperative chemoradiotherapy was first studied by Leichman et al. in 21
patients with SCC. The patients were treated with 30 Gy of radiation and with two cycles of
concurrent 5-fluorouracil (5-FU) and cisplatin. An additional 20 Gy of radiation was given
postoperatively when a residual tumor was seen at surgery. The pathologic complete response was
37%, with a median survival of 18 months.

= A number of prospective randomized phase 3 trials have addressed the issue of whether
preoperative chemoradiotherapy offers any benefit over surgery alone. Much debate exists over
interpretation of these trials.

» Walsh et al. demonstrated a significant benefit in median survival (16 vs. 11 months; P = 0.01) and
3-year survival (32% vs. 6%; P = 0.01) for patients receiving preoperative chemoradiotherapy).
However, limitations of this trial include poor surgical outcome, small numbers of patients
studied, and the fact all patients had ADC.

* The Cancer and Leukemia Group B (CALGB) 9781 was a prospective randomized Intergroup
trial of trimodality therapy versus surgery in 56 patients with stage I to III esophageal cancer.
Median survival was 4.48 years versus 1.79 years (P = 0.002) in favor of trimodality therapy.

» The CROSS trial is the most recent study to investigate this issue. A preoperative regimen of
weekly paclitaxel and carboplatin in combination with 41.4 Gy radiotherapy was compared with
surgery alone. The neoadjuvant therapy was well tolerated. There was a higher rate of RO
resections in those who received preoperative treatment (92% vs. 69%), and a 29% complete
response rate was observed. This translated to a survival benefit for those treated with the
preoperative chemoradiotherapy (3-year survival 58% vs. 44%; HR 0.66; P = 0.003).

= In a meta-analysis of 12 randomized trials, the benefit of chemotherapy and surgery was observed
over surgery alone. Overall survival in individual patient data from nine trials showed an absolute
benefit of 4% (increased from 16% to 20%). The disease-free survival over 5 years showed an
absolute benefit of 4% (increased from 6% to 10%). This meta-analysis showed a small but
significant benefit for neoadjuvant chemotherapy over surgery alone (P = 0.03).

= Neoadjuvant chemoradiation has shown a trend toward superiority versus neoadjuvant
chemotherapy alone in patients with locally advanced but resectable tumors. In one randomized
trial that failed to meet accrual goals, patients received chemotherapy followed by surgery or
chemotherapy followed by chemoradiation for 3 weeks, followed by surgery. A complete resection
was possible in 77% versus 85% in arms A and B, respectively. Complete histologic response was
2.5% with chemotherapy and 17% after chemoradiation (P = 0.06). The median survival was 21.2
versus 32.8 months, and 3-year survival was 27% versus 43%, respectively (P = 0.14).

= A meta-analysis in 2007 clarified the benefits of neoadjuvant chemoradiation or chemotherapy
versus surgery alone. The absolute difference in survival between neoadjuvant chemoradiation
versus surgery alone was 13%, while absolute difference in survival between neoadjuvant
chemotherapy versus surgery alone was 7% (P = 0.05).

Adjuvant Chemoradiotherapy There are few data available on the wuse of postoperative

chemoradiotherapy in esophageal cancer.

= An Intergroup trial found a statistically significant survival advantage for postoperative
chemoradiotherapy compared to surgery alone in gastroesophageal and gastric cancers. A recent
CALGB study investigated the use of more intensive chemotherapy (ECF) given before and after
postoperative radiotherapy with 5-FU, but found no improvement in survival compared with the 5-
FU regimen used in the Intergroup trial. Based on these data, adjuvant chemoradiotherapy is an
option for ADC tumors of the lower esophagus, though most clinicians favor preoperative
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treatment. It is possible that the survival benefit associated with the use of chemoradiotherapy
results from reductions in local recurrences and thus compensates for inadequate surgery (only
10% of patients had the recommended D2 resection). The results of the CRITICS trial comparing
postoperative ECC chemotherapy to postoperative cisplatin/capecitabine-based chemoradiotherapy
are awaited.

Radiation Therapy

Radiation therapy alone is generally considered palliative and is used in patients who are unable to
tolerate chemoradiotherapy. No prospective randomized trials of preoperative or postoperative
single-modality radiotherapy have demonstrated a survival benefit in patients, although retrospective
data do suggest benefit in those with node-positive tumors.

Chemotherapy

= Single-agent chemotherapy demonstrates response rates of 15% to 25%. Combination
chemotherapy response rates are 25% to 45%.

= Cisplatin with 5-FU is a regimen for both combined-modality therapy in locoregional disease and
systemic therapy for palliation.

= SCC may be more sensitive to chemotherapy, but there is no difference in long-term outcome
between SCC and ADC.

Operable Disease

Adjuvant Chemotherapy
= The poor survival, even for patients with clinically localized carcinoma of the esophagus, suggests

that occult metastases are present at diagnosis, thereby providing the impetus to add systemic
therapy early during patient management.

= In the two largest trials examining preoperative chemotherapy, the Intergroup (INT 0113) trial
showed no survival benefit, whereas the Medical Research Council (MRC) trial demonstrated a 3-
month median survival advantage for chemotherapy over surgery alone.

= The following differences in the two studies may have contributed to their different outcomes:

* Chemotherapy was of longer duration and was with higher doses in INT 0113. This therapy may
have been detrimental by delaying access to surgery and causing more toxicity.

» Surgery was performed in only 80% of the patients in the chemotherapy arm in INT 0113
compared to 92% in the MRC trial. Outcome for surgery alone was poor in the MRC ftrial,
thereby possibly exaggerating the benefits of chemotherapy.

» Radiation therapy off protocol (equally distributed between treatment arms) was available in the
MRC trial.

» A larger sample size in the MRC trial may have facilitated detection of a statistically significant
result.

= One Japanese study suggests that neoadjuvant chemotherapy is highly superior to adjuvant
chemotherapy (HR 0.64; P = 0.014).

= The MRC MAGIC trial published in 2006 assessed the use of perioperative epirubicin, cisplatin, and
5-FU (ECF) chemotherapy or surgery alone in esophagogastric adenocarcinoma. In 503 patients,

15% had esophagogastric cancer and 11% had esophageal cancer. Patients treated with

chemotherapy had increased progression-free survival (HR 0.66; P < 0.001) and resectability rates,

and a benefit in overall survival (HR 0.75; P = 0.009). As a result of this study, many patients with
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EGJ adenocarcinoma are treated with this approach.

Inoperable Disease

Palliative Chemotherapy Systemic therapy may be beneficial in patients with locally advanced or
metastatic disease. Most data are extrapolated from trials in gastric cancer (see below).

Palliative Treatment

= Palliative options can be split into local or systemic options.

m Local therapies include external beam and brachytherapy radiation. This approach can palliate
dysphagia in approximately 80% of patients. PDT has also been approved by the U.S. Food and
Drug Administration (FDA) for this indication. For rapid palliation, laser or balloon dilatation and
stenting is recommended. The placement of a gastrostomy or jejunostomy tube may improve the
patient’s nutritional status.

= The systemic chemotherapy options in esophageal cancer are improving.

= Most data on chemotherapy in advanced esophageal cancer are extrapolated from trials in gastric
cancer that often include gastroesophageal tumors.

= Cisplatin combined with 5-FU is a commonly used regimen, but this did not demonstrate a
statistically significant benefit over cisplatin alone when tested in a randomized trial of patients
with advanced SCC of the esophagus 5-FU with either oxaliplatin or irinotecan have shown
equivalence to the cisplatin and 5-FU combination in studies of advanced esophagogastric cancer,
and may have more favorable toxicity profiles.

= Docetaxel, cisplatin, and 5-FU (DCF) were also compared to cisplatin and 5-fluorouracil (CF).
Time to disease progression improved from 3.7 months to 5.2 months, and median overall survival
improved from 8.5 months to 10.2 months (P = 0.0053) in patients receiving DCF compared to
those receiving CF. DCF in this trial had significant toxicity and doses have been altered in similar
regimens.

= The REAL-2 trial evaluated capecitabine and oxaliplatin as alternatives to cisplatin and fluorouracil.
In a two-by-two design, patients were randomly assigned to ECF (epirubicin/cisplatin/5-
fluorouracil), ECX (epirubicin/cisplatin/capecitabine), EOF (epirubicin/oxaliplatin/5-fluorouracil),
EOX (epirubicin/oxaliplatin/capecitabine). The median survival time was 9.9, 9.9, 9.3, and 11.2
months, respectively. Overall survival was highest with EOX (P = 0.02). EOX is now a standard of
care in many institutions.

= S1 in combination with cisplatin, or with docetaxel, showed superiority compared to S1 in Asian
studies. The FLAGS study in a western population showed equivalence of S1 cisplatin and 5-FU
cisplatin in this setting.

New targeted therapies have been investigated in esophagogastric cancer with varying success:

» Trastuzumab has improved survival in combination with chemo. The ToGA trial demonstrated an
improvement in response rate (47% vs. 35%) and survival (13.8 vs. 11 months) for patients with
HER2-overexpressing tumors treated with trastuzumab in combination with cisplatin/5-FU
chemotherapy compared with chemotherapy alone.

= EGFR inhibitors have not improved survival in combination with chemotherapy. In the REAL-3
study, panitumumab was used in combination with epirubicin, oxaliplatin, and capecitabine, and
showed inferior survival to the same chemotherapy given alone (8.8 vs. 11.3 months). The
panitumumab-containing arm used lower doses of chemotherapy which may account for the poor
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outcome in this group. A recent study investigating cetuximab in combination with capecitabine and
cisplatin in this population showed similarly inferior survival (9.4 vs. 10.7 months).

= Antiangiogenesis therapy has shown some promise. The AVAGAST study evaluated the use of the
anti-VEGF antibody bevacizumab in esophagogastric cancer, in combination with capecitabine and
cisplatin. The addition of bevacizumab to chemotherapy improved response rates (46% vs. 37%),
and progression-free survival (6.7 vs. 5.3 months), but failed to demonstrate an improvement in
overall survival. Subgroup analysis suggested a benefit for patients enrolled in America. These
results are provocative but further studies are required to define patients that may derive benefit
from bevacizumab.

= Second-line therapy using docetaxel or irinotecan or the biologic agents ramucirumab or gefitinib
have also improved survival compared to best supportive care.

= The validated approaches for treating patients with esophageal cancer are given by stage in Table
4.2.

Table 4.2 Stage, Distribution, Treatment, and Survival of Esophageal Cancers in the United States

Stage Distribution (%)  Treatment
Very early stage (Tla) 5 Endomucosal resection and ablation, or
esophagectomy
Early stage T1b,T2 5 Esophagectomy, or consider necadjuvant CRT for T2
T2,T3 resectable 30 Meoadjuvant CRT
MNeoadjuvant CT
Esophagectomy

Definitive CRT (preferred for cervical tumors)
Consider adjuvant therapy if no necadjuvant
treatment given
Consider perioperative chemotherapy for GE] or
lower esophageal ADC
Locally advanced 35 Definitive CRT
unresectable
Metastatic 25 Best supportive care/palliation
Local:
Radiation therapy or brachytherapy
Intraluminal intubation or dilatation
Laser or endocoagulation

Photodynamic therapy
Combination chemotherapy:

CF (cisplatin, 5-fluorouracil or capecitabine)
EOX (epirubicin, oxaliplatin, capecitabine)
DCF (docetaxel, cisplatin, 5-fluorouracil)

FOLHRI (5-fluorouracil, irinotecan)
FOLFOX (5-FU, oxaliplatin)
Trastuzumab with cisplatin/5-FU if HER2

overexpressing

ADC, adenocarcinoma; GE, gastroesophageal; 5-FU, 5-fluerouracil; CRT, chemoradiotherapy

FOLLOW-UP FOR PATIENTS WITH LOCOREGIONAL DISEASE
There is no standard surveillance scheme.

= History and physical examination, complete blood count (CBC), urea, electrolytes, and liver
function tests are recommended every 4 months for 1 year, every 6 months for 2 years, and then
annually (www.nccn.org).
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» Chest radiograph should be obtained as indicated.
m CT scans of the chest/abdomen should be obtained as clinically indicated.
= Upper gastrointestinal endoscopy should be performed as clinically indicated.

REVIEW QUESTIONS

1. A 65-year-old white male patient is referred to the oncology clinic after upper endoscopy has
revealed a visible tumor at 30 cm in his esophagus. Pathologic examination of a biopsy from the
tumor is consistent with a moderately differentiated adenocarcinoma. Computed tomography of
his chest and abdomen shows thickening of the thoracic esophagus, but no evidence of metastatic
disease. The patient has no major medical comorbidities, and has only mild dysphagia. The next
most appropriate staging investigation for this patient would be

. Laparoscopy

. Endoscopic ultrasound

. Positron emission tomography

. Bronchoscopy

E. Barium swallow

A
B
Cc
D

2. A 75-year-old female patient, with a history of chronic obstructive airways disease, is investigated
for dysphagia, weight loss, and chest pain. She is found to have a SCC of her upper thoracic
esophagus, staged as T3N1 by endoscopic ultrasound. Whole-body PET/CT shows thickening of
her esophagus with surrounding FDG-avid lymph nodes, but no evidence of distant metastatic
disease. What treatment modality would be the optimal choice for this patient?

A. Esophagectomy

B. Neoadjuvant chemotherapy followed by esophagectomy
c. Esophagectomy followed by adjuvant chemoradiotherapy
D. Definitive chemoradiotherapy

E. Palliative chemotherapy

3. A 70-year-old male is admitted with progressive dysphagia, weight loss, and dyspepsia. He is
found to have a large tumor at his esophago-gastric junction, which is causing partial
obstruction. Computed tomography of his chest and abdomen shows thickening of his distal
esophagus, as well as multiple low attenuation lesions in his liver, consistent with metastatic
disease. Pathologic examination of the endoscopic biopsy reveals a moderately differentiated
adenocarcinoma. He has an ECOG performance status of 1, and palliative chemotherapy with
cisplatin and fluorouracil is planned. What further molecular marker can be used to guide this
patient’s treatment?

A. Immunohistochemistry (IHC) for VEGFR

B. IHC for EGFR

c. EGFR mutational analysis

D. IHC and fluorescent in situ hybridization for HER2
E. [HC for ERCC1
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Gastric Cancers

Ellie E. Chan and Thomas J. George, Jr.

EPIDEMIOLOGY

Worldwide, gastric carcinoma represents the third or fourth most common malignancy. The
frequency of gastric carcinoma occurrence at different sites within the stomach has changed in the
United States over recent decades. The incidence of cancer of the distal half of the stomach has been
decreasing in the United States since the 1930s. However, over the last two decades, the incidence of
cancer of the cardia and gastroesophageal junction (GEJ) has been rapidly rising, particularly in
patients younger than 40 years. There were 21,320 new cases and 10,540 deaths from gastric
carcinoma in the United States in 2012.

RISK FACTORS

= Average age at onset is fifth decade

= Male-to-female ratio is 1.7:1

= African American-to-white ratio is 1.8:1

= Precursor conditions include chronic atrophic gastritis and intestinal metaplasia, pernicious anemia
(10% to 20% incidence), partial gastrectomy for benign disease, Helicobacter pylori infection
(especially childhood exposure—three- to fivefold increase), Ménétrier’s disease, and gastric
adenomatous polyps. These precursor lesions are largely linked to distal (intestinal-type) gastric
carcinoma

= Family history: first degree (two- to threefold); the family of Napoléon Bonaparte is an example;
familial clustering; patients with hereditary nonpolyposis colorectal cancer (Lynch syndrome II)
are at increased risk; germline mutations of E-cadherin (CDH1 gene) have been linked to familial
diffuse gastric cancer and associated lobular breast cancer

= Tobacco use results in a 1.5- to 3-fold increased risk for cancer

= High salt and nitrosamine food content from fermenting and smoking process

= Deficiencies of vitamins A, C, and E; -carotene; selenium; and fiber

= Blood type A

= Alcohol

= The marked rise in the incidence of gastroesophageal and proximal gastric adenocarcinoma
appears to be strongly correlated with the rising incidence of Barrett’s esophagus

SCREENING

In most countries, screening of the general populations is not practical because of a low incidence of
gastric cancer. However, screening is justified in countries where the incidence of gastric cancer is
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high. Japanese screening guidelines include initial upper endoscopy at age 50, with follow-up
endoscopy for abnormalities. Routine screening is not recommended in the United States.

PATHOPHYSIOLOGY

Most gastric cancers are adenocarcinomas (more than 90%) of two distinct histologic types: intestinal
and diffuse. In general, the term “gastric cancer” is commonly used to refer to adenocarcinoma of the
stomach. Other cancers of the stomach include non-Hodgkin’s lymphomas (NHL), leiomyosarcomas,
carcinoids and gastrointestinal stromal tumors (GIST). Differentiating between adenocarcinoma and
lymphoma is critical because the prognosis and treatment for these two entities differ considerably.
Although less common, metastases to the stomach include melanoma, breast, and ovarian cancers.

Intestinal Type

The epidemic form of cancer is further differentiated by gland formation and is associated with
precancerous lesions, gastric atrophy, and intestinal metaplasia. The intestinal form accounts for most
distal cancers with a stable or declining incidence. These cancers in particular are associated with H.
pylori infection. In this carcinogenesis model, the interplay of environmental factors leads to
glandular atrophy, relative achlorhydria, and increased gastric pH. The resulting bacterial
overgrowth leads to production of nitrites and nitroso compounds causing further gastric atrophy and
intestinal metaplasia, thereby increasing the risk of cancer.

The recent decline in gastric carcinoma in the United States is likely the result of a decline in the
incidence of intestinal-type lesions, but remains a common cause of gastric carcinoma worldwide.
Intestinal-type lesions are associated with an increased frequency of overexpression of epidermal
growth factor receptors erbB-2 and erbB-3.

Diffuse Type

The endemic form of carcinoma is more common in younger patients and exhibits undifferentiated
signet-ring histology. There is a predilection for diffuse submucosal spread because of lack of cell
cohesion, leading to linitis plastica. Contiguous spread of the carcinoma to the peritoneum is
common. Precancerous lesions have not been identified. Although a carcinogenesis model has not
been proposed, it is associated with H. pylori infection. Genetic predispositions to endemic forms of
carcinoma have been reported, as have associations between carcinoma and individuals with type A
blood. These cancers occur in the proximal stomach where increased incidence has been observed
worldwide. Stage for stage, these cancers have a worse prognosis than do distal cancers.

Diffuse lesions have been linked to abnormalities of fibroblast growth factor systems, including
the K-sam oncogene as well as E-cadherin mutations. The latter results in loss of cell—cell adhesions.

Molecular Analysis

= Loss of heterozygosity of chromosome 59 or APC gene (deleted in 34% of gastric cancers), 17p,
and 18q (DCC gene)

= Microsatellite instability, particularly of the transforming growth factor-f3 type II receptor, with
subsequent growth-inhibition deregulation

= p53 is mutated in approximately 40% to 60% caused by allelic loss and base transition mutations

= Mutations of E-cadherin expression (CDH1 gene on 16q), a cell adhesion mediator, is observed in
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diffuse-type undifferentiated cancers and is associated with an increased incidence of lobular
breast cancer

= Epidermal growth factor receptor overexpression, specifically Her2/neu and erbB-2/erbB-3
especially in intestinal forms

= Epstein-Barr viral genomes are detected

= Ras mutations are rarely reported (less than 10%) in contrast to other gastrointestinal cancers

DIAGNOSIS

Gastric carcinoma, when superficial and surgically curable, typically produces no symptoms. Among
18,365 patients analyzed by the American College of Surgeons, patients presented with the following
symptoms: weight loss (62%), abdominal pain (52%), nausea (34%), anorexia (32%), dysphagia
(26%), melena (20%), early satiety (18%), ulcer-type pain (17%), and lower-extremity edema (6%).

Clinical findings at presentation may include anemia (42%), hypoproteinemia (26%), abnormal
liver functions (26%), and fecal occult blood (40%). Medically refractory or persistent peptic ulcer
should prompt endoscopic evaluation.

Gastric carcinomas primarily spread by direct extension, invading adjacent structures with
resultant peritoneal carcinomatosis and malignant ascites. The liver, followed by lung, is the most
common site of hematogenous dissemination. The disease may also spread as follows:

= To intra-abdominal nodes and left supraclavicular nodes (Virchow’s node)

= Along peritoneal surfaces, resulting in a periumbilical lymph node (Sister Mary Joseph node,
named after the operating room nurse at the Mayo Clinic, which form as tumor spreads along the
falciform ligament to subcutaneous sites)

= To a left anterior axillary lymph node resulting from the spread of proximal primary cancer to
lower esophageal and intrathoracic lymphatics (Irish node)

= To enlarged ovary (Krukenberg tumor; ovarian metastases)

= To a mass in the cul-de-sac (Blumer shelf), which is palpable on rectal or bimanual examination

Paraneoplastic Syndromes

= Skin syndromes: acanthosis nigricans, dermatomyositis, circinate erythemas, pemphigoid, and
acute onset of seborrheic keratoses (Leser-Trélat sign)

= Central nervous system syndromes: dementia and cerebellar ataxia

= Miscellaneous: thrombophlebitis, microangiopathic hemolytic anemia, membranous nephropathy

Tumor Markers

Carcinoembryonic antigen (CEA) is elevated in 40% to 50% of cases. It is useful in follow-up and
monitoring response to therapy, but not for screening. a-Fetoprotein and CA 19-9 are elevated in 30%
of patients with gastric cancer, but are of limited clinical use.

STAGING

The American Joint Committee on Cancer (AJCC) has designated staging by TNM classification. In
the 2010 AJCC 7th edition, tumors arising at the GEJ or in the cardia of the stomach within 5 cm of
the GEJ that extend into the GEJ or esophagus are termed esophageal rather than gastric cancers.
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Gastric tumors involving muscolaris propria (T2), subserosa (T3), and serosa (T4a) are considered
resectable, whereas invasion of adjacent structures (T4b) is not. The nodal stage relates to the number
of involved regional nodes: N1, 1 to 2 involved nodes; N2, 3 to 6 involved nodes; N3a, 7 to 15
involved nodes; N3b, 16 or more involved nodes. The presence of positive peritoneal cytology is
considered M1 as are distant metastases. Many of these staging classifiers represent changes from
previous AJCC staging system editions, but continue to refine prognostic groups based on the best
available outcome data (Table 5.1). Of note, alternative staging systems are used in Japan.

Table 5.1 Observed Survival Rates for Surgically Resected Gastric Adenocarcinomas in a
Representative Western Population

Survival Rates

Stage 5y (%) 10 y (%) Median (mo)
1A 82 68 ND
B 69 &0 151
A &0 43 102
IB 42 32 48
A 28 18 28
ne 18 11 19
mnc I [ 12
v [ 5 9

MD, not determined,

Madified from Reim D, Loos M. Vegl F et al. Prognostic implications of the seventh edition of the international union against cancer
classification for patients with gastric cancer: the Vestern experience of patients treated in a single-center European institution.

| Qlin Oncol. 2013;31(2):263-27 1.

= Initial upper gastrointestinal endoscopy and double-contrast barium swallow identify suggestive
lesions and have diagnostic accuracy of 95% and 75%, respectively, but add little to preoperative
staging otherwise.

= Endoscopic ultrasonography assesses the depth of tumor invasion (T staging) and nodal
involvement (N staging) with accuracies up to 90% and 75%, respectively.

s Computerized tomographic scanning is useful for assessing local extension, lymph node
involvement, and presence of metastasis, although understaging occurs in most cases.

= Although whole-body 2-[18F]fluoro-2-deoxyglucose (FDG)—positron emission tomography (PET)
may be useful in detecting metastasis as part of preoperative staging in some gastric cancer
patients, the sensitivity to detect early-stage gastric cancer is only about 20% and overall appears
less reliable than in esophageal cancer.

PROGNOSIS

Pathologic staging remains the most important determinant of prognosis (Table 5.1). Other
prognostic variables that have been proposed to be associated with an unfavorable outcome include
the following:

= Older age

= Male gender

= Weight loss greater than 10%

= Location of tumor

= Tumor histology: diffuse versus intestinal (5-year survival after resection, 16% vs. 26%,
respectively); high-grade or undifferentiated tumors

= Four or more lymph nodes involved
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= Aneuploid tumors
= Elevations in epidermal growth factor or P-glycoprotein level
= Overexpression of ERCC1 and p53; loss of p21 and p27

MANAGEMENT OF GASTRIC CANCER
Standard of Care

Although surgical resection remains the cornerstone of gastric cancer treatment, the optimal extent of
nodal resection remains controversial. The high rate of recurrence and poor survival of patients
following surgery provides a rationale for the use of adjuvant or perioperative treatment. Adjuvant
radiotherapy alone does not improve survival following resection. In addition to complete surgical
resection, either postoperative adjuvant chemoradiotherapy (chemoRT) or perioperative
polychemotherapy appear to confer survival advantages. The results of the Intergroup 0116 study
show that the combination of 5-fluorouracil (5-FU)-based chemoRT significantly prolongs disease-
free and overall survival when compared to no adjuvant treatment. Similarly, the use of
polychemotherapy pre- and postoperatively can increase disease-free and overall survival compared
to observation.

In advanced gastric cancer, chemotherapy enhances quality of life and prolongs survival when
compared with the best supportive care. There are numerous therapeutic options in this setting
without a clear standard of care. Of the commonly used regimens, triple combination chemotherapy
with either docetaxel, cisplatin, and 5-FU (DCF) or epirubicin, oxaliplatin, and capecitabine (EOX)
probably has the strongest claims to this role for the majority of fit patients. However, there is a
pressing need for assessing new agents, both cytotoxic and molecularly targeted, in the advanced and
adjuvant settings.

Resectable Disease
Surgery

Complete surgical resection of the tumor and adjacent lymph nodes remains the only chance for
cure. Unfortunately, only 20% of US patients with gastric cancer have disease at presentation
amenable to such therapy. Resection of gastric cancer is indicated in patients with stage I to III disease.
Tumor size and location dictate the type of surgical procedure to be used. An exploration to exclude
carcinomatosis just prior to the definitive resection is justified in this disease. Current surgical issues
include subtotal versus total gastrectomy (TG), extent of lymph node dissection, and palliative
surgery.

Subtotal versus TG Subtotal gastrectomy (SG) may be performed for proximal cardia or distal lesions,
provided that the fundus or cardioesophageal junction is not involved (Fig. 5.1). TG is more
appropriate if tumor involvement is diffuse and arises in the body of the stomach, with extension to
within 6 cm of the cardia. TG is associated with increased postoperative complications, mortality, and
quality-of-life decrement, necessitating thorough consideration of complete gastric resection (Fig.
5.2).
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FIGURE 5.2 Total gastrectomy.

Extent of Lymph Node Dissection Regional lymph node dissection is important for accurate staging and
may have therapeutic benefit as well. The extent of lymphadenectomy is categorized by the regional
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nodal groups removed (Table 5.2). At least 16 lymph nodes must be reported for accurate AJCC
staging. D2 lymphadenectomy is reported to improve survival in patients with T1, T2, T3, and some
serosa-involved (currently T4a) lesions as compared to D1. However, factors such as operative time,
hospitalization length, transfusion requirements, and morbidity are all increased. The routine
inclusion of splenectomy in D2 resections is no longer advocated given higher postoperative
complications. The greatest benefit of more extensive lymph node dissection may occur in early
gastric cancer lesions with small tumors and superficial mucosal involvement as up to 20% of such
lesions have occult lymph node involvement.

Table 5.2 Classification of Regional Lymph Node Dissection

Dissection (D) Regional Lymph Node Groups Removed

Do Mone

Dl Perigastric

D2 D1 plus nedes along hepatic, left gastric, celiac, and splenic arteries;
splenic hilar nedes; +/- splenectomy

D3e D2 plus periaortic and portahepatis

“Periaortic and poruhepatis nodes are typically considered distant memstatic disease.

Radiation Therapy

= For patients with locally advanced or metastatic disease, moderate doses of external-beam radiation
can be used to palliate symptoms of pain, obstruction, and bleeding, but do not routinely improve
survival.

= Local or regional recurrence in the gastric or tumor bed, the anastomosis, or regional lymph nodes
occurs in 40% to 65% of patients after gastric resection with curative intent. The high frequency of
such relapses has generated interest in perioperative therapy. Radiotherapy (RT) in this setting is
limited by the technical challenges inherent in abdominal irradiation, optimal definition of fields,
diminished performance status, and nutritional state of many patients with gastric cancer.

» A prospective randomized trial from the British Stomach Cancer Group failed to demonstrate a
survival benefit for postoperative adjuvant radiation alone, although locoregional failures had
decreased from 27% to 10.6%.

= Attempts to improve the efficacy and minimize toxicity with newer RT techniques have been
investigated. Sixty patients who underwent curative resection at the National Cancer Institute were
randomized to either receive adjuvant intraoperative radiotherapy (IORT) or conventional RT.
IORT failed to afford a benefit over conventional therapy in overall survival and remains
unavailable to many outside of a clinical trial or specialized center.

= In patients with locally unresectable pancreatic and gastric adenocarcinoma, the Gastrointestinal
Tumor Study Group (GITSG) has shown that combined-modality therapy is superior to either RT
or chemotherapy alone. On the basis of this concept, combined chemoRT (typically in combination
with 5-FU) has been evaluated in both the neoadjuvant (preoperative) and the adjuvant
(postoperative) settings.

Perioperative Chemoradiotherapy

Aside from GEJ and high gastric cardia tumors, the available data on the role of neoadjuvant
chemoRT for gastric cancer are not conclusive. Although neoadjuvant therapy may reduce the tumor
mass in many patients, several randomized, controlled trials have shown that, compared with primary
resection, a multimodal approach does not result in a survival benefit in patients with potentially
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resectable tumors. In contrast, for some patients with locally advanced tumors (i.e., patients in whom
complete tumor removal with upfront surgery seems unlikely), neoadjuvant chemoRT may increase
the likelihood of complete tumor resection on subsequent surgery. However, predicting those likely
to benefit from this approach remains an ongoing research question.

Adjuvant chemoRT has been evaluated in the United States. In a phase 3 Intergroup trial (INT-0116),
556 patients with completely resected stage IB to IV MO adenocarcinoma of the stomach and GEJ
were randomized to receive best supportive care or adjuvant chemotherapy (5-FU and leucovorin)
and concurrent radiation therapy (45 Gy). With >6-year median follow-up, median survival was
35 months for the adjuvant chemoRT group as compared to 27 months for the surgery-alone arm (P
= 0.006). Both 3-year overall survival (50% vs. 41%; P = 0.006) and relapse-free survival (48% vs.
31%; P < 0.0001) favored adjuvant chemoRT. Although treatment-related mortality was 1% in this
study, only 65% of patients completed all therapies as planned and many had inadequate lymph node
resections (54% DO0). After 10-year median follow-up, persistent benefit in overall survival (HR 1.32;
95% CI 1.10 to 1.60; P = 0.0046) and relapse-free survival (HR 1.51; 95% CI 1.25 to 1.83; P = 0.001)
were observed without excess treatment related late toxicities. This study established adjuvant
chemoRT as a standard of care for gastric cancer in the United States.

Perioperative Chemotherapy

In Japan, patients who underwent complete surgical resection for stage II and III gastric cancer with
D2 lymphadenectomy appeared to benefit from adjuvant S-1, a novel oral fluoropyrimidine. In a
randomized controlled trial, patients were randomized to 1 year of monotherapy or surveillance only.
The study was closed early after interim analysis confirmed a 3-year overall survival (80% vs. 70%;
P = 0.002) and relapse-free survival (72% vs. 60%; P = 0.002) advantage in favor of adjuvant
chemotherapy. At 5-year follow-up, the improved overall survival rate (72% vs. 61%) and relapse-
free survival rate (65% vs. 53%) persisted. S-1 is approved for adjuvant therapy for gastric cancer in
Japan and for advanced gastric cancer in Europe, but it is not commercially available in the United
States.

In Europe, focus has been on the role of more potent polychemotherapy regimens in the
perioperative setting without RT. The UK Medical Research Council conducted a randomized
controlled trial (MAGIC trial) comparing three cycles of pre- and postoperative epirubicin, cisplatin,
and 5-FU (ECF) to surgery alone in patients with resectable stage II to IV nonmetastatic gastric
cancer; 503 patients were stratified according to surgeon, tumor site, and performance status.
Perioperative chemotherapy improved 5-year overall survival (36% vs. 23%; P = 0.009) and reduced
local and distant recurrence. There appeared to be significant downstaging by chemotherapy
treatment, with more patients deemed by the operating surgeon to have had a “curative” resection
(79% vs. 70%; P = 0.03), had smaller tumors (median 3 vs. 5 cm; P < 0.001), had T1/T2 stage tumors
(52% vs. 37%; P = 0.002), and had N1/N2 stage disease (84% vs. 71%; P = 0.01). Toxicity was
feasible with postoperative complications comparable; however, nearly one-third of patients who
began with preoperative chemotherapy did not receive postoperative chemotherapy due to
progressive disease, complications, or patient request.

A French multicenter trial also showed a survival benefit for perioperative chemotherapy. Patients
with potentially resectable stage II or higher adenocarcinoma of the stomach, GEJ, or distal
esophageal (total 224) were randomly assigned to two or three preoperative cycles of cisplatin/5-FU
infusion and three or four postoperative cycles of the same regimen versus surgery alone. At a
median follow-up of 5.7 years, 5-year OS (38% vs. 24%; HR 0.69; 95% CI 0.50 to 0.95; P = 0.02) and
disease-free survival (34% vs. 19%; HR 0.65; 95% CI 0.48 to 0.89; P = 0.003) was improved in the
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polychemotherapy arm. Curative resection rate was significantly improved with perioperative
polychemotherapy (84% vs. 73%; P = 0.04) with similar postoperative morbidity in the two groups. In
Europe, perioperative polychemotherapy is considered a standard of care.

Postoperative ChemoRT Versus Perioperative Chemotherapy

There are no randomized controlled trials directly comparing these two standards of care. The
ARTIST randomized phase III trial did not show a survival improvement with adjuvant chemoRT
compared to adjuvant chemotherapy alone in patients with D2 resected gastric cancer. Patients (n =
458, stage IB to IV MO) were randomly assigned to chemotherapy (capecitabine and cisplatin) or
chemoRT (cisplatin/capecitabine followed by capecitabine/radiation [45 Gy] followed by
cisplatin/capecitabine). After >4-year follow-up, no significant difference in locoregional
recurrences (8.3% in chemo alone vs. 4.8% in chemoRT; P = 0.3533) or distant metastases (24.6% in
chemo vs. 20.4% in chemoRT; P = 0.5568) were observed. Treatment completion rate was better than
the INT-0116 trial with 75% of patients having completed the planned chemotherapy and 82% the
chemoRT. Given that a multivariate analysis showed chemoRT improved 3-year disease-free survival
in those with node-positive disease (HR 0.68; 95% CI 0.47 to 0.99; P = 0.047), a subsequent phase III
trial (ARTIST-II) study to evaluate the benefit of chemoRT in patients who underwent D2 lymph node
dissection with positive lymph nodes has been planned.

CALGB 80101, a US Intergroup study, compared the INT-0116 adjuvant chemoRT versus
postoperative ECF before and after chemoRT. Patients (n = 546) with completely resected gastric or
GEJ tumors that were >T2 or node positive were included. Through a preliminary report, patients
receiving ECF had lower rates of diarrhea, mucositis, and grade >4 neutropenia. However, the
primary endpoint of overall survival was not significantly better with ECF at 3 years (52% vs. 50%).
The primary tumor location did not impact treatment outcome.

Unresectable or Metastatic Disease

Primary goals of therapy should focus on improvement in symptoms, delay of disease progression,
pain control, nutritional support, and quality of life. Although a role for palliative surgery and RT
exist (see previous sections), chemotherapy remains the primary means of palliative treatment in this
setting. The most commonly administered chemotherapeutic agents with objective response rates in
advanced gastric cancer include mitomycin, antifolates, anthracyclines, fluoropyrimidines, platinums,
taxanes, and topoisomerase inhibitors. Monotherapy with a single agent results in a 10% to 30%
response rate with mild toxicities (Table 5.3). 5-FU is the most extensively studied agent, producing a
20% response rate. Complete responses with single agents are rare and disease control is relatively
brief. Combination chemotherapy provides a better response rate with survival advantage over best
supportive care in randomized studies.

Palliative Surgery and Stents

This should be considered in patients with obstruction, bleeding, or pain, despite operative
mortalities of 25% to 50%. Gastrojejunostomy bypass surgery alone may provide a twofold increase
in mean survival. The selection of patients most likely to benefit from this or other palliative surgical
interventions requires further evaluation with prospective studies and multidisciplinary conference
discussion.

Plastic and expansile metal stents are associated with successful palliation of obstructive symptoms
in more than 85% of patients with tumors in the GEJ and in the cardia.

Universal Free E-Book Store


http://booksfree4u.tk

Palliative Chemotherapy Various combinations of active agents have been reported to improve the
response rate (20% to 50%) among patients with advanced gastric carcinoma (Table 5.4). While
utilizing 5-FU as a backbone, FAMTX (5-FU, doxorubicin, methotrexate) became an international
standard after direct comparison to FAM (5-FU, doxorubicin, mitomycin) supporting a superiority
with a survival advantage for FAMTX. The addition of cisplatin into combination regimens was
supported by subsequent studies in both Europe and the United States.

Historically, the most commonly used combination regimens include FAMTX, FAM, FAP, ECF,
ELF, FLAP (5-FU, leucovorin, doxorubicin, cisplatin), PELF (cisplatin, epidoxorubicin, leucovorin,
5-FU with glutathione and filgrastim), and FUP or CF (5-FU, cisplatin). The combination of a
fluoropyrimidine and platinum is most commonly used in the United States.

Newer Chemotherapy Agents Newer chemotherapeutic agents, including irinotecan, docetaxel,
paclitaxel, and alternative platinums and fluoropyrimidines, have shown promising activity as single
agents and are being actively incorporated into combination therapy (see Tables 5.3 and 54). A
complete review of all agents is beyond the scope of this chapter.

Table 5.3 Single-Agent Cytotoxic Chemotherapy with Activity in Advanced
Gastric Cancer

Class Examples

Antifolates Methotrexate

Anthracyclines Deoxorubicin, epirubicin
Flucropyrimidines 5-FU, capecitabine, 5-1, UFT
Platinums Cisplatin, carboplatin, oxaliplatin
Taxanes Docetaxel, paclitaxel
Topoisomerase inhibitors Etoposide, irinotecan

Table 5.4 Randomized Studies of Combination Chemotherapy in Advanced
Gastric Cancer

Treatment Arms Patients (n) RR (%) Median Survival
FAMTX vs. FAM 213 4] vs.9° 42 vs. 29 wk®
PELF vs. FAM 147 43 vs. | 5° 35vs. 23 wk
FAMTX vs. EAP 60 33vs. 20 7.3vs. 6.1 mo
ECF vs. FAMTX 274 45 vs. 2|° 8.9 vs. 5.7 mo®
DCF vs.CF 445 37 vs.25° 9.2 vs. 8.6 mo"”
ECX vs. ECF 488 48 vs. 40 11.2 v5.9.9 mo®
Cis/5-1 vs. Cis/5-FU 1,053 29 vs. 32 B6vs. 7.9 mo

“Differance i statistically significant.

RR, response rate; FAMTX, 5-FL), doxorubicin, and methotrexate; FAM, 5-FU, doxorubicin, mitomycin-C; PELF, cisplatin, epidoxoru-
bicin, leucovorin, 5-FU with glutathione and filgrastim; EAR etopeside, doxorubicin, cisplatin; ECF, epirubicin, cisplatin and 5-FLI; EOQX,
epirubicin, coaliplatin, capecitabine; DCF, docetaxe, cisplatin, 5-FU; CF, cisplatin, 5-FL,

5-1; oral fluoropyrimidine, cisplatin, 5-FU.

Docetaxel is FDA approved in combination with cisplatin and 5-FU (DCF) in patients with advanced
or metastatic gastric cancer based on the results of a large phase 3 international trial; 445 patients
were randomized to receive cisplatin and 5-FU with or without docetaxel. The addition of docetaxel
resulted in an improvement in tumor response (37% vs. 25%; P = 0.01), time to progression (5.6 vs.
3.7 months; P < 0.001), and median survival (9.2 vs. 8.6 months; P = 0.02) with a doubling of 2-year
survival (18% vs. 9%). These findings were at the cost of anticipated increased toxicity; however,
maintenance of quality of life and performance status indices were longer for DCF. In a Japanese
study, 20% of patients who showed no response to previous chemotherapy had a partial response to
monotherapy with docetaxel.

S-1 is an oral fluoropyrimidine derivative composed of tegafur (5-FU prodrug), 5-chloro-2, 4-
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dihydroxypyridine (inhibitor of 5-FU degradation), and potassium oxonate (inhibitor of
gastrointestinal toxicities). Because of the favorable safety profile of S-1 compared to infusional 5-
FU, a multicenter prospective randomized phase III trial was conducted in 24 Western countries
including the United States. Previously untreated patients (n = 1,053) with advanced gastric or GEJ
adenocarcinoma were randomized to either cisplatin/S-1 or cisplatin/infusional 5-FU. The median
overall survival (8.6 vs. 7.9 months; P = 0.20), overall response rate (29.1% vs. 31.9%; P = 0.40),
median duration of response (6.5 vs. 5.8 months; P = 0.08), and treatment-related deaths (2.5% vs.
49%; P < 0.05) favored the cisplatin/S-1 arm. The cisplatin/S-1 arm had significant favorable
toxicities as well. The lack of survival benefit but improved toxicity profile could have been due to
the lower dose of cisplatin used in the cisplatin/S-1 arm.

Capecitabine is another oral fluoropyrimidine that has been substituted for infusional 5-FU in a
variety of settings. It was formally evaluated with encouraging results in combination with a platinum
alternative.

Oxaliplatin is a third-generation platinum with less nephrotoxicity, nausea, and bone marrow
suppression than cisplatin. In a two-by-two designed study in patients with advanced gastric cancer,
standard ECF chemotherapy was modified with oxaliplatin substituted for cisplatin and capecitabine
substituted for 5-FU; 1,002 patients were randomly allocated between the four arms (ECF, EOF, ECX,
and EOX). Capecitabine and oxaliplatin appeared as effective as 5-FU and cisplatin, respectively.
Response rates and progression-free survival were nearly identical between the groups, with the EOX
regimen showing superiority in overall survival over ECF (11.2 vs. 9.9 months; P = 0.02).

Table 5.5 Efficacy Data on Selected Targeted Therapy Use in Advanced Gastric Cancer

Response Median
Target Treatment Patients (n) Rate (%) Survival (mo)
EGFR Cetuximab 4+ 5-FUfirinotecan 34 44 &
Cetuximab + 5-FUloxaliplatin 46 65 9.5
Cetuximab + FUFIRI 49 42 6.6
Cetuximab + XELOX 44 52 1.5
Cetuximab + docetaxel/cisplatin 72 4| 9
Erlotinib 68 9 6.7
Gefitinib 36 3 55
HER2 Trastuzumab + cisplatin/5-FU 298 47 13.8
Lapatinib 47 7 5
VEGF Bevacizumab + cisplatinfirinotecan 35 65 123
Bevacizumab + cis/capecitabine 387 46 12.2
Bevacizumab + docetaxel/cis/5-FU 44 67 6.8
Sunitinib 76 3 5.8
Sorafenib + docetaxel/cisplatin 44 41 13.6

Clis, cisplatin; 5-FU, 5-fluercuracil; FUIFIR], 5-FU, folinic acid, irinotecan; XELOX, capecitabine, oxaliplatin.

Biologic/Targeted Agents

New biologic therapies aimed to inhibit or modulate targets of aberrant signal transduction in
gastric cancer have been actively investigated. Inhibition of angiogenesis, vascular endothelial
growth factor (VEGF), and epidermal growth factor (EGF) pathways are an early focus of clinical
testing (Table 5.5).

Epidermal Growth Factor Receptor-2 (HER2)

Overexpression of EGF receptor (EGFR)-2 (HER2) is seen in approximately 7% to 22% of
esophageogastric cancers. The prognostic significance of HER2 overexpression in esophagogastric
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adenocarcinoma is unclear. Similar to breast cancer, HER2 overexpression is predictive for response
to anti-HER?2 therapies. HER2 protein expression is assessed by immunohistochemical (IHC) staining
and gene amplification by fluorescence in situ hybridization (FISH). HER2 overexpression in
esophagogastric cancer is different from that of breast cancer because it tends to spare the digestive
luminal membrane. Thus, an esophagogastric cancer with only partially circumferential (i.e.,
“basolateral” or “lateral”) membrane staining can still be categorized as 2+ or 3+. In contrast, a breast
tumor must demonstrate complete circumferential membrane staining to be designated as 2+ or 3+.
Using breast cancer HER2 interpretation criteria may underestimate expression in esophagogastric
cancers. Modified criteria for interpreting HER2 by IHC in esophagogastric cancers were developed
and validated with a high concordance rate of HER2 gene amplification and HER2 protein
overexpression for IHC 0-1+ and 3+ cases. For an equivocal IHC 2+ expression, FISH analysis is
recommended for confirmation.

Therapeutic targeting of HER2 overexpressing esophagogastric cancers by a monoclonal antibody,
trastuzumab, was studied in combination with chemotherapy. Patients (n = 592) with HER2
overexpressed advanced gastric and GEJ adenocarcinoma (ToGA trial) were randomized to standard
chemotherapy (cisplatin/5-FU) with or without trastuzumab. The study demonstrated improved
median overall survival (13.8 vs. 11.1 months; HR 0-74; 95% CI 0-60 to 0-91; P = 0.0046) in those
receiving trastuzumab. The toxicities between the two arms were comparable. Subgroup analysis
demonstrated that patients with HER2 IHC 3+ scores derived the greatest benefit from targeted
therapy (HR 0.66; 95% CI 0.50 to 0.87). This trial established a new standard of care for advanced
HER2-overexpressing esophagogastric tumors.

Epidermal Growth Factor Receptor

Overexpression of epidermal growth factor receptor (EGFR) is seen in 27% to 64% of gastric
cancers with some studies suggesting it as a poor prognostic variable. Cetuximab is a partially
humanized murine anti-EGFR monoclonal antibody that has been most extensively studied in gastric
cancer. This agent has minimal activity as a single agent, while in combination with doublet or triplet
chemotherapy regimens it showed variable overall response rates (Table 5.5). The EXPAND trial
randomized 904 patients with metastatic or locally advanced gastric cancer to chemotherapy (cisplatin
and capecitabine) with or without cetuximab. The addition of cetuximab provided no benefit in
progression-free survival but added toxicity. A fully humanized anti-EGFR monoclonal antibody
(panitumumab) in combination with EOC (epirubicin, oxaliplatin, and capecitabine) was investigated
in a randomized phase III (REAL-3) study. The addition of panitumumab to chemotherapy
significantly reduced survival from 11.3 to 8.8 months.

Of note, small molecule tyrosine kinase inhibitors of the EGFR (i.e., erlotinib and gefitinib)
showed very limited activity in multiple phase II trials. Dual inhibitors of both HER2 and EGFR (i.e,,
lapatinib) are also under investigation. Based upon currently available evidence, anti-EGFR therapy
should not be used outside the context of a clinical trial.

Targeting Angiogenesis

A high tumor and circulating serum level of vascular endothelial growth factor (VEGF) in gastric
cancer is associated with a poor prognosis. A monoclonal antibody against VEGF, bevacizumab, has
been tested in combination with first-line chemotherapy (cisplatin/capecitabine or 5-FU) in advanced
gastric cancer. Although the initial phase II study showed promising overall survival, the benefit was
not sustained in the global, phase Il AVAGAST study. The study randomized 774 patients to

Universal Free E-Book Store


http://booksfree4u.tk

cisplatin/fluoropyrimidine combination chemotherapy with or without bevacizumab. Response rate
(46% vs. 37%; P = 0.0315) and progression-free survival (6.7 vs. 5.3 months; P = 0.0037) were both
improved with bevacizumab; however, there was no improvement in overall survival (12.2 vs. 10.1
months; P = 0.1002). Bevacizumab is currently under investigation in combination with doublet or
triplet chemotherapy in the perioperative setting in gastric or esophagogastric cancer. Alternate
antiangiogenetic inhibitors using small molecule inhibitors are also under active investigation.

TREATMENT OF GASTRIC CANCER ACCORDING TO STAGE
Stage 0 Gastric Cancer

Stage 0 indicates gastric cancer confined to the mucosa. Based on the experience in Japan, where
stage 0 is diagnosed more frequently, it has been found that more than 90% of patients treated by
gastrectomy with lymphadenectomy will survive beyond 5 years. An American series has confirmed
these findings. No additional perioperative therapy is necessary.

Stage | and Il Gastric Cancer

= One of the following surgical procedures is recommended for stage I and II gastric cancer:
* Distal SG (if the lesion is not in the fundus or at the cardioesophageal junction)
» Proximal SG or TG, with distal esophagectomy (if the lesion involves the cardia)
* TG (if the tumor involves the stomach diffusely or arises in the body of the stomach and extends
to within 6 cm of the cardia or distal antrum)
* Regional lymphadenectomy is recommended with all of the previously noted procedures
+ Splenectomy is not routinely performed
= Postoperative chemoRT is recommended for patients with at least stage IB disease.
= Perioperative polychemotherapy could also be considered for patients who present with at least a
T2 lesion preoperatively.

Stage lll Gastric Cancer

= Radical surgery: Curative resection procedures are confined to patients who do not have extensive
nodal involvement at the time of surgical exploration.

= Postoperative chemoRT or perioperative polychemotherapy is recommended. The latter should be
considered particularly for bulky tumors or with significant nodal burden.

Stage IV Gastric Cancer
Patients without Distant Metastases (MO0)

Neoadjuvant polychemotherapy can be considered to improve resectability. Radical surgery is
performed if possible, either followed by postoperative chemoRT or perioperative
polychemotherapy.

Patients with Distant Metastases (M1)

All newly diagnosed patients with hematogenous or peritoneal metastases should be considered as
candidates for clinical trials. For many patients, chemotherapy may provide substantial palliative
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benefit and occasional durable remission, although the disease remains incurable. Patients with HER2
overexpression should be treated with trastuzumab in combination with chemotherapy. Balancing the
risks to benefits of therapy in any individual patient is recommended.

Peritoneal Carcinomatosis

In approximately 50% of patients with advanced gastric cancer, the disease recurs locally or at an
intraperitoneal site, and this recurrence has a negative effect on quality of life and survival.
Intraperitoneal (IP) 5-FU, cisplatin, and/or mitomycin have been used at select centers. IP
chemotherapy administration does not routinely alter survival and should be reserved for clinical
trials or practice at an experienced center.

POSTSURGICAL FOLLOW-UP

= Follow-up in patients after complete surgical resection should include routine history and physical
examination, with liver function tests and CEA measurements being performed.

= Evaluation intervals of every 3 to 6 months for the first 3 years and then annually thereafter have
been suggested.

= Symptom-directed imaging and laboratory workup is indicated, without routine recommendations
otherwise.

» If TG is not performed, annual upper endoscopy is recommended due to a 1% to 2% incidence of
second primary gastric tumors.

= Vitamin B, deficiency develops in most TG patients and 20% of SG patients, typically within 4 to

10 years. Replacement must be administered at 1,000 pg subcutaneously or intramuscularly every
month indefinitely.

PRIMARY GASTRIC LYMPHOMA

Gastric lymphomas are uncommon malignancies representing 3% of gastric neoplasms and 10% of
lymphomas.

Classification and Histopathology
Gastric lymphomas can be generally classified as primary or secondary.

» Primary gastric lymphoma (PGL) is defined as a lymphoma arising in the stomach, typically
originating from mucosa-associated lymphoid tissue (MALT). PGL can spread to regional lymph
nodes and can become disseminated. Most are of B-cell NHL origin, with occasional cases of T-cell
and Hodgkin’s lymphoma seen. Examples of PGLs include extranodal marginal zone B-cell
lymphoma of MALT type previously called low-grade MALT lymphoma, diffuse large B-cell
lymphoma (DLBCL) previously called high-grade MALT lymphoma, and Burkitt’s and Burkitt’s-
like lymphomas. This section will primarily address PGLs.

= Secondary gastric lymphoma indicates involvement of the stomach associated with lymphoma
arising elsewhere. The stomach is the most common extranodal site of lymphoma. In an autopsy
series, patients who died from disseminated NHL showed involvement of the gastrointestinal tract
in 50% to 60% of cases. Examples of secondary gastric lymphoma include several common
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advanced-stage systemic NHLs, particularly mantle cell lymphoma.

Epidemiology

= The prevalence of PGL has been increasing over the last 20 years without a clear explanation.

= PGL incidence rises with age, with a peak in the sixth to seventh decades with a slight male
predominance.

= Risk factors include H. pylori-associated chronic gastritis (particularly low-grade MALT
lymphoma), autoimmune diseases, and immunodeficiency syndromes including AIDS and chronic
immunosuppression.

Diagnosis

Clinical symptoms that are most common at presentation include abdominal pain, weight loss, nausea,
vomiting, and early satiety. Frank bleeding is uncommon and patients rarely present with perforation.
Findings on upper endoscopy are diverse and may be identical to typical adenocarcinoma.

Since PGL can infiltrate the submucosa without overlying mucosal changes, conventional punch
biopsies may miss the diagnosis. Deeper biopsy techniques should be employed. If an ulcer is present,
the biopsy should be at multiple sites along the edge of the ulcer crater. Specimens should be
pathologically evaluated by both standard techniques to determine histology and H. pylori positivity
as well as flow cytometry to determine clonality and characteristics of any infiltrating lymphocytes.
The latter requires fresh tissue placed in saline, not preservative. In addition, fluorescence in situ
hybridization (FISH) or polymerase chain reaction (PCR) are used to test for t(11;18). This
cytogenetic finding is associated with more advanced disease and relative resistance to H. pylori
therapy.

Staging

The Lugano staging system is commonly used for gastric lymphoma because the Ann Arbor stating
system is considered to be inadequate as it does not incorporate depth of tumor invasion which is
known to affect the prognosis. Early (stage IE/IIE) disease includes a single primary lesion or
multiple, noncontiguous lesions confined to the GI tract that may have local or distant nodal
involvement. There is no stage III in the Lugano system. Advanced (stage IV) has disseminated nodal
involvement or concomitant supradiaphragmatic involvement. Patients present with stage IE and IIE
PGL with an equal prevalence ranging between 28% and 72%.

Presentation with high-grade and low-grade disease is also equal, with 34% to 65% of disease
presenting as high-grade lymphoma and 35% to 65% presenting as low-grade lymphoma. CT
scanning of the chest and abdomen is important to determine the lymphoma nodal involvement. FDG-
PET scanning and bone marrow biopsy may be useful in high-grade PGL staging.

Treatment

Treatment of PGL is dependent primarily on the stage and histologic grade of the lymphoma.
However, given the rarity of the disease and lack of clinical trial data, treatment recommendations are
based primarily on retrospective studies.

Extranodal marginal zone B-cell lymphoma of MALT type is usually of low-grade histology (40%
to 50%) and confined to the stomach (70% to 80% stage IE). Very good epidemiologic data support
H. pylori-induced chronic gastritis as a major etiology for this tumor. Eradication of H. pylori
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infection with antibiotics should be the initial standard treatment. Complete histologic regression of
the lymphoma has been demonstrated in 50% to 80% of patients treated in this manner with good
long-term disease-free survival. Radiation therapy (RT) can provide durable remission for cases that
relapse or are H. pylori-negative. One-third of PGL is associated with the t(11;18) translocation which
has a low response to H. pylori therapy and should warrant consideration of RT as a primary
treatment. More advanced stage or aggressive histologies at presentation should be treated like
DLBCL.

Previously called high-grade MALT lymphoma, DLBCL is a more aggressive PGL. Eradication of
H. pylori provides less reliable and durable disease control. Gastrectomy was the traditional treatment
of choice; however, this appears to be no longer necessary. Five hundred eighty-nine patients with
stage IE and IIE DLBCL PGL were randomized to receive surgery, surgery plus RT, surgery plus
chemotherapy, or chemotherapy alone. Chemotherapy was six cycles of cyclophosphamide,
doxorubicin, vincristine, and prednisone (CHOP). Overall survivals at 10 years were 54%, 53%, 91%,
and 96% respectively. Late toxicity and complications were more frequent and severe in those
receiving surgery. Gastric perforation or bleeding as a result of initial chemotherapy was not evident.
Organ preservation has been a major advance for this disease with the use of chemotherapy.

Highly aggressive PGLs including Burkitt’s and Burkitt’s-like lymphomas have seen dramatic
improvement in survival over the past decade as a result of potent chemotherapy combinations for
systemic disease as well as better treatment of underlying immunodeficiency states (i.e., highly
effective antiretroviral therapy for AIDS).

REVIEW QUESTIONS

1. A 62-year-old man presented to his PCP with abdominal pain, nausea, early satiety, night sweats,
and weight loss over the past 3 months. His past medical history includes hypertension,
hypothyroidism, and chronic gastritis. Physical examination was unremarkable and laboratory
studies including and CT scans were unremarkable. Upper endoscopy showed gastric mucosal
erythema and nodularity. The biopsy showed the presence of dense diffuse infiltrate of centrocyte
like cells in lamina propria with prominent lymphoepithelial lesions. H. pylori was positive. EUS
did not reveal regional lymphadenopathy. What is the best next step before considering the
treatment?

A. Chemotherapy and radiation

B. Bone scan

C. Surgery consultation

D. Florescence in situ hybridization for t(11:18) translocation
E. Intraoperative radiotherapy

2. A 56-year-old woman was referred to you by her PCP. She has a history of peptic ulcer disease
and had undergone partial gastrectomy 5 years ago for peptic ulcer perforation. She does not
have symptoms of PUD currently. She has good appetite and stable weight. She wanted to know if
she would need screening for gastric cancer as she heard that partial gastrectomy is one of the
risk factors for gastric cancer. Which one of the following statements is TRUE?

A. Because of the high risk of gastric cancer in patients after partial gastrectomy, the
recommendation is to perform surveillance upper endoscopy 5 years after partial
gastrectomy.

B. There are no sufficient data to recommend surveillance endoscopy after partial gastrectomy
for nonmalignant disorders.
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c. The risk of gastric stump cancer is threefold higher than general population 5 years after
partial gastrectomy.

D. Because of the low overall incidence of gastric cancer in the United States, upper endoscopy is
not recommended, regardless of risks.

E. Continued acid suppression from the PUD treatment is protective for gastric cancer.

3. A 65-year-old man presented to ER with worsening fatigue, shortness of breath, and black stool
for 3 days. He noticed a few pounds’ weight loss and intermittent epigastric discomfort
associated with food for a few months. He has no other major medical problems and has not seen
a doctor for many years. Physical examination revealed a thin male with left supraclavicular
lymphadenopathy. Other system examinations were unremarkable. Laboratory studies showed
microcytic anemia (Hgb = 7.2) and positive heme occult blood in stool. LFT showed elevated
AST (90), ALT (75), and alkaline phosphatase (230). EGD revealed nonbleeding ulcer at the
gastric antrum with biopsy consistent with gastric adenocarcinoma. CT chest/abdomen/pelvis
showed multiple liver lesions with perigastric and celiac lymphadenopathy. CEA was 38. He felt
better after blood transfusion and Hgb improved appropriately. He has some limitations in doing
strenuous activities but is ambulatory and can do daily activities without problems. Medical
oncology was consulted to discuss the treatment options. Which of the following would you next
recommend?

A. Radiation therapy

B. Palliative care alone

c. Trastuzumab in combination with chemotherapy if HER2 overexpressing
D. Chemotherapy and radiation

E. Chemotherapy in combination with bevacizumab

4. A 58-year-old woman was recently diagnosed with gastric adenocarcinoma of the distal stomach
and underwent SG 4 weeks ago. She presented to your clinic today to discuss further treatment
options. Pathology showed a tumor invading the subserosal connective tissue without invading
the visceral peritoneum or adjacent structure and 0/16 lymph nodes were positive with clear
margins and without lymphovascular or perineural involvement. She has no other medical
problems and was previously healthy until the diagnosis of gastric cancer. She is recovering well
from surgery. Physical examination revealed a well-appearing female, healing abdominal
surgical wound with unremarkable examination otherwise. What is the optimal adjuvant treatment
option for her?

A. Repeat resection with more extensive lymph node retrieval (D2)

B. Infusional fluoropyrimidine for 1 year

c. 6 months of ECF (epirubicin, cisplatin, 5-FU) postoperative polychemotherapy
D. 5-FU/leucovorin before, during, and after radiation therapy

E. Observation

5. A 53-year-old man presented with anorexia, epigastric discomfort, and early satiety for 3 months.
He did not have significant medical problems and the symptoms were initially thought to be due
to acid reflux related to his stressful job. The symptoms did not improve with PPI use. Physical
examination was unremarkable and laboratory studies were within normal limits. Upper
endoscopy was pursued which showed a 5-cm fungating nonbleeding mass in the gastric body.
Subsequent EUS showed a tumor invading the muscularis propria with multiple enlarged
perigastric lymph nodes. PET/CT showed no other occult sites of disease. The patient wishes to
get the most aggressive treatment that would provide the best chance of cure. What would you
recommend?
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A. Surgery followed by adjuvant radiation

B. Neoadjuvant concurrent chemoradiation with cisplatin/5-FU regimen
c. Perioperative polychemotherapy with ECF (epirubicin, cisplatin, 5-FU)
D. Perioperative chemotherapy including bevacizumab

E. Palliative care
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Biliary Tract Cancer

Nilay A. Shah and Jon Cardinal

Carcinomas of the biliary tract include those cancers arising in either the gallbladder or the bile duct.
There will be an estimated 10,130 new cases of gallbladder and biliary tract cancers (excluding
intrahepatic biliary tract cancer) in 2013 with 3,230 expected deaths resulting from these cancers.
Gallbladder cancer is the most common biliary tract cancer, occurring nearly twice as often as
cholangiocarcinomas. While the term cholangiocarcinoma was initially used to designate tumors of
the intrahepatic bile ducts; it is now taken to refer to the entire spectrum of tumors arising in the
intrahepatic, perihilar, and distal bile ducts. The epidemiology, clinical features, staging, and surgical
treatment are distinct for carcinomas arising in the gallbladder and bile duct, therefore, these are
describe separately. The palliative treatment options are similar and are discussed together at the end
of the chapter.

CARCINOMA OF THE GALLBLADDER
Epidemiology

= Carcinoma of the gallbladder is the fifth most common GI malignancy.

= Women are affected two to six times more commonly than men and whites have a 50% greater
incidence compared to black individuals.

= There is a prominent geographic variation in the incidence of gallbladder cancer. High rates are
seen among Native Americans and in South American countries (particularly Chile). There is
increased incidence in India, Pakistan, Japan, and Koreas as well. These populations share a high
prevalence of cholelithiasis, which is a common risk factor.

= The United States is considered a low-incidence area. The age-adjusted incidence of carcinoma of
the gallbladder is 1.2 per 100,000 population in the United States.

= The mean age at diagnosis is 65 years.

Etiology

» Cholelithiasis (gallstones): A history of gallstones appears to be one of the strongest risk factors
for gallbladder cancer. Seventy to 90% of patients will have gallstones, whereas only 0.5% to 3%
of patients with gallstones develop gallbladder cancer. The risk increases with an increase in the
size and duration of the stones.

= Porcelain gallbladder: Extensive calcium deposition in the gallbladder wall was associated with
cholecystitis in nearly all cases. Previously, the incidence of gallbladder cancer in patients with this
condition was thought to range from 12.5% to 60%, although more recent data suggest the
incidence is closer to 2% to 3%. Stippled, mucosal calcifications appear to be associated with a
higher risk than diffuse intramural calcifications.

Universal Free E-Book Store


http://booksfree4u.tk

» Chronic infection: Carriers or those colonized with Salmonella typhi and Helicobacter pylori may
be at increased risk of developing gallbladder cancer.

= Gallbladder polyps: Polyps >1 cm have the greatest malignancy potential and therefore are an
indication for cholecystectomy.

= The anamolous pancreaticobiliary duct junction may contribute to the development of gallbladder
cancer.

= Miscellaneous: Obesity, diabetes, medications (methyldopa, estrogens, isoniazid), and carcinogen
exposure (radon, chemicals from the rubber industry, cigarettes) have also been associated with
this disease.

Clinical Features

Early-stage disease may be asymptomatic or present with very nonspecific symptoms, including the
following:

= Pain (82%)

= Weight loss (72%)

= Anorexia (74%)

= Nausea or vomiting (68%)

= Mass in the right upper quadrant (65%)

= Jaundice (44%)

= Abdominal distension (30%)

m Pruritus (20%)

= Incidental (15% to 20%)

= Courvoisier’s law states that if the gallbladder is enlarged and if the patient has painless jaundice,
the cause is unlikely to be gallstones

Diagnosis

Three clinical scenarios exist in patients presenting with gallbladder cancer: final pathology after a
routine laparoscopic cholecystectomy incidentally discovers gallbladder cancer; gallbladder cancer
is suspected/diagnosed intraoperatively; or gallbladder cancer is suspected preoperatively.

m Of the three clinical scenarios listed above, the first is the most common with the majority of
gallbladder cancers being diagnosed as an incidental finding during exploration of presumed
benign disease. It is estimated that 1% to 2% of patients undergoing exploration for presumed
benign disease will be found to have gallbladder cancer.

= Ultrasound is a useful modality in the preoperative workup for gallbladder pathology. In the case of
gallbladder cancer, the ultrasonographic findings may include a thickened or calcified wall, a
protruding mass, or a loss of gallbladder to liver interface; however, these may not be specific for
gallbladder cancer.

= Endoscopic ultrasound (EUS) is more accurate than transabdominal ultrasound; it is useful in the
differential diagnosis of polyps and in preoperative staging. EUS can accurately assess the depth of
tumor invasion as well as define regional lymph node involvement.

= Triple-phase computerized tomography (CT) scan (liver protocol), which includes a noncontrasted
phase, a hepatic arterial phase, and a portal venous phase, allows visualization of the extent of
tumor growth, can aid in determining the nodal status as well as identifying distant metastases, and
is particularly useful in determining the relationship of the tumor mass to the major hilar inflow
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structures which is an important preoperative determinant. This modality is less helpful is
distinguishing benign from malignant polyps.

= Cholangiography: Magnetic resonance cholangiopancreatography (MRCP) is preferred to
endoscopic retrograde cholangiopancreatography (ERCP) and percutaneous transhepatic
cholangiopancreatography because it is a noninvasive modality. MRCP can provide information
regarding the extent of disease and is able to differentiate a benign from malignant lesion/polyp.
Furthermore, ERCP and PTC do not provide appropriate visualization of the gallbladder.

= Positron emission tomography (PET) scan’s role in the diagnosis of gallbladder cancer remains
unclear at this time; however, it may be useful in detecting distant metastatic disease in patients
previously determined to have resectable disease.

= Laboratory studies are generally not diagnostic. Elevated serum bilirubin or alkaline phosphatase
can indicate a bile duct obstruction. Tumor markers such as carcinoembryonic antigen (CEA) or
CA 19-9 can be elevated. CEA is specific for gallbladder cancer, but lacks sensitivity, whereas CA
19-9 has sensitivity and specificity that can approach 75%.

Pathology

= Adenocarcinoma accounts for close to 85% of cases. It is subcharacterized into papillary, tubular,
mucinous, or signet cell type. Other histologies include anaplastic, squamous cell, small-cell
neuroendocrine tumors, sarcoma, and lymphoma.

Staging

There are several staging systems available for gallbladder cancer. The original staging system
developed by Nevin in 1976 is still widely used; however, the preferred classification scheme in the
United States is the TNM staging system of the American Joint Committee on Cancer (AJCC).

= The AJCC TNM staging classification was recently updated in 2010. Please refer to the seventh
edition of the Staging Manual for details. The Nevin staging, which is more commonly used in
Europe, is provided in Table 6.1.

= The updated stage groupings were realigned to better correlate with resectability and prognosis.

Treatment
Surgery

= Surgical resection remains the only potentially curative therapy.

= The lack of a peritoneal lining on the side of the gallbladder that is attached to the liver represents
an important anatomic consideration in the surgical management of gallbladder cancer. In a simple
cholecystectomy, the surgeon dissects the plane between the muscularis of the gallbladder and the
cystic plate, which is a fibrous lining that occupies the space between the gallbladder and the liver.
For this reason, simple cholecystectomy is considered inadequate surgical therapy for all but the
earliest stages of the disease.

= Factors determining resectability include the stage of the tumor as well as the location. Stage O, I,
and II tumors are potentially resectable with curative intent. Stage T3 tumors and above are
generally considered difficult to resect.

= Patients noted to have T1la lesions may be observed post—simple cholecystectomy as long-term
survival approaches 100%.

= Controversy exists about the proper management of patients with T1b lesions as some series show
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only a 50% 1-year survival following simple cholecystectomy, while others report cure rates of
90% to 100% at 5 years. It is generally agreed, however, that medically fit patients with T1b lesions
should undergo extended cholecystectomy.

= Patients with T2 or greater lesions should undergo extended cholecystectomy after metastatic
disease has been ruled out. Optimal resection (extended cholecystectomy) includes a
cholecystectomy with en bloc hepatic resection and regional lymphadenectomy with or without bile
duct excision. Achievement of RO resection margins strongly correlates with long-term survival.

= The type of resection that is ultimately required to achieve an RO resection can at times depend on
the location of the tumor within the gallbladder. Tumors of the body and fundus may be
manageable with a localized segment IV/V resection while those of the infundibulum may require
division of inflow structures and consequently major hepatic resection with or without bile duct
resection/reconstruction.

= Contraindications to surgery include distant metastases, extensive involvement of the porta hepatis
causing jaundice, significant ascites, and encasement or occlusion of major vessels. Direct
involvement of adjacent organs is not an absolute contraindication.

= However, biopsy should be avoided in patients who are surgical candidates are gallbladder cancer
notoriously seeds biopsy tracks and can easily seed the peritoneal cavity.

Table 6.1 MNevin Staging System for Gallbladder Cancer
Stage Description

1 Intramucosal only

Il Extends to muscularis

]l Extends through serosa

v Transmural involvement and cystic lymph nodes are involved
V' Direct extension to liver or distant metastases

Radiation

= In patients with unresectable tumors, available data suggest that tumor control is rarely achieved
with RT.

= A number of reports have documented improvements in survival rates in cases of intraoperative or
postoperative adjuvant radiotherapy. No prospective randomized controlled trials have been
performed to address this issue. In 2003, however, Jarnigan and colleagues found that only 15% of
patients had locoregional recurrence as their only site of recurrent disease which highlights the
importance of effective, adjuvant systemic strategies.

Chemotherapy and Palliation

The benefits and options available for chemotherapy and palliation of carcinoma of the gallbladder
are the same as those for cholangiocarcinoma which is discussed in the next section.

Survival

The various aspects of survival following treatment of gallbladder cancers according to stage are
given in Table 6.2.
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Table 6.2 Treatment and 5-Year Survival of Gallbladder Cancers According to Stage

TNM Stage Treatment Median Survival  5-Y Survival (%)

| Simple cholecystectomy 19 mo 60-100
Radical cholecystectomy

il Radical cholecystectomy 7 mo 10-20
+/- Radiation therapy (not standard)

[} Radical cholecystectomy 4 mo 5
+/— Radiation therapy (not standard)

v Palliation with stent placement 1 mo 0

Surgery or radiation or chemotherapy
or combination of these

CARCINOMA OF THE BILE DUCTS (CHOLANGIOCARCINOMA)
Epidemiology

= Cholangiocarcinomas arise from the epithelial cells of either intrahepatic or extrahepatic bile ducts.

» Cholangiocarcinoma accounts for 3% of all GI malignancies. The reported incidence within the
Unites States is one to two cases per 100,000 population.

= For some unclear reasons the incidence of intrahepatic cholangiocarcinoma has been steadily
rising over the past two decades, while rates of extrahepatic cholangiocarcinomas have been
declining.

» Incidence typically increases with age. Median age at diagnosis is between 50 and 70 years.
However patients with primary sclerosing cholangitis (PSC) and those with choledochal cysts tend
to present significantly earlier.

= In contrast to gallbladder cancer, cholangiocarcinomas are more common in males.

= Cholangiocarcinomas are subdivided into proximal extrahepatic (perihilar or Klatskin tumor; 50%
to 60%), distal extrahepatic (20% to 25%), intrahepatic (peripheral tumor; 20% to 25%), and
multifocal (5%) tumors.

» Extrahepatic cholangiocarcinomas are more common than intrahepatic cholangiocarcinomas, and
perihilar cholangiocarcinoma is the most common type.

Etiology

A number of risk factors have been associated with the disease in some patients; however, no specific
predisposing factors have been identified.

» Inflammatory conditions: PSC is associated with an annual risk of 0.6 to 1.5% per year and a 10%
to 15% lifetime risk of developing cholangiocarcinoma. Ulcerative colitis and chronic intraductal
gallstone disease also increase risk. Nearly 30% of cholangiocarcinomas are diagnosed in patients
with coexistent ulcerative colitis and PSC.

= Bile duct abnormalities: Caroli disease (cystic dilatation of intrahepatic ducts), bile duct adenoma,
biliary papillomatosis, and choledochal cysts increase risk. The overall incidence of
cholangiocarcinoma in these patients can be as high as 28%.

= Infection: In Southeast Asia, the risk can be increased 25- to 50-fold by parasitic infestation from
Opisthorchis viverrini and Clonorchis sinensis. These parasitic infections are more commonly
associated with intrahepatic cholangiocarcinoma. An association with viral hepatitis has also been
seen recently. A higher than expected rate of hepatitis C-associated cirrhosis was noted in patients
with cholangiocarcinoma. An association with hepatitis B has also been suggested.

= Genetic: Lynch syndrome II and multiple biliary papillomatosis are associated with an increased
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risk of developing cholangiocarcinoma. Biliary papillomatosis should be considered a
premalignant condition as one study noted that up to 83% will undergo malignant transformation.
More recently, certain genetic polymorphisms (NKG2D) have been determined to be possible risk
factors for developing cholangiocarcinoma.

= Miscellaneous: Smoking, toxic exposures, such as thorotrast (a radiologic contrast agent used in
the 1960s), asbestos, radon, and nitrosamines are also known to increase the risk. Recently, patients
with diabetes or a metabolic syndrome have been noted to have an increased risk of developing a
cholangiocarcinoma as well.

Clinical Features
Cholangiocarcinomas usually become symptomatic when the biliary system becomes blocked.

= Extrahepatic cholangiocarcinoma usually presents with symptoms and signs of cholestasis (icterus,
pale stools, dark urine, and pruritus or cholangitis, which includes pain, icterus, and fever).
Laboratory studies will typically suggest biliary obstruction with elevated direct bilirubin and
alkaline phosphatase.

= Intrahepatic cholangiocarcinoma may present as a mass, be asymptomatic, or produce vague
symptoms such as pain, anorexia, weight loss, night sweats, and malaise. These patients are less
likely to be jaundiced.

Diagnosis

Making a diagnosis of cholangiocarcinoma preoperatively can be challenging. The diagnosis is
frequently based on the clinical scenario, serology, and radiographic findings but without histologic
confirmation. This is an important issue because up to 33% of patients with imaging and symptoms
suggestive of cholangiocarcinoma will have benign disease. Such a diagnosis in the absence of tissue
should be made only after efforts are taken to prove the diagnosis by use of cytologic or pathologic
evaluation.

= A cholestatic serologic picture may be seen as previously described. Liver function tests may be
elevated, particularly with intrahepatic cholangiocarcinoma. Tumor markers such as CEA and CA-
19-9 by themselves are neither sensitive nor specific enough to make a diagnosis. CEA level > 5.2
ng/mL had a sensitivity and specificity of 68% and 82%, respectively. Some tumors produce low
levels or no CA 19-9. In one series, a level >180 units/mL had a sensitivity of 67%; however, the
specificity was 98%.

= Ultrasonography is the first-line investigation for suspected cholangiocarcinoma, usually to
confirm biliary duct dilatation, localize the site of obstruction, and to rule out cholelithiasis. This
technique can often overlook masses and is poor at delineating anatomy.

s CT/MRI is recommended as part of the diagnostic workup of cholangiocarcinoma, intrahepatic
tumors in particular. These imaging modalities can help determine tumor resectability by
evaluating the tumor and the surrounding structures (major vessels, lymph nodes, presence of
metastases).

= Cholangiography: MRCP is noninvasive and is considered a safer alternative to ERCP or PTC.
MRCP provides excellent imaging of the intrahepatic and extrahepatic bile ducts and can create
three dimensional imaging of the biliary tree and the vascular structures. This provides valuable
information about disease extent and surgical options. Due to their ability to obtain brushings from
as well as stent across strictures within the biliary tree, ERCP and/or PTC offer both diagnostic and
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therapeutic value in the workup and management of biliary obstruction; however, the diagnostic
yield on cytology obtained from biliary brushings is notoriously suspect with sensitivities and
specificities of roughly 50% being the norm.

= EUS may be useful in visualizing the extent of tumor and lymph node involvement of distal bile
duct lesions. Its role in proximal bile duct lesions is less clear.

» PET scan is used to identify metastatic disease which could alter surgical management.

Pathology

= Adenocarcinomas account for 90% to 95% of tumors. The remainder is squamous cell carcinomas.
They are graded as well, moderately and poorly differentiated, and are further divided into
sclerosing, nodular, and papillary subtypes. Patients with papillary tumors present with earlier
disease and have the highest resectability and cure rates; however, they are unfortunately the least
common of the three subtypes.

» Immunohistochemical staining with cytokeratins 7 and 20 can help differentiate intrahepatic
cholangiocarcinoma (CK7+, CK20—, CDX2-) from colorectal metastatic lesion (CDX2+, CK20+).

Staging

= The AJCC has developed the staging systems for cholangiocarcinomas. The TNM staging system is
primarily based upon the extent of ductal involvement by the tumor.

= Previously, intrahepatic cholangiocarcinomas were staged identical to hepatocellular carcinoma. In
the seventh edition of the AJCC Staging Manual, however, there is a new staging system
independent of the one used for HCC. This revised system was validated by a study showing
improved survival predictability correlating with the new TNM system.

= The seventh edition staging system for extrahepatic cholangiocarcinomas separates perihilar and
distal bile duct tumors. These changes have improved the prognostic stratification of the TNM
staging system. Please refer to the seventh edition AJCC Staging Manual for details.

= Cancers arising in the perihilar region have been also further classified according to their patterns
of involvement of the hepatic ducts, the Bismuth-Corlette classification (Table 6.3).

Table 6.3 The Bismuth-Corlette Classification of Perihilar Tumors

Type Description

I Tumors below the confluence of left and right hepatic ducts

I Tumors reaching the confluence but not involving the left or right hepatic ducts

1] Tumors occluding the common hepatic duct and either the right or left hepatic duct

v Tumors that are multicentric or that involve the confluence of the right and left hepatic ducts

Treatment
Surgery

Except in the case of distal common bile duct cancer, cholangiocarcinoma is a disease that, when
managed surgically, often times requires major hepatic resection (segmentectomy, anatomic
lobectomy, trisegmentectomy) with or without bile duct resection/reconstruction. Therefore, the
general principles of such resection(s) should be reviewed.

From the standpoint of major hepatic resection, the surgical principles are simple and revolve
primarily around leaving the patient with an adequate volume of a functioning liver remnant to
sustain them postoperatively. This requires executing an operation that ensures both adequate inflow
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to (hepatic artery and portal vein) and outflow from (hepatic vein and bile duct) the remnant liver.

Generally speaking, roughly 75% of a patient’s liver volume can safely be resected; however,
consideration must be given to the health of the background liver. Such consideration includes
underlying chronic liver disease (hepatitis, prior alcohol use, steatosis/steatohepatitis) as well as any
acute insults, which in the case of cholangiocarcinoma often times involves cholestasis. The former
issues can limit the extent of resection that can safely be performed, while the latter often times
necessitates preoperative delays while the cholestatic picture resolves.

If there is any concern about the adequacy of the planned future liver remnant, portal vein
embolization on the side of the liver that is anticipated to be resected can be performed in an attempt
to allow the contralateral side to hypertrophy preoperatively.

Intrahepatic Cholangiocarcinoma

= Surgery is the only potentially curative therapy for patients with intrahepatic cholangiocarcinoma;
however, most patients present with advanced disease and are not surgical candidates.

= Multiple hepatic tumors, regional lymph node involvement, large tumor size, and vascular invasion
predict poor recurrence-free survival postresection.

= The extent of surgery is dictated by what is necessary to obtain clear margins. RO resection with 1
cm margins is the aim and is ultimately associated with significantly longer survival rates that can
range from 30% to 67%.

= If microscopic positive tumor margins (R1) or residual local disease (R2) is noted after resection,
patients should be evaluated for possible re-resection versus chemoradiation options.

= The role of routine nodal dissection in the management of intrahepatic cholangiocarcinoma is
debated, although it is agreed upon that lymph node status dose carry prognostic significance.

= In laparotomy, thorough assessment of the intra-abdominal lymph node basins should be
undertaken prior to hepatic resection, suspicious nodes should be biopsied, and attempts at
resection should be aborted if nodal metastases are confirmed intraoperatively.

Distal Cholangiocarcinoma

= Primarily treated with a Whipple procedure (pancreaticoduodenectomy).

Perihilar Cholangiocarcinoma

= The main curative therapy for patients with extrahepatic perihilar cholangiocarcinoma is complete
surgical resection.

» Surgery for extrahepatic hilar cholangiocarcinomas is based on the stage of disease, and the goal
of surgical intervention is to obtain a tumor-free margin (Table 6.4).

= For patients with hilar cholangiocarcinoma, bile duct resection alone leads to high local recurrence
rates. Hilar resection with lymphadenectomy and en bloc liver resection and biliary reconstruction
are recommended for lesions in the extrahepatic biliary tree. Caudate resection is often required to
achieve an RO resection, particularly for tumors involving the left hepatic duct.

= Five-year survival rates range from 20% to 40% in patients treated with surgical resection for hilar
cholangiocarcinoma.

= Liver transplantation is the only other potentially curative option for patients with extrahepatic
cholangiocarcinoma and can only be recommended in highly select patients when combined with
an intensive pretransplant regimen of chemo/radiation therapy.
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Locoregional Therapies

= The role of local therapy (radiofrequency or cryoablation) in the management of intrahepatic
cholangiocarcinoma is limited due to the often-large-size and multicentric nature of the tumor(s) at
the time of their discovery.

= Regional approaches to intrahepatic cholangiocarcinoma are viable alternatives in cases where
surgical resection is not possible. The approach with the most robust experience to date involves
transarterial chemoembolization (TACE) with gemcitabine in combination with cisplatin,
oxaliplatin, or mitomycin C. Selective internal radiation therapy (SIRT or Y90) is an option that
lacks long-term follow-up data.

Adjuvant Chemotherapy and Chemoradiation

= The role of adjuvant therapy remains poorly defined. Due to the low incidence of biliary tract
cancers, most trials represent single institution phase II trials. A large retrospective analysis using
the SEER database revealed 2,325 patients in the surgical cohort from 1992 to 2002, of which only
17% received adjuvant chemoradiation.

= A phase III trial evaluated adjuvant chemotherapy in patients with resected pancreaticobiliary
cancer. Fifty percent of these patients had gallbladder cancer of cholangiocarcinoma and they were
randomly assigned to either 5-FU/mitomycin C or a control arm. Analysis revealed that adjuvant
chemotherapy resulted in a significant improvement in the 5-year survival of only those patients
with gallbladder cancer.

= Recommendations for fluoropyrimidine-based or gemcitabine-based chemotherapy or
fluoropyrimidine-based chemoradiotherapy generally represent an extrapolation of data from
studies in patients with advanced disease.

= No consensus recommendations for adjuvant therapy in individuals with intrahepatic
cholangiocarcinoma and negative surgical margins with no involved lymph nodes.

Table 6.4 Treatment and Survival of Cholangiocarcinomas According to Location
Location Treatment Median Survival 5-Y Survival (%)

Extrahepatic (hilar) Type | + ll: en bloc resection of 12-24 mo 9-18
extrahepatic bile ducts, gallbladder,

regional lymphadenectomy,
and Roux-en-Y hepaticojejunostomy
Type lll: as above plus right/left

hepatectomy
Type IV:as above plus extended
right/left hepatectomy
Extrahepatic (distal) Pancreaticoduodenectomy 12-24 mo 20-30
Intrahepatic Resect involved segments or lobe of liver 18-30 mo 10-45

Chemotherapy in Advanced-Stage Disease

= In patients with unresectable locally advanced disease or resected disease with positive margins
there have been reports of improved survival with chemotherapy or combined-modality
chemoradiotherapy. This survival benefit was first suggested in a trial comparing 5-FU,
leucovorin, and etoposide to best supportive care.

= Definitive evidence from phase III studies to support this practice, however, remains lacking.

= A number of chemotherapy combinations as well as single agents have been evaluated in clinical
studies. Examples of combinations that have demonstrated activity in phase II trials include
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gemcitabine and cisplatin, gemcitabine and capecitabine, gemcitabine and oxaliplatin, capecitabine
and oxaliplatin, capecitabine and cisplatin, and 5-FU and cisplatin.

= Of the combinations listed above, the combination of gemcitabine with a platinum-based agent had
the greatest benefit. A most recent study demonstrated that this combination significantly improved
overall survival (11.7 months vs. 8.1 months) and progression-free survival (8.0 months vs.
5.0 months) compared to gemcitabine alone. Based on this study, gemcitabine and cisplatin are
considered to be the standard of care.

Chemoradiation in Advanced Disease

» In locally advanced disease, radiation with or without chemotherapy may ameliorate painful
symptoms and contribute toward biliary decompression and may even improve overall survival.

= The most extensively investigated and hence recommended agents to be used concurrently with
radiation therapy have been 5-FU and capecitabine. Gemcitabine is not recommended for
concurrent chemoradiation therapy.

= Treatments should be restricted to individuals without evidence of metastatic disease.

Targeted Therapy

= A phase 2 study has shown erlotinib, a tyrosine kinase inhibitor of the epidermal growth factor
receptor, to have efficacy in a small study of previously treated and chemo-naive patients with
biliary cancer.

= Erlotinib plus bevacizumab combination was addressed in a phase II study with 53 patients with
advanced biliary tract cancer. Combination therapy resulted in a median response duration of
8.4 months, a median time to progression of 4.4 months, and a medial overall survival of 9.9
months. Stable disease was documented in 51%. Randomized trials will be needed for further
evaluation of these agents in combination.

s GEMOX plus bevacizumab, GEMOX plus erlotinib, GEMOX plus cetuximab: These combinations
of therapy were recently shown to be effective in separate phase II trials. They will need to be
compared to GEMOX alone to determine the significance of the targeted therapy compared to the
toxicity profile associated with them.

Palliation

= Patients with unresectable or metastatic disease may benefit from palliative surgery, radiation,
chemotherapy, or a combination of these.

= Biliary drainage can be achieved by Roux-en-Y choledojejunostomy, bypass of the site of
obstruction to left or right hepatic duct, or endoscopic or percutaneously placed stents (metal-wall
stents have a larger diameter and are less prone to occlusion or migration and are preferably used
in patients with a life expectancy of greater than 6 months and/or in those who have unresectable
disease).

= Photodynamic therapy is another option for patients with locally advanced inoperable disease. This
involves injecting a porphyrin photosensitizer and then endoscopically applying light to the tumor.
Although the data are derived from small studies to support this practice, the survival benefit
derived from photodynamic therapy appears impressive with one report showing an improvement
in median survival of 14 months.

m Celiac plexus blockade may also ameliorate symptoms of pain in the patient with inoperable
disease.
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REVIEW QUESTIONS

1. A 53-year-old woman with a history of hypertension and hypothyroidism presented to the ER with
complaints of right upper quadrant discomfort for the past 3 to 4 days. The pain is nonradiating
and is described as dull in nature. She stated there was no correlation with her diet; however, the
patient does admit to a decreased appetite over the past 2 weeks. She also noted an unintentional
12 1b weight loss over this same period of time. She is afebrile. Physical examination reveals
tenderness to the right upper quadrant, no jaundice and ascites noted. Labs: WBC 8.6 thou/pL,
hemoglobin 14.4 g/dL, Platelet count was 232 thou/mL, AST 28 units/L, ALT 41 units/L, total
bilirubin 1.1 mg/dL, and alkaline phosphatase was 77 units/L. RUQ ultrasound revealed a
thickened gallbladder wall. No evidence of cholelithiasis. The bile duct diameter was estimated to
be 6 mm. The patient was initially sent home with a short course of antibiotics, however returned
within 48 hours with worsening pain and persistent nausea. CT abdomen and pelvis was
nonrevealing. MRCP revealed a small polyp within the posterior aspect of the gallbladder wall.
The patient underwent a cholecystectomy the following morning. Few gallstones were noted
within the gallbladder. A small polyp was seen at the posterior aspect of the gallbladder wall.
Pathology revealed a well-differentiated adenocarcinoma consistent with gallbladder cancer. The
tumor invaded the lamina propria; however, there was no evidence of muscle layer involvement.
Tumor margins were negative. On review of prior CT scan, no lymph nodes were noted within
the abdomen or pelvis. What is the next best step in the management of this patient?

A. Initiate chemotherapeutic treatment with gemcitabine/cisplatin
B. Observation

c. Intraoperative staging with possible extended cholecystectomy
D. Hospice discussion with patient and family

2. A 66-year-old man with no significant medical history is admitted to the hospital with right upper
quadrant pain, low-grade fevers and worsening jaundice for the past 3 to 4 weeks. On further
discussion, the patient states he has unintentionally lost 10 Ibs over the same time period;
however, he believes he has likely lost approximately 30 Ibs over the past 3 months. Temperature:
37.9° C. Physical examination revealed a significantly jaundiced male who appeared to be in mild
distress secondary to pain. No masses were appreciated in the abdomen or right upper quadrant
in particular; however, the patient did display increased tenderness to palpation over the right
upper quadrant and mid epigastric region. The remainder of the physical examination was
unremarkable. Blood work revealed abnormal liver function tests. Alkaline phosphatase was
elevated to 381 units/L. Total bilirubin was 7.2 mg/dL with direct bilirubin 6.6 mg/dL. AST and
ALT were both at the upper limits of normal levels. WBC was mildly elevated to 12.0 thou/pL
with a normal differential. CEA and CA 19-9 were normal. AFP was normal. RUQ units/S
revealed the common bile duct to be dilated to 1.8 cm. There was no direct evidence of
cholelithiasis. CT scan of the chest, abdomen, and pelvis confirmed the common bile duct
dilatation but also revealed a distal ductal mass as the likely source of the obstruction. Imaging
also revealed diffuse abdominal lymphadenopathy. An ERCP was performed and brush cytology
from the distal portion of the common bile duct was consistent with a poorly differentiated
adenocarcinoma. During laparoscopic staging, the tumor appeared to involve the head of the
pancreas as well as the gallbladder. It also appeared to be wrapped around the base of the celiac
axis. The tumor at this time was determined to be unresectable. A biliary stent was placed for
symptomatic control. What is the next best step in the management of this patient?

A. Surveillance
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B. Initiate single agent chemotherapy with gemcitabine
c. Begin combination chemotherapy with gemcitabine and cisplatin
D. Neoadjuvant chemoradiation with gemcitabine
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Primary Cancers of the Liver

Midhun Malla and David P. Cosgrove

Primary liver cancers arise predominantly from the parenchymal liver cells or hepatocytes (90%)
and are called hepatocellular carcinoma (HCC). The incidence of HCC continues to increase rapidly
in the United States, with rates increasing fastest in men. Research on vaccinations for hepatitis B and
their use have impacted the development of HCC in many regions of the world.

EPIDEMIOLOGY

= In the United States, the incidence of clinically significant metastatic carcinoma to the liver is
approximately 20 times more common than primary liver cancer.

= Based on November 2011 SEER data submission, the HCC incidence for all races was 11.6 (9.9) per
100,000 men and 3.9 (3.5) per 100,000 women (http://seer.cancer.gov/statfacts/html/livibd.html).

» HCC incidence in the United States has increased during the past two decades, possibly due to a
large pool of people with long-standing chronic hepatitis C, combined with a large influx of
immigrants from East Asia and other geographic areas with high endemic rates of hepatitis B
viral infection.

» The incidence of HCC in the United States is expected to continue to rise as a consequence of
high hepatitis C infection rates between 1960 and 1990 and the average 20- to 30-year lag time
between virus acquisition and the development of cirrhosis and carcinoma.

» There are approximately 20,000 patients diagnosed with HCC annually, accounting for less than 2%
of all malignancies in the United States. HCC results in between 250,000 and 1 million deaths
globally per annum.

m There is marked geographic variation in the incidence of HCC, with the highest incidences
occurring in sub-Saharan Africa and Asia. Over 40% of all cases of HCC occur in the People’s
Republic of China.

= Men are affected more than twice as often as women (mean 3.7:1). The mean age at diagnosis is
between 50 and 60 years. Although not fully understood, the differences in sex distribution are
thought to be due to variations in hepatitis carrier states, exposure to environmental toxins, and the
trophic effect of androgens.

ETIOLOGY

» Cirrhosis is present in 80% of patients with HCC. Therefore, risk factors for cirrhosis are also risk
factors for HCC.

= Hepatitis B virus (HBV) accounts for around 55% of HCC cases in the world. In HBV carriers
without cirrhosis, the risk is 0.02% to 0.03% in Caucasians and 0.4% to 0.6% per year in Asians. In
those with cirrhosis, the risk is 2.2% and 3.7%, respectively, in Caucasians and Asians. The risk of
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HCC is much greater in patients with high serum levels of HBV DNA compared with those who
have low levels (<10,000 copies/mL).

= Hepatitis C virus (HCV) infection accounts for 30% to 50% of HCC in the United States. It has been
estimated that HCV accounts for 27% of cirrhosis and 25% of HCC cases worldwide. In contrast to
HBYV infection, HCC in patients with hepatitis C occurs almost exclusively in those with cirrhosis.

s HCV-induced HCC correlates well with the degree of inflammation and necrosis and seems to be
caused by inflammation rather than specific oncogene activation. In contrast, hepatitis B-related
HCC does not correlate well with inflammation, and there appear to be specific oncogenes induced
by the virus that result in an increased risk of HCC.

= Alcoholic cirrhosis accounts for 15% of HCC in the United States.

= Hemochromatosis (HH), hereditary tyrosinemia, and autoimmune chronic active hepatitis are other
causes of cirrhosis and are associated with a significant risk for developing HCC. In all, 3% to 27%
of patients with long-standing HH develop HCC.

» There is less convincing evidence for the risk of developing HCC from aflatoxin B; (chemical

product of Aspergillus), androgenic steroids, thorotrast (radiology contrast agent), oral
contraceptives, and nonalcoholic fatty liver disease (NAFLD). Furthermore, they are probably not
important independent etiologic factors but rather may contribute to HCC development in
individuals with other risk factors.

= In patients with diabetes mellitus, HCC risk is increased by approximately 2.5 times. However,
associations between diabetes and HCC should be interpreted with caution. In many cases, the onset
of glucose intolerance results from the development of cirrhosis, so “diabetes” in this context may
be a surrogate for cirrhosis, which increases the risk of HCC. In addition, many patients with
diabetes also have NAFLD, which has also been associated with an increased risk of HCC. It is
likely that NAFLD causes HCC via cirrhosis, although the exact pathogenesis has not yet been
determined. One study found that HCC in NAFLD was associated with obesity, diabetes,
hypertension, and male sex.

CLINICAL FEATURES
The most common symptoms or signs of HCC are as follows:

= Pain (91%)

= Weight loss (35%)

= Vomiting (8%)

= Hepatomegaly (89%)

= Abdominal swelling (43%)
= Jaundice (7% to 41%)

The physical findings in patients with HCC tend to reflect the underlying liver disease rather than
be specific for the malignancy—ascites, jaundice, splenomegaly, or other manifestations of
decompensated cirrhosis.

Patterns of metastatic spread—the majority of metastases in HCC remain confined to the liver.
Extrahepatic spread is present in only 5% to 15% of cases at diagnosis and is typically seen in patients
with advanced stage primary tumors (>5 cm, macrovascular invasion). The most common sites of
extrahepatic disease include lung, bone, lymph nodes, and adrenal gland.
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DIAGNOSIS

The diagnosis of HCC is often suspected in a patient with underlying liver disease (i.e., cirrhosis,
chronic viral hepatitis), who develops a rising serum a-fetoprotein (AFP) level.

Recommendations for diagnosis of HCC have been issued in a guideline from the American
Association for the Study of Liver Diseases (AASLD).

= Nodules found on ultrasound surveillance that are smaller than 1 cm should be followed with
ultrasound at intervals of 3 to 6 months. If there has been no growth over a period of up to 2 years,
one can revert to routine surveillance.

= Nodules larger than 1 cm in diameter should be evaluated with four-phase multidetector computed
tomography (CT) scan or dynamic contrast-enhanced magnetic resonance imaging (MRI). If the
appearances are typical of HCC (i.e., hypervascular in the arterial phase with washout in the portal
venous or delayed phase), no further investigation is required. If the characteristics are not typical
for HCC (and do not suggest hemangioma), one of the two strategies is acceptable: either a second
study (CT or MRI, whichever was not performed) or a biopsy.

= Biopsies of small lesions should be evaluated by expert pathologists. Tissue that is not clearly HCC
should be stained with all available markers, including CD34, CK7, glypican 3, HSP-70, and
glutamine synthetase, to improve diagnostic accuracy.

= If the biopsy is negative for HCC, patients should be followed by ultrasound or CT scanning at 3- to
6-month intervals until the nodule disappears, enlarges, or displays diagnostic characteristics of
HCC. If the lesion enlarges but remains atypical for HCC, a repeat biopsy is recommended.

Serum Markers

The most commonly used marker for HCC is the serum Alfa-fetoprotein(AFP).

It is generally accepted that serum levels greater than 400 pg/L (normal in most laboratories is
between 10 and 20 pg/L) in a high-risk patient is diagnostic of HCC. However, HCC is often
diagnosed at a lower AFP level in patients undergoing screening, as not all tumors secrete AFP, and
serum concentrations are normal in up to 40% of small HCCs, especially where alcohol is the
etiologic factor. AFP levels are normal in the majority of patients with fibrolamellar carcinoma, a
variant of HCC.

Because of the limitations of serum AFP measurements, several other serologic markers (such as
des-gamma-carboxy prothrombin and Lens culinaris agglutinin-reactive AFP) used alone or in
combination with the serum AFP have been evaluated for diagnosis or for determining prognosis in
patients with HCC.

Imaging Studies

The imaging tests most commonly used for the diagnosis of HCC are ultrasound, CT, MRI, and
angiography. A classic appearance on one of these imaging modalities combined with an elevated
serum AFP concentration in the appropriate clinical setting is usually sufficient for establishing the
diagnosis of HCC.

The place of positron emission tomography (PET) scanning (fluorodeoxyglucose [FDG] PET) in
the diagnostic and staging evaluation of HCC remains uncertain; however, PET has a greater
sensitivity for detection of distant metastases than other imaging modalities, including CT scan, bone
scan, and MRI. However, sensitivity is limited for lesions <1 cm and false-positive results are also
problematic.
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PATHOLOGY

= HCC is the most common type of primary liver cancer. It accounts for 80% to 90% of primary
cancers of the liver. The next most common is cholangiocarcinoma (10% to 20%).

» Other much rarer causes include hepatoblastoma, hemangiosarcoma, and angiosarcoma. There are
many histologic subtypes of HCC, including trabecular, pseudoglandular or acinar, compact,
scirrhous, clear cell, and fibrolamellar.

= Fibrolamellar carcinoma is a histologic variant accounting for 1% of HCC. It occurs more
commonly in women, is not associated with cirrhosis, and has a better prognosis than HCC.

STAGING

m The four most commonly used staging systems are the TNM system of the American Joint
Committee on Cancer (AJCC), the Okuda system, the Barcelona Clinic Liver Cancer (BCLC)
system, and the Cancer of the Liver Italian Program (CLIP) score. To best assess the prognosis of
HCC patients, it is recommended that the staging system take into account tumor stage, liver
function, and physical status. Currently, the BCLC system is the only staging system that
accomplishes these aims (Fig. 7.1). The TNM staging system has been criticized because it does not
evaluate the underlying liver disease, which is clearly a major prognostic factor in HCC patients,
regardless of tumor stage. The T portion of the TNM system focuses on both tumor size and
vascular invasion by the primary tumor, with delineation of stages I, II, and III based purely on
these factors. This does reflect the natural history of HCC in which survival is often predicated on
the degree of liver involvement rather than widespread extrahepatic disease, but the underlying
liver function is just as critical in determining prognosis in many of these patients and is not
incorporated into this anatomic system.

= The BCLC staging classification comprises four stages that are based upon the extent of the
primary lesion, performance status, the presence of constitutional symptoms, vascular invasion and
extrahepatic spread, and Okuda stage. It provides broad, algorithmic treatment recommendations
based upon these four stages, a feature that has led to some criticism by expert groups, who feel
that treatment planning should be more patient-centered. Although in at least two comparative
studies the BCLC system outperformed other prognostic models in patients undergoing surgical
therapy, several larger series show that other systems can outperform BCLC, and still other studies
show that treatment outside of BCLC guidelines positively impacts outcomes in select patients.
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FIGURE 7.1 Barcelona Clinic Liver Cancer (BCLC) HCC staging classification. The classification includes an algorithmic
treatment recommendation and outlines the approximate percentage of patients likely diagnosed within each stage in a
Western population, as well as their estimated survival with the relevant treatment modalities. HCC, hepatocellular carcinoma;
PST, ECOG performance status; CLT, cadaveric liver transplantation; LDLT, living donor liver transplantation; RF,
radiofrequency ablation; PEI, percutaneous ethanol injection; TACE, transarterial chemoembolization; OS, overall survival.
(Adapted from Bruix J, Sherman M. Management of hepatocellular carcinoma. Hepatology. 2005;42(5):1208-1236. With
permission of John Wiley and Sons, Inc.)

Table 7.1 Child-Pugh Scoring System
Score Attributed to Each Parameter

Chemical and Biochemical

Parameters l 2 3
Encephalopathy MNone 1-2 3-4
Ascites Mone Slight Moderate
Albumin (g/dL) =35 2835 <28
Prothrombin time prolonged (s) 1-4 4-6 =6

INR <|.7 1.7-2.3 =23
Bilirubin (mg/dL) 1-2 2-3 =3

Class A, 5-6 points; Class B, 7-9 points; Class C, |0-15 points. These grades correlate with |- and 2-year patient survival—grade A:
100% and 85%; grade B: B0% and 60%; and grade C: 45% and 35%

The consensus of the American Hepato-Pancreato-Biliary Association (updated in 2010) reasserts the

need to use different systems in different patients. Their consensus statement recommends the use of

the TNM system to predict the outcome following resection or liver transplantation and the BCLC

scheme for patients with advanced HCC who are not candidates for surgery.

» The Child-Pugh grading system has been incorporated into the management of HCC because it
evaluates the status of the underlying liver function and influences treatment (Table 7.1).

TREATMENT
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Surgery

= Surgery remains the only possibility for cure in HCC, but it is applicable to only 5% of US
population.

= The treatment of HCC is determined by two factors: tumor extent and the severity of the underlying
hepatic parenchymal disease.

» Partial hepatectomy: Only 13% to 35% are surgical candidates. Small tumors have the best
outcomes. Recurrence is most commonly seen in the remnant liver. Repeat hepatectomy is possible
in 10% to 29% of patients. Operative mortality is <5%, but is higher in the presence of cirrhosis.
Long-term relapse-free survival rates average 40% or better, and 5-year survival rates as high as
90% are reported in carefully selected patients.
 Postoperative morbidity and mortality are related to the extent of operative resection.

* Major postoperative complications include bile leak and pleural effusion.

= Total hepatectomy and liver transplantation: Transplantation is indicated in patients with severe
cirrhosis or where extensive resection leaving minimal liver reserve is required.

= Orthotopic liver transplantation (OLT) is a suitable option for unresectable patients who have a
solitary HCC <5 cm in diameter or up to three separate lesions none of which is larger than 3 cm,
no evidence of gross vascular invasion, and no regional nodal or distant metastases (the
Milan/Mazzaferro criteria). Based on these criteria, 4-year survival was reported as 75% to 85%.

= Survival outcomes may be further improved by living donor transplantation, although this remains
controversial.

= Disadvantages of transplantation are the expense, the lack of specialty centers performing
operations, and the lack of donor livers.

POSTTREATMENT SURVEILLANCE

Even patients who have a good response to treatment are at risk for disease recurrence and second
primary HCC. Guidelines from the National Comprehensive Cancer Network (NCCN) suggest the
following posttreatment surveillance after resection:

a) Imaging every 3 to 6 months for 2 years, and then annually.

b) Assay of serum AFP, if initially elevated, every 3 months for 2 years then every 6 months.

c) In addition, all patients with the underlying liver disease should be monitored and treated
appropriately.

Ablative Techniques

= Local ablation is safe and effective therapy for patients who cannot undergo resection, or as a
bridge to transplantation.

= Percutaneous ethanol injection (PEI) and radiofrequency ablation (RFA) are equally effective for
tumors <2 cm. However, the necrotic effect of RFA is more predictable in all tumor sizes and its
efficacy is clearly superior to that of ethanol injection in larger tumors. PEI is now less commonly
used because it is uncomfortable and requires more treatment sessions than RFA, and in addition, it
can be difficult to visualize the limits of the lesion on ultrasound because of the bubbles formed
during the alcohol injection.

= The main drawbacks of RFA are its higher cost, limited efficacy in lesions adjacent to major blood
vessels, and the higher rate (up to 10%) of adverse events (pleural effusion and peritoneal
bleeding).
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= The recurrence rate after ablation is as high as for resection. Some recurrences will occur in the
vicinity of the treated nodule and are due to the presence of microscopic satellites not included in
the ablation zone.

= Cryotherapy is also safe and more effective than RFA for larger tumors, but is less suited to a
percutaneous approach.

= Hepatic artery chemoembolization (transarterial chemoembolization [TACE]) is based on the
principle that >80% of the blood supply to tumors is from the hepatic artery, which supplies only
20% to 30% of normal liver parenchyma. Ligation or embolization of the hepatic artery can induce
temporary tumor responses, and when combined with chemotherapy (TACE) may be more
efficacious, although data are conflicting. The efficacy of TACE has been shown in a number of
meta-analyses, revealing superior progression-free survival (PFS) when compared with best
supportive care in locally advanced HCC.

= Indications of TACE:

a) Treatment of large unresectable HCCs not suitable for local ablation.

b) In patients awaiting OLT to reduce the rate of dropout because of local tumor progression.

Benefit in any of these settings is highly dependent upon case mix, including tumor-related factors
and the severity of preexisting liver dysfunction.

= The best candidates for TACE are patients with unresectable lesions without vascular invasion or
extrahepatic spread and preserved liver function (i.e., Child-Pugh A or B cirrhosis).

= Conventional TACE using doxorubicin (50 to 75 mg/m?) was directly compared with TACE with
drug-eluting beads (DEBs) (150 mg doxorubicin per procedure) in a randomized trial of 212
patients with Child-Pugh A/B cirrhosis and unresectable HCC. The DEB group had higher rates of
objective response at 6 months (52 versus 44 but the difference was not statistically significant), and
significantly lower rates of serious hepatobiliary toxicity and doxorubicin-related side effects.
DEBs may be preferred, although long-term outcomes using this technique are not available.

= Absolute contraindications to TACE include the complete absence of hepatopetal blood flow (portal
vein thrombosis), encephalopathy, biliary obstruction, and Child-Pugh C cirrhosis.

Radiation

= HCC is a radiosensitive tumor, but it is located in an extremely radiosensitive organ. Normal liver
can only tolerate about 20 Gy. The major drawbacks with radiotherapy (RT) are the poor radiation
tolerance of normal liver and difficulty with tumor localization. However, safe and effective doses
can be given to palliate pain.

= With the development of three-dimensional conformal radiation techniques, more precisely
targeted RT (intensity-modulated RT and image-guided approaches, including stereotactic body
radiotherapy [SBRT]) can be more safely delivered to the tumor-bearing parts of the liver with less
liver toxicity. However, there are no studies demonstrating an impact on survival as yet.

= SBRT seems most applicable to patients with relatively small HCCs who are either inoperable or
who refuse operation. It is unclear whether SBRT is a more effective or less toxic approach than
RFA in these patients. Where available, proton beam irradiation may be a reasonable approach for
patients with a large HCC and associated portal vein thrombus.

= Selective internal irradiation: For example, iodine-131 (131I)-labeled lipiodol or yttrium-90 (°°Y)-
tagged glass microspheres are delivered selectively to the tumor via the hepatic artery. Early
reports suggest that this procedure is safe and induces objective responses in patients with
unresectable HCC. However, there are no studies demonstrating an impact on survival and no

Universal Free E-Book Store


http://booksfree4u.tk

consensus as to the optimal use of this therapy.

= There is obvious overlap with eligibility for TACE; it is not yet clear how to choose one technique
over the other.

= One clinical scenario in which radioembolization may be preferred over TACE is in patients who
are otherwise eligible for TACE but who have a branch/lobar portal vein thrombosis.

Chemotherapy

= Systemic therapy is appropriate for patients with advanced unresectable disease who are unsuitable
for locoregional therapy. Hepatocellular cancer has been considered to be a relatively
chemotherapy-refractory tumor. This may be in part due to the high rate of expression of drug
resistance genes, including P-glycoprotein, glutathione-S-transferase, heat shock proteins, and
mutations in p53.

= Single-agent chemotherapy has demonstrated response rates of approximately 15% to 30%, which
increases to 20% to 35% with combination therapy. Cisplatin and anthracycline combinations have
been studied most extensively, but there is no reference regimen for this disease. Despite objective
responses that are occasionally complete, median survival in all of these studies has been short
(4 to 11 months), with the exception of those in which resection/transplantation is attempted after
chemotherapy.

= Interferon-a (IFN-a) and chemoimmunotherapy: Combinations of chemotherapy with IFN-a have
failed to show consistent responses in three randomized controlled trials conducted so far.

= The PIAF regimen (intravenous cisplatin, recombinant IFN-a2b, doxorubicin, and 5-fluorouracil)
demonstrated a 50% objective response rate in 50 patients with unresectable disease from Hong
Kong, but failed to show superiority versus doxorubicin. Hence, the place of the PIAF regimen in
the treatment of unresectable HCC remains uncertain.

Molecularly Targeted Therapy

= Sorafenib (a multikinase inhibitor with antiangiogenic, proapoptotic properties) was well tolerated
and the first agent to demonstrate a statistically significant improvement in overall survival (OS)
for patients with advanced HCC when compared with placebo/supportive care. The OS was
significantly longer in the sorafenib-treated patients (10.7 versus 7.9 months; HR = 0.69; P =

0.0006), as was the time to progression (5.5 versus 2.8 months; HR = 0.58; P = 0.000007). This

effect is clinically meaningful and established sorafenib as first-line treatment for patients with

advanced HCC. Diarrhea and hand—foot skin reaction were the most significantly noted grade 3 or
grade 4 side effects in this study.

= Sorafenib is also associated with potentially fatal liver toxicity, characterized predominantly by
hepatocellular pattern of liver damage, with significant increases in liver transaminases.

= Sorafenib has also demonstrated encouraging results in combination with doxorubicin. There are
ongoing clinical trials to assess this approach in terms of survival. Despite the approval of
sorafenib in this disease, no other molecularly targeted agent has proven effective in subsequent
studies. Agents that have been assessed in this setting include the following:

* Bevacizumab (Avastin, a monoclonal antibody [MoAb] directed against vascular endothelial
growth factor) has only modest single-agent activity in HCC. Efficacy was shown in a phase 2
trial in patients with nonmetastatic HCC, but it is not considered a standard of care at this time.
Bevacizumab has also been assessed in combination with a variety of chemotherapeutic agents,
including gemcitabine and oxaliplatin (GEMOX), and capecitabine and oxaliplatin (CAPOX).
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There have been early signals of efficacy, but no phase 3 data are yet available, and use should be
restricted to the context of ongoing clinical trials.

 Sunitinib is an orally active multikinase inhibitor that targets a variety of angiogenic proteins in
addition to vascular endothelial growth factor receptor (VEGFR), including platelet-derived
growth factor receptors, KIT, RET, and FLT3. Despite an efficacy signal in a phase 2 study, a
randomized phase 3 study revealed decreased activity and increased toxicity in comparison with
sorafenib in initial systemic treatment of advanced HCC.

 Brivanib is a potent and selective inhibitor of VEGFR and fibroblast growth factor. It revealed
promising activity in second-line therapy for advanced HCC, but a pivotal phase 3 trial proved
negative.

* Erlotinib (Tarceva), a small molecule inhibitor with specificity for EGFR, thought to be an
important initiator of intracellular signaling in HCC, has shown limited activity in clinical trials
so far.

* Cetuximab (Erbitux) is an MoAb that binds to EGFR, but has not evidenced any single-agent
activity in HCC.

» Everolimus (Afinitor) is a mammalian target of rapamycin inhibitor, which showed promise as a
single agent in a large phase 2 trial for second line therapy of advanced HCC, but the recent
phase 3 registration study did not meet its endpoint of improved survival after sorafenib failure.

 Tivantinib is a selective inhibitor of the mesenchymal—epithelial transition receptor and has
shown promising activity in a phase 1 study in HCC patients—late phase trials are currently
accruing.

HEPATOCELLULAR CARCINOMA SCREENING

= Patients at high risk for developing HCC should be entered into surveillance programs
incorporating liver ultrasonography every 6 months. The surveillance interval does not need to be
shortened for patients at higher risk for HCC.

* Patients said to be at high risk are Asian male hepatitis B carriers over age 40, Asian female
hepatitis B carriers over age 50, hepatitis B carriers with a family history of HCC, sub-Saharan
Africans with hepatitis B, African-Americans with hepatitis B, cirrhotic hepatitis B carriers,
patients with all-cause cirrhosis.

« Patients on a liver transplant waiting list should also be screened for HCC. Development of HCC
beyond the Milan/Mazzaferro criteria will make these patients ineligible for liver transplant. If
HCC is detected at an early stage in these patients, exception points may be awarded, resulting in
an expedited liver transplant.

= IFN-a reduces the onset of liver damage and its progression to cirrhosis in 10% to 30% of patients
with chronic hepatitis B.

= Statin use has been associated with a lower risk of HCC among patients with HBV. This was
demonstrated in a population-based study from China that included 33,413 patients with HBV57.

REVIEW QUESTIONS

1. A 57-year-old man with a known history of hepatitis C and cirrhosis reports to the ER with
progressive right upper quadrant pain, abdominal swelling, and fatigue. Ultrasound reveals a
4 cm lesion in segment 7 of the liver and ascites. Laboratory data reveal a normal bilirubin, low

albumin (2.8 g/dL), low platelets (68,000/mm?), and normal creatinine (1.1 mg/dL). He is
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admitted for ascites management. Serum AFP is elevated at 420 ng/mL. Liver MRI is performed
and reveals a hypervascular 3.9 cm solitary lesion in segment 7, with washout on the venous
phase, and background cirrhosis. There is splenomegaly and radiographic evidence of portal
hypertension, but no overt portal vein clot. What is the appropriate next step in management?

A. Core needle biopsy of segment 7 liver lesion

B. PET scan for further staging

c. Liver resection

D. Refer for liver transplant workup

2. A 48-year-old man with a long history of hepatitis B, but no overt cirrhosis is referred to a
tertiary care hospital with a new diagnosis of HCC. He presented with multifocal, hypervascular
liver masses, portal lymphadenopathy, and an adrenal lesion. Serum AFP was mildly elevated at
45 ng/mL, and a biopsy of one of the masses confirmed poorly differentiated HCC. His
performance status is ECOG 1. What is the most appropriate initial therapy for this patient?

A. Refer to hospice

B. Initiate sorafenib therapy

c. Debulking surgery

D. Refer for TACE and possible liver transplant workup

3. A 52-year-old woman with a long history of diabetes mellitus, obesity, and hypercholesterolemia
is diagnosed with multifocal HCC at an outside hospital. The HCC is biopsy confirmed, and her
underlying liver revealed significant fatty infiltration on pathologic assessment. She is advised to
undertake first-line therapy with sorafenib, but presents to your multidisciplinary clinic for a
second opinion. Staging workup confirms five discrete nodules, involving both right and left
lobes of the liver, with the largest measuring 6 cm in maximal diameter, and background
steatohepatitis. There are no extrahepatic lesions on her imaging studies. Child-Pugh score is A
on today’s assessment, and ECOG performance status is 0. What is the appropriate first-line
treatment for this patient?

A. Sorafenib

B. TACE/TAE

c. Clinical trial of systemic chemotherapy
D. Liver resection

4. A 60-year-old man, with a history of hepatitis B, was recently diagnosed with a solitary 8 cm HCC
in segment 7 of his liver. He had preserved liver function and minimal medical comorbidities,
and so was advised to undergo liver resection after his staging workup revealed no evidence of
extrahepatic disease. His surgery is successful, with final pathology revealing an 82 cm
moderately differentiated HCC with segmental portal venous invasion. His margins are clear and
three portal lymph nodes revealed no evidence on nodal disease. He comes to see you in the
clinic to discuss adjuvant therapy. What would you recommend?

A. Adjuvant XRT to the tumor bed

B. Adjuvant sorafenib therapy for 1 year
c. No adjuvant therapy, surveillance only
D. Refer for liver transplant workup

Suggested Readings

1. Abou-Alfa GK, Johnson P, Knox JJ, et al. Doxorubicin plus sorafenib vs doxorubicin alone in patients with advanced hepatocellular
carcinoma: a randomized trial. JAMA. 2010;304(19):2154-2160.

Universal Free E-Book Store


http://booksfree4u.tk

N

L XeND

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Bruix J, Sherman M. Management of hepatocellular carcinoma. Hepatology. 2005;42(5):1208-1236.

Camma C, Schepis F, Orlando A, et al. Transarterial chemoembolization for unresectable hepatocellular carcinoma: meta-analysis of
randomized controlled trials. Radiology. 2002;224(1):47-54.

Chen CJ, Yang HI, Su J, et al. Risk of hepatocellular carcinoma across a biological gradient of serum hepatitis B virus DN A level.
JAMA. 2006;295(1):65-73.

Davila JA, Morgan RO, Shaib Y, McGlynn KA, El-Serag HB. Hepatitis C infection and the increasing incidence of hepatocellular
carcinoma: a population-based study. Gastroenterology. 2004;127(5):1372-1380.

El-Serag HB. Hepatocellular carcinoma: recent trends in the United States. Gastroenterology. 2004;127(5 Suppl 1):S27-S34.

Jemal A, Siegel R, Ward E, et al. Cancer statistics, 2008. CA Cancer J Clin. 2008;58(2):71-96.

Johnson PJ. Are there indications for chemotherapy in hepatocellular carcinoma? Surg Oncol Clin N Am. 2003;12(1):127-134.
Kennedy A, Coldwell D, Sangro B, Wasan H, Salem R. Radioembolization for the treatment of liver tumors general principles. Am J
Clin Oncol. 2012;35(1):91-99.

. Lammer J, Malagari K, Vogl T, et al. Prospective randomized study of doxorubicin-eluting-bead embolization in the treatment of

hepatocellular carcinoma: results of the PRECISION V study. Cardiovasc Intervent Radiol. 2010;33(1):41-52.

Llado L, Virgili J, Figueras J, et al. A prognostic index of the survival of patients with unresectable hepatocellular carcinoma after
transcatheter arterial chemoembolization. Cancer. 2000;88(1):50-57.

Llovet JM, Ricci S, Mazzaferro V, et al. Sorafenib in advanced hepatocellular carcinoma. N Engl J Med. 2008;359(4):378-390.
Mazzaferro V, Regalia E, Doci R, et al. Liver transplantation for the treatment of small hepatocellular carcinomas in patients with
cirrhosis. N Engl J Med. 1996;334(11):693-699.

Mclntosh A, Hagspiel KD, Al-Osaimi AM, et al. Accelerated treatment using intensity-modulated radiation therapy plus concurrent
capecitabine for unresectable hepatocellular carcinoma. Cancer. 2009;115(21):5117-5125.

Nakamura S, Nouso K, Sakaguchi K, et al. Sensitivity and specificity of des-gamma-carboxy prothrombin for diagnosis of patients
with hepatocellular carcinomas varies according to tumor size. Am J Gastroenterol. 2006;101(9):2038-2043.

Sugiyama M, Sakahara H, Torizuka T, et al. 18F-FDG PET in the detection of extrahepatic metastases from hepatocellular
carcinoma. J Gastroenterol. 2004;39(10):961-968.

Toyoda H, Kumada T, Tada T, et al. Clinical utility of highly sensitive Lens culinaris agglutinin-reactive alpha-fetoprotein in
hepatocellular carcinoma patients with alpha-fetoprotein <20 ng/mL. Cancer Sci. 2011;102(5):1025-1031.

Tsan YT, Lee CH, Wang JD, Chen PC. Statins and the risk of hepatocellular carcinoma in patients with hepatitis B virus infection. J
Clin Oncol. 2012;20;30(6):623-630.

Uka K, Aikata H, Takaki S, et al. Clinical features and prognosis of patients with extrahepatic metastases from hepatocellular
carcinoma. World J Gastroenterol. 2007;13(3):414-420.

Vauthey JN, Dixon E, Abdalla EK, et al. Pretreatment assessment of hepatocellular carcinoma: expert consensus statement. HPB
(Oxford). 2010;12(5):289-299.

Yasui K, Hashimoto E, Komorizono Y, et al. Characteristics of patients with nonalcoholic steatohepatitis who develop hepatocellular
carcinoma. Clin Gastroenterol Hepatol. 2011;9(5):428-433; quiz e450.

Yeo W, Mok TS, Zee B, et al. A randomized phase III study of doxorubicin versus cisplatin/interferon alpha-
2b/doxorubicin/fluorouracil (PIAF) combination chemotherapy for unresectable hepatocellular carcinoma. J Natl Cancer Inst.
2005;97(20):1532-1538.

Universal Free E-Book Store


http://booksfree4u.tk

8]

Colorectal Cancer

Jennifer M. Duff and Thomas J. George, Jr.

EPIDEMIOLOGY

» Colorectal cancer (CRC) is the second leading cause of cancer deaths among men and women
combined in the United States and is the third most common cause of cancer, separately, in men and
in women.

= Nearly 142820 new cases of CRC (72% colon; 28% rectal) were diagnosed in 2013 in the United
States, and one-third will die as a result of the disease.

m The lifetime risk of developing CRC for both men and women is 5%.

= Surgery will cure almost 50% of all diagnosed patients; however, 40% to 50% of newly diagnosed
CRC cases will eventually develop metastatic disease.

= The incidence of colon cancer is higher in the more economically developed regions, such as the
United States or Western Europe, than in Asia, Africa, or South America.

= US incidence and mortality rates from CRC continue to decline (2.3% decrease from 1998 to 2004)
as a result of prevention and early detection of disease through effective screening programs and
effective adjuvant therapies.

RISK FACTORS

Although certain conditions predispose patients to develop colon cancer, up to 70% of patients have
no identifiable risk factors:

= Age: More than 90% of colon cancers occur in patients older than 50 years.

s Gender: The incidence of colon cancer is similar in men and women, but rectal cancer is more
prominent in men.

= Ethnicity: The occurrence of CRC is more common in African Americans than in whites, and
mortality is nearly 45% higher in African Americans compared to whites.

= Personal history of CRC or adenomatous polyps:
* Tubular adenomas (lowest risk)
* Tubulovillous adenomas (intermediate risk)
* Villous adenomas (highest risk)

= Tobacco use is associated with increased incidence and mortality from CRC compared to never
smokers. The association is stronger for rectal cancers.

= Obesity: Two prospective cohort studies show a 1.5-fold increased risk of CRC in people that have
a high body mass index (BMI) compared to that in normal.

» Dietary factors: High-fiber, low caloric intake, and low animal fat diets may reduce the risk of
cancer.

» Calcium deficiency: Daily intake of 1.25 to 2.0 g of calcium was associated with a reduced risk of
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recurrent adenomas in a randomized placebo-controlled trial. Oral bisphosphonate therapy for at
least 1 year’s duration may also reduce CRC risk.

= Micronutrient deficiency: Selenium and vitamins E and D deficiency may increase the risk of
cancer. The role of folate remains unclear.

» Inflammatory bowel disease: Ulcerative colitis increases the risk by 7- to 11-fold, especially with
the duration of colitis (8 to 12 years) and with the detection of dysplasia. Crohn’s disease is
associated with a twofold increased risk of CRC.

= Nonsteroidal anti-inflammatory drugs: An American Cancer Society study reported 40% lower
mortality in regular aspirin users, and similar reductions in mortality were seen in prolonged
nonsteroidal anti-inflammatory drug use in patients with rheumatologic disorders. The
cyclooxygenase-2 (COX-2) inhibitor celecoxib is approved by the U.S. Food and Drug
Administration (FDA) for adjunctive treatment of patients with familial adenomatous polyposis
(FAP). Chemoprevention with selective COX-2 inhibitors must be balanced against increased
cardiovascular risks.

= Family history: 80% of colon cancer cases are diagnosed in the absence of a positive family
history. In the general population, if one first-degree relative develops cancer, it increases the
relative risk for other family members to 1.72, and if two relatives are affected, the relative risk
increases to 2.75. Increased risk is also observed when a first-degree relative develops an
adenomatous polyp before age 60. True hereditary forms of cancer account for only 6% of CRCs.

FAMILIAL CANCER SYNDROMES
Familial Adenomatous Polyposis

FAP is an autosomal-dominant inherited syndrome with more than 90% penetrance, manifested by
hundreds of polyps developing by late adolescence. The risk of developing invasive cancer over time
is virtually 100%. Germline mutations in the adenomatous polyposis coli (APC) gene on
chromosome 5g21 have been identified. The loss of the APC gene results in altered signal
transduction with increased transcriptional activity of [-catenin. Several FAP variants with
extraintestinal manifestations also exist:

= Attenuated FAP: This variant generates flat adenomas that arise at an older age. Mutations tend to
occur in the proximal and distal portions of the APC gene.

» Gardner’s syndrome: Associated with desmoid tumors, osteomas, lipomas, and fibromas of the
mesentery or abdominal wall.

= Turcot’s syndrome: Involves tumors (esp. medulloblastoma) of the central nervous system.

» Peutz—Jeghers syndrome: Includes non-neoplastic hamartomatous polyps throughout the
gastrointestinal tract and perioral melanin pigmentation.

= Juvenile polyposis: Associated with hamartomas in colon, small bowel, and stomach.

Hereditary Nonpolyposis Colorectal Cancer

The Lynch syndromes, named after Henry T. Lynch, include Lynch I or the colonic syndrome, which
is an autosomal-dominant trait characterized by distinct clinical features including proximal colon
involvement, mucinous or poorly differentiated histology, pseudodiploidy, and the presence of
synchronous or metachronous tumors. Patients develop colon cancer before 50 years, with a lifetime
risk of cancer approximating 75%. In Lynch II or the extracolonic syndrome, individuals are
susceptible to malignancies in the endometrium, ovary, stomach, hepatobiliary tract, small intestine,
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and genitourinary tract.
The Amsterdam criteria (3-2-1 rule) were established to identify potential kindreds and include

= Histologically verified CRC in at least three family members, one being a first-degree relative of
the other two members

= CRC involving at least two successive generations

= Atleast one family member being diagnosed by 50 years

Inclusion of extracolonic tumors and clinicopathologic and age modifications was introduced by the

Bethesda criteria in 1997 and subsequently revised to account for microsatellite instability (MSI).

Lynch syndrome is characterized by germline defects in DNA mismatch-repair genes (e.g., hMSH2,

hMLH1, hPMS1, and hPMS2). These defects result in alterations to the length of microsatellites,

segments of DNA with repeating nucleotide sequences, thus making them unstable and detectable in

diagnostic assays. This MSI can be identified in virtually all Lynch syndrome kindred and in 15% to

20% of sporadic colon cancers.

SCREENING

Several professional societies have developed screening guidelines for the early detection of colon
cancer. There are a number of early detection tests for colon cancer in average-risk asymptomatic
patients. The American Cancer Society and US Preventative Service Task Force screening guidelines
(Table 8.1) are the most widely cited. Starting at age 50, both men and women should discuss the full
range of testing options with their physician. Any positive or abnormal screening test should be
followed up with colonoscopy. Individuals with a family or personal history of colon cancer or
polyps, or a history of chronic inflammatory bowel disease, should be tested earlier and possibly
more often.

Virtual Colonoscopy

A virtual colonoscopy, or computerized tomographic colonography, is an emerging technology in
which a spiral computerized tomography (CT) scan of the colon is obtained and three-dimensional
images are created and reviewed by a radiologist. Specificity for detection of large polyps and cancer
appear reasonable, but there is a wide range of sensitivities reported despite improved experience by
providers and consistent technology. Patients still require bowel preparation and colonic distension as
well as ingestion of oral contrast. Detected abnormalities require investigation with endoscopy.

Carcinoembryonic Antigen

Carcinoembryonic antigen (CEA) is not useful for general CRC screening purposes. CEA has a low
sensitivity whereby approximately 60% of cancers are missed. It is routinely recommended in
surveillance programs after cancer has been confirmed.

Universal Free E-Book Store


http://booksfree4u.tk

Table 8.1 Recommended Colorectal Cancer Screening Guidelines for Asymptomatic
Average-Risk Individuals

Beginning at Age 50, All Patients Should Have One of the Screening Options Listed Below.

Test Frequency
FOBT (every 3 y) plus flexible sigmoidoscopy (every 5 y)  Ongoing
Fecal occult blood test (gFOBT) or fecal Every year
immunochemical test (FIT)
Colonoscopy® Every 10y
Fexible sigmoidoscopy® Every5y
Double-contrast barium enema® Every 5 y
CT colonography (virtual colonoscopy)® Every5y

“"Colonoscopy should be done if the FOBT shows blood in the stool, if sigmoidoscopy results show a polyp, or if double-contrast
barium enema studies show anything abnormal If possible, all polyps should be completely removed during the colonoscopy.

*These studies are not endorsed by the USPSTF recommendations.

Composite of American Cancer Society and US Preventative Services Task Force Guidelines. Data from American Cancer Society
Guidelines for the Early Detection of Cancer. http://www.cancerorglhealthy/findcancerearly/cancersereeningguidelines/american-
cancer-society-guidelines-for-the-early-detection-of-cancer. Accessed December 29,2012,

K-ras Detection

The K-ras gene is mutated in 30% to 50% of CRCs, and the detection in stool represents a potentially
powerful screening strategy. This is currently an active area of clinical investigation.

PATHOPHYSIOLOGY

More than 90% of CRCs are adenocarcinomas, the focus of this chapter. Other primary cancers of the
colon and rectum include Kaposi’s sarcoma, non-Hodgkin’s lymphomas, small cell carcinoma, and
carcinoid tumors. Although uncommon, metastases to the large bowel include melanoma, ovarian,
and gastric cancer. Anatomic location and symptoms at presentation are the primary differences
between right colon, left colon, and rectal adenocarcinomas.

Colon carcinogenesis involves progression from hyperproliferative mucosa to polyp formation,
with dysplasia, and transformation to noninvasive lesions and subsequent tumor cells, with invasive
and metastatic capabilities. CRC is a unique model of multistep carcinogenesis resulting from the
accumulation of multiple genetic alterations. Stage-by-stage molecular analysis has revealed that this
progression involves several types of genetic instability, including loss of heterozygosity, with
chromosomes 8p, 17p, and 18q representing the most common chromosomal losses. The 17p
deletion accounts for loss of p53 function, and 18q contains the tumor-suppressor genes deleted in
colon cancer (i.e., DCC) and the gene deleted in pancreatic 4 (i.e., DPC4).

Colon carcinogenesis also occurs as a consequence of defects in the DNA mismatch-repair system.
The loss of hMLHI and hMSHZ2, predominantly, in sporadic cancers leads to accelerated
accumulation of additions or deletions in DNA. This MSI contributes to the loss of growth inhibition
mediated by transforming growth factor-f§ due to a mutation in the type II receptor. Mutations in the
APC gene on chromosome 5g21 are responsible for FAP and are involved in cell signaling and in
cellular adhesion, with binding of [-catenin. Alterations in the APC gene occur early in tumor
progression. Mutations in the proto-oncogene ras family, including K-ras and N-ras, are important
for transformation and also are common in early tumor development.

DIAGNOSIS
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Signs and Symptoms

= Abdominal pain, typically intermittent, and vague

= Weight loss

= Bowel changes for left-sided colon and rectal cancers, including constipation, decreased stool
caliber (pencil stools), and tenesmus

= Early satiety

= Fatigue

= Bowel obstruction, perforation, acute, or chronic bleeding, or liver metastasis, all of which
contribute to symptom development

= Unusual presentations include deep venous thrombosis, Streptococcus bovis bacteremia or
endocarditis, and nephrotic-range proteinuria

» Clinical findings include iron-deficiency anemia, weight loss, electrolyte abnormalities, and liver
enzyme elevations

Diagnostic Evaluation

= Endoscopic studies provide histologic information, potential therapeutic intervention, and overall
greater sensitivity, and specificity.

s CEA elevations occur in non—cancer-related conditions, reducing the specificity of CEA
measurements alone in the initial detection of colon cancer.

= Basic laboratory studies including complete blood count, electrolytes, liver, and renal function
tests, and CT scan of the chest, abdomen, and pelvis with IV contrast are useful in initial cancer
diagnosis and staging.

= In colon cancers, CT scan sensitivity for detecting distant metastasis is higher (75% to 87%) than
for detecting nodal involvement (45% to 73%) or the extent of local invasion (~50%). CT scanning
is very sensitive for detection of malignant pelvic lymph nodes in rectal cancer as any perirectal
adenopathy is presumed to be malignant, since benign adenopathy is not typically seen in this area.

= Contrast-enhanced magnetic resonance imaging (MRI) can help determine the status of suspicious
lesions in the liver as well as the characteristics (not just size) of perirectal adenopathy.

= PET scanning adds little over conventional imaging in the initial staging and diagnosis of CRC in
the absence of abnormalities seen on CT scan.

= Endoscopic rectal ultrasound (EUS) is a valuable tool in the preoperative evaluation of rectal
cancer, with high accuracy of determining the extent of the primary tumor (63% to 95%) and
perirectal nodal status (63% to 82%).

STAGING

The seventh edition of the American Joint Committee on Cancer Staging for CRC uses the TNM
classification system. The Dukes or MAC staging systems are only of historic interest. The tumor
designation, or T stage, defines the extent of bowel wall penetration including invasion into the
submucosa (T1), muscularis propria (T2), pericolic tissue (T3), visceral peritoneal surface (T4a), or
an adjacent organ or other structure (T4b). At least 12 lymph nodes must be sampled for accurate
staging and represents an important quality control metric. The number of regional nodes involved
varies from 1 to 3 (N1a/b) to 4 or more (N2a/b). N1c includes direct tumor deposits in the subserosa,
mesentery, or nonperitonealized pericolic or perirectal tissues without regional nodal metastasis.
Metastases confined to one organ or site (M1la) have a better prognosis than metastases confined to
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the peritoneum or multiple sites (M1b).

PROGNOSIS

Pathologic staging remains the most important determinant of prognosis (Table 8.2) with similar
outcomes for both colon and rectal cancers in the modern era. Other prognostic variables that have
been proposed to be associated with an unfavorable outcome include

= Advanced age of patient

= High tumor grade

= High CEA level

= Bowel obstruction or perforation at presentation

= Several biochemical and molecular markers such as elevated thymidylate synthase, p53 mutations,
or loss of heterozygosity of chromosome 18q (DCC gene) may be associated with a worse
prognosis. MSI caused by a defective DNA mismatch-repair system (e.g., altered MLH1, MSH?2;
associated with Lynch Syndrome) is associated with an improved outcome for patients with node-
negative disease

MANAGEMENT ALGORITHM
Surgery

= For colon cancers, the primary curative intervention requires en bloc extirpation of the involved
bowel segment and mesentery, with pericolic and intermediate lymphadenectomy for both staging
and therapeutic intent. Negative proximal, distal, and lateral surgical margins are of paramount
importance. Laparoscopic techniques adhering to these surgical principles are an acceptable option.

= For rectal cancers, en bloc resection of the primary tumor with negative proximal, distal, and radial
margins is critical as well as a sharp dissection of the mesorectum (total mesorectal excision) to
optimally reduce local recurrence. The location of the tumor in relation to the anal sphincter is the
primary determinant in a low anterior resection (LAR) versus an abdominoperineal resection
(APR). The latter generates a permanent colostomy. For highly selected very early-stage rectal
cancer cases, transanal endoscopic microsurgery may be a reasonable option.

m Surgical intervention is indicated if polypectomy pathology reveals muscularis mucosal
involvement or penetration.

= Surgical palliation may include colostomy or even resection of metastatic disease for symptoms of
acute obstruction or persistent bleeding.
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Table 8.2 Prognosis by Stage for Colorectal Cancers

Stage 5-Y Observed Survival Rate (%)
| 74
A 65
1B 58
Hnc 37
HIA i
HIB 45
Hnc 28
v b

Adapted from Gunderson LL, Jessup JM, Sargent D], et al. Revised TN categorization for
colon cancer based on national survival outcomes data. | Clin Oncol 2010;28(2):264-271.

Radiation Therapy

= Routine administration of abdominal radiotherapy (RT) is limited by bowel-segment mobility,
adjacent small bowel toxicity, previous surgery with adhesion formation, and other medical
comorbidities.

= Local control and improved disease-free survival (DFS) have been reported in retrospective series
of patients with T4 lesions or perforations, nodal disease, and subtotal resections, who have been
treated with 5,000 to 5,400 cGy directed at the primary tumor bed and draining lymph nodes.
However, there are no randomized data to support the routine use of RT in the management of
colon cancer.

= In contrast, RT is routinely utilized in rectal cancers to reduce local recurrence and improve
resectability.

Pivotal Adjuvant Chemotherapy Studies for Colon Cancer
Intergroup 0035

This large Intergroup trial of 5-fluorouracil (5-FU) and levamisole (Lev) is of historic importance
because it reported a 41% reduction in the relapse rate and a 33% decrease in overall cancer
mortality. This study resulted in the National Institutes of Health consensus panel recommending that
5-FU-based adjuvant therapy be administered to all patients with resected stage III colon cancer.

Intergroup 0089

Intergroup 0089 randomized 3,759 patients with stage II or III disease to one of four therapeutic
arms. The results demonstrated that the 5-FU- and leucovorin (LV)-containing schedules (Mayo
Clinic and Roswell Park regimens) were equivalent without the need for Lev. A 6-month schedule of
the 5-FU and LV was similar to a protracted 12 months of therapy.

The 5-year DFS and overall survival (OS) for each of the four arms in the study were as follows:

s 5-FU + Lev for 12 months; DFS = 56%, OS = 63%

» 5-FU + high-dose LV (Roswell Park) for 8 months; DFS = 60%, OS = 66%
= 5-FU + low-dose LV (Mayo) for 6 months; DFS = 60%, OS = 66%

s 5-FU + LV + Lev; DFS = 60%, OS = 67%
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X-ACT

Utilization of an oral fluoropyrimidine (capecitabine) was evaluated in patients with stage III

disease. Capecitabine (1,250 mg/m? b.i.d. for 14 days, every 3 weeks) was compared with the Mayo
Clinic bolus of 5-FU and LV. The study was designed to demonstrate equivalency, with a primary
endpoint of 3-year DFS. The capecitabine arm was noninferior and demonstrated a trend toward
superiority in DFS (64% vs. 60%; HR 0.87; 95% CI 0.75 to 1.00; P = 0.0526). Toxicity was improved
in all categories except hand—foot syndrome (HFS). A 3-year DFS endpoint was chosen because a
retrospective analysis of more than 20,000 patients demonstrated equivalency to the conventional 5-
year OS benchmark and serves as an acceptable endpoint.

MOSAIC

In Europe, 2,219 patients with stage II (40%) and III (60%) disease treated with infusional 5-FU with
LV modulation versus the same combination with oxaliplatin (FOLFOX4) every 2 weeks for 6
months, demonstrated a 3-year DFS benefit favoring the FOLFOX4 combination over standard 5-FU
with LV (78.2% vs. 72.9%; HR 0.77; 95% CI 0.65 to 0.92; P = 0.002). With a median 6-year follow-up,
the OS advantage was confirmed in the patients with stage III disease (72.9% vs. 68.7%; HR 0.80; 95%
CI 0.65 to 0.97; P = 0.023). No difference in OS was seen in the stage II population. Treatment with
FOLFOX4 was well tolerated, with 41% patients having grade 3 and 4 neutropenia, with only 0.7%
being associated with fever. Anticipated grade 3 peripheral neuropathy or paresthesias were observed
(12%) which almost entirely resolved 2 years later (0.7%).

NSABP C-07

The addition of oxaliplatin to three cycles of adjuvant Roswell Park 5-FU with LV (FLOX) was
evaluated in 2,407 stage II (30%) and III (70%) patients. The combination improved 3-year DFS
(76.1% vs. 71.8%; HR 0.80; 95% CI 0.69 to 0.93; P = 0.003). Grade 3 diarrhea (38%) and peripheral
neuropathy (8%) were significantly worse with FLOX without any difference in treatment-related
mortality. MOSAIC and C-07 established doublet adjuvant chemotherapy with fluoropyrimidine and
oxaliplatin as a standard of care.

Adjuvant Irinotecan

Unlike oxaliplatin, at least three studies failed to confirm a benefit for the use of adjuvant
irinotecan. CALGB 89803 was a study of irinotecan with bolus 5-FU and LV (IFL) versus weekly 5-
FU in patients with stage III disease. Increased grade 3 and 4 neutropenia and early deaths were
observed in the experimental arm, and a higher number of patients withdrew from the study. Overall,
IFL was not better than the 5-FU and LV arm. The two European studies (PETACC-3 and ACCORD)
together randomized over 3,500 patients to infusional 5-FU with or without irinotecan. Both studies
failed to reach their primary endpoint of 3-year DFS, although toxicities were less than in the IFL
study. The use of irinotecan is not recommended in the adjuvant setting.

Adjuvant Biologics

Both cetuximab (cmab) and bevacizumab (bev) are biologic-targeted agents (see the metastatic
CRC section) that have been shown to improve outcomes when combined with chemotherapy in
metastatic CRC and have been definitively tested in the adjuvant setting.
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Intergroup 0147 tested whether the addition of cmab to standard mFOLFOX6 adjuvant
chemotherapy for resected stage III colon cancer improved outcomes. The protocol was amended to
allow only patients with wild-type K-ras tumors to be eligible. The study terminated early after a
second interim analysis. Results demonstrated no benefit when adding cmab. Three-year DFS for
patients with wild-type K-ras was 71.5% with mFOLFOX plus cmab and 74.6% with mFOLFOX alone
(HR 1.21; 95% CI 0.98 to 1.49; P = 0.08), suggesting a trend toward harm. There were no subgroups
that benefitted from cmab, with increased toxicity and greater detrimental differences in all outcomes
in patients aged >70.

The addition of bev to mFOLFOX6 was tested in NSABP C-08. This randomized phase III trial
assessed DFS in stage II (25%) and III patients. Bev was administered for the duration of the 6 months
of chemotherapy and then for an additional 6 months beyond (total of 1 year of biologic therapy).
mFOLFOX plus bev did not significantly improve 3-year DFS compared to mFOLFOX (77.4% vs.
75.5%; HR 0.89; 95% CI 0.76 to 1.04; P = 0.15). However, survival curve analysis suggested a time-
dependent improvement in DFS with maximal separation of the curves occurring at 15 months, which
correlated with 1 year of bev treatment followed by 3 months off drug. This benefit disappears with
time. No OS benefit, unexpected toxicity, or difference in patterns of relapse was seen.

The AVANT trial also tested bev in a three-arm study that randomized 3,451 patients with high-risk
stage II (17%) or stage III colon cancer to either FOLFOX4, FOLFOX4 plus bev, or XELOX plus bev.
The 3-year DFS was not significantly different between the groups with 5-year OS hazard ratio for
FOLFOX 4 plus bev versus FOLFOX4 (HR 1.27; 95% CI 1.03 to 1.57; P = 0.02), and XELOX plus bev
versus FOLFOX4 (HR 1.15; 95% CI 0.93 to 1.42; P = 0.21) suggesting a potential detriment.

Adjuvant Chemotherapy Regimens for Colon Cancer

Based on these studies, 6 months of adjuvant chemotherapy is recommended for patients with stage III
colon cancer. Several acceptable options exist (Table 8.3), with combination regimens offering
increased efficacy and toxicity. The use of irinotecan or biologic-targeted therapies in the adjuvant
setting is not recommended. Adjuvant chemotherapy should be started within 8 weeks of surgery, if at
all possible, with data supporting a delay beyond 2 months may compromise the effectiveness of
adjuvant treatment.
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Table 8.3 Acceptable Adjuvant Chemotherapy Regimens for Stage Il Colon Cancer

Name Regimen and Dose Repeated (d) Total Cycles

Mayo Clinic LV 20 mg/m?/d IV followed by 28 [
5-FLJ 425 mg/m?/d IV days |1-5
Roswell Park LV 500 mg/m? IV followed by 8wk 3—4
5-FU 500 mg/m? IV weekly = &
Capecitabine 1,250 mg/m?* PO twice daily X 21 8
l4d
FOLFOX4 Oxaliplatin 85 mg/m?® IV on day 14 12
| followed by
LV 200 mg/m?/d IV on days |
and 2 followed by
5-FU 400 mg/m?/d IV on days |
and 2 followed by
5-FU 600 mgim?*/d CIVI for 22 h
on days | and 2
FOLFOXé Onxaliplatin 85—100 mg/m? IV on 14 12
day | followed by
LV 400 mg/m?d IV on day |
followed by
5-FU 400 mg/m?/d IV on day |
followed by
5-FU 2,400 mg/m* CIVI for 46 h
FLOX LV 500 mg/m? IV followed by 8wk 3
5-FU 500 mg/m?® IV on days |, 8,
15,22,29,36 and
Onaliplatin 85 mg/m? IV on days
I,15and 29

There iz no role for biologic-targeted therapy or irinotecan-containing regimens in the adjuvant secting at this tme.

LY, leucovarin: IV intravenous: 5-FU, 5-flusrouracil: CIVI. continuous intravenaus infusion,

Fluoropyrimidines

Reasonable options include 5-FU with LV via the Mayo Clinic or Roswell Park regimen or
capecitabine. The toxicity profile of the regimens differs. Myelosuppression and oral mucositis are
more common with the daily Mayo Clinic regimen, whereas diarrhea may be more severe with the
weekly Roswell Park schedule. Cryotherapy with ice held in the mouth during the 5-FU infusion may
help lessen the mucositis associated with the therapy. HFS and diarrhea are primary toxicities of
capecitabine.

Oxaliplatin Combinations

Increased efficacy as well as toxicity is seen with the addition of oxaliplatin to either bolus or
infusional 5-FU and LV. FOLFOX6 represents a modification to FOLFOX4, which omits the day 2
bolus 5-FU and LV and gives more continuously infused 5-FU over 46 hours, and appears to have
activity equivalent to that of FOLFOX4 in the advanced disease setting. It has been incorporated into
numerous adjuvant clinical trials given the improved ease of administration.

Adjuvant Chemotherapy for Stage Il Colon Cancer

Despite the 75% 5-year survival with surgery alone, some patients with stage II disease have a higher
risk of relapse, with outcomes being similar to those of node-positive patients. Adjuvant
chemotherapy provides up to 33% relative risk reduction in mortality, resulting in an absolute
treatment benefit of approximately 5%.
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Several analyses have reported varying outcomes in patients with stage II disease who received
adjuvant treatment:

= The National Surgical Adjuvant Breast and Bowel Project (NSABP) summary of protocols (C-01 to
C-04) of 1,565 patients with stage II disease reported a 32% relative reduction in mortality
(cumulative odds, 0.68; 95% CI 0.50 to 0.92; P = 0.01). This reduction in mortality translated into an
absolute survival advantage of 5%.

= A meta-analysis by Erlichman et al. detected a nonsignificant 2% benefit (82% vs. 80%; P = 0.217)
in 1,020 patients with high-risk T3 and T4 cancer treated with 5-FU and LV for 5 consecutive days.

» Schrag et al. reviewed Medicare claims for chemotherapy within the Surveillance, Epidemiology,
and End Results (SEER) database and identified 3,700 patients with resected stage II disease among
whom 31% received adjuvant treatment. No survival benefit was detected with 5-FU compared to
surgery alone (74% vs. 72%) even with patients considered to be at high risk because of
obstruction, perforation, or T4 lesions.

m The Quasar Collaborative Group study reported an OS benefit of 3.6% in 3,239 patients (91%
Dukes B colon cancer) prospectively randomized to chemotherapy versus surgery alone. With a
median follow-up of 5.5 years, the risk of recurrence (HR 0.78; 95% CI 0.67 to 0.91; P = 0.001) and
death (HR 0.82; 95% CI 0.70 to 0.95; P = 0.008) favored 5-FU and LV chemotherapy.

= In the MOSAIC study, FOLFOX4 chemotherapy showed nonsignificant benefits in DFS over 5-FU
and LV in patients with stage II disease (86.6% vs. 83.9%; HR 0.82; 95% CI 0.57 to 1.17).

m The American Society of Clinical Oncology Panel concluded that the routine use of adjuvant
chemotherapy for patients with stage II disease could not be recommended. A review of 37
randomized controlled trials and 11 meta-analyses found no evidence of a statistically significant
survival benefit with postoperative treatment of stage II patients. However, treatment should be
considered for specific subsets of patients (e.g., T4 lesions, perforation, poorly differentiated
histology, or inadequately sampled nodes), and patient input is critical.

m For stage II patients without high-risk features, molecular analysis can provide improved
recurrence risk determination.

* MSI is a surrogate marker for defects in the mismatch-repair system (Lynch Syndrome). When
these occur at a high frequency (MSI-high) in node-negative colon cancer, it portends a favorable
prognosis. There is controversy as to whether MSI-high tumors benefit from adjuvant
fluoropyrimidine chemotherapy. Given the more favorable outcome and questionable response
to adjuvant chemotherapy, it is recommended to test this molecular marker in all stage II patients
to aid in personalized treatment decisions.

« A commercially available and validated microarray gene expression profile (Oncotype Dx ;
Genomic Health, Inc) examines formalin-fixed paraffin-embedded tissue samples from resected
colon cancer. Using an 18-gene signature, and excluding patients with MSI-high tumors, a
recurrence score can be generated for an individual patient with stage II disease that classify them
as low risk (score less than 30; recurrence risk 12%), intermediate risk (score 30 to 40; risk
18%), or high risk (score >41; risk 22%). Several other expression profiles are also currently
under development or validation.

Perioperative Treatment for Rectal Cancer

In contrast to colon cancer, local treatment failures after potentially curative resections represent a
major clinical problem. Combined-modality chemotherapy with RT (chemoRT) is the standard
therapy for patients with stage II and Il rectal cancer (T3, T4, and nodal involvement).
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Intergroup 0114

A four-arm study of 1,695 patients compared 5-FU alone, 5-FU and LV combination, 5-FU and Lev
combination, and 5-FU and LV and Lev combination. Two cycles of chemotherapy were administered
before and after chemotherapy in combination with 5,040 cGy of external beam RT (4,500 cGy with
540 cGy boost). The chemotherapy during the RT was given as a bolus with or without LV. The DFS
and OS were similar in all treatment arms, leading to the conclusion that 5-FU alone was as effective
as other combinations.

NCCTG

Both DFS and OS advantages were observed in patients receiving continuous infusion of 5-FU
during RT when compared with those receiving bolus 5-FU. This survival benefit has led to
continuous infusion of 5-FU during RT being considered as a standard.

German Rectal Cancer Study Group

The benefit of delivering chemoRT in a preoperative (neoadjuvant) fashion was evaluated in 421
patients compared to 401 similar patients randomized to receive postoperative chemoRT. In both
groups, 5-FU was administered in a continuous fashion during the first and fifth weeks of RT. All
patients received an additional four cycles of adjuvant 5-FU after chemoRT and surgery. Results of
neoadjuvant treatment provided improvement in local recurrence (6% vs. 13%; P = 0.006), but no
difference in 5-year OS. Both acute toxic effects (27% vs. 40%; P = 0.001) and long-term toxicities
(14% vs. 24%; P = 0.01) were less common with neoadjuvant treatment. Preoperative chemoRT
followed by surgical resection with postoperative 5-FU-based chemotherapy represents a standard for
patients with rectal cancer.

NSABP R-04

This phase III, 2 x 2 noninferiority trial evaluated the substitution of oral capecitabine for
infusional 5-FU as well as the intensification of radiosensitization by adding oxaliplatin in stage II
and III rectal carcinoma. Over 1,500 patients were randomized into one of four neoadjuvant chemoRT
arms. There was no increase in grade 3 to 4 diarrhea with capecitabine versus 5-FU alone, but the
addition of oxaliplatin did significantly increase the risk of grade 3 to 4 diarrhea (6.6% vs. 15.4%; P <
0.0001). Both fluoropyrimidine alone arms had similar rates of pathologic complete responses,
surgical downstaging, and sphincter sparing surgeries, suggesting that capecitabine has similar
efficacy to infusional 5-FU. The primary endpoint of local-regional relapse and other survival data is
anticipated shortly after press. Additional European studies have also demonstrated similar outcomes
for using capecitabine as a substitute for infusional 5-FU in rectal cancer patients without benefit
from intensification by adding oxaliplatin. “Attempts to identify novel radiosensitizers with
companion biomarkers for rectal cancer are ongoing.”

Combined-Modality Options for Rectal Cancer

1. Neoadjuvant therapy (chemoRT):
« Continuous infusion 5-FU (1,000 mg/m?/day) given daily for 5 days during the first and fifth
week of radiation therapy OR 225 mg/m?/day given Monday through Friday continuously
throughout RT OR oral capecitabine 825 mg/m? twice daily given Monday through Friday on
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days of RT concurrent with external beam RT given in 180 cGy fractions to a total dose of 5,040
cGy

2. Followed by surgery adhering to total mesorectal excision standards

3. Adjuvant systemic therapy for 4 months upon recovery from surgery:

« 5-FU bolus (500 mg/m?/day) on days 1 to 5 repeated every 28 days for four cycles. Given the
previously discussed data for adjuvant chemotherapy regimens in colon cancer, several different
regimens (see Table 8.3) may also be considered in select cases as components of the systemic
adjuvant chemotherapy phase of therapy in rectal cancer

FOLLOW-UP AFTER ADJUVANT TREATMENT

Eighty percent of recurrences are seen within 2 years of initial therapy. The American Cancer Society
recommends total colonic evaluation with either colonoscopy or double-contrast barium enema
within 1 year of resection, followed every 3 to 5 years if findings remain normal. Synchronous
cancers must be excluded during initial surgical extirpation, and metachronous malignancies in the
form of polyps must be detected and excised before more malignant behavior develops.

History and physical evaluations with serum CEA measurements should be performed every 3 to
6 months for the first few years after therapy. These evaluations can be further reduced during
subsequent years. Surveillance imaging should be reserved for those individuals who would be
considered operable candidates if localized metastases were to be identified. Elevations of CEA
postoperatively may suggest residual tumor or early metastasis. Patients with initially negative levels
of CEA can subsequently exhibit positive levels; therefore, serial CEA measurements after
completion of treatment may identify patients who are eligible for a curative surgery, in particular,
patients with oligometastatic liver or lung recurrence.

TREATMENT FOR ADVANCED COLORECTAL CANCER

Unprecedented improvements in OS have been recognized during the past decade with systemic
chemotherapy in advanced or metastatic disease. Median survival has improved from 6 months with
best supportive care to over 2 years with incorporation of all active agents. Based upon clinical
practice and supported by total cancer genomic analyses, there are no differences in the molecular
characteristics or systemic management of metastatic colon or rectal cancers. Data also support
proceeding with systemic therapy without surgical intervention on the primary tumor, as long as the
intact primary tumor is asymptomatic.

Fluoropyrimidine-Based Chemotherapy

5-FU inhibits thymidylate synthase, an enzyme critical in thymidine generation. LV potentiates this
inhibition. 5-FU and LV chemotherapy regimens in advanced CRC have objective response rates of
15% to 20%, with median survival of 8 to 12 months. Toxicity is predictable and manageable.

The activity of continuous infusion of 5-FU may be equivalent to or slightly better than that of
bolus 5-FU and LV and is generally well tolerated despite the inconvenience of a prolonged
intravenous ambulatory infusion apparatus. Toxicities include mucositis and palmar—plantar
erythrodysesthesia (HFS); however, myelosuppression is less common. Continuous infusions of 5-FU
may have activity in patients who have progressed with bolus 5-FU.

Capecitabine, an oral fluoropyrimidine prodrug, undergoes a series of three enzymatic steps in its
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conversion to 5-FU. The final enzymatic step is catalyzed by thymidine phosphorylase, which is
overexpressed in tumor tissues and upregulated by RT. Two phase 3 studies have compared single-
agent capecitabine to the Mayo Clinic 5-FU and LV regimen and demonstrated higher response rates
for the former but equivalent time to progression and median survival. Capecitabine was associated
with decreased gastrointestinal and hematologic toxicities and fewer hospitalizations, but with an
increased frequency of HFS and hyperbilirubinemia.

Oxaliplatin

Oxaliplatin is an agent that differs structurally from other platinums in its 1,2-diaminocyclohexane
(DACH) moiety, but acts similarly by generating DNA adducts. Oxaliplatin exhibits synergy with 5-
FU with response rates as high as 66% even in patients who are refractory to 5-FU. Despite its unique
toxicities (i.e., peripheral neuropathy, laryngopharyngeal dysesthesias, and cold hypersensitivities),
oxaliplatin lacks the emetogenic and nephrogenic toxicities of cisplatin.

Oxaliplatin was initially approved for second-line therapy in metastatic CRC based on a study
comparing FOLFOX4 with oxaliplatin alone and with infusional or bolus 5-FU and LV. In this study,
response rate, time to progression, and relief of tumor-related symptoms were improved with
FOLFOX4, when compared to the other treatment arms. Despite the improved time to progression,
the OS difference was not statistically significant (9.8 vs. 8.7 and 8.1 months, respectively).

The North Central Cancer Treatment Group (NCCTG-9741) conducted a trial comparing first-line
FOLFOX4 versus IFL versus IROX (irinotecan in combination with oxaliplatin). Higher 60-day
mortality was detected in the IFL arm, resulting in a dose reduction in the protocol. The response rate,
time to progression, and OS were significantly better in the FOLFOX4 arm than in the modified IFL
arm. However, imbalances in the second-line chemotherapy administered to patients in this study may
confound the survival differences. Approximately 60% of the oxaliplatin failures were treated with
irinotecan, whereas only 24% of patients who are refractory to irinotecan received oxaliplatin. In
addition, the study was not designed to address the effect of infusional 5-FU. The observed toxicities
in the study were reflective of the specific drug combinations and included grade 3 or higher
paresthesias (18%) in the FOLFOX arm and a 28% incidence of diarrhea in the IFL arm. Despite a
higher degree of neutropenia (60% in FOLFOX vs. 40% in IFL) with FOLFOX, febrile neutropenia
was significantly greater in the IFL arm. IROX also exhibited significant toxicities. Oxaliplatin was
approved by the FDA for use in the first-line treatment of patients with metastatic CRC largely based
on this study.

Although FOLFOX is clearly a superior regimen compared to IFL, the use of infusional 5-FU with
irinotecan (FOLFIRI) may produce results similar to those seen using FOLFOX. Tournigand et al.
reported an equivalent median survival of 21.5 months with FOLFIRI followed by FOLFOX and a
median survival of 20.6 months with the opposite sequence (P = 0.99). Similar survival is observed in
patients receiving either sequence and both are acceptable first-line therapies for advanced disease.

Irinotecan

Irinotecan is a topoisomerase I inhibitor, with activity in advanced CRC deemed refractory to 5-FU.
As a single agent, response rates as high as 20% are observed, and an additional 45% of patients
achieve disease stabilization. Significant survival advantages have been shown for irinotecan as
second-line therapy after 5-FU compared with supportive care or with continuous-infusion 5-FU
regimens. Several schedules are typically administered with and without 5-FU; however, the
cumulative data suggest that irinotecan should not be utilized with bolus 5-FU (i.e., IFL) due to
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excessive treatment-related mortality.

Irinotecan obtained FDA approval based on a study comparing IFL to the 5-FU bolus Mayo Clinic
regimen. A higher response rate (39% vs. 21%; P = 0.0001) and OS (14.8 vs. 12.6 months; P = 0.042)
were observed favoring IFL.

Delayed-onset diarrhea is common and requires close monitoring and aggressive management
(high-dose loperamide, 4 mg initially and then 2 mg every 2 hours until diarrhea stops for at least 12
hours). Neutropenia, mild nausea, and vomiting are common. This combination of toxicities can be
severe and life-threatening, which was evident in NCCTG 9741 (see previous oxaliplatin section). A
higher 60-day mortality was observed (4.5% vs. 1.8%), and the dose of irinotecan required reduction.

Infusional 5-FU with biweekly irinotecan offered improvements in response (35% vs. 22%; P <
0.005), median survival (17.4 vs. 14.1 months; P = 0.031), and quality of life over 5-FU. Neutropenia
was equivalent to that found in the weekly irinotecan regimen, although febrile neutropenia and
diarrhea were markedly reduced.

As monotherapy, irinotecan every 3 weeks produced responses in 13.7% of patients and stable
disease in another 44% of cases. In patients who are refractory to 5-FU, a median survival of 10.5
months was reported. Administration of weekly irinotecan alone has also been reported by Pitot et al.
In patients receiving 5-FU earlier, a 13% response rate and an 7.7 median response duration were
observed.

Anti-VEGF Therapies

Bevacizumab is a recombinant humanized antivascular endothelial cell growth factor (VEGF)
monoclonal antibody with amino acid sequence similarity of 97% to that of human IgG1. Bev blocks
VEGF-induced angiogenesis with a high affinity for VEGEF, preventing it from binding to VEGF
receptors. One of the initial trials with bev in untreated CRC patients combined bev with weekly bolus
5-FU and LV. Interestingly, a 40% response rate and 21.5-month median survival was observed. The
major toxicities included arterial thrombosis (13 patients with three treatment discontinuations and
one patient death), proteinuria, and hypertension. Updated toxicity data reveal that full-dose
anticoagulation can be administered with bev and that there is no increased risk of deep venous
thrombus formation. When added to IFL, bev increased the response rate (45% vs. 35%; P = 0.004)
and had a longer median survival (20.3 vs. 15.6 months; P < 0.001). When added to FOLFOX in the
second-line setting, response rates are again increased (23% vs. 9%; P < 0.001) along with OS (12.9
vs. 10.8 months; P = 0.0011). Bev has been approved by the FDA for the treatment of patients with
advanced CRC in combination with any intravenous 5-FU-based regimen. The optimal duration of
treatment remains controversial but continuation of anti-VEGF therapy through lines of sequential
therapy may provide a slight improvement in disease control.

Ziv-aflibercept is a fully humanized recombinant fusion protein that blocks angiogenesis by
binding to VEGFA, VEGFB, and placental growth factor and preventing their interaction with
endogenous receptors. It is FDA approved for use in combination with FOLFIRI for second-line
treatment in metastatic CRC based on results from the VELOUR study. This phase III, placebo-
controlled trial randomized 1,226 metastatic patients with CRC after an oxaliplatin-based regimen to
second-line therapy with FOLFIRI plus ziv-aflibercept or placebo. Median survival of FOLFIRI plus
ziv-aflibercept was statistically superior to FOLFIRI (13.5 vs. 12 months; HR 0.87; 95% CI 0.713 to
0.937; P =0.0032) as was progression-free survival (6.9 vs. 4.7 months; P < 0.0001).

The first and currently only approved oral multikinase inhibitor for metastatic CRC is regorafenib.
This agent blocks several kinases involved in angiogenic and oncogenic survival pathways including
VEGFR1, VEGFR2, VEGFR3, TIE2, KIT, RET, RAF1, BRAF, PDGFR, and FGFR. The CORRECT
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trial randomized heavily pretreated metastatic CRC patients who progressed within 3 months after
treatment with all currently available standard therapies to oral regorafenib versus placebo. Median
OS was found to be improved with regorafenib compared to placebo (6.4 vs. 5 months; HR 0.77; P =
0.0052).

Antiepidermal Growth Factor Therapies

The epidermal growth factor receptor (EGFR) and pathway represent another targeted approach in
advanced CRC therapy. Two monoclonal antibodies are FDA approved for use in patients with
metastatic CRC. Importantly, tumor EGFR positivity by immunohistochemistry staining does not
correlate with treatment response; however, K-ras, and likely B-raf, mutational status does. Both
intracellular signal transduction proteins exist in either a wild-type (normal functional) or mutated
(via activating mutation resulting in continuous overactivity) state. Mutations in K-ras (40%) and B-
raf (6%) have high concordance between primary and metastatic CRC tumors (in excess of 90%),
with recommendations for testing these at the time of metastatic diagnosis. Of note, B-raf mutation
also appears to be prognostic with a more aggressive clinical course, shortened progression-free
intervals, and overall reduced survival. Commercial testing for both mutations is available.

Cetuximab(cmab) is a chimerized IgG1 antibody that prevents ligand binding to the EGFR and its
heterodimers through competitive displacement. Panitumumab (pmab) is a fully humanized IgG2
antibody also targeting EGFR in a similar manner. These agents both block receptor dimerization,
tyrosine kinase phosphorylation, and subsequent downstream signal transduction. Both can cause a
skin rash, diarrhea, hypomagnesemia, and infusion reactions, but to a less degree with pmab for the
latter two toxicities. A correlation between the intensity of the skin rash and survival has been
consistently noted with agents in this class with investigation underway to prospectively test the dose-
to-rash response relationship.

Cmab was initially FDA approved based on a study in irinotecan-refractory advanced disease.
Patients were randomized to the combination of cmab and irinotecan versus cmab alone with
improvements in the response rate (22.9% vs. 10.8%; P = 0.0074) and time to progression (4.1 vs. 1.5
months; P < 0.0001) favoring the combination. Despite manageable toxicity, no improvements in
survival outcomes were observed, but tumor resensitization to irinotecan was clearly demonstrated.
Cmab is also approved for use as first-line metastatic treatment for patients with wild-type K-ras
tumors. The CRYSTAL phase III trial randomized 1,217 patients to FOLFIRI with or without cmab.
FOLFIRI plus cmab demonstrated a 15% relative reduction in the risk of recurrence (HR 0.85; 95%
CI 0.72 to 0.99; P = 0.048) with an improvement in the median PFS (8.9 vs. 8 months). The addition of
cmab produced significantly more skin reactions, diarrhea, and infusional reactions. Median
progression-free survival directly correlated with increased grade of skin rash. K-ras status was
available on a subgroup analysis of 540 tissue samples. Patients with wild-type K-ras had a favorable
outcome on response rate, OS and PFS (HR 0.68). However, mutated K-ras tumors were associated
with a decrease in OS and response rates, particularly with cmab addition, confirming that this
mutation is a negative predictor of response to EGFR inhibition.

Panitumumab is FDA approved as monotherapy given improvement in progression-free survival
over best supportive care in heavily pretreated patients (HR 0.54; 95% CI 0.44 to 0.66; P < 0.0001),
although no OS advantage was noted. This agent also has data supporting improvements in PFS when
combined with FOLFIRI in the second-line treatment.

CHEMOTHERAPY REGIMENS FOR METASTATIC CRC
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See Tables 8.3 and 8.4. Investigations into the optimal timing, role of maintenance therapy, and
sequence of treatment combinations both with and without EGFR and VEGF inhibition continue.

Table 8.4 Select Chemotherapy Regimens for Advanced Colorectal Cancer®

Name Regimen and Dose Repeated (d)

XELOX Cxaliplatin 100—130 mg/m? IV on day | 21
Capecitabine 850 mg/m® PO twice daily on days 1-14

Irinotecan 300-350 mg/m?® IV 21

Irinotecan 125 mg/m? IV on days 1,8, 15,and 22 & wh

FOLFIRI Irinotecan 180 mg/m? IV on day | followed by 14

LV 400 mg/m?/d IV on day | followed by
5-FU 400 mg/m%d IV on day | followed by
5-FU 2,400 mg/m? CIVI for 46 hours

Bevacizumab® 5 mglkg IV on day | 14

Ziv-aflibercept 4 mg/kg IV on day | 14

Cetuximab? 400 mg/m® IV on day | followed by weekly
250 mg/m? |V weekly thereafter

Panitumumab? & mglkg IV on day | 14

Regorafenib 160 mg PO once daily for 21 d 28

LY, leuceverin; IV, intravenous; 5.FU, S-flusrauracil; CIV], continuaus intravenaus infusion.
“These are in addition to those presented in Table 8.3.
Hin combination with any 5-FlUl-containing regimen.

“Alone or in combination with irinotecan-based regimens
Only indicated for patients with K-ras and/or B-raf wild-type tumors.

OLIGOMETASTATIC DISEASE

The liver is the most common site for metastasis, with one-third of cases involving only the liver.
Approximately 25% of liver metastases are resectable, with certain patient subsets showing 30% to
40% 5-year survival after resection and 3% to 5% operative morbidity and mortality. Nonoperative
ablative techniques (i.e., cryoablation, radiofrequency ablation, stereotactic RT, and hepatic artery
embolization with or without chemotherapy) have not shown consistent durable prospective survival
benefits. Intraoperative ultrasound is the most sensitive test for initial detection, followed by CT scan
or MRI. PET scanning can help identify occult extrahepatic disease in select patients being considered
for resection.

Patients with unresectable disease limited to the liver can be treated with locoregional hepatic
artery infusion (HAI) or systemic chemotherapy. Kemeny et al. reported a 4-year DFS and hepatic
disease-free benefit in patients with resected liver metastases who had received intra-arterial
floxuridine with systemic 5-FU compared to those who did not receive any postoperative therapy,
although there was no statistically significant difference in OS (62% vs. 53%; P = 0.06). Such an
approach has typically been reserved for select centers and its utility has been challenged by the
advent of more effective systemic chemotherapy.

The feasibility of converting initially unresectable disease to a potentially curative disease has been
investigated by Bismuth and colleagues. Resection was possible in 99 patients with either downstaged
or stable disease, and the 3-year survival was encouraging (58% for responders, 45% for patients
with stable disease). Similar observations have been reported by Alberts using preoperative
FOLFOX4 on 41% of patients undergoing resection with an observed median survival of 31.4 months
(95% CI 20.4 to 34.8) for the entire cohort. Indeed, current management of resectable liver disease
typically includes appropriate patient selection, adequate imaging to confirm isolated and limited
disease burden, multidisciplinary clinical collaboration, and consideration of perioperative systemic
chemotherapy. The latter recommendation is based, in part, on the results of a European study

Universal Free E-Book Store


http://booksfree4u.tk

showing a progression-free survival advantage to the use of 3 months of FOLFOX4 chemotherapy
pre- and postresection compared to surgery alone. However, attention must be paid to the potential
hepatotoxicity and surgical complications from prolonged perioperative chemotherapy. Importantly,
systemic chemotherapy fails to sterilize hepatic metastases, even if radiographic complete response is
noted. The role of targeted therapies in the perioperative setting is an area of active investigation.

REVIEW QUESTIONS

1. A 64-year-old woman complains of fatigue and 10 Ib weight loss over the last 4 months. She
denies any cough or abdominal pain, but reports occasional bright red blood per rectum after a
bowel movement that she attributes to hemorrhoids. She is otherwise healthy and family history
is noncontributory. She is a lifelong nonsmoker but has not seen a physician in 10 years. Her
physical examination is unremarkable, except for some external nonbleeding hemorrhoids noted
on digital rectal examination. Her lab tests including the comprehensive metabolic panel are
within normal limits. A complete blood count shows hemoglobin 10.2 g/dL, mean corpuscular
volume (MCV) of 73 fL, platelets 600,000/pL, and normal WBC count and differential. What is
the next best test that should be performed?

A. Mammogram

B. Bone marrow biopsy

c. Colonoscopy

D. Positron emission tomography (PET) scan
E. Stool fecal occult blood test (FOBT or FIT)

2. A 43-year-old male presents with 2 months of intermittent dark-colored stools and shortness of
breath with exertion. His personal medical history is unremarkable. His father was diagnosed
with colon cancer at age 55, his paternal uncle died from colon cancer at age 52, and his sister
had endometrial cancer at age 48. He has a microcytic anemia. Esophagogastricduodenoscopy is
unremarkable. Colonoscopy reveals a 3 cm, friable, lesion on the right side of the colon near the
hepatic flexure; there are no polyps noted on examination. A biopsy confirms poorly
differentiated adenocarcinoma. Which of the following genetic deficiencies is most likely
present?

A. BRCA 1 gene

B. APC gene

c. STK11 gene

D. CDHI1 (E-cadherin) gene

E. DNA mismatch-repair gene

3. A 61-year-old male underwent surgical resection 4 weeks ago with end-to-end anastomosis for a
sigmoid colon adenocarcinoma. The tumor was 2.5 cm across and extended into the muscularis
propria, margins were negative. Fifteen lymph nodes were resected; four were positive for
adenocarcinoma. A CT scan of the chest, abdomen, and pelvis showed no evidence of distant
metastatic disease. He has healed well and is referred to oncology. Which of the following
treatment is recommended after surgery?

A. Additional resection with removal of more lymph nodes

B. Adjuvant chemotherapy with a fluoropyrimidine-based regimen followed by radiation to the
surgical bed

c. Adjuvant chemotherapy with a fluoropyrimidine-based regimen

D. Adjuvant RT to the surgical bed
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E. No further treatment indicated

4. A 58-year-old male is evaluated for several months of fatigue, abdominal pain, lower back
tenderness, and 25 lb unintentional weight loss. Examination is notable for tender hepatomegaly
and no focal neurologic deficits. Laboratory tests reveal a total bilirubin 3 mg/dL, direct
bilirubin 2.2 mg/dL, AST 72 units/L, ALT 65 units/L, alkaline phosphatase 212 units/L, creatinine
0.8 mg/dL. CEA is elevated at 478. A CT chest, abdomen, and pelvis shows multiple, hypodense
lesions in the right and left hepatic lobes; small, bilateral pulmonary nodules; and scattered
destructive lesions in the lumbar vertebrae. A biopsy of a liver lesion confirms poorly
differentiated adenocarcinoma, CK20 positive, CK7 negative, CDX2 positive, supporting the
diagnosis of a colorectal malignancy. A mutational analysis confirms wild-type K-ras. He is
offered palliative chemotherapy for metastatic colon cancer. Which is NOT an approved biologic
agent for this patient’s metastatic colon cancer?

A. Bevacizumab
B. Rituximab

c. Panitumumab
D. Cetuximab

E. Regorafenib

5. A 54-year-old woman complains of difficulty passing stool and rectal fullness for 2 months. Her
medical history is otherwise negative. Her heme-occult stool test is positive. A colonoscopy
shows a 4 cm rectal mass located 8 cm from the anal verge, and biopsy confirms
adenocarcinoma. An endoscopic ultrasound shows the lesion penetrates through the muscularis
propria and four regional lymph nodes are involved. A CT of chest, abdomen, and pelvis does
not reveal any overt distant metastases. What is the recommended treatment for her rectal cancer?
A. Surgical resection followed by adjuvant chemotherapy and radiation
B. Neoadjuvant combined chemotherapy and radiation followed by surgical resection
c. Definitive chemotherapy and radiation therapy
D. Neoadjuvant combined chemotherapy and radiation, surgical resection, then postoperative

chemotherapy
E. Transanal mucosal resection of cancer
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Pancreatic Cancer

Austin Duffy, Christopher Ryan Heery, and Tim F. Greten

EPIDEMIOLOGY

= In 2012, an estimated 43,920 new cases of pancreatic cancer were diagnosed with 37,390 individuals
dying from this disease.

= Pancreatic cancer remains the fourth leading cause of cancer death in the United States.

» There is a slight male predominance (1.3:1) and a variation in risk according to both race and
family history. African Americans are at a higher risk for developing pancreatic cancer and have
higher mortality rates. It is estimated that between 3% and 16% of cases have a familial component.

» Cigarette smoking is perhaps the most important environmental risk factor. The risk decreases
following cessation. Other risk factors are chronic pancreatitis, heavy alcohol intake, diabetes,
obesity, and physical inactivity. Data regarding diet type and intake of coffee or NSAID medication
are inconclusive.

= The peak incidence of pancreatic cancer occurs in the seventh and eight decades of life.

Pathophysiology

The pancreas performs both endocrine and exocrine functions. Most pancreatic malignancies arise
from the ductal epithelium of the exocrine pancreas. K-ras mutations are present in over 90% of
pancreatic cancer, a molecular event which is believed to occur early in tumorigenesis. Other
frequent molecular findings comprise loss of the tumor suppressor genes DPC4 and p16. Other
primary pancreatic tumors are listed in Table 9.1. Intraductal papillary mucinous neoplasms (IPMN)
and mucinous cystic neoplasms follow a more indolent course in general. Patients with IPMN are at
increased risk of developing invasive adenocarcinoma and may also be at risk for the development of
extra-pancreatic malignancies.

Clinical Features

= The majority of pancreatic ductal adenocarcinomas arise from the head of the pancreas, frequently
presenting with biliary obstruction and jaundice necessitating stent placement. Pain caused by
localized disease is classically described as mid to upper back pain resulting from tumor invasion
of the celiac and mesenteric plexi. This can be palliated effectively by celiac axis block.

= Many patients develop some degree of pancreatic insufficiency leading to fat malabsorption and
require replacement with exogenous enzymes at mealtime. Anorexia and weight loss are perhaps
the most frequent symptoms in pancreatic cancer and nutritional support and supplementation is
extremely important. Small bowel obstruction can occur with bulky head of pancreas tumors, often
requiring surgical bypass. Glucose intolerance is also a frequent development.
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Table 9.1 Primary Pancreatic Tumors

Type Incidence
Exocrine carcinoma of pancreas 95%
Ductal adenocarcinoma 85-90%
IPMN with invasive component 2-3%
Mucinous cystic neoplasms with invasive 1%
component
Pancreaticoblastoma <1%
Solid and pseudopapillary neoplasm <1%
Acinar cell <1%
Mixed (e.g., acinar-endocrine) -
Endocrinelislet cell carcinoma 5%
Gastrinoma
Insulinoma
VIPoma
Glucagonoma
MNonfunctional

STAGING

The American Joint Committee for Cancer/International Union Against Cancer (AJCC/UICC) staging
classification of pancreatic cancer is the most widely used staging system. The practical importance
of accurate staging is to discriminate between three categories: (1) operable or potentially operable
disease; (2) inoperable but localized disease; and (3) metastatic disease. It is noted that in pancreatic
cancer—unlike other solid tumors—stage III disease is by definition inoperable.

DIAGNOSIS

= Screening tests: There are no approved screening tests for pancreatic cancer.

= Tumor markers: CA 19-9 is the most useful and frequently measured tumor marker. However, it is
relatively nonspecific, being elevated in the presence of jaundice and other upper GI cancers. In
addition, between 10% and 30% of patients will never manifest an elevation in this marker. The CA
19-9 may have utility for surveillance following surgery or in the setting of advanced disease;
however, changes or trends during treatment are complimentary to management and should not be
used to alter therapy.

= Imaging techniques: Imaging techniques include chest radiographs, triphasic abdominal
computerized tomography (CT) (with oral water contrast for enhanced imaging), ultrasound,
endoscopic retrograde cholepancreatography (ERCP), and endoscopic ultrasound (EUS).

= EUS is excellent for tumor and nodal staging, and also for detecting the presence of portal vein
invasion, although it is operator dependent. A major advantage of EUS is the ability to perform
fine-needle aspiration (FNA). Hepatic lesions can also be visualized and potentially sampled.

= Pathologic diagnosis may be achieved with ERCP, laparoscopy, peritoneal cytology, or CT-guided
biopsy.

MANAGEMENT
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For the management of patients with pancreatic cancer the most important considerations relate to
both the tumor stage and performance status of the patient. Following either surgical or radiological
staging, the patient’s disease can be deemed (1) resectable or potentially resectable; (2) locally
advanced, inoperable; or (3) metastatic.

Resectable Disease

Surgical removal of locally confined disease is the only realistic curative option. Even in that
circumstance, however, the relapse rate is high such that surgical resection (with adjuvant
chemotherapy) is viewed by many as deferring rather than eliminating recurrence. Less than 20% of
patients with pancreatic cancer have disease that is considered resectable at diagnosis, meaning that
the tumor is confined to the pancreas and not encasing the celiac axis or SMA and, at many
institutions, not involving the superior mesenteric vein—portal vein confluence. A Whipple or
modified, pylorus-sparing procedure is the surgical procedure of choice for pancreatic head tumors.
The stomach (distal third), gallbladder, cystic and common bile ducts, duodenum, and proximal
jejunum are resected, with resultant pancreatico-, choledocho-, and gastrojejunostomy. The
peripancreatic, superior mesenteric, and hepatoduodenal lymph nodes are also staged. Pathologic
review of the surgical margins must include assessment of the retroperitoneal margin (space directly
adjacent to the proximal 3 to 4 cm of the SMA) by inking the margin and sectioning the tumor
perpendicular to the margin. For tumors in the tail of the pancreas, distal pancreatectomy is
performed.

Adjuvant chemotherapy: The current standard of care adjuvant chemotherapy for pancreatic cancer
consists of either 5-fluorouracil (5-FU) or gemcitabine for 6 months. The major studies which have
led to this are as follows:

— The ESPAC-1 trial (Neoptolemos et al. 2004) evaluated four groups of postsurgical patients treated
with (1) surgery alone, (2) chemotherapy alone, (3) chemoradiation alone, or (4) chemoradiation
followed by chemotherapy. The chemotherapy consisted of 5-FU/leucovorin and the median
survival was 20.1 months (95% CI 16.5 to 22.7 months) for those who received chemotherapy and
15.5 months (95% CI 13.0 to 17.7 months) for those who did not receive chemotherapy (HR for
death 0.71). Two-year and 5-year survival estimates were 40% and 21%, respectively, among
patients who received chemotherapy compared to 30% and 8%, respectively, among patients who
received no chemotherapy.

— The RTOG 9704 trial compared gemcitabine and 5-FU in a 442 patient study, all of whom also
received adjuvant 5-FU-based chemoradiation. There was a suggested benefit to gemcitabine for
patients with tumors in the head of the pancreas for whom the median and 3-year survival was
20.5 months and 31% respectively compared to 16.9 months and 22% in the fluorouracil group
(HR 0.82; 95% CI 0.65 to 1.03; P = 0.09).

— The CONKO-1 study was a straightforward comparison of gemcitabine versus observation.
Estimated disease-free survival at 3 and 5 years was 23.5% and 16.0% in the gemcitabine group
versus 8.5% and 6.5% in the observation group, respectively. Gemcitabine significantly improved
median overall survival (22.8 months vs. 20.2 months; P = 0.005). Estimated survival at 3 and 5
years was 36.5% and 21.0% for the gemcitabine-treated group compared to 19.5% and 9.0% for the
observation group.

— The European Study Group for Pancreatic Cancer (ESPAC)-3 trial directly compared 5-FU and
gemcitabine in resected disease and found that there was no difference in survival (23 months vs.
23.6 months; P = 0.39).
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Adjuvant chemoradiation: The role of radiation postpancreatectomy is controversial given the
systemic nature of the disease when it recurs. A potential role for radiation is argued for the high risk
of locoregional recurrence and the attendant morbidity of this. The data are conflicting however and
derive mainly from older studies:

— The Gastrointestinal Study Group (GITSG) trial randomized patients to chemoradiation with
maintenance chemotherapy (n = 21) versus surgery alone (n = 22). The chemoradiation arm
consisted of split-course 4,000 cGy radiation in combination with bolus 5-FU. The chemotherapy
was subsequently administered for up to 2 additional years. A significantly prolonged median
survival of 20 months for the patients treated with chemoradiation versus 11 months for controls
was observed.

— The European Organization for Research and Treatment of Cancer (EORTC) randomly assigned
218 patients with pancreatic or ampullary tumors to adjuvant 5-FU-based chemoradiotherapy (but
no maintenance chemotherapy) or surgery alone. Although there was a trend toward a survival
benefit for the treatment arm with median survivals of 17 and 13 months in the treatment and
observation groups, respectively, and 5-year survival estimates of 23% and 10%, respectively, this
was not statistically significant.

— The design of the ESPAC-1 study, mentioned above, allowed for a comparison of patients who
received adjuvant chemoradiation and those who did not. There was no benefit for those patients
who underwent chemoradiation, and in fact chemoradiation appeared to be detrimental. The
median survival was 15.9 months (95% CI 13.7 to 19.9) among the 145 patients who were assigned
to chemoradiotherapy and 17.9 months (95% CI 14.8 to 23.6) among the 144 patients who were not
assigned to receive chemoradiotherapy (HR for death 1.28; 95% CI 0.99 to 1.66; P = 0.05). Two-
year and 5-year survival estimates were 29% and 10%, respectively, among patients who received
chemoradiotherapy, and 41% and 20%, respectively, among those who did not receive
chemoradiotherapy. There have been a number of criticisms of this conclusion, however,
especially with regard to the quality control of the radiation delivered.

Locally Advanced Pancreatic Cancer

For disease that is clearly unresectable the major modality of treatment is systemic chemotherapy.
The role of radiation therapy (RT) has grown increasingly controversial—as in the adjuvant setting—
largely due to a fuller appreciation of the tendency in pancreatic cancer for early systemic
progression. An important exception to this, however, is for patients who have pain related to the
loco-regional extent of their disease and for whom a definite palliative benefit exists with the use of
chemoradiation. The majority of studies evaluating systemic therapy in metastatic disease also
include locally advanced, nonmetastatic disease. The major studies evaluating chemoradiation in
locally advanced pancreatic cancer (LAPC) are as follows:

— A number of small older clinical trials suggested a possible survival benefit for (5-FU-based)
chemoradiation compared to radiotherapy alone in this patient population. For example, a trial by
the GITSG suggested a benefit for chemoradiation plus chemotherapy compared to chemotherapy
alone. The chemotherapy consisted of streptozocin, mitomycin, and 5-FU, and the 1-year survival
benefit was 41% compared to 19%.

— In an attempt to address this question in the modern clinical trial era the FFCD-SFRO (Fédération
Francophone de Cancérologie Digestive—Société Francaise de Radiothérapie Oncologique)
performed a phase III study—the first for nearly 20 years to address this question—directly
comparing chemotherapy and chemoradiation. In this study, 119 patients (of a planned 176) were

Universal Free E-Book Store


http://booksfree4u.tk

randomized to undergo induction chemoradiation (with 5-FU 300 mg/m?/24 h as a continuous

infusion, days 1 to 5 every week and cisplatin, 20 mg/m?/day, days 1 to 5 at weeks 1 and 5)
followed by gemcitabine, or straight to chemotherapy with gemcitabine. The study was stopped
prior to its full enrollment due to an inferior survival in the chemoradiation group (median
survival 8.6 vs. 13 months; P = 0.014).

— Recently a similar study was presented comparing gemcitabine alone (1,000 mg/m? weekly x 3
every 4 weeks for seven cycles) to chemoradiation (RT 50.4 GY in 28 fractions plus gemcitabine

600 mg/m? weekly x 6) followed by five cycles of gemcitabine alone (1,000 mg/m? weekly x 3
every 4 weeks). The trial was stopped early due to slow accrual (N = 74, out of a planned 316). The
median survivals were 9.2 months (95% CI 7.8 to 11.4) and 11.0 months (95% CI 8.4 to 15.5) for the
two arms respectively (P = 0.044).

— The Groupe Coordinateur Multidisciplinaire en Oncologie (GERCOR) performed a retrospective
analysis of 181 patients with locally advanced PAC who had been entered on prior prospective
GERCOR studies and who had been offered chemoradiation (at the discretion of the investigator),
but only if they had remained metastasis-free after a 3-month period. For those patients who were
metastasis-free after initial chemotherapy, there was a survival advantage if they proceeded to
chemoradiation compared to those who continued with chemotherapy alone (median OS 15.0 and
11.7 months, respectively; P = 0.0009). These data suggest that chemoradiation may offer a
survival benefit in selected patients who have disease that remains localized after a test of time.

Metastatic Disease

The majority of patients present with advanced disease and for these patients systemic therapy is the
major modality of treatment. Compared to best supportive care, chemotherapy has been shown to
prolong survival in patients with advanced pancreatic cancer, a conclusion based on a meta-analysis
of over 50 studies. The major consideration in the management of metastatic disease is the
performance status of the patient which has been shown in multiple studies and meta-analyses to be in
itself a powerful predictor of outcome. While progress has been slow there have been a few
developments of note and the narrative pertaining to these is as follows:

— Gemcitabine is a nucleoside analog whose cornerstone role in pancreatic cancer was established in
1997 following a phase III study which demonstrated an improvement in clinical benefit and
survival (a secondary endpoint in the study) compared to 5-FU in patients with advanced pancreatic
cancer who had received no prior treatment. More patients treated with gemcitabine had an
improvement in clinical benefit response—a composite measure of clinical improvement based on
three factors: pain, performance status, and weight change—compared to those treated with 5-FU.
There were also (modest) gains in survival (median survival 5.65 vs. 4.41; P = 0.0025; and 1-year
survival 18% vs. 2% in favor of gemcitabine).

— Following this, efforts focused on combining with other cytotoxics, the majority of which resulted
in negative studies. A meta-analysis of randomized trials, however, has indicated a significant
survival benefit for combination regimens when gemcitabine was either combined with platinum
agents (HR 0.85; 95% CI 0.76 to 0.96; P = 0.010) or fluoropyrimidines (HR 0.90; 95% CI 0.81 to
0.99; P = 0.030). In a subgroup analysis patients with a good performance status appeared to benefit
from cytotoxic combinations (HR = 0.76; 95% CI 0.67 to 0.87; P < 0.0001), whereas patients with a
poor performance status seem to have no survival benefit from combination chemotherapy.

— The first trial to show a survival benefit for any combination therapy in pancreas cancer and which
led to FDA approval of this combination in the front-line treatment of pancreas cancer in 2005 was
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a study by Moore et al., in which 569 patients with untreated locally advanced or metastatic
pancreas cancer were randomized to receive gemcitabine with either erlotinib or placebo. There
was a very modest but statistically significant improvement in progression-free (HR 0.77; 95% CI
0.64 to 0.92; P = 0.004) 1-year survival (23% vs. 17%; P = 0.023) and median overall survival (6.24
months vs. 5.91 months, HR 0.82; 95% CI 0.69 to 0.99; P = 0.038) favoring the erlotinib arm. As
has been the experience with EGFR inhibitors in other cancer types, the occurrence of a rash was
associated with an improved outcome. The median survival rates for patients with grade 0, 1, and
2+ rashes were 5.3, 5.8, and 10.5 months, respectively, suggesting that although the benefit for the
entire cohort is small, a specific subpopulation of patients may benefit significantly from the
addition of erlotinib.

— Recently the combination of gemcitabine with albumin-bound paclitaxel formulation demonstrated
activity in phase II studies and preliminary phase III results have been reported to be positive for
survival.

— In 2011 the standard of care initial management for patients with good performance status changed
with the publication of a phase III trial comparing gemcitabine with an intensive polychemotherapy
regimen combining oxaliplatin, irinotecan, and 5-FU/leucovorin (FOLFIRINOX). Although there
was increased toxicity with the experimental regimen it was associated with an impressive response
rate (31.6% vs. 9.4%) and survival advantage (11.1 vs. 6.8 months) compared with gemcitabine.

REVIEW QUESTIONS

1. A 62-year-old male presents to his physician following the onset of jaundice. A CT scan reveals a
3 cm mass in the head of the pancreas with no evidence of metastatic disease. After referral to a
surgeon the patient undergoes a Whipple resection. Pathology reveals a moderately differentiated
T3 adenocarcinoma of the pancreas. Zero of 14 lymph nodes showed evidence of malignancy.
The patient is recovering well. Which statement is TRUE regarding further management?

A. Adjuvant chemotherapy is not indicated as the patient’s lymph node resection was negative.

B. Adjuvant chemotherapy is indicated to improve quality of life but it has not been shown to
prolong survival in randomized studies.

C. Adjuvant chemotherapy is indicated based on randomized studies showing a small survival
benefit compared to placebo.

2. The following is a standard of care treatment consideration for a newly diagnosed patient of
good performance status with metastatic pancreatic cancer to the liver:
A. Gemcitabine alone
B. FOLFIRINOX
c. Gemcitabine and erlotinib.
D. All of the above

3. Which of following statements about Ca-199 is TRUE?

A. Ca-199 is a useful screening tool in pancreatic cancer because it is noninvasive.

B. Ca-199 is particularly useful in patients with jaundice who are suspected of having pancreatic
cancer.

c. A rising Ca-199 following surgery for pancreatic cancer should be treated with early
chemotherapy in order to prolong survival, even if the CT scan is negative for metastatic
disease.

D. Ca-199 has been shown to have prognostic value in both the pre- and postoperative settings.
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Anal Cancer

Stephen Ko

In the United States, anal cancer represents a rare malignancy and accounts for 2.2% of all
gastrointestinal malignancies; 6,230 new cases are diagnosed annually. The incidence has been
increasing over the last four decades. The most significant risk factors are sexually transmitted
viruses, tobacco smoking, and immunosuppression. Progress has been made over the years in the
management of anal cancer. In the 1970s, treatment focused on abdomino-perineal resection (APR).
Initially Nigro at Wayne State employed preoperative chemotherapy with 5-FU and mitomycin
(MMC) with radiation therapy (30 Gy) to improve on local control. Complete pathologic responses
were discovered and ushered in the concept of definitive chemoradiation, which continues to be the
mainstay of therapy for localized anal canal cancer.

EPIDEMIOLOGY

The annual age-adjusted rates in the U.S. Surveillance, Epidemiology, and End Results (SEER)
registry for 1994 to 2000 had risen to 1.59 per 100,000 for males and 1.84 for females. Cancers of the
anus, anal canal, and anorectum are some of the few cancers that are more common in females than in
males at nearly all ages. A potential reason for the rise in females may relate to the evolving sexual
practices and association with anal HPV infections. Median age at diagnosis is 60 to 65. Advancing
age is a risk factor for anal canal cancer. In certain populations such as men who have sex with other
men (MSM) and homosexuals, the rate of anal cancer can be as high as 37 per 100,000.

ETIOLOGY AND RISK FACTORS

Several risk factors have been associated with the development of anal cancer:

1. Sexual activity
a. 10 or more lifetime sexual partners
b. receptive anal intercourse before the age of 30
c. history of gonorrhea or syphilis or herpes simplex 2 or chlamydia
d. history of cervical cancer

2. Human papillomavirus infection. Up to 93% of SCC of the anal canal has been associated with
HPV infection. Women are more likely to have an HPV-associated anal cancer than men. Also HPV
infection is more common in MSM. HPV 16 and 18 are the most frequently associated strains
linked with anal cancer and account for 90% of anal cancers.

3. HIV infection. The effect of HIV infection on the incidence of anal cancer is not known with
certainty. It is unknown whether HIV directly affects the pathogenesis or if the impact is through
the interaction with HPV.

4. Cigarette Smoking. Case—control studies indicate increased risk in smokers and especially among
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current smokers.

PATHOLOGY
Anatomy

» The anal canal measures approximately 3 to 4 cm in length. It extends from the anal verge to the
puborectalis muscle of the anorectal ring. The dentate line is situated within the anal canal and the
histology separates depending on the location above or below the dentate line. Proximal to the
dentate, the histology is columnar epithelium, and distal to the dentate, the histology becomes
squamous cell epithelium.

= The anal margin has been arbitrarily defined as an area within 5 cm of the anal verge.

= Lymphatic nodal pathways. Drainage proximal to the dentate line follows the distal rectum to the
internal iliac lymph nodes (pudendal, hypogastric, and obturator). Drainage from the perianal skin,
anal verge, and the region distal to the dentate line follows the superficial inguinal lymph nodes
with some flow to the femoral nodes and external iliac lymphatics.

HISTOLOGY

The anus comprises three different histologic types: (1) glandular, (2) transitional, and (3) squamous
mucosa. Cancers arising from the transitional or squamous mucosa develop into squamous cell
carcinomas.

The basaloid or transitional carcinomas (formerly known as cloacogenic or junctional tumors)
develop from the transitional mucosa. Those cancers developing above the dentate line are
nonkeratinizing squamous cell carcinomas versus those distal to the dentate line are keratinizing
squamous cell carcinomas. Tumors arising from the glandular mucosa of the anal canal develop into
adenocarcinomas.

Anal margin tumors develop within the hair-bearing skin distal to the transitional mucosa.

PRESENTATION

Rectal bleeding and anal discomfort are the two most common symptoms and occur in over half of
the patients. Pruitus and discharge are other symptoms. Pain can be severe. Changes in bowel habits
can be a presenting symptom, especially with proximal anal canal cancers. Patients may be
asymptomatic as well.

WORKUP

Workup should include anoscope with biopsy (incisional), digital rectal examination (DRE), inguinal
lymph node evaluation (biopsy or FNA of any suspicious lymph nodes), chest CT, abdominal/pelvic
CT or MRI Pelvic examination should be performed on women including screening for cervical
cancer. Consider HIV testing and CD4 levels for patients at risk. Consider PET/CT, which may be
helpful for diagnosis but may aid in radiation treatment planning. Full chemistries and CBC should be
performed as well.
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STAGING

Staging is based on the seventh edition of the American Joint Committee on Cancer (AJCC), which
employs a TNM system for the staging of anal canal cancers. T stage is based partly upon the size of
the primary lesion or the invasion of nearby structures such as the bladder, prostate, vagina, or
urethra. The N stage is determined by the presence of perirectal, internal iliac, or inguinal lymph
nodes. The M stage is based upon the presence or absence of distant metastases.

PROGNOSTIC FACTORS

= Tumor size. The size of the primary lesion has been shown to be one of the most significant factors
in predicting local control and survival for lesions confined to the pelvis.

= Lymph nodes. The presence or absence of lymph nodes also has been shown to impact survival.

= Metastasis. The most significant prognostic risk factor for overall survival is the presence or
absence of extrapelvic metastases.

= HIV status. High viral load and low CD4+ count in some series have predicted for survival and
local control.

» Other: Hemoglobin levels <10 g/L. and male gender have impacted prognosis in some studies.

TREATMENT
Surgery
Anal Canal Lesions

In the 1970s, surgical resection with an APR was considered standard of care. APR produced local
control rates of 70%, and overall survival rates from 20% to 70% (average 50%). With inguinal
lymph node involvement, some series showed 5-year survivals of 10% to 20%. After the 1974
publication by Nigro showing complete pathologic response in three patients treated with
chemoradiation, anal cancer patients are rarely treated with upfront surgery, and definitive
chemoradiation remains the current standard of care. APR is reserved for salvage after failure with
definitive chemoradiation or reserved for management of radiation complications.

Surgery alone with local excision may be considered with small, localized TINOMO squamous cell
carcinomas of the anal canal. Several small retrospective series have demonstrated good local
control and 5-year survival with such an approach. The key to offering local excision is patient
selection. Patients with small tumors <2 cm, well differentiated, and no involvement of the sphincter
may be considered candidates. Otherwise, chemoradiation should be offered.

Anal Margin Lesions

Early anal margin cancers have traditionally been treated with local excision. Such lesions behave
more like a skin cancer, although this concept has never been validated prospectively. Wide local
excision has been reserved mostly for well-differentiated TINOMO lesions with good local control. In
a retrospective review of 48 patients with SCCA of the anal margin were reviewed. Thirty-one
patients underwent local excision, and 11 were treated by APR. Local excision provided satisfactory
results with a 5-year survival of 88%. However, larger lesions T2 or > or N+ should be treated with
definitive chemoradiation.
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Radiation Therapy

Since the 1974 Nigro publication, radiation therapy has involved into the primary curative modality
for the treatment of anal cancer. Radiation techniques also have evolved over time and varying types
of radiation therapy have been used including external beam radiation therapy (3D and intensity-
modulated radiation therapy [IMRT]), electrons, and brachytherapy.

Radiation alone has been used to treat early anal cancer (T1-T2NOMO) with relative success; most
retrospective studies have demonstrated modest local control and 5-year survivals; however, not all
studies show good local control with radiation alone. Tumors < 2 cm particularly appear to have
better local control. NCCN guidelines, however, recommend combined modality for even small
T1NOMO squamous cell carcinomas of anal canal. For the very elderly or those with significant
comorbidities, radiation alone may be a reasonable approach.

Combined Radiation Therapy and Chemotherapy

In 1972, Nigro at Wayne State developed the concept of treating anal cancer patients preoperatively
in order to decrease APR failures. He employed the Nigro regimen, 5-FU 1,000 m? on days 1 to 4 and

29 to 32 and mitomycin-c 10 to 15 mg/m? and mitomycin-c on day 1, combined with moderate pelvic
RT dose of 30 Gy. With the discovery of three pathologic complete responses after preoperative
chemoradiation, the focus changed to preserving the sphincter using chemoradiation and reserving
APR for salvage.

Since Nigro’s original publication, definitive chemoradiation therapy has become the standard.
Several retrospective series have demonstrated the success achieved with chemoradiation therapy in
terms of local control and overall survival (Table 10.1).

Radiation Therapy Alone versus Combined-Modality Therapy

Two prospective randomized trials have been conducted that have compared radiation alone versus
chemoradiation (Tables 10.2 and 10.3).

The United Kingdom Coordinating Committee on Cancer Research (UKCCCR) trial enrolled
patients with T1-T4, NO-N3, M0O-M1 anal cancer and small number of anal margins patients and
demonstrated improved local control and colostomy-free survival (CFS) with combined modality
treatment (CMT) but no statistical difference in overall survival. Even for early anal cancer patients
(T1-T2NOMO), there appeared to be a benefit favoring CMT on multivariate analysis.

The European Organization for Research and Treatment of Cancer (EORTC) conducted a similar
trial comparing radiation alone to radiation with chemotherapy (5-FU and MMC), which also
demonstrated an advantage toward CMT. This trial enrolled locally advanced anal canal cancer
patients, T3-T4, NO-N3, M0. Again, CMT showed a statistically significant advantage for CMT in
terms of local control, colostomy rate, and disease-free survival (DFS) but not for overall survival.

Thus, both the UKCCCR and EORTC trials established the principle that combined modality is
superior to single modality radiation alone.
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Value of MMC in the Combined-Modality Regimen

Due to the hematologic toxicity of MMC in CMT, two prospective phase III trials (RTOG/ECOG
8704 and RTOG 98-11) have evaluated the importance of MMC (Tables 10.2 and 10.3).

RTOG/ECOG 8704 was the first randomized trial to evaluate prospectively the importance of
MMC in CMT and compared 5-FU and MMC with RT (standard arm) versus 5-FU and RT
(experimental arm). The primary endpoint was DFS. At 4 years, DFS was 73% for 5-FU and MMC
compared to 51% for 5-FU. Colostomy rate was 22% with 5-FU vs. 9% with 5-FU, MMC (P = 0.002).
Despite the higher toxicity of MMC, the authors concluded that MMC was still the preferred regimen,
given the higher DFS and lower colostomy rate.

RTOG 98-11 was the second randomized trial to evaluate prospectively the role of MMC in CMT
and compared 5-FU and MMC with concurrent radiotherapy (standard arm) versus induction 5-FU
and CDDP followed by concurrent 5-FU and CDDP with radiotherapy (experimental arm). The
primary endpoint was again DFS. With a median of 2.51 years, the initial report revealed no
statistically significant difference in 5-year DFS (60% MMC vs. 54% CDDP), 5-year OS (75% MMC
vs. 70% CDDP), 5-year local-regional control rates (25% MMC vs. 33% CDDP) or 5-year distant
metastasis (DM) rates (15% MMC vs. 19% CDDP). The cumulative colostomy rate proved to be
statistically significantly higher with CDDP, 19% vs. MMC, 10%.

However, the updated RTOG 98-11 examined the long-term impact of treatment on survival (DFS,
OS, CFS), as well as colostomy failure (CF), and locoregional failure (LRF), and DM. With longer
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follow-up, 5-FU/MMC regimen produced statistically significant improvement in DFS and OS for RT
+ 5-FU/MMC vs. RT + 5-FU/CDDP (5-year DFS; 67.8% vs. 57.8%; P = 0.006; 5-year OS, 78.3% vs.
70.7%; P = 0.026). There was a trend toward statistical significance for CFS, LRF, and CF. Thus, the
authors conclude that RT + 5-FU/MMC remains the preferred standard of care.

ACT III (abstract form only) addressed two questions: (1) whether substituting CDDP for MMC
improves the complete response rate and (2) whether two cycles of maintenance chemotherapy (5-
FU/CDDP) reduce recurrences. The randomization employed a 2 % 2 factorial, and patients were
randomized to 5-FU/MMC with concurrent radiotherapy (standard arm) or CDDP/5-FU with
concurrent radiotherapy. Patients were then randomized to receive either two cycles of maintenance
chemotherapy (CDDP/5-FU) or no maintenance therapy. At a median follow-up of 3 years, the
complete response rate was 94% for MMC and 95% for CDDP (P = 0.53). No statistically significant
differences in terms of recurrence-free survival and overall survival were noted between the
maintenance and the no maintenance arms. The authors again concluded that 5-FU/MMC with RT
should remain the standard of care.

The data from ACT III and the updated RTOG 98-11 may seem to contradict one another: the CDDP
arm in RTOG 98-11 appears to have a detrimental effect on DFS and OS, whereas the ACT III shows
that CDDP may be at least equivalent to that of MMC. However, the trial designs were quite different.
RTOG employed the use of neoadjuvant chemotherapy prior to the start of concurrent
chemoradiotherapy. The prolongation of the overall treatment time may account for the inferior
results of the CDDP arm. However, given the current data available, 5-FU/MMC should remain the
standard of care.

Toxicity of Combined-Modality Therapy

Toxicity from CMT can be divided into acute and late effects. A variety of toxicity criteria have
been employed in the different randomized trials, which makes analysis difficult (Table 10.4).

Acute Toxicity

Patients typically experience moderate to severe acute toxicities from the combination of both
chemotherapy (5-FU and MMC) and radiation therapy. Side effects include nonhematologic toxicities
(nausea/vomiting, abdominal pain, increased frequency of stool, diarrhea, skin irritation, fatigue,
weight loss) and hematologic toxicities (neutropenia, thrombocytopenia, anemia).

Toxic deaths from CMT have ranged from 0% to 5%). In the UKCCCR study, 6/116 (2%)
experienced toxic death, mostly due to septicemia. The EORTC trial reported on 1 toxic death out 110
patients. In the RTOG 8704 study, four patients (3%) experienced death in the MMC arm. More
recently, there were no reported toxic deaths in both RTOG 98-11 and ACT II trials. The ACCORD 03
trial, a four-arm randomized trial, showed similar toxic deaths across all four arms (A=1[1%], B =
2 [26%], C = 3[3%], D = 1[1%]). No patient required an APR for acute toxicity in any of the arms
during the induction phase or the concurrent chemoradiation phase.
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Late Toxicity

Late effects have not been well documented within the randomized trials. Part of the challenge in
evaluating late effects is the differing toxicity scales used in the various trials. Early toxicity criteria
used in the randomized trials did not allow for characterizing radiation-induced side effects.

Both the early EORTC and UKCCCR did not demonstrate a difference in long-term complications
between those receiving CMT vs. RT alone. RTOG 8704 similarly revealed no significance difference
in long-term toxicity between RT-5-FU and RT and 5-FU/MMC, although two patients from each arm
required stoma secondary to RT-related complications. In the RTOG 9811 update, the most common
types of late grade 3 or 4 toxicity included skin, small/large intestine, subcutaneous tissue, or other.
There did not appear to be a difference between the MMC or CDDP arms for grade 3/4 toxicity
(13.1% vs. 10.7%; P = 0.35). In the ACCORD 03 trial, late toxicities were primarily of grade 1 or 2.
However, nine patients experienced grade 4 toxicities including necrosis, fistula, bleeding, or pain of
whom five were treated with an APR and four underwent colostomy alone.

Chemoradiation in HIV-Positive Patients

HIV-positive patients pose a particular treatment challenge due to their inability to tolerate CMT.
Early reports indicated that some patients were receiving less than optimal therapy due to concerns
for treatment toxicity. However, patients with a CD4 count of >200 can have excellent control of their
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disease with acceptable morbidity. Those with CD4 counts of <200, however, may require a
modification in their treatment regimen such as omission of MMC or a reduction in the RT field
and/or dose. UCSF analyzed 17 HIV-positive patients and documented CD4 counts. All nine patients
with a CD4 count > 200 had control of their disease. Four patients did require a treatment break of 2
weeks, but no hospitalizations occurred. Among the eight patients with CD4 counts < 200, four
experienced lowered blood counts, intractable diarrhea, or moist desquamation. Four of eight
ultimately required colostomies for either treatment-related toxicity or for salvage of their disease.
Disease, though, was controlled in seven of eight patients. Thus, based on the UCSF experience with
HIV-positive patients, one should consider modifying the treatment regimen particularly if CD4
counts are less than 200.

Dose of Radiation

Local-regional failures occur in 20% to 30% after definitive chemoradiation. Because of such
local-regional failures, RTOG 92-08, a phase II, dose escalation trial was designed to escalate dose to
59.4 Gy, with a mandatory treatment break of 2 weeks after the initial 36 Gy. The initial study included
47 patients with a mandatory break. The update of RTOG 92-08 analyzed not only the original 47
patients with the mandatory break but also analyzed 20 additional patients who did not have a planned
break. Both groups of patients showed no difference in OS or LRF when compared historically to
patients on RTOG 87-04 MMC arm. The higher dose likely did not result in improved outcomes
because of the treatment break, which may have allowed for tumor repopulation and/or repair of
sublethal damage.

The ACCORD 03 trial evaluated both the value of treatment intensification by induction
chemotherapy (two cycles of 5-FU and CDDP) and radiation dose escalation by incorporating a 20 to
25 Gy boost in patients with locally advanced anal cancer patients (T2 > 4 cm or T3-T4Nx or any T,
N1-N3, MO0). The trial was conducted as a factorial 2x2 study (A = ICT; B = ICT +HDRT; C =
reference arm = pelvic RT 45 Gy per 25 fractions with two cycles of 5-FU-CDDP + boost of 15 Gy; D
= HDRT). High-dose RT (HDRT) incorporated a boost of 20 to 25 Gy. Thus, arms A and C received
60 Gy total and arms B and D received 65 to 75 Gy total. There appeared to be no difference in their
primary endpoint of CFS at 3 years, or in any secondary endpoints such as response rate, toxicity,
local control, or overall survival.

Although controversy exists regarding the optimal dose, a reasonable approach is to treat between
55 to 59 Gy (RTOG 98-11) if 3D conformal radiation is being contemplated and 54 Gy if dose
painting IMRT (DP IMRT) is being employed per RTOG 0529.

Intensity-Modulated Radiation Therapy

IMRT represents a specific radiation technique that requires specific hardware and software and
most importantly technical expertise to deliver conformal radiation doses to target volumes and to
limit dose to organs at risk (OAR) such as the intestine, rectum, bladder, skin, external genitalia, and
bone. One of the greatest challenges in treating anal cancer is the morbidity from the CMT, and IMRT
provides a means to reduce acute toxicity and potentially long-term toxicity. In the future, dose
escalation may be possible through IMRT.

Early, single institution, retrospective trials demonstrated encouraging results in reductions in
acute toxicity with the use of IMRT (Table 10.5). A multi-institutional phase II trial, RTOG 0529, has
confirmed prospectively the reduction in acute toxicities with this technology. The goal of RTOG
0529 was to reduce grade 2+ combined acute GI and GU adverse events of 5-FU and MMC combined
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with DP IMRT by at least 15% compared with the conventional RT/5-FU/MMC arm from RTOG 98-
11. Eligible patients included 52 evaluable, T2—T4NO-N3MO anal cancers. As the primary endpoint,
77% experienced grade 2+ GI/GU AEs (9811 77%). However, there was a significant reduction in
acute grade 2+ hematologic, 73% (98,11 85%; P = 0.032), grade 3+ GI, 21% (9811 36%; P = 0.0082)
and grade 3+ dermatologic, AEs 23% (98,11 49%; P < 0.0001) with DP IMRT. Real-time quality
assurance was conducted and on pretreatment review found 81% initial plans required replanning due
to errors in creating volumes properly. Thus, this trial demonstrated that acute toxicity can be reduced
but requires intimate knowledge of anatomy for proper planning and proper delivery. A separate
publication regarding the efficacy (2-year local-regional control) and late effects of IMRT is
forthcoming. Until further analysis can be performed, IMRT cannot be considered the standard of
care. Although if reduced toxicity (acute and long term) is confirmed along with comparable efficacy
of conventional radiotherapy, IMRT will become standard practice.

If 3D conformal radiation techniques are employed, patients should receive treatment as per the
RTOG 98-11 study. If IMRT is contemplated, the guidelines published by RTOG for contouring the
anatomy for GI pelvic tumors should be referenced as well as the RTOG 0529 atlas.

Tumor Regression after Chemoradiation

After patients have completed definitive chemoradiation therapy, patients should be followed up
clinically in 8 to 12 weeks after therapy. Cummings demonstrated that mean time for tumor
regression was 3 months but regression of a tumor could occur up to 12 months. Thus, if there is
persistent disease at 8 to 12 weeks, patients should be followed up closely (every month) to document
regression. As long as there is documented regression on serial examinations, patients may continue
to be monitored. However, at any point if there is progression, then biopsy followed by salvage APR
should be considered.

TREATMENT OPTIONS ACCORDING TO STAGE
Stage 0

» Surgical resection is the treatment of choice for the lesions of the perianal area that does not
involve the anal sphincter.

Stage |

= Small, well-differentiated tumors of the anal margin not involving the anal sphincter can be treated
with wide local excision.

m All other stage I tumors of the anal margin and anal canal are treated with chemoradiation with 5-
FU/MMC.

= Patients who cannot tolerate chemotherapy, such as the very elderly or those with multiple
comorbid conditions, may be treated with radiation alone.

= Surgical salvage with APR is reserved for residual cancer in the anal canal after chemoradiation.

Stages Il to llIB

= Chemoradiation with 5-FU/MMC is the recommended initial approach.
= Patients who cannot tolerate chemotherapy may be treated with radiation alone.
= Surgical salvage with APR is reserved for residual disease in the anal canal after chemoradiation.
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Stage IV

There are limited data regarding the treatment of metastatic disease given the overall rarity of the
disease. There are no available phase III data and only very limited phase II prospective data are
available. The most widely used regimen is cisplatin plus 5-FU, which is the recommended as first-
line therapy by NCCN. Response rates have been as high as 50% to 66% and median survivals of 12
to 34.5 months. Clinical trials should be encouraged. Palliative efforts remain an important
component of care.

PERSISTENT OR RECURRENT ANAL CANCER

Surgery with APR is considered the treatment of choice for either persistent or recurrent disease and
20% to 40% of patients may achieve long-term control. For persistent disease, RTOG 8704 treated
22 patients with a 9 Gy boost with 5-FU and CDDP as salvage. Ultimately, 12 of 22 remained disease-
free after surgical intervention. Given the limited data, surgery should remain the standard for
chemoradiation failures.

Follow-Up
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There are no prospective data regarding the optimal follow-up regimen. NCCN suggests the
following: DRE, anoscopy, inguinal node palpation every 3 to 6 months for 5 years. For T3-T4 or
positive inguinal lymph nodes at diagnosis, one should consider chest/abd/pelvic imaging annually
for 3 years.

Prognosis

The National Cancer Database has provided 5-year survival of anal canal carcinoma patients by stage
for both squamous and nonsquamous histologies. The database is based on cases diagnosed from
1998 to 1999 and includes 3,598 cases.

For squamous cell histology, the 5-year survival is as follows: stage I = 71.4%, stage II = 63.5%,
stage IITA = 48.1%, stage IIIB = 43.2%, and stage IV = 20.9%. For nonsquamous histology, the 5-year
survival is as follows: stage I = 59.1%, stage Il = 52.9%, stage IIIA = 37.7%, stage IIIB = 24.4%, and
stage IV = 7.4%. The prognosis shows a statistically worst survival stage for stage between squamous
and nonsquamous cell histologies, except for stage IIIA.

REVIEW QUESTIONS

1. A 63-year-old female has been diagnosed with a clinical stage IIA, T2N1MO squamous cell
carcinoma of the anal canal. The patient presented with mild rectal bleeding but otherwise is
healthy and has a good performance status, ECOG 1. What is her best treatment option?

A. Neoadjuvant CDDP + 5-FU followed by concurrent CDDP + 5-FU with RT
B. Concurrent 5-FU + MMC with RT

c. Concurrent 5-FU + MMC with RT + adj chemo (5-FU + CDDP)

D. Concurrent 5-FU +RT

2. A 63-year-old female has been diagnosed with a clinical stage IIIA, T2N1MO squamous cell
carcinoma of the anal canal. The patient asked about her prognosis. What is her estimated 5-year
overall survival?

A. 75%
B. 30%
c. 50%
D. 15%

3. A 44-year-old HIV+ male with a CD4 count of 630 was recently diagnosed with a clinical stage II,
T3NOMO squamous cell carcinoma of the anal canal. The patient is otherwise healthy with an
ECOG of 0. What is his best treatment option?

A. Radiation alone

B. Radiation with 5-FU

c. Chemotherapy alone with 5-FU and MMC
D. 5-FU/MMC with radiation alone

4. A 55-year-old female who was diagnosed with a stage IIIB, T4AN1MO squamous cell carcinoma of
the anal canal just completed definitive chemoradiation with 5-FU and MMC with 59 Gy of
radiation (45 Gy to the pelvis + 14 Gy boost to the primary tumor). Ten weeks after completing
therapy, a DRE is performed. A small nodule remains within the anal canal. What is the patient’s
best treatment option?

A. immediate APR
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5.

B. chemotherapy alone with 5-FU and CDDP
c. 4-week reevaluation with repeat DRE, inguinal node palpation, and anoscope
D. reirradiation

A 67-year-old female with a newly diagnosed, locally advanced squamous cell carcinoma of the
anal canal is having a consultation with the radiation oncologist. He is a very fit individual and
has a good performance status, ECOG 1. Among his many questions, he inquires what is his
chance of dying from the therapy?

A. 5% to 15%

B. 0% to 5%

c. 10% to 20%

D. 20% to 30%
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Other Gastrointestinal Tumors

Joleen M. Hubbard

GASTROINTESTINAL STROMAL TUMOR

Gastrointestinal stromal tumors (GISTs), a type of sarcoma, are the most common nonepithelial
tumors of the gastrointestinal (GI) tract that arise from precursors of connective tissue cells. Most GI
soft tissue neoplasms, previously classified as leiomyomas, schwannomas, leiomyoblastomas, or
leiomyosarcomas, are presently classified as GIST on the basis of molecular and immunohistologic
features. Approximately 80% to 85% of GIST tumors have a mutation in the proto-oncogene KIT, and
5% to 8% harbor a mutation in the platelet-derived growth factor receptor alpha (PDGFRa) gene (5%
to 10%), both of which lead to ligand-independent signal transduction resulting in increased cell
proliferation and inhibition of apoptosis. The development of targeted therapies, which inhibit KIT
and PDGFRa, has revolutionized the treatment of GIST in both the adjuvant and advanced settings.

Epidemiology

The incidence of GIST is estimated to be approximately 10 to 15 cases per 1,000,000 persons in the
United States; the median age at diagnosis is 55 to 65 years. There are no established risk factors for
the development of GIST.

Pathology

GISTs are believed to originate from interstitial cells of Cajal. The majority of cases can be classified
into two categories: spindle cell type (70%) and epitheliod type (20%). The spindle cell type has
uniform eosinophilic spindle cells organized in short fascicles or in a short storiform growth pattern.
The epitheliod cell type has round-shaped cells exhibiting eosinophilic or clear cytoplasm that tend to
exhibit a nested growth pattern.

GISTs most commonly occur in the stomach (60%) or duodenum, followed by the small intestine
(25%), rectum (5%), and esophagus (2%); 5% are found in the colon, mesentery, and
retroperitoneum. Early-stage GIST typically manifests as a localized tumor (i.e.,, in the stomach).
Approximately 10% to 20% of patients present with metastatic disease, predominantly in the liver or
peritoneum.

Diagnosis

Approximately 85% of GISTs express KIT, a type 3 transmembrane receptor tyrosine kinase. It is the
single most common tumor marker for GIST and is identified with anti-CD117 antibodies on
immunohistochemistry. PDGFRA mutations are h