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Introduction

The American Cancer Society (ACS) published its first text-
book in 1963 with the objective of introducing students and
practicing clinicians to the rapidly emerging field of oncology.
Since then, eleven editions of this book have been published
under a variety of titles. Due to the growing body of cancer
information available, we have divided the content into
two books to cover the information we considered most
essential.

This book, The American Cancer Society’s Oncology in
Practice — Clinical Management, applies the principles of mul-
tidisciplinary care to specific forms of cancer. Each chapter
begins with sections that summarize the population burden of
that disease, risk factors, screening, and diagnosis. The chapters
focus on treatment for persons with each type of malignancy,
and then conclude with a summary of follow-up and survivor-
ship considerations.

This textbook and its companion (The American Cancer
Society’s Principles of Oncology — Prevention to Survivorship)
are comprised of the contributions of myriad authors, editorial
board members, and reviewers. The most essential contribu-
tors are, of course, the distinguished chapter authors who took
time from their busy clinical and/or research schedules to
organize and summarize their knowledge on a particular
aspect of cancer control. Relative to these other components of
their work, contributing a chapter to this book yields much
less recognition (and, absolutely no remuneration). These

dedicated, hard-working, geniuses have been a pleasure to
work with and we appreciate their patience through the inevi-
table revisions and delays inherent in the publication of a book
of this magnitude.

This work also would not have been possible without the
advice, time, and expertise of our editorial board of prominent
experts. They selected chapter authors, reviewed and edited
chapter manuscripts, and helped keep the work moving. There
were some chapter topics for which our editorial board recom-
mended review by additional experts. These peer reviewers are
listed in the frontmatter and I sincerely appreciate their valua-
ble contribution to this book.

Once the authors and editors are finished, the work of the
publisher still continues. A good publisher is a delight to work
with. The converse is even more true, and I appreciate the
expertise and dedication of our colleagues at Wiley-Blackwell.

Finally, this work could not have been initiated and com-
pleted without the work of many American Cancer Society
staff and volunteers. I especially want to thank Ms. Jin Kim
who as managing editor of this project skillfully coordinated
and organized the work of everyone else. And of course, this
book and everything else done by the American Cancer Society
depends on the support of our volunteers and donors, and is
inspired by our constituents.

Ted Gansler, MD, MBA, MPH
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Lung Cancer
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Incidence and Mortality

Lung cancer is the most commonly diagnosed cancer world-
wide with an estimated 1.8 million new cases each year. This
accounts for approximately 13% of all cancers in the world.
With an estimated 1.6 million deaths each year, lung cancer is
also the leading cause of cancer-related mortality globally [1, 2].
Among men, lung cancer is the most common malignancy,
whereas in women, lung cancer incidence is exceeded only by
breast and colorectal cancers. The estimated incidence rates of
lung cancer in more developed countries are 18.6 per 100,000
women per year and 47.4 per 100,000 in men per year. The cor-
responding rates for less developed countries are 11.1 and 27.8
for women and men, respectively. The mortality related to lung
cancer in men has declined in the past two decades in the
Western countries, but is increasing rapidly in the developing
world. However, in women the incidence and mortality related
to lung cancer continues on an upward trend in most regions of
the world. In the United States (US), an estimated 222,500 cases
of lung cancer will be diagnosed in the year 2017 and approxi-
mately 155,870 deaths will result from lung cancer [3]. In
Europe, an estimated 417,000 cases of lung cancer are diag-
nosed annually with approximately 367,000 deaths each year [4].
China has experienced a 465% increase in the deaths related to
lung cancer over the past 30 years [5]. With approximately
500,000 new cases annually, lung cancer is the most common
cancer in China in both men and women. Based on the
increasing incidence of cigarette smoking in the developing
world, it is estimated that most lung cancers cases will occur
outside the US and Europe by the year 2030.

Risk Factors

Cigarette smoking is the most common risk factor for lung
cancer. Nearly 85% of patients with lung cancer have a history of
smoking tobacco products. Among them, approximately 50%

are former smokers, defined as being free from smoking for at
least 12 months before the diagnosis of lung cancer. The risk
of developing lung cancer is proportional to the number of
cigarettes smoked per day and the cumulative duration of
smoking time. Patients with a smoking history of more than
20-30 pack years are considered to be at high risk for develop-
ing lung cancer. Though the prevalence of cigarette smoking is
declining in the US, it is increasing at an alarming rate in devel-
oping and third world countries. Consequently, the number of
cases of lung cancer diagnosed annually is likely to rise over the
next few decades. Smoking cessation is associated with a grad-
ual reduction in risk of lung cancer, though it does not reach
that of a never-smoker. Since fewer than 20% of heavy smokers
develop lung cancer, genetic susceptibility to lung cancer also
appears to play a risk. Women appear to be at a higher risk of
developing lung cancer compared to men. In recent years, there
are an increasing number of never-smokers diagnosed with
lung cancer. The tumors in these individuals are more likely to
harbor certain genetic alterations such as mutations in the
epidermal growth factor receptor (EGFR) gene, and rearrange-
ment in the anaplastic lymphoma kinase (ALK) gene [6].
Second-hand exposure to smoke is another risk factor that con-
tributes to nearly 1% of all cases of lung cancer.

Occupational exposure to asbestos is a known risk factor for
lung cancer [7, 8]. It is estimated that in patients without a
smoking history, there is a fourfold higher risk of lung cancer
with asbestos exposure. Cigarette smoking has an additive effect
on increasing the risk of lung cancer associated with asbestos
exposure [9]. Although the use of asbestos is banned in nearly
50 countries in the world, it is on the rise in China, India, Russia,
and many other countries. The Environmental Protection
Agency (EPA) and the World Health Organization consider all
forms of asbestos as carcinogenic. There is a latency of a few
decades between asbestos exposure and the development of
lung cancer. The risk of developing lung cancer from asbestos is
related to the duration of exposure, quantity, and the type of
asbestos fiber.

The American Cancer Society’s Oncology in Practice: Clinical Management, First Edition. Edited by The American Cancer Society.
© 2018 The American Cancer Society. Published 2018 by John Wiley & Sons, Inc.



4

Thoracic Cancers

Radon exposure has also been implicated in the development
of lung cancer [10]. Radon results from the radioactive decay of
uranium. Household exposure to radon in certain geographical
regions is high and contributes to nearly 20,000 new cases of
lung cancer each year, according to an EPA estimate [11]. The
EPA recommends that household radon levels should be
<4 picocuries/L of air to minimize the risk of developing lung
cancer. Simple remedial methods are available to reduce radon
exposures above this threshold. Exposure to ionizing radiation
in the form of therapeutic radiation, or frequent diagnostic
radiographic tests is also associated with a higher risk of devel-
oping lung cancer. Industrial exposure to metals such as arsenic,
nickel, chromium, and general air pollution have all been linked
to a higher risk of lung cancer. There are no known familial
genetic syndromes associated with lung cancer.

Pathology

Historically, lung cancer was broadly subdivided into nonsmall
cell lung cancer (NSCLC) and small cell lung cancer (SCLC),
based on the distinct behavior and response to chemotherapy
between these two subsets of patients. NSCLC constitutes ade-
nocarcinoma, squamous cell carcinoma and large cell carci-
noma subtypes. In the past few years, distinct differences
between the various subhistologies of NSCLC have been recog-
nized and an increasing emphasis is placed on the identification
of subtypes from diagnostic specimens.

Adenocarcinoma is the most common histological subtype of
lung cancer. It has gradually increased in incidence, surpassing
squamous cell cancer in the past two decades. In the US, adeno-
carcinoma represents nearly 50% of all cases of lung cancer.
Adenocarcinoma has a higher predilection for distant metasta-
sis compared to squamous cell histology. Never-smokers that
develop lung cancer most frequently have the adenocarcinoma
subtype. Since 2011, a new classification system for lung adeno-
carcinoma has been in use [12]. Under this system, adenocarci-
noma is divided into preinvasive, minimally invasive, and
invasive types (Table 1.1). Atypical adenomatous hyperplasia
refers to a localized proliferative lesion consisting of atypical
type II pneumocytes or Clara cells and measuring <5mm.
Adenocarcinoma in situ (AIS) refers to lesions measuring <3 cm
in size that do not have any invasive characteristics. This was
previously referred to as bronchioloalveolar carcinoma. Lesions
<3cm with a predominant lepidic pattern (referring to growth
along alveolar structures) and invasion of <5mm in greatest
dimension are referred to as minimally invasive adenocarci-
noma (MIA). AIS and MIA have a >95% 5-year survival rate
when treated with surgical resection. Invasive adenocarcinoma
represents nearly 90% of cases of adenocarcinoma. Based on the
predominant growth pattern, it is categorized as lepidic, acinar,
papillary, micropapillary, or solid predominant with mucin pro-
duction. In addition to morphological features, immunohisto-
chemistry studies are helpful in establishing the histological
subtype of NSCLC. Adenocarcinoma specimens tend to be
positive for cytokeratin 7, napsin A and thyroid transcription
factor-1 (TTF-1) and are negative for cytokeratin 20 [13]. TTF-1
is considered a strong marker of adenocarcinoma based on pos-
itivity in nearly 75-85% of cases [14].

Table 1.1 IASLC/ATS/ERS classification of lung adenocarcinoma in resection
specimens.

Preinvasive lesions
Atypical adenomatous hyperplasia
Adenocarcinoma in situ (<3 cm formerly BAC)
Nonmucinous
Mucinous
Mixed mucinous/nonmucinous

Minimally invasive adenocarcinoma (<3 cm lepidic predominant tumor
with <5 mm invasion)

Nonmucinous

Mucinous

Mixed mucinous/nonmucinous
Invasive adenocarcinoma

Lepidic predominant (formerly nonmucinous BAC pattern, with >5 mm
invasion)

Acinar predominant
Papillary predominant
Micropapillary predominant
Solid predominant with mucin production
Variants of invasive adenocarcinoma
Invasive mucinous adenocarcinoma (formerly mucinous BAC)
Colloid
Fetal (low and high grade)

Enteric

Source: Travis et al. [12]. Reproduced with permission of Elsevier.

ATS, American Thoracic Society; BAC, bronchioloalveolar carcinoma; ERS,
European Respiratory Society; IASLC, International Association for the Study
of Lung Cancer [28].

Squamous cell lung cancer is decreasing in incidence in the
US, most likely due to the changing smoking habits of the popu-
lation. Squamous cell tumors are often centrally located and are
almost always seen in patients with smoking history. Squamous
dysplasia and squamous cell carcinoma in situ are preinvasive
lesions that can develop into invasive cancers. The majority of
squamous cell tumors stain positive for p63 and p40 markers;
these markers can be tested in diagnostic specimens of lung
cancers lacking apparent squamous differentiation on routinely
stained slides. A panel of markers including TTF-1, p63 and p40
is increasingly evaluated in diagnostic specimens of patients
with lung cancer to identify the histological subtype [14].

Large cell carcinoma represents 3—4% of NSCLC and is char-
acterized by a high mitotic rate, necrosis, and morphological
features of NSCLC [15, 16]. The tumors stain positively for neu-
roendocrine markers such as chromogranin A and synaptophy-
sin. Accurate diagnosis of this histological subtype requires an
abundance of specimen tissue. Large cell carcinoma is associ-
ated with an aggressive clinical course and poor survival rates
even with early-stage disease. Large cell carcinoma is strongly
associated with smoking history.

SCLC is diagnosed in approximately 13% of lung cancer cases
in the US. The incidence of SCLC has gradually declined over
the past three decades in the US. SCLC is strongly associated
with smoking and is rare in never-smokers. Pathological diagnosis



is established by light microscopy that demonstrates character-
istic features such as a high degree of mitosis and necrosis.
Diagnostic workup of SCLC includes immunostaining for TTF-1,
chromogranin, synaptophysin, and CD-56. Approximately 15%
of SCLC specimens have mixed morphology with components
of NSCLC [15, 17].

Molecular Pathology

In recent years, a number of molecular abnormalities have been
identified in lung cancer (Figure 1.1) [18]. Many of these repre-
sent targets for therapy and therefore obtaining adequate tumor
tissue to conduct molecular studies is an essential component
of the diagnostic workup for lung cancer. The heterogeneity of
lung cancer in terms of presenting features and clinical course
has been recognized for a long time. Now, a greater understand-
ing of the molecular features that account for the heterogeneity
is leading to individualized treatment approaches. In lung ade-
nocarcinoma, nearly two-thirds of patients harbor an oncogenic
mutation that can potentially be targeted with specific agents.
The most common among these are mutations involving K-
RAS, EGFR, B-RAF, HER-2, PIK3CA and gene rearrangements
involving the ALK, RET and ROSI1. K-RAS mutations are pre-
sent in approximately 25% of lung adenocarcinoma patients and
are often associated with cigarette smoking. The most common
sites of mutation in K-RAS include codon 12, 13 and 61 that
results in an amino acid substitution [19]. This results in
impaired GTPase activity, which confers constitutive activation
of RAS signaling. The prognostic value of K-RAS mutation in
patients with lung cancer is controversial, despite early reports
that it portends a poor overall outcome and reduced sensitivity
to chemotherapy.

MAP2K1 N-RAS

AKTA ROST1 fusions
PIK3CA

HER-2

ALK
fusions R

Figure 1.1 Molecular drivers in lung adenocarcinoma. Source: Pao and
Hutchinson [18].

Lung Cancer

Mutations in EGER are observed in nearly 15% of White lung
cancer patients and 40% of Asians. Deletion mutation in exon
19 and a point mutation in exon 21 are the most common EGFR
mutations. These mutations are located in the tyrosine kinase-
binding domain of the receptor and result in constitutive
activation of the pathway, leading to proliferation, evasion of
apoptosis and angiogenesis. Patients with EGFR activating
mutations derive robust clinical benefits with EGFR tyrosine
kinase inhibitors (TKI) [20, 21]. Nearly 60% of patients with an
EGFR mutation will develop a secondary mutation in exon 20
(T790M) upon continued exposure to an EGFR TKI [22]. This
mutation is the most common mechanism of resistance to
EGFR TKI therapy, but can also be found de novo in certain
patients with lung adenocarcinoma along with an exon 19 or 21
mutation prior to exposure to EGFR TKI therapy. In approxi-
mately 5% of patients with lung adenocarcinoma, gene rear-
rangement involving ALK is observed. This fusion gene results
in activation of downstream signals that can be inhibited by
specific ALK kinase inhibitors. Crizotinib, an ALK inhibitor,
induces objective tumor response in nearly two-thirds of
patients [23]. It is noteworthy that EGFR and K-RAS mutations
and ALK gene rearrangement are mutually exclusive. ALK
gene rearrangement is detected by the fluorescent in situ
hybridization (FISH) test using the Vysis break-apart assay.
Immunohistochemistry can be used as a screening step before
conducting the FISH test. Other fusion abnormalities involving
the RET and ROS1 genes are each present in 1% of lung adeno-
carcinoma specimens [24]. In addition to these molecular
events, p53 mutation and LKB1 loss are commonly observed
in lung adenocarcinoma patients [24].

Squamous cell carcinoma has an entirely different spectrum
of molecular abnormalities. Recent studies from the Cancer
Genome Atlas (TCGA) project indicate common mutations
including TP53, PTEN loss, PIK3CA, KEAPI, DDR2, and RB1
[25]. Amplification of the fibroblast growth factor receptor
(FGEFR) gene is also noted in 10-20% of squamous cell lung can-
cers. Many of these abnormalities provide potential opportuni-
ties for targeted therapies. In SCLC, the common genetic
changes include RBI and TP53 mutations, which are observed
in nearly 90% and 50% of patients respectively. The availability
of highly sophisticated methods to sequence the genome allows
for the ability to detect hitherto unidentified molecular abnor-
malities and thus uncover new therapeutic targets for lung can-
cer. With present technology, it is increasingly possible to
conduct ‘multiplex’ testing for a number of molecular markers
with limited tissue specimens. Guidelines issued by the IASLC
recommend routine testing for EGFR mutation and ALK trans-
location for all newly diagnosed patients with lung adenocarci-
noma. In squamous cell histology, routine molecular testing is
not yet recommended.

Diagnosis

Presenting symptoms of lung cancer include cough, dyspnea,
pain, hemoptysis, and weight loss. Since most patients with
lung cancer have other tobacco-related cardiopulmonary dis-
eases, these overlapping symptoms often result in a delay in
diagnosis of the underlying malignancy. Symptoms could also

5
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result from local invasion or metastasis of the tumor such as
headache, bone pain, bronchial obstruction, etc. Paraneoplastic
syndromes associated with lung cancer include syndrome of
inappropriate anti-diuretic hormone (SIADH), hypercalcemia,
pulmonary hypertrophic osteoarthropathy, Eaton-Lambert
myasthenic syndrome (ELMS), and Cushing syndrome. Some
of the paraneoplastic syndromes are associated with specific
histologies; hypercalcemia is common in squamous cell carci-
noma, whereas SIADH, ELMS, and Cushing syndrome are
common in SCLC. Diagnosis of lung cancer at an early stage is
often made as an incidental finding during evaluation for other
conditions. With the advent of computed tomography (CT)
screening, it is anticipated that a greater subset of patients with
lung cancer will be detected before the onset of symptoms.

In patients with clinical or radiographic findings suspicious of
lung cancer, CT scans of the chest and abdomen are indicated to
determine the location of the primary tumor, involvement of
mediastinal lymph nodes, and spread to other anatomic sites.
The most common sites of metastasis with lung cancer include
mediastinal lymph nodes, contralateral lung, liver, adrenal
gland, bones, and the brain. Imaging of the brain is recom-
mended to evaluate for metastasis in patients with suggestive
symptoms and signs, or those with lung adenocarcinoma >3 cm
and evidence of mediastinal nodal involvement. Magnetic reso-
nance imaging (MRI) or CT scan with contrast are acceptable
modalities to evaluate for brain metastasis. Radionuclide study
of the bones is indicated in patients with symptoms of bone
pain or an unexplained elevation in serum alkaline phosphatase
level. Positron emission tomography (PET) utilizing "*fluorode-
oxyglucose (FDQ) is included as part of staging for lung cancer
in patients with localized lung cancer or for evaluation of soli-
tary pulmonary nodules. The use of an FDG-PET scan to assess
response to anticancer therapy and in surveillance following
curative therapy is not recommended. An MRI scan of the chest
may be useful in determining invasion of surrounding struc-
tures such as the brachial plexus in patients with tumors involv-
ing the superior sulcus of the lung.

A biopsy is necessary to establish diagnosis, and in recent
years, to conduct molecular studies (for NSCLC) that can guide
therapy. The most accessible site with the least invasive method
is the preferred approach to obtaining diagnostic tissue. A fine-
needle aspiration procedure is often adequate for establishing
the diagnosis of lung cancer, and can be accomplished by a tran-
sthoracic approach or by bronchoscopy. However, the yield
from a fine-needle aspiration is often inadequate to conduct
molecular studies. Therefore, in recent years, a core-needle
biopsy to obtain sufficient tissue is recommended for patients
with suspected lung cancer. For patients presenting with pleural
or pericardial effusions, transthoracic aspiration of the fluid is
sufficient to establish the diagnosis and to complete staging
workup. Cell blocks prepared by centrifuging the fluid, and pro-
cessing the pellet as a histological specimen, can be used to con-
duct molecular studies, though the success rate depends on the
number of viable cancer cells in the specimen. The diagnostic
yield of pleural fluid in patients with a malignant effusion is
approximately 50—70% [26]. In instances where repeated aspira-
tion of pleural fluid is nondiagnostic, a video-assisted thoracos-
copy procedure might be necessary to establish the diagnosis.
For patients with localized lung tumors that are suspicious for

cancer, it is reasonable to proceed with surgical resection
without a diagnostic biopsy if all other potential etiologies are
excluded.

In recent years, with the utilization of molecularly targeted
therapies, understanding the mechanism of resistance has
emerged as an important determinant of subsequent therapies.
Therefore, obtaining additional tumor biopsies at various time-
points during the course of treatment is recommended.

Early Detection

Decades of research on screening high-risk individuals for
earlier detection of lung cancer have finally met with success.
The National Lung Cancer Screening Trial randomized subjects
to screening with low dose CT scans or chest radiographs that
were performed at baseline and after 1 and 2 years from enroll-
ment [27]. Positive scans were observed in nearly 25% and 7% of
the subjects screened with CT and chest radiograph, respec-
tively. Among patients with a positive CT scan, 96.4% were
deemed false positive after appropriate additional evaluation.
Adverse events were uncommon with approximately 1.5% of
patients with an abnormal scan developing complications
related to further diagnostic workup. Screening with annual low
dose CT scans in high-risk individuals was associated with a
20% reduction in lung cancer mortality. All-cause mortality was
also reduced by 6.7%. Nearly 80% of patients diagnosed with
lung cancer with low dose CT had stage I, I1, or IIIA disease that
is amenable to curative therapy. These results have now led to
the adoption of low dose CT for early detection of lung cancer
by major relevant health organizations including the American
Cancer Society (see The American Cancer Society’s Principles of
Oncology: Prevention to Survivorship, Chapter 11).

Staging

Stage is the most important determinant of prognosis in
patients with lung cancer. The 7th Edition of the American Joint
Committee on Cancer (AJCC) and the Union for International
Cancer Control (UICC) system introduced in 2010 is in use until
the end of 2017 [28]. The 8th Edition of the AJCC staging system
has a number of changes to the 7th Edition and will be imple-
mented on January 1, 2018 [29] (Table 1.2). The descriptors are
based on analysis of nearly 95,000 cases from 16 countries
around the world. Notable changes included introduction of
new ‘I” and ‘M’ descriptors to the TNM system. Individual “T”
descriptors were defined based on tumor size of: <l1cm (T1a),
1-2cm (T1b), 2-3cm (Tlc), 3—-4cm (T2a), 4-5cm (T2b),
5-7cm (T3) and >7 cm (T4). Nodal staging has also been revised
and new descriptors include: single station N1 (N1a), multiple
station N1 (N1b), single station N2 without N1 (N2al), single
station N2 with N1 (N2a2), multiple station N2 (N2b), and N3.
Patients with metastatic disease will be categorized based on the
number and location of metastasis into: malignant pleural or
pericardial effusion, separate tumor nodule in a contralateral
lobe (M1la), single extrathoracic metastasis in a single organ
(M1b) and multiple extrathoracic metastasis (M1c) (Figure 1.2) [30].
This staging system applies to both NSCLC and SCLC.
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Table 1.2 American Joint Committee on Cancer (AJCC) TNM staging system for lung cancer.

Definition of primary tumor (T)

T category T criteria

TX Primary tumor cannot be assessed, or tumor proven by the presence of malignant cells in sputum or bronchial washings
but not visualized by imaging or bronchoscopy

TO No evidence of primary tumor

Tis Carcinoma in situ
Squamous cell carcinoma in situ (SCIS)
Adenocarcinoma in situ (AIS): adenocarcinoma with pure lepidic pattern, <3 cm in greatest dimension

T1 Tumor <3 cm in greatest dimension, surrounded by lung or visceral pleura, without bronchoscopic evidence of invasion
more proximal than the lobar bronchus (i.e., not in the main bronchus)

T1lmi Minimally invasive adenocarcinoma: adenocarcinoma (<3 cm in greatest dimension) with a predominantly lepidic pattern
and <5mm invasion in greatest dimension

Tla Tumor <1cm in greatest dimension. A superficial, spreading tumor of any size whose invasive component is limited to the
bronchial wall and may extend proximal to the main bronchus also is classified as T1a, but these tumors are uncommon

T1b Tumor >1cm but <2cm in greatest dimension

Tlc Tumor >2cm but <3 cm in greatest dimension

T2 Tumor >3 cm but <5cm or having any of the following features:
e Involves the main bronchus regardless of distance to the carina, but without involvement of the carina
e Invades visceral pleura (PL1 or PL2)
e Associated with atelectasis or obstructive pneumonitis that extends to the hilar region, involving part or all of the lung
T2 tumors with these features are classified as T2a if <4 cm or if the size cannot be determined and T2b if >4 cm but <5cm

T2a Tumor >3 cm but <4cm in greatest dimension

T2b Tumor >4 cm but <5cm in greatest dimension

T3 Tumor >5cm but <7cm in greatest dimension or directly invading any of the following: parietal pleura (PL3), chest wall (including
superior sulcus tumors), phrenic nerve, parietal pericardium; or separate tumor nodule(s) in the same lobe as the primary

T4 Tumor >7 cm or tumor of any size invading one or more of the following: diaphragm, mediastinum, heart, great vessels,

trachea, recurrent laryngeal nerve, esophagus, vertebral body, or carina; separate tumor nodule(s) in an ipsilateral lobe different
from that of the primary

Definition of regional lymph node (N)

N category N criteria

NX Regional lymph nodes cannot be assessed

NO No regional lymph node metastasis

N1 Metastasis in ipsilateral peribronchial and/or ipsilateral hilar lymph nodes and intrapulmonary nodes, including
involvement by direct extension

N2 Metastasis in ipsilateral mediastinal and/or subcarinal lymph node(s)

N3 Metastasis in contralateral mediastinal, contralateral hilar, ipsilateral or contralateral scalene, or supraclavicular lymph node(s)

Definition of distant metastasis (M)

M category M criteria

MO No distant metastasis

M1 Distant metastasis

Mla Separate tumor nodule(s) in a contralateral lobe; tumor with pleural or pericardial nodules or malignant pleural or
pericardial effusion. Most pleural (pericardial) effusions with lung cancer are a result of the tumor. In a few patients,
however, multiple microscopic examinations of pleural (pericardial) fluid are negative for tumor, and the fluid is
nonbloody and not an exudate. If these elements and clinical judgment dictate that the effusion is not related to the tumor,
the effusion should be excluded as a staging descriptor

Mi1b Single extrathoracic metastasis in a single organ (including involvement of a single nonregional node)

Milc Multiple extrathoracic metastases in a single organ or in multiple organs

(Continued)
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Table 1.2 (Continued)

AJCC prognostic stage groups

WhenTis... And Nis... And Mis... Then the stage group is...
TX NO MO Occult carcinoma
Tis NO MO 0
T1lmi NO MO IA1
Tla NO MO IA1
Tla N1 MO 1IB
Tla N2 MO II1IA
Tla N3 MO I11B
T1b NO MO IA2
T1b N1 MO IIB
T1b N2 MO IIIA
T1b N3 MO I11B
Tlc NO MO IA3
Tlc N1 MO 1IB
Tlc N2 MO IIIA
Tlc N3 MO 111B
T2a NO MO IB
T2a N1 MO 1IB
T2a N2 MO IIIA
T2a N3 MO I11B
T2b NO MO IIA
T2b N1 MO 1IB
T2b N2 MO IIIA
T2b N3 MO 111B
T3 NO MO 1IB
T3 N1 MO IIIA
T3 N2 MO I11B
T3 N3 MO 1IC
T4 NO MO IIIA
T4 N1 MO IIIA
T4 N2 MO I11B
T4 N3 MO 1IC
Any T Any N Mla IVA
Any T Any N M1b IVA
Any T Any N Milc IVB
Source: Amin MB, Edge SB, Greene FL, et al. (eds) AJCC Cancer Staging Manual, 8th edn. New York: Springer Nature, 2017. Reproduced with permission
of Springer.
Treatment measures. Improvement in survival has been noted for every

The outcomes for patients with lung cancer have improved
significantly in recent years. This is a result of improvements
in staging, better surgical and radiation therapy techniques,
availability of newer and more effective systemic therapeutic
agents, understanding of molecular characteristics and the
ability to individualize therapy, and improved supportive care

stage of lung cancer in the past two decades. A team approach
for the management of lung cancer including thoracic sur-
geons, radiation oncologists, medical oncologists, interven-
tional pulmonologists, pathologists, radiologists, and nursing
support is critical to develop and deliver appropriate treat-
ments. Surgery, radiation therapy, and systemic therapy are all
used for lung cancer.
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Figure 1.2 The International Association for the Study of Lung Cancer (IASLC) lymph node map, including the proposed grouping of lymph node stations
into “zones” for the purposes of prognostic analyses. Source: Rusch et al. [30]. Reproduced with permission of Elsevier.

NSCLC

Surgery

Surgical management plays a major role in the treatment of
early-stage lung cancer [31]. Patients with stages I, II, and
selected stage III are considered potential candidates for surgi-
cal resection. Since most lung cancer patients suffer from smok-
ing-related medical illness, nearly 40% of patients with
early-stage lung cancer are not candidates for surgery due to
limiting comorbid conditions. The commonly used parameters
for inoperability include a baseline FEV; of <40%, a predicted

postoperative FEV; of <30%, or a severely limited diffusion
capacity. Such patients are referred to as ‘medically inoperable’
despite the presence of localized disease [32].

The first step in managing localized lung cancer is to stage the
mediastinal lymph nodes. Cervical mediastinoscopy allows for
staging of most relevant mediastinal lymph node stations with
the exception of subaortic and para-aortic lymph nodes (levels
5 and 6). Cervical mediastinoscopy is associated with a mortal-
ity rate of <1%. Sampling of lymph nodes in levels 5 and 6
requires either a video-assisted thoracoscopy or anterior
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mediastinostomy. In recent years, endobronchial ultrasound-
guided biopsy of mediastinal nodes has allowed for noninvasive
staging, and to sample nodes in patients who have already
undergone mediastinoscopy. With the advent of PET-CT scans,
mediastinoscopy and endobronchial ultrasound are selectively
utilized in the preoperative assessment based on the likelihood
of nodal involvement. For peripheral tumors that are not associ-
ated with mediastinal adenopathy and do not have FDG uptake
in the nodes, many surgeons advocate proceeding with surgical
resection and sampling mediastinal nodes intraoperatively.
However, for patients with nodes that are positive on the PET
scan, sampling is strongly recommended before surgery. The
false positivity rate for a PET scan in the mediastinum for
patients with localized lung cancer is approximately 20%. The
likelihood of nodal involvement in patients with a negative PET
scan is approximately 5-15%.

Lobectomy is the standard surgical procedure of choice for
patients with localized lung cancer. If anatomical resection can-
not be achieved with lobectomy;, either a bilobectomy or pneu-
monectomy might be necessary. Sleeve resection refers to
removing the tumor along with the bronchus and anastomosing
the remaining ends of the bronchial tree [33]. Surgical resection
can be achieved by either performing a thoracotomy or by the
video-assisted thoracic surgery approach. The latter is gaining
wider use due to lower morbidity and a faster recovery from
surgery. It also allows for better tolerance of postoperative sys-
temic therapy. The ability to achieve an RO resection is critical
to surgical management of early-stage NSCLC. If this is not
deemed feasible during preoperative workup, then surgery
should not be attempted. For patients with positive surgical
margins, a re-resection should be attempted whenever feasible.
If not, postoperative radiotherapy should be administered.

Sublobar resections are not recommended due to the higher
risk of local recurrence. An exception to this rule is for patients
with peripheral tumors <2 cm in size, where studies have dem-
onstrated excellent outcomes. An ongoing study is comparing
sublobar resection to standard lobectomy and will likely pro-
vide definitive answers to this critical issue. Two important
aspects of surgical management of lung cancers have been
addressed in recent clinical trials. A randomized comparison of
mediastinal lymph node dissection to nodal sampling demon-
strated comparable outcomes for patients with NSCLC [34].
Another study compared sublobar resection followed by place-
ment of I'*® brachytherapy to the tumor bed to surgery alone in
patients who are not candidates for standard lobectomy [35].
There was no difference in overall survival between the two
groups and therefore, the brachytherapy approach is not recom-
mended. Tumors involving the superior sulcus are managed
with preoperative chemoradiotherapy. The decision to perform
surgery for these tumors depends on extent of local invasion,
involvement of the brachial plexus and mediastinal lymph node
involvement.

The role of surgery in the management of stage III NSCLC
with mediastinal nodal involvement continues to be controver-
sial. Surgery alone is associated with poor outcome for stage III
disease. In a randomized study, patients with N2-positive dis-
ease who underwent chemoradiotherapy followed by surgery
did not have improved survival compared to chemoradiother-
apy alone [36]. There was an especially high rate of postoperative

mortality for patients who underwent pneumonectomy follow-
ing chemoradiotherapy. Therefore, trimodality therapy is not
recommended for patients who require a pneumonectomy. For
patients with multistation N2 disease or bulky nodal disease,
surgical resection is not recommended. It appears that clear-
ance of the mediastinal node after induction therapy might be
the most important predictor of benefit from surgical resection.
This calls for restaging the mediastinum after induction therapy
if surgery is contemplated.

The role of surgery in patients with oligometastatic disease
can be considered under certain situations. Surgical resection of
both the primary and a solitary brain metastasis has resulted in
5-year survival rates of approximately 20% [37]. However, this
approach cannot be recommended for patients with mediastinal
nodal involvement. Similar approaches to resect lung primary
and solitary metastasis at other distant sites are not recom-
mended for routine care.

Radiation Therapy

Radiotherapy is an important part of multimodality therapy for
NSCLC. It is used in both the curative therapy setting for stage
III disease and palliation of stage IV disease. In recent years,
radiotherapy has been successfully tested for patients with
medically unresectable stage I disease. There have been signifi-
cant improvements in the delivery of radiotherapy over the past
two decades. This allows for utilization of smaller radiation field
size, thus reducing exposure of normal tissue to radiation and
more effective treatment of tumor. Respiratory gating tech-
nique allows for the delivery of radiotherapy to the tumor
regardless of the phase of respiration. Stereotactic body radio-
therapy (SBRT) involves the delivery of high dose radiation to a
limited tumor volume following stereotactic localization.

Stage | and Il NSCLC

SBRT has emerged as an effective treatment option for patients
with T1 and T2 node negative tumors that are not candidates
for surgery due to medical comorbid illness. Delivery of SBRT
over three to five fractions is associated with a nearly 90% local
control rate [38]. SBRT is appropriate for peripheral tumors,
whereas for centrally located tumors, studies are presently
ongoing to determine the appropriate dose and the safety of this
approach. The highly promising results with SBRT for localized
NSCLC have prompted studies to compare SBRT to surgical
resection even in medically fit patients. Studies are also under-
way to combine SBRT with systemic therapy for early-stage
NSCLC.

Radiation therapy is indicated for patients with positive surgi-
cal margins following surgery for early-stage NSCLC. A dose of
60 Gy is administered for patients with microscopic margins,
whereas for those with residual macroscopic disease doses of up
to 66 Gy are administered in once daily fractions of 1.8-2Gy
each. For patients with negative surgical margins, there is no
role for adjuvant radiotherapy. A meta-analysis published in
1998 reported a detrimental effect for patients treated with
postoperative radiotherapy, especially for those with NO and N1
disease [39]. Patients with N2 disease demonstrated a favorable
survival trend with radiotherapy. This has also been observed in
an analysis of the national Surveillance, Epidemiology and End
Results database in the US [40]. Based on this, a prospective



study is presently underway in Europe to compare postopera-
tive radiation to observation in patients with surgically resected
N2 disease. In this setting, radiotherapy is delivered to the bron-
chial stump, ipsilateral hilum, and involved mediastinal lymph
node stations to a dose of approximately 50.4—54 Gy.

Stage Illl NSCLC

Radiation therapy is an essential component of multimodality
therapy for management of stage III NSCLC. Surgery is appro-
priate for patients with T3N1 disease, but for patients with
involvement of the mediastinal lymph nodes, administration of
radiotherapy with chemotherapy results in improved outcomes.
A subset of N2 positive patients might benefit from multimo-
dality therapy that includes surgery. In such settings, radiation
can be administered with chemotherapy as neoadjuvant ther-
apy followed by surgical resection. Radiation therapy dose
consists of 45 Gy of once daily fractions when given in the pre-
operative setting. More recently, a radiation dose of 60 Gy has
been piloted with acceptable safety results. Potential candidates
for the tri-modality therapy approach include stage IIIA patients
who have single station or microscopic lymph node involve-
ment and disease that is amenable to resection with lobectomy
or bilobectomy.

For patients with stage III disease who are not appropriate for
surgical resection, thoracic radiotherapy with concomitant
chemotherapy is the recommended treatment. This category
includes patients with bulky mediastinal disease, involvement
of contralateral or supraclavicular nodes (N3) and direct inva-
sion of major structures such as the vertebrae, trachea, major
blood vessels, or esophagus by the primary tumor (T4).
Radiotherapy is administered to a dose of 60—66Gy in once
daily fractions as part of definitive therapy for stage III disease.
Five-year survival rates of approximately 20-25% have been
reported with combined chemoradiotherapy in this setting [41].
The main adverse events associated with this approach include
esophagitis and pneumonitis. The risk of pneumonitis depends
on the extent of normal lung tissue and the dose of radiation
received by the normal lung tissue in the radiation port.
Radiation-related pneumonitis can occur in the acute setting
immediately following the radiotherapy course or after 6-9
months.

Several efforts to improve upon standard chemoradiotherapy
havebeenundertakenin the pasttwodecades. Hyperfractionated
radiotherapy with administration of two to three fractions/day
has demonstrated favorable results over once-daily fractiona-
tion, particularly in squamous cell carcinoma [42, 43]. However,
the logistical constraints associated with multiple daily frac-
tions have limited the adoption of this approach. Another strat-
egy studied in stage III disease involved utilization of higher
doses of radiation of up to 74 Gy in once-daily fractions. A ran-
domized study conducted by the RTOG comparing 74 Gy to
60 Gy demonstrated inferior survival with the higher dose [44].
Therefore, 60—66 Gy remains the standard radiation dose for
stage III NSCLC.

Stage IV NSCLC

Radiotherapy is used for palliation of certain symptoms in
patients with advanced-stage NSCLC. The main indications are
for treatment of brain metastasis, relief of bronchial obstruc-

Lung Cancer

tion, hemoptysis and pain control. For brain metastasis, whole
brain radiotherapy consists of 30-37.5 Gy given in 10-15 frac-
tions. Stereotactic radiosurgery (SRS) is used instead of whole
brain radiotherapy for patients with low volume brain metasta-
sis that is limited to one to three lesions. SRS can also be given
to lesions in the brain that progress following whole brain radio-
therapy. The availability of SRS has greatly improved survival
for patients with brain metastasis. Pain control in sites of bone
metastasis or chest wall involvement can be achieved by a short
course of radiotherapy. The dose and number of fractions is
determined by the location and size of the lesion. Spinal cord
compression is an emergency situation that is often managed
with external beam radiotherapy. Surgical decompression is
used in selected circumstances when neurological compromise
is early and the patient has well-controlled systemic disease, and
is followed by radiotherapy.

Systemic Therapy

Systemic therapy refers to the use of cytotoxic therapy,
immunotherapy, or molecularly targeted agents. Systemic
therapy was initially developed for patients with advanced-
stage lung cancer. This has subsequently been extended to
the treatment of earlier stages of lung cancer. The high pro-
pensity for metastasis of lung cancer cells provides the
rationale for the use of systemic therapy even for patients
with earlier stages of the disease who are treated with local
therapies. A number of effective and well-tolerated cytotoxic
agents have been developed over the past three decades that
are utilized for routine care of patients with lung cancer
(Table 1.3).

Advanced-Stage/Metastatic NSCLC

In patients with advanced-stage NSCLC, systemic chemother-
apy improves both survival and quality of life. Platinum-based
combination regimens were superior to supportive care alone
in randomized trials and were associated with modest
improvement in overall survival [45, 46]. Cisplatin was the
first platinum compound developed in NSCLC. Subsequently
carboplatin was studied as a better-tolerated alternative to cis-
platin. The use of cisplatin is associated with adverse events
such as nausea, emesis, nephrotoxicity, and neurotoxicity. The

Table 1.3 Commonly used chemotherapy agents for lung cancer.

Nonsmall cell lung cancer Small cell lung cancer

Cisplatin Cisplatin
Carboplatin Carboplatin
Paclitaxel Etoposide
Nab-Paclitaxel Irinotecan
Docetaxel Topotecan
Gemcitabine

Pemetrexed (nonsquamous histology)
Irinotecan

Vinorelbine
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availability of highly effective antiemetic agents has greatly
improved the tolerability of cisplatin. Carboplatin is associ-
ated with ease of administration in the outpatient setting. The
dose-limiting toxicity of carboplatin is thrombocytopenia.
Both compounds are efficacious in advanced NSCLC. In sev-
eral randomized trials, the use of combination regimens was
associated with a higher response rate and improved survival
over cisplatin alone. Etoposide, vinblastine, vindesine, vinorel-
bine, taxanes, gemcitabine, irinotecan, and pemetrexed, have
all been combined with cisplatin or carboplatin in the treat-
ment of advanced NSCLC. The two-drug combination regi-
mens have also been compared to monotherapy with a
nonplatinum compound. For instance, a phase 3 study com-
pared the combination of carboplatin and paclitaxel to pacli-
taxel alone for first-line therapy of advanced NSCLC [47]. The
efficacy outcomes were all more favorable with the combina-
tion, though toxicity was also increased. This led to the adop-
tion of combination chemotherapy as the recommended
approach for the treatment of advanced NSCLC.

A meta-analysis of randomized trials to compare the efficacy
of cisplatin to carboplatin in advanced-stage NSCLC demon-
strated comparable survival [48]. When cisplatin was used in
combination with a third-generation cytotoxic agent such as
taxanes, gemcitabine, or vinorelbine, there was a statistically
significant albeit modest improvement in survival. Cisplatin-
based regimens were associated with a numerically higher inci-
dence of treatment-related deaths. Taken together, though
cisplatin-based regimens have a slight advantage in efficacy
over carboplatin-based regimens in advanced NSCLC, the lat-
ter is associated with a favorable tolerability profile. With palliation
being the goal of therapy in advanced NSCLC, carboplatin-
based regimens have found wider adoption due to their favora-
ble therapeutic index.

Several partner agents for platinum have demonstrated effi-
cacy in advanced NSCLC. Paclitaxel, docetaxel, gemcitabine,
irinotecan, pemetrexed, and vinorelbine have all demonstrated
single-agent activity in advanced NSCLC with single-agent
response rates of approximately 10-20%. Each of these agents
can be given in combination with platinum with acceptable tol-
erability profile. In randomized trials, the efficacy across plati-
num-based combination regimens was similar. The ECOG 1594
trial randomized 1,206 advanced NSCLC patients to treatment with
cisplatin—paclitaxel, cisplatin—docetaxel, cisplatin—gemcitabine
or carboplatin—paclitaxel [49]. The median survival was
comparable for all four regimens, and the differences were pri-
marily in toxicity. The median survival was approximately 8
months and the median progression-free survival was 3.5—
4.2 months for all four regimens. The 1-year survival rate was
approximately 40%. The main toxicities associated with the
paclitaxel-carboplatin regimen were neuropathy and mye-
losuppression. Thrombocytopenia was common with the
cisplatin—gemcitabine regimen, while the cisplatin—docetaxel
regimen was associated with myelosuppression. Based on
E1594 and other contemporary studies, the choice of any one of
these chemotherapy agents for front-line treatment is made
upon consideration of toxicity, patient preference, schedule,
and cost. Combinations of three cytotoxic agents are not
recommended due to a higher toxicity burden and lack of incre-
mental benefit.

Role of Histology in Choice of Chemotherapy

Until recently, chemotherapy regimens were considered to be
suitable for all histological subtypes of NSCLC. This notion was
dispelled in a phase 3 study of cisplatin—pemetrexed versus cis-
platin—gemcitabine that was compared in patients with
advanced-stage NSCLC [50]. The pemetrexed-based regimen
was noninferior to the comparator for the overall patient popu-
lation, but was associated with a superior survival for patients
with nonsquamous histology. In patients with squamous histol-
ogy, the gemcitabine-based regimen was superior. Consequently,
the use of pemetrexed should be restricted to patients with non-
squamous histology only. The relative efficacy of taxanes versus
pemetrexed in nonsquamous histology has not been compared
directly. In a recent randomized study, patients were given
either carboplatin and pemetrexed or carboplatin and pacli-
taxel. Patients on both treatment groups received bevacizumab,
a monoclonal antibody against the vascular endothelial growth
factor (VEGF) in addition to chemotherapy. There was no dif-
ference in overall survival between the two treatment groups
[51]. Based on these observations, taxane-based and peme-
trexed-based regimens are both appropriate for the treatment
of patients with nonsquamous histology.

The US Food and Drug Administration (FDA) recently
approved nanoparticle albumin-bound paclitaxel (nab-paclitaxel)
for the treatment of advanced NSCLC. In contrast to the stand-
ard formulation, use of nab-paclitaxel does not require pre-
medication and is not associated with hypersensitivity
reactions. The incidence of neuropathy is also lower with the
use of nab-paclitaxel. In a direct comparison to carboplatin and
paclitaxel, the carboplatin-nab-paclitaxel regimen was associ-
ated with a favorable response rate, when given to patients with
advanced NSCLC, though survival was not improved [52]. The
improvement in response rate appeared to be restricted to
squamous histology. The variable efficacy of pemetrexed and
nab-paclitaxel based on histology should be considered when
chemotherapy is selected for first-line treatment of advanced
NSCLC.

Maintenance Therapy

The duration of chemotherapy for advanced-stage NSCLC has
been debated and studied closely. Four to six cycles of combina-
tion therapy are considered optimal in the first-line setting.
Continuation of combination treatment beyond this duration is
associated with cumulative toxicities, but no tangible therapeu-
tic benefit. More recently, a strategy of single-agent mainte-
nance therapy has been successfully developed. In one approach
referred to as ‘switch maintenance, patients who derive clinical
benefit with a platinum-based combination for four cycles are
treated with an alternative cytotoxic or targeted agent that has
not been previous administered. The ‘continuation mainte-
nance’ strategy involves continuing the nonplatinum agent
beyond the four cycles for patients who experience either an
objective response or stable disease with combination therapy.
Pemetrexed is the only cytotoxic agent that has demonstrated
survival advantage as maintenance therapy in advanced NSCLC
[53]. It has been tested both as continuation and switch mainte-
nance therapies in advanced nonsquamous histology. The
improvement in survival was of similar magnitude in rand-
omized trials. Based on these observations, pemetrexed has



been approved for maintenance therapy in the US and Europe.
Erlotinib, an EGER inhibitor, also extends survival when used as
maintenance therapy in patients who received a platinum-based
combination for four cycles [54]. The benefit was notable only
for patients who experienced stable disease with combination
chemotherapy. EGFR genotypic status was a significant deter-
minant of efficacy of erlotinib, with a robust magnitude of pro-
gression-free survival benefit for patients with an activation
mutation.

Pemetrexed and erlotinib are also efficacious when used as
salvage therapy for patients with advanced NSCLC that experi-
ence disease progression during or after platinum-based chem-
otherapy. Therefore, the relative merits of using these agents as
maintenance therapy versus after disease progression has been
controversial. The benefits of maintenance therapy are counter-
balanced by the toxicity, logistical, and cost factors. A ‘wait and
watch’ approach after first-line therapy appears reasonable,
though approximately 40% of the patients might never receive
salvage therapy due to rapid disease progression or decline in
performance status. For these reasons, careful discussion with
the patients regarding the merits of maintenance therapy versus
close observation is recommended.

Salvage Therapy

Nearly all patients with advanced NSCLC will experience
disease progression regardless of the extent of benefit with
first-line chemotherapy. Salvage therapy for such patients
provides modest improvement in survival. Docetaxel, given
at a dose of 75mg/m?* every 3 weeks, was the first proven
agent in this setting. In randomized studies, docetaxel mon-
otherapy was associated with improvements in survival when
compared to best supportive care, and improved 1-year sur-
vival rate over first-generation cytotoxic agents [55]. Disease
stabilization is observed in approximately 40% of patients,
but objective response occurs in <10% with docetaxel in the
salvage therapy setting. Pemetrexed is an alternative cyto-
toxic agent with proven efficacy as salvage therapy, but its

Table 1.4 Immune checkpoint inhibitors as salvage therapy.

Lung Cancer

use is restricted to patients with nonsquamous histology. In
a randomized study, the overall survival associated with
pemetrexed was noninferior to that with docetaxel [56].
However, the toxicity profile was better with pemetrexed as
evidenced by lower incidence of fever with neutropenia and
hospitalizations. EGFR inhibition with erlotinib, which was
originally approved for salvage therapy of advanced NSCLC,
is now only recommended for patients with EGFR sensitizing
mutations [57].

The salvage therapy setting for advanced NSCLC has been
substantially changed in the past year following the approval
of three immune-check point inhibitors nivolumab, pem-
brolizumab, and atezolizumab. Nivolumab and pembroli-
zumab target the programmed death (PD-1) receptor, whereas
atezolizumab targets PDL-1, a ligand for PD-1. Each one of
these agents demonstrated superiority over docetaxel in
improving survival when used as second-line therapy [58—-61].
They were also associated with a favorable toxicity profile
relative to chemotherapy. The salient efficacy data for these
three agents are summarized in Table 1.4.

Targeted Therapy (Table 1.5)

Anti-Angiogenic Therapy

Approaches to inhibit angiogenesis as a therapeutic strategy
have been extensively pursued in patients with advanced
NSCLC. VEGEF is a critical determinant of neoangiogenesis in
the physiologic milieu and in cancer. Bevacizumab is a mono-
clonal antibody that binds and inhibits all active isoforms of
VEGE. Building on strong preclinical observations, bevaci-
zumab was studied in combination with standard chemother-
apy for first-line therapy of advanced NSCLC [62]. The initial
results were promising, though squamous histology was associ-
ated with a higher incidence of life-threatening hemoptysis.
Further development of this agent was subsequently limited to
nonsquamous histology. The ECOG 4599 study compared bev-
acizumab in combination with carboplatin and paclitaxel versus
chemotherapy alone [63]. There was a significant improvement

Median progression-free

Agent Response rate (%) survival (months) Median survival (months)
Nivolumab 20 3.5 9.2
A4S
Docetaxel (squamous histology) 9 2.8 6.0

(HR 0.62, P <0.001) (HR 0.59, P <0.001)
Nivolumab 19 2.3 12.2
Vs
Docetaxel (nonsquamous histology) 12 4.2 9.4

(HR 0.92, P=0.39) (HR 0.73, P=0.002)
Pembrolizumab (2 mg/kg)* 18 3.9 12.7
A4S
Docetaxel 18 4.0 10.4

(HR 0.88, P=0.07) (HR 0.71, P=0.0008)
Atezolizumab 14 2.8 13.8
Vs
Docetaxel 13 4.0 9.6

(HR 0.95, P=0.49) (HR 0.73, P=0.0003)

! Study enrolled patients with PDL-1 expression >1%.
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Table 1.5 Molecularly targeted agents with proven efficacy in lung cancer.

Epidermal growth factor receptor
Reversible inhibitors:

Erlotinib

Gefitinib

Irreversible inhibitors:
Afatinib
Osimertinib

Monoclonal antibody:
Cetuximab
Necitumumab

Anaplastic lymphoma kinase
Crizotinib

Ceritinib

Alectinib

Anti-angiogenic therapy
Bevacizumab

Ramucirumab

in overall survival (12.3months vs 10.3 months) and progres-
sion-free survival (6.3 months vs 4.8 months) with the addition
of bevacizumab. The notable adverse events included bleeding,
hypertension, and proteinuria along with a higher risk of neu-
tropenia. Another randomized study conducted in Europe
failed to document a survival improvement with the addition of
bevacizumab to cisplatin and gemcitabine, despite a modest
improvement in progression-free survival [64]. In older indi-
viduals (age >70years) bevacizumab appears to have a narrow
therapeutic index due to higher risk of myelosuppression and
bleeding [65]. All pivotal randomized trials performed with
bevacizumab utilized it as maintenance therapy following six
cycles of combination therapy. Therefore, the use of mainte-
nance therapy with bevacizumab has been adopted in clinical
practice for patients who receive it as part of the initial treat-
ment regimen. The therapeutic value of maintenance bevaci-
zumab has not been directly studied to date.

Ramucirumab, a monoclonal antibody against the VEGF
receptor (R2), has proven efficacious as second-line therapy in
combination with docetaxel [66]. A phase 3 study demonstrated
modest gains in survival (10.5months vs 9.5months, HR 0.86)
and progression-free survival (4.5months vs 3.0 months, HR
0.76) for the combination compared to docetaxel alone. A small
subset of patients in this study had received prior bevacizumab
and appeared to derive benefit from a ramucirumab-based
combination. The combination of docetaxel with ramucirumab
has received approval from the US FDA for salvage therapy of
advanced NSCLC. Other strategies to inhibit angiogenesis
including small molecule inhibitors of VEGF tyrosine kinase
and vascular disrupting agents have not been successful to date
in advanced NSCLC. Efforts to identify biomarkers to predict
benefit with bevacizumab and other antiangiogenic agents have
been unsuccessful and have unquestionably restricted optimal
utilization of these agents.

EGFR inhibition
Inhibition of EGER is the first successful molecular treatment
strategy in lung cancer. This has in no small measure contributed

to the expanding role of targeted approaches and molecular
classification of lung cancer. Initially, agents that target EGFR
were evaluated based on preclinical observations of higher
expression of the target protein in aggressive tumors. Objective
response rates of 10-20% were noted with gefitinib and
erlotinib, small molecule TKIs of EGFR. Subsequent studies
demonstrated that patients with robust responses harbored an
activation mutation in exons 19 or 21 of the EGFR [20, 21, 67,
68]. The mutations result in constitutive activation of the recep-
tor and therefore the tumors are exquisitely sensitive to EGFR
inhibition. EGFR activating mutations are exclusive to adeno-
carcinoma histology and occur at a higher frequency in women,
never-smokers and patients with Asian ethnicity. In rand-
omized studies of patients with an activating mutation, EGFR
inhibition with either gefitinib or erlotinib was associated with
an improvement in progression-free survival over platinum-
based chemotherapy [69-71]. This has not translated into sur-
vival benefit, most likely due to most patients treated with
chemotherapy subsequently receiving an EGFR inhibitor upon
disease progression. Quality of life is also more favorable with
EGER inhibitors over chemotherapy in this setting. The impor-
tance of molecular testing before initiation of EGFR inhibitor
therapy in first-line treatment is highlighted by the inferior out-
comes in wild-type patients treated with targeted therapy.
Afatinib, an irreversible EGFR TKI, has also demonstrated
superiority over chemotherapy in patients with an activating
mutation [72]. This agent is associated with a higher incidence
of diarrhea relative to gefitinib and erlotinib. Another irrevers-
ible inhibitor, dacomitinib, is being compared to gefitinib in an
ongoing phase 3 clinical trial.

The median progression-free survival with EGFR TKI in this
setting is approximately 8—12 months. Mechanisms leading to
resistance are increasingly being understood. A secondary
mutation in exon 20 (T790) is responsible for resistance to
EGEFR TKI in nearly 60% of patients [22, 73]. Activation of alter-
nate pathways such as MET signaling also contributes to resist-
ance to EGFR inhibition.

Osimertinib, a third generation EGFR TKI, inhibits exon 19,
21, and T790M signaling. In early-phase clinical trials, osimer-
tinib demonstrated a high response rate (65%) and median pro-
gression-free survival of 9-13 months for patients who
developed acquired resistance through the T790M mechanism
[74]. This agent has recently received accelerated approval from
the US FDA and has emerged as the preferred agent for this
patient subset. Osimertinib is under evaluation for front-line
treatment of patients with EGFR mutations. The use of EGFR
inhibitors in patients with earlier stages of the disease is not
known, even for those with an activating mutation. Ongoing
studies are evaluating the role of EGFR inhibition in patients
with surgically resected NSCLC and those with locally advanced
disease.

The use of combination chemotherapy with EGFR TKI can-
not be recommended based on present experience. Cetuximab,
a monoclonal antibody against EGFR, was associated with a
modest improvement in overall survival when given in combi-
nation with cisplatin and vinorelbine for first-line treatment of
advanced NSCLC [75]. Necitumumab, another monoclonal
antibody against the EGFR, was recently approved for the treat-
ment of patients with advanced-stage squamous cell lung



cancer. A randomized study that compared the combination of
cisplatin and gemcitabine given with or without necitumumab
demonstrated modest improvements in survival and progres-
sion-free survival for the addition of the EGFR antibody [76].
The median overall survival with and without necitumumab
were 11.5months and 9.9 months respectively (HR 0.84, P=0.01).

ALK Inhibitors

The oncogenic potential of gene rearrangement involving the
anaplastic lymphoma kinase in lung cancer was described in
2007 [77]. The fusion gene results from inversion or transloca-
tion of portions of the echinoderm microtubule-associated pro-
tein-like 4 gene (EML4) with the ALK gene. Other fusion
partners besides EML4 have also been described for ALK. The
ALK gene rearrangement is present in approximately 5-7% of
patients with lung adenocarcinoma [78]. Clinical features asso-
ciated with the ALK gene rearrangement include never-smokers,
adenocarcinoma histology, signet ring features on histopatho-
logical evaluation, and younger age. Limited available data
indicate that patients with ALK translocation respond poorly to
conventional treatment options and might also be at higher risk
of recurrent disease after surgical resection for early-stage
NSCLC [79]. Crizotinib, an inhibitor of MET, ALK, and ROS1
tyrosine kinases has demonstrated a response rate of nearly 60%
and a clinical benefit rate of 90% in ALK-positive NSCLC [23,
80, 81]. The median progression-free survival was 10 months in
a phase 2 study for patients with ALK-positive advanced-stage
NSCLC [82]. Based on these exciting data, the US FDA and the
European Medicines Agency have both approved crizotinib for
the treatment of patients with advanced-stage ALK-positive
NSCLC. Crizotinib was compared to platinum-based chemo-
therapy in a phase 3 study which demonstrated higher response
rate and median progression-free survival with crizotinib [83].
When compared to chemotherapy in the salvage therapy set-
ting, critozinib was associated with a significant improvement
in progression-free survival (7.7months vs 3 months) and
response rate (66% vs 20%) [81]. Interestingly, pemetrexed was
associated with a favorable outcome compared to docetaxel in
this patient population. Mechanisms of resistance to crizotinib
include activation of either ALK-dependent or independent
alternate pathways. A variety of secondary mutations have been
described in patients who develop disease progression while on
therapy with crizotinib. Ceritinib, a potent ALK inhibitor, has
demonstrated a response rate of 60% in patients who developed
disease progression during crizotinib therapy [84]. Alectinib,
another second generation ALK inhibitor, is also effective for
patients who progressed on crizotinib [85]. Both of these agents
are also effective against brain metastasis. Other novel ALK
inhibitors are also under development for management of cri-
zotinib resistance or as primary therapy. The use of ALK inhibi-
tors in the management of earlier stages of NSCLC is under
investigation.

Other Targeted Subpopulations

The availability of advanced genomic technology has made it
possible to identify new molecular ‘drivers’ in lung cancer. In
lung adenocarcinoma, a fusion gene involving ROS1, observed
in 1% of patients, also confers sensitivity to treatment with cri-
zotinib [86, 87] Another fusion involving the RET gene has been

Lung Cancer

identified in approximately 0.5—1% of patients [88—91]. Patients
with mutations in BRAF appear to respond to therapy with dab-
rafenib, a BRAF inhibitor or the combination of dabrafenib and
trametinib [92, 93]. These observations provide hope that the
mutation status of patients can aid personalized treatment of
patients with lung cancer. The Cancer Genome Atlas Project
recently published results of gene sequencing studies in a cohort
of patients with squamous cell lung carcinoma [25]. A number
of potentially targetable mutations and other genetic abnormal-
ities have been identified. Routine testing of patient tumor
specimens for molecular targets is increasingly seen as a strat-
egy to optimize treatment options for lung cancer.

Immune Checkpoint Inhibition

Recent progress in targeting the immune pathways that regu-
late cancer has resulted in major therapeutic gains for a num-
ber of malignancies, including lung cancer. Activation of the
PD-1 pathway results in T-cell exhaustion, thereby blunting the
ability of the host immune system to eliminate the cancer cell.
Agents that target the PD-1 pathway have now demonstrated
anticancer effects in lung cancer, both as salvage therapy and
first-line therapy for a subset of patients. Nivolumab and pem-
brolizumab, monoclonal antibodies that target PD-1, demon-
strated superiority over docetaxel for salvage therapy of
advanced NSCLC (Table 1.4) [58, 59, 61]. Both agents improved
overall survival and were associated with lower incidence of
grades 3/4 toxicity relative to docetaxel. Atezolizumab, a mono-
clonal antibody against PDL-1, also demonstrated similar ben-
efits against docetaxel. These agents have supplanted docetaxel
and have become the preferred second-line therapy for advanced
NSCLC.

A recent study in the front-line setting for advanced NSCLC
demonstrated superior survival and progression-free survival
with pembrolizumab over platinum-based chemotherapy for a
subset of patients with advanced NSCLC [94]. Patients with
tumor PDL-1 expression >50% were chosen for this study,
which represents approximately 25-30% of advanced NSCLC.
The median progression-free survival was 10.3months with
pembrolizumab compared to 6 months with chemotherapy (HR
0.50, P <0.001). The overall survival hazard ratio was 0.60 favor-
ing pembrolizumab. This has now led to the FDA approval of
pembrolizumab for first-line therapy of advanced NSCLC for
patients with tumors that have PDL1 expression >50%. This
new paradigm shift in first-line therapy of NSCLC provides
hope that the use of immune checkpoint inhibitors can be
extended to other settings such as earlier stages of the disease to
improve cure rates. Biomarkers to select patients for therapy are
being studied. In addition, combination strategies to improve
the efficacy of immune checkpoint inhibitors are also under
development.

Management of Special Patient Populations

Elderly patients represent a growing subset of lung cancer
patients. In the US, the median age at diagnosis of lung can-
cer is 70 years [95]. Aging is associated with decline in physi-
ological and vital organ function that impact tolerance of
systemic therapy. In addition, it is particularly more impor-
tant to consider the implications of therapy on physical func-
tion and quality of life of older patients. A number of
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elderly-specific studies have been conducted in NSCLC
patients. Initially, single-agent chemotherapy was compared to
supportive care and demonstrated improved survival [96]. In
subsequent studies, for elderly patients with a good perfor-
mance status, platinum-based combinations were superior to
single-agent therapy [47, 97]. The use of three-drug combina-
tions of cytotoxic agents is not recommended for older patients.
However, the appropriate use of targeted agents in older patients
might be associated with clinical benefit.

A high percentage of NSCLC patients present with significant
symptoms that are associated with a poor performance status.
The median survival for advanced NSCLC patients with a
performance status of 2 (ECOG scale) is dismal at less than
4 months. Poor performance status limits the ability of patients
to tolerate combination chemotherapy. Studies conducted
exclusively in patients with a poor performance status indicate
a favorable role for chemotherapy. In at least one randomized
study, platinum-based combination therapy was superior to sin-
gle-agent therapy [98]. It is important to consider the underly-
ing cause of poor performance status in making treatment plans
for this patient population. For those with limiting comorbid
conditions, a less aggressive approach with single-agent
chemotherapy might be more appropriate. For those with targ-
etable mutations, appropriate targeted therapy can be given
regardless of the performance status given the greater potential
for benefit.

Systemic Therapy in Early-Stage NSCLC

Despite optimal surgery, recurrence of disease continues to be
common for early-stage NSCLC. This is attributed to the pres-
ence of micrometastasis in early-stage NSCLC. The use of sys-
temic therapy following surgery was recently proven to be
associated with an improvement in 5-year survival rate [99]. In
randomized trials, cisplatin-based two-drug combination reg-
imens were compared to observation following surgery for
early-stage NSCLC [100-102]. For patients with stage II and
IITA NSCLC, there was an absolute improvement of survival
of 5-15% at 5 years. This corresponds to a relative risk reduc-
tion of approximately 30% with adjuvant chemotherapy. The
consistent survival benefit observed across multiple trials has
resulted in the adoption of four cycles of cisplatin-based adju-
vant therapy as the standard of care for early-stage NSCLC. In
stage IA disease, however, potential benefits of chemotherapy
are outweighed by the risks, and there is an overall detrimen-
tal effect. For patients with stage IB disease, post-hoc analysis
from two randomized trials revealed that survival improve-
ment with adjuvant therapy was restricted to patients with
tumor size >4cm [102, 103]. This observation is yet to be vali-
dated in prospective trials. The cisplatin—vinorelbine combi-
nation has been the regimen commonly utilized in clinical
trials of adjuvant therapy. The availability of better tolerated
newer agents that are effective in the treatment of advanced
NSCLC such as taxanes, gemcitabine, and pemetrexed, have
prompted physicians to use these agents with cisplatin in
early-stage NSCLC. Presently there are no effective tools to
predict the risk of recurrent disease beyond pathological stage.
It is hoped that the use of adjuvant chemotherapy could be
tailored to patients at high risk of recurrence, based on
genomic or proteomic markers.

Locally Advanced NSCLC

Chemotherapy has a proven role in combination with
radiotherapy in the management of stage III disease that is not
amenable to surgical resection. Initially, chemotherapy was
used sequentially with radiotherapy and resulted in an improved
overall survival over radiotherapy alone. Both local and sys-
temic control was improved with the combined modality
approach. Subsequent studies demonstrated a modest superior-
ity for concomitant administration of chemotherapy over sequen-
tial therapy [41, 104]. Both cisplatin and carboplatin-based
regimens have been utilized for combined modality therapy and
are associated with modest survival results. The relative merits
of cisplatin versus carboplatin in this setting have not been
studied. The regimen of cisplatin and etoposide allows for
administration of full systemic dose of chemotherapy with radi-
otherapy. The widely used regimen of carboplatin and paclitaxel
involves administration of lower ‘radiosensitizing’ doses of the
two agents with radiotherapy followed by consolidation therapy
with two cycles at regular doses. The latter approach has a
favorable tolerability profile compared to cisplatin-based regi-
mens. Esophagitis and pneumonitis are the most notable toxici-
ties with the combined modality treatment of locally advanced
NSCLC. The use of induction or consolidation chemotherapy
in other settings has not resulted in improved survival. With
modern combined chemoradiotherapy, cure rates of nearly
20-25% are achieved in locally advanced NSCLC.

SCLC

SCLC is characterized by initial sensitivity to systemic chemo-
therapy, though recurrence of disease is common regardless of
the extent of initial response. Approximately two-thirds of the
patients present with extensive-stage SCLC, defined as the pres-
ence of metastatic disease outside the chest or large volume
thoracic disease that cannot be treated with radiotherapy.
The overall goal of treatment of extensive-stage disease is
palliation. The median survival of untreated extensive-stage
SCLC is less than 2 months. The use of platinum-based chemo-
therapy results in a response rate of approximately 50-70% and
a median survival of 9-11 months. Improvement in symptoms
and functional status are commonly observed within a few days
of initiation of systemic chemotherapy in SCLC. The regimen of
cisplatin and etoposide is considered the standard approach for
the treatment of SCLC. Carboplatin is considered an acceptable
alternative in the treatment of extensive-stage disease. Four
cycles of chemotherapy are considered optimal, though it can
be extended for up to six cycles in responding patients. There is
no proven role for maintenance therapy after combination
chemotherapy. Despite the extent of initial response, disease
recurrence develops in a median of 4-5 months. Disease that
progresses either during or within 90 days of administration of
cisplatin-based chemotherapy is referred to as “refractory”
relapse. Disease recurrence outside this window of time repre-
sents a “sensitive” subgroup of patients who might benefit from
subsequent salvage treatment options. The use of other
approaches such as high-dose chemotherapy, alternating chem-
otherapy regimens, dose-dense therapy and three-drug combi-
nation regimens are not associated with improvement in
survival [105]. In the Japanese patient population, the regimen



of cisplatin and irinotecan has demonstrated superior results
over cisplatin and etoposide. However, cisplatin—irinotecan was
not superior to standard therapy in Western patients.

Salvage therapy has yielded modest results in relapsed SCLC,
but the benefit is restricted to “sensitive” relapse. Topotecan is
the only agent to demonstrate clinical benefit in relapsed SCLC.
In a randomized study, topotecan was associated with favorable
symptomatic parameters, but overall survival was not improved
[106]. The response rate for topotecan in this setting is approxi-
mately 20%. Several novel agents are presently being studied in
efforts to improve the outcomes for SCLC. Molecularly targeted
agents against known targets appear rational and provide hope
for improved outcomes.

Radiotherapy is utilized in patients with limited-stage SCLC.
Cure can be achieved for approximately 30% of patients with
limited-stage SCLC with combined modality therapy. Earlier
initiation of radiotherapy appears to be superior to the delayed
approach and has been adopted as the standard approach in fit
patients. A randomized study demonstrated superior survival
when 45 Gy of thoracic radiotherapy was given at twice daily
fractions (BID) compared to the same dose given at one fraction
per day along with cisplatin and etoposide chemotherapy [107].
An ongoing study will evaluate whether the 45 Gy of BID radia-
tion is superior to 70 Gy of radiotherapy given once daily with
concomitant chemotherapy for limited-stage SCLC.

Prophylactic cranial irradiation (PCI) is associated with a
modest improvement in 5-year survival rate for patients
with limited-stage SCLC that achieve a complete remission
following combined modality therapy [108, 109]. This is due to
the high risk of brain recurrence that is noted in patients with
SCLC. Recent studies have demonstrated benefit with PCI even
in patients with extensive-stage disease [110]. For patients who
achieve a favorable response to combination chemotherapy, the
use of PCI results in modest improvement in overall survival
and reduced risk of recurrence in the brain. Based on this,
PCI can be considered for appropriate patients with extensive-
stage SCLC.

The role of surgery is limited to those with peripheral lung
lesions without mediastinal nodal involvement. It is estimated
that fewer than 5% of patients with SCLC are candidates for sur-
gical resection. In 10-15% of patients with SCLC, a mixed his-
tology with NSCLC features are observed. These patients might
present with local progression following combined modality
therapy resulting from the NSCLC component. These patients
may be considered for surgical resection in selected situations.

Treatment advances in SCLC have lagged behind those for
NSCLC in the past two decades. Consequently, the survival
outcomes for SCLC have not changed considerably during this
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outcomes for lung cancer have improved in recent years.
Increasing numbers of survivors following surgery or chemora-
diotherapy provide the impetus to investigate important topics
such as optimal surveillance, follow-up for second primary dis-
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Thymoma and Thymic Carcinoma

Incidence and Mortality

Thymic malignancies are rare, slow growing tumors of the ante-
rior mediastinum. Thymomas can spread locally, metastasize,
and recur decades after therapy and should not be considered
“benign” They typically occur in the fourth to eighth decade
with a peak in the seventh decade, and account for 50% of ante-
rior mediastinal masses in patients older than 50 years of age.
The ratio of males to females is essentially equal [1]. In the
United States (US), incidence rates are highest among Asian/
Pacific Islander populations and African Americans, and lowest
among Hispanics and non-Hispanic Whites [2]. The incidence
of thymomas is 0.13 per 100,000 person years in the US [2].
Five-year survival rates are approximately 93%, 85%, 65%, and
53% for Masaoka stages I-IVa, respectively. Ten-year survival
rates are 90%, 75%, 56%, and 38% for stages I-1Va, respectively
[1]. Thymic carcinomas are more aggressive and more likely to
metastasize to lymph nodes and distant sites compared to thy-
momas. They have 5-year survival rates of approximately
30-50% [3, 4] and median survival of 6.6 years [5].

Etiology and Risk Factors

No known environmental or lifestyle risk factors are associated
with incidence of thymoma or thymic carcinoma. The only con-
sistent associations are age and ethnicity

Pathology

Thymomas are derived from the epithelial component (cortical
and medullary) of the thymus. These neoplastic epithelial cells
are mixed in various proportions with non-neoplastic lympho-
cytes, primarily T cells. The World Health Organization
(WHO) histologic classification system includes several sub-
types of thymomas (type A, AB, B1, B2, and B3), and thymic
carcinomas (Type C) (Table 2.1). Thymic carcinomas can be
distinguished from thymomas by their malignant cytologic and

architectural features. Several subtypes of thymic carcinoma
have been described including squamous cell, sarcomatoid,
mucoepidermoid, papillary, basaloid, and undifferentiated
carcinomas [6, 7].

Diagnosis and Staging

Approximately one-third of patients with thymic malignancies
are asymptomatic with another one-third presenting with
cough, dyspnea or chest pain [1]. A mass in the anterior medi-
astinum could represent other benign and malignant tumors
such as lymphoma, thymic carcinoids, germ cell tumors, thy-
roid goiters, thymic cysts, or metastatic lung cancer, which
should be considered during the patient’s evaluation. Thymomas
are relatively uncommon below the age of 20 but make up
15-40% of anterior mediastinal masses between the ages of
20 and 40 [1]. Beta-human chorionic gonadotropin and alpha-
fetoprotein levels should be determined if germ cell tumors are
suspected in young males. Thyroid-stimulating hormone, trii-
odothyronine, or thyroxine levels should be assessed in those
suspected to have intrathoracic thyroid goiters.

Approximately 40-45% of patients with thymomas will pre-
sent with myasthenia gravis (MG) [8]. Only 10-15% of patients
with MG will have a thymoma [9]. Patients present with a fluc-
tuating degree of ocular (diplopia, ptosis), bulbar (dysarthria,
dysphagia), limb, and respiratory muscle weakness. The weak-
ness is a result of autoantibodies against the acetylcholine
receptors or against muscle receptor specific tyrosine kinase.
Adequate medical control of MG should be achieved prior to
surgical resection. Other paraneoplastic conditions such as red
cell aplasia and hypogammaglobulinemia occur in 2-5% of
patients [9].

If an anterior mediastinal mass is suspected on chest X-ray, a
computed tomography (CT) scan of the chest with contrast
should be obtained. Thymomas are usually well defined, round
or oval masses in the thymus. Magnetic resonance imaging can
be considered in patients with severe iodine contrast allergies
[10]. Positron emission tomography (PET)/CT can be useful in

The American Cancer Society’s Oncology in Practice: Clinical Management, First Edition. Edited by The American Cancer Society.
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Table 2.1 World Health Organization (WHO) Histologic Classification.

Type Histologic description

A A tumor composed of a population of neoplastic thymic epithelial
cells having spindle/oval shape, lacking nuclear atypia, and
accompanied by few or no nonneoplastic lymphocytes

AB A tumor in which foci having the features of type A thymoma are

admixed with foci rich in lymphocytes

Bl A tumor that resembles the normal functional thymus in that it
combines large expanses having an appearance practically
indistinguishable from normal thymic cortex with areas
resembling thymic medulla

B2 A tumor in which the neoplastic epithelial component appears as
scattered plump cells with vesicular nuclei and distinct nucleoli
among a heavy population of lymphocytes. Perivascular spaces are
common and sometimes very prominent. A perivascular arrangement
of tumor cells resulting in a palisading effect may be seen

B3 A type of thymoma predominantly composed of epithelial cells
having a round or polygonal shape and exhibiting no or mild
atypia. They are admixed with a mild component of lymphocytes,
resulting in a sheet like growth of the neoplastic epithelial cells

C A thymic tumor (thymic carcinoma) exhibiting clear-cut
cytologic atypia and a set of cytoarchitectural features no longer
specific to the thymus, but rather analogous to those seen in
carcinomas of other organs. Type C thymomas lack immature
lymphocytes; whatever lymphocytes may be present are mature
and usually admixed with plasma cells

Table 2.2 Masaoka-Koga Clinical Staging of Thymoma [13, 14, 15].

Stage Diagnostic criteria

I Macroscopically and microscopically completely
encapsulated tumor

IIA Microscopic transcapsular invasion

1IB Macroscopic invasion into thymic tissue or surrounding
fatty tissue, or grossly adherent to but not through
mediastinal pleura or pericardium

1II Macroscopic invasion into neighboring organ
(i.e., pericardium, great vessels, or lung)

IVA Pleural or pericardial dissemination

IVB Lymphogenous or hematogenous metastasis

detecting metastatic disease [11]. Close attention should be
made to vascular invasion or involvement of other mediastinal
structures which can limit surgical resection and indicate the
need for neoadjuvant therapy. If a thymic malignancy is sus-
pected and deemed surgically resectable, patients should
undergo resection without tissue biopsy. For locally advanced
or unresectable lesions or in cases where lymphoma is sus-
pected, fine-needle aspiration, core-needle biopsy, or open
biopsy can be performed for tissue diagnosis [12].

The Masaoka-Koga staging system is the most commonly
used classification system for thymic malignancies (Table 2.2),
and was recommended by the International Thymic Malignancy
Interest Group (ITMIG) [13]. Historically, no standardized
staging system for thymic malignancies has been defined by the
American Joint Commission on Cancer or the Union for
International Cancer Control until the new eighth edition
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classification system [16] (Table 2.3). The primary extent of
involvement (T) is classified by the level of tissue involvement
that is determined by microscopic invasion. A node map was
developed by ITMIG and the International Association for the
Study of Lung Cancer and is used for the new nodal staging sys-
tem. N1 nodes are in the anterior mediastinum and lower cervi-
cal regions, while N2 nodes are deep cervical, supraclavicular,
and middle mediastinal nodes. Metastatic disease is subclassi-
fied between separate pleural (visceral or parietal) or pericardial
nodules (Mla) and pulmonary intraparenchymal or distant
organ metastasis (M1b).

Table 2.3 Thymic malignancy TNM staging.

Primary tumor (T)
TO No evidence of a primary tumor
T1 Tumor encapsulated or extending into the mediastinal fat;

may involve the mediastinal pleura

Tla No mediastinal pleura involvement

T1b Direct invasion of mediastinal pleura

T2 Tumor with direct invasion of the pericardium (either partial
or full thickness)

T3 Tumor with direct invasion into any of the following: lung,
brachiocephalic vein (innominate vein), superior vena cava,
phrenic nerve, chest wall, or extrapericardial pulmonary
artery or veins

T4 Tumor with direct invasion into any of the following: aorta

(ascending, arch or descending), arch vessels, intrapericardial
pulmonary artery, myocardium, trachea, esophagus

Regional lymph nodes (N)

NX Regional lymph nodes not assessed

NO No regional lymph node metastasis

N1 Metastases in anterior (perithymic) lymph nodes

N2 Metastases in deep intrathoracic or cervical lymph nodes

Distant metastasis (M)

MO No pleural, pericardial, or distant metastasis

Mla Separate pleural or pericardial nodule(s)

M1b  Pulmonary intraparenchymal nodule or distant organ metastasis

Stage grouping

Stage T N M

I Tla, T1b NO MO

II T2 NO MO

IIIA T3 NO MO

I11B T4 NO MO

IVA Any T N1 MO
Any T NO, N1 Mla

IVB Any T N2 MO, M1a
Any T Any N Mib

Source: Detterbeck and Marom [16]. Used with permission of the American
College of Surgeons, Chicago, Illinois. The original source for this information
is the AJCC Cancer Staging Manual, 8th edn (2017), which is published by
Springer Science + Business Media.
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Treatment

Patients with thymic malignancies should be evaluated and
managed by a multidisciplinary team that includes thoracic sur-
geons, medical oncologists, radiation oncologists, chest radiol-
ogists, surgical pathologists, and pulmonologists [17]. Surgery
is the recommended treatment for all clinically resectable thy-
momas and thymic carcinomas. For locally advanced and meta-
static disease, multimodality therapy with or without surgery is
recommended [18].

Surgery

The goal of surgery is en bloc RO resection (complete resection
with no microscopic residual tumor) of the lesion with total
thymectomy including contiguous and noncontiguous disease.
The ability to achieve a complete macroscopic and microscopic
resection varies with stage [1]. Locally advanced tumors may
require resection of adjacent structures such as the pericardium,
pleura, lung, phrenic nerve, and possibly vascular structures to
achieve a RO resection. Bilateral phrenic nerve resection results
in respiratory morbidity and should be avoided. Routine evalua-
tion of pleural surfaces should be performed for metastatic dis-
ease. For patients who develop a resectable recurrence, surgery
is recommended and provides excellent long-term survival (72—
77%, 5-year) if complete resection can be achieved [19, 20].
Thymectomy can be performed through a sternotomy,
thoracotomy, or with minimally invasive approaches such as
a transcervical approach, video-assisted, or robotic-assisted
thoracoscopic surgery. Minimally invasive approaches lack
robust long-term data on recurrence or survival, but can be
considered if the standard oncologic principles are met [21].
The ITMIG has proposed a policy on the handling and report-
ing of surgical and pathological findings by surgeons and
pathologists so future validation studies can be performed [22].

Radiotherapy

Thymomas are relatively radiosensitive. Neoadjuvant radio-
therapy with or without chemotherapy is indicated in cases of
marginally resectable tumors to enhance the ability to achieve
complete resection [23].

Although surgery is the treatment of choice for stage I-III
thymoma, many physicians advocate the use of adjuvant radio-
therapy, particularly in cases of: incomplete resection; exten-
sion beyond the capsule; extensive pleural adherence;
microscopic pleural invasion; macroscopic invasion of the peri-
cardium, large vessels, or lung; or aggressive histology (WHO
grade B3 or C) [24].

Completely resected stage I thymomas have an excellent
prognosis and adjuvant therapy is not indicated [25]. Indications
for postoperative radiotherapy for stage II thymoma are not
well defined [24]. Postoperative radiotherapy is generally indi-
cated in the setting of incomplete resection. For completely
resected stage II thymoma, results in the literature regarding
the benefits of radiotherapy are conflicting [19, 26, 27]. Patients
with stage III thymomas or thymic carcinomas have a higher
risk of recurrence and should receive adjuvant radiotherapy to
aid in local control [28, 29].

For unresectable disease, radiation with or without chemo-
therapy remains the treatment of choice. Radiotherapy also can

be an effective palliative treatment for symptomatic metastatic
disease [25].

Radiotherapy Treatment Techniques

The planning target volume should include the surgical bed, any
gross residual tumor, and areas suspected of harboring subclini-
cal disease (including mediastinal nodes if high risk) with a 2cm
margin (Figure 2.1). Postoperative radiotherapy is delivered
using standard fractionation with 1.8—-2.0 Gy fractions to a total
of 45-50Gy for margin-negative resections, 54—60Gy for
microscopically positive margins, and 60—70 Gy for unresecta-
ble and macroscopically positive margins [30]. For patients with
pleural disease, the risk of developing pleural dissemination is
high (38%). In this group of patients, the use of hemithoracic
irradiation of 10—17 Gy over 2—-3 weeks in conjunction with a
mediastinal dose of 40Gy should be considered to improve
locoregional control [31]. Neoadjuvant radiotherapy may be
delivered using standard fractionation up to a total dose of
45 Gy [25, 32]. Palliative radiation courses such as 30 Gy in 10
fractions are administered for symptomatic local sites. Modern
radiotherapy techniques such as intensity-modulated radio-
therapy (IMRT) or image-guided radiotherapy may allow more
sparing of adjacent organs and structures than standard 3D
conformal techniques [24, 25].

Chemotherapy

Chemotherapy is active in thymic malignancies, and is utilized
in the primary, postoperative, and locally advanced or meta-
static settings [33]. Several different chemotherapy combina-
tions have been used as the primary treatment modality in
patients with stage III thymoma or in large tumors in an effort
to improve the likelihood of a complete resection [34]. The
regimens used in thymic malignancies are usually platinum
based, including cisplatin, doxorubicin, and cyclophosphom-
ide (PAC); cisplatin, doxorubicin, vincristine, and cyclophos-
phamide (ADOC); and cisplatin, etoposide, and ifosfamide
(VIP) [35-37].

PAC is recommended as the frontline regimen by the National
Cancer Care Network for advanced-staged thymomas, primar-
ily based on treatment of 29 patients with metastatic, locally
progressive, or recurrent thymoma [35, 38]. There was an over-
all response rate of 50% and a median survival of 37.7 months
with this regimen [35]. For those patients unable to tolerate cis-
platin- or anthracycline-based therapy, carboplatin and pacli-
taxel does have some activity on unresectable thymomas or
thymic carcinomas [39].

Thymic carcinomas are more aggressive than thymomas, and
are less responsive to chemotherapy. Although the ADOC regi-
men is active in thymic carcinoma, carboplatin and paclitaxel is
a less toxic regimen and most commonly used [39, 40].

Targeted therapies have shown some promise in thymic
malignancies, although in a very small number of patients.
Thymomas have shown increased EGFR expression and thymic
carcinomas have likewise shown high expression of c¢-KIT as
well as programmed death 1 and programmed death ligand,
which are potential therapeutic targets [34, 41, 42]. A recent
phase II study indicated promising activity of sunitinib (a multi-
targeted receptor tyrosine kinase inhibitor) in previously treated
patients with thymic carcinoma [43].



Figure 2.1 Three-dimensional intensity-modulated radiation (@)
therapy treatment plan for Masaoka stage IIB thymic
carcinoma status post radical thymectomy with a positive
margin in (a) axial, (b) coronal, and (c) sagittal planes. The
preoperative PET scan has been fused to the computed
tomography simulation scan for target delineation purposes.
The red line delineates the preoperative gross tumor volume.
The pink line delineates the postoperative tumor bed. The
color-wash display demonstrates the clinical target volume in
green and the planning target volume in blue. The orange line
represents the 6000 cGy isodose line. Radiation was delivered
with intensity-modulated radiation therapy using five fields of
6-MV photons to 6000 cGy over 30 fractions.

Follow-up

Local recurrence involving the pleural space, lung, or the medi-
astinum is more common than distant metastasis. The average
time to recurrence for thymomas is 5 years [1, 19, 44]. A com-
prehensive review found recurrence rates of 3%, 11%, 30%, and
43% for Masaoka stage I-IVa thymomas, respectively [36]. The
ITMIG has recommended annual CT scans of the chest for
5 years after surgical resection. Subsequently, chest radiographs
and CT scans can be obtained in alternating years until year
11 followed by annual chest radiographs to 20 years. Resected
stage III or IVA thymoma, thymic carcinoma, or incompletely
resected tumors should have CT scans of the chest every
6 months for the first 3 years [46].

Malignant Pleural Mesothelioma

Incidence and Mortality

Malignant pleural mesothelioma (MPM) is an uncommon can-
cer with an approximate incidence of 2,000—3,000 cases per year
in the US [47]. The mesothelioma incidence rate, based on cases
diagnosed between 2009 and 2013, was approximately 1.8 per
100,000 men per year and 0.4 per 100,000 women per year [48].

The incidence in the US is leveling off [47], but is expected to
rise in countries with increased utilization and fewer regulations
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on exposure and mining of asbestos [49]. Mesothelioma most
commonly occurs in the pleura, but can occur on other serosal
membranes (e.g., pericardium, peritoneum, tunica vaginalis
testes).

Etiology and Risk Factors

The link between MPM and asbestos exposure was noted in a
landmark study in 1960 [50] and is the biggest risk factor for
MPM. A latency period between exposure to asbestos and
development of mesothelioma has been reported by different
investigators to be approximately 40 years, with shorter periods
in heavily exposed individuals [51]. Previous radiation therapy
also increases the risks of MPM [52]. The median age at the
time of diagnosis is 63 years. Median survivals are 21, 19, 16 and
12 months for stage I-1V, respectively [53]. Recent studies indi-
cate that germline mutations of the BAP1 tumor suppressor
gene are responsible for a cancer predisposition syndrome that
includes mesothelioma, cutaneous melanoma, uveal melanoma,
and other cancers [54, 55].

Pathology

Histologic subtypes for MPM include epithelioid, sarcomatoid,
biphasic (epithelioid and sarcomatoid), and desmoplastic.
Epithelioid tumors are the most common, while desmoplastic
MPM is extremely rare. Immunohistochemical staining can
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help to differentiate MPM from benign disease and other pri-
mary and secondary malignancies involving the pleura.
Calretinin, cytokeratin, and vimentin are generally expressed in
MPM (55, 57].

Diagnosis and Staging

Patients with MPM present with nonspecific symptoms. A
thorough evaluation includes a detailed history of the patient’s
asbestos exposure. Early-stage patients may complain of dysp-
nea associated with a pleural effusion. As the disease progresses,
patients may note pain due to chest wall invasion followed by
worsening dyspnea due to lung entrapment, chest wall restric-
tion, or contralateral effusion and ascites. Physical examination
may demonstrate decreased breath sounds, dullness to percus-
sion or a palpable chest wall mass.

For patients presenting with a pleural effusion, thoracentesis
can be both diagnostic and therapeutic. Pleural fluid cytology
yields a positive diagnosis in approximately 60% of cases. Needle
biopsy and thoracoscopic biopsy are diagnostic in 86% and 98%
of cases, respectively [58, 59]. If the pleural space is obliterated
making thoracoscopy impossible, an open biopsy can be pur-
sued. Incisions should be aligned to allow for resection at the
time of surgery as MPM tends to invade in to the chest wall at
these sites.

Staging workup should include a CT scan of the chest and
abdomen with contrast and a PET-CT. Mediastinal lymph node
staging can be done either with mediastinoscopy or endobron-
chial ultrasound with fine-needle aspiration. Magnetic reso-
nance imaging should be considered to identify mediastinal
invasion, chest wall involvement, or transdiaphragmatic exten-
sion [60]. PET-CT should be obtained before any pleurodesis
procedure to lower the risk of a false-positive study [61, 62].
Video-assisted thoracoscopic surgery and laparoscopy can be
performed if contralateral or peritoneal disease is suspected.

The TNM staging system for MPM was initially proposed by
the International Mesothelioma Interest Group and in collabo-
ration with the International Association for the Study of Lung
Cancer has recently been updated for the eighth edition of the
American Joint Commission on Cancer staging manual
(Table 2.4) [63].

Treatment

Patients should be evaluated by a multidisciplinary team with
experience in managing MPM. Select patients with a good per-
formance status and clinical stage I-III disease are candidates
for multimodality therapy. Most patients present with advanced-
stage disease, making treatment difficult and cure rare. Surgery
is recommended for medically operable patients with clinical
stage I-1II MPM as part of multimodality therapy where com-
plete gross cytoreduction of the tumor can be achieved. Patients
in the International Association for the Study of Lung Cancer
mesothelioma database who had curative intent surgery plus
either chemotherapy or radiation had better outcomes com-
pared to surgery alone (median survival, 20 vs 11 months) [53].
To determine medical operability, patients should have pulmo-
nary function tests with a carbon monoxide diffusion capacity,
a ventilation perfusion scan (if FEV; < 80% predicted), and a car-
diac stress test.

Surgery for MPM includes either extrapleural pneumonec-
tomy (EPP) or a lung-sparing procedure with pleurectomy and
decortication (P/D). EPP involves en bloc resection of the lung,
pleura, pericardium, and ipsilateral diaphragm. Standard P/D
removes the involved pleura and any gross disease. A radical or
extended P/D includes the removal of the pericardium and ipsi-
lateral diaphragm with the pleura. Mediastinal lymph node
sampling should be performed with both EPP and P/D. Deciding
which operation to offer a patient should take in to considera-
tion the ability to provide a complete gross resection, the
planned adjuvant therapy, and the patient’s prognosis.

There is a lack of randomized controlled studies to prove a
survival benefit of surgery. The Mesothelioma and Radical
Surgery randomized feasibility study assessed the benefit of EPP
after neoadjuvant chemotherapy compared to chemotherapy
alone [64]. EPP had increased morbidity but did not improve
survival. The study has been criticized for its small sample size,
lack of standardized chemotherapy regimens, and data relating
to time from chemotherapy to EPP [65]. A direct comparison of
the effects of EPP versus P/D is hard to assess due to complex
patient factors and clinical scenarios directing the type of surgi-
cal intervention. A retrospective review of 663 patients who had
surgical resection for MPM noted a higher operative mortality
for EPP (7%) compared to P/D (4%). P/D had a better survival
(median survival, 12 vs 16 months: P <0.001), but this difference
was thought to be related to selection bias and a difference in
patient characteristics [66]. The theoretical advantages of EPP
are a more complete cytoreduction and allowing for higher doses
of adjuvant radiation therapy resulting in lower rates of local
recurrence (33% vs 65% compared to P/D) [66]. A recent meta-
analysis of EPP (1391 patients) and P/D (1512 patients), reported
a significantly higher mortality associated with EPP (4.5% vs
1.7%; P <0.05). Median survivals favoring EPP were reported in
53% of the studies, but of those that reported at least a 2-year
survival (seven of 24) the two cohorts had similar survivals [67].

EPP has been recommended for select patients with a good
performance status, minimal comorbidities, stage II-III dis-
ease, epithelioid histology, and no N2 disease [68, 69]. P/D
should be considered for stage I disease [66] or for patients who
cannot tolerate EPP [70]. For patients who cannot tolerate any
resection or have symptomatic effusions, palliative therapeutic
options include pleurodesis or PleurX® catheter placement.

Radiotherapy

MPM has intermediate radiosensitivity, similar to nonsmall cell
lung cancer. Radiotherapy alone is not curative, due to the large
radiation doses needed for tumor sterilization, large target vol-
umes, and proximity to radiosensitive normal structures.

High dose radiotherapy to the entire hemithorax after pleu-
rectomy and decortication has been shown to improve local
control compared to historical controls; however, it has not
been shown to improve survival [71]. Significant radiation tox-
icities, primarily pneumonitis, pulmonary fibrosis, pericardial
effusion, esophagitis, and esophageal stricture have been
reported in patients treated with adjuvant radiotherapy follow-
ing P/D [72-74]. Thus, adjuvant radiation in this setting should
be considered with the goal of reducing locoregional failure,
preferably on clinical trial.
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Table 2.4 Malignant pleural mesothelioma TNM staging.

Primary tumor (T)

X
TO
T1

T2

T3

T4

Primary tumor cannot be assessed
No evidence of a primary tumor
Tumor is limited to the ipsilateral parietal pleura with or without involvement of:
e Visceral pleura
e Mediastinal pleura
e Diaphragmatic pleura
Tumor involving each of the ipsilateral pleural surfaces (parietal, mediastinal, diaphragmatic, and visceral pleura)

with at least one of the following:
e Involvement of the diaphragmatic muscle

e Extension of tumor from the visceral pleura into the underlying pulmonary parenchyma
Locally advanced but potentially resectable tumor.
Tumor involving all the ipsilateral pleural surfaces (parietal, mediastinal, diaphragmatic, and visceral pleura) with at

least one of the following:
e Involvement of the endothoracic fascia

e Extension into the mediastinal fat
e Solitary, completely resectable focus of tumor extending into the soft tissue of the chest wall
e Nontransmural involvement of the pericardium
Locally advanced technically unresectable tumor.
Tumor involving all the ipsilateral pleural surfaces (parietal, mediastinal, diaphragmatic, and visceral pleura) with at

least one of the following:
e Diffuse extension or multifocal masses of tumor in the chest wall, with or without associated rib destruction

Direct diaphragmatic extension of the tumor to the peritoneum
Direct extension of the tumor to the contralateral pleura

Direct extension of the tumor to a mediastinal organ

Direct extension of the tumor into the spine

Tumor extending through to the internal surface of the pericardium with or without a pericardial effusion or
tumor involving the myocardium

Regional lymph nodes (N)

NX
NO
N1

N2

Regional lymph nodes cannot be assessed
No regional lymph node metastases

Metastases in the ipsilateral bronchopulmonary, hilar, or mediastinal (including the internal mammary,
peridiaphragmatic, pericardial fat pad, or intercostal) lymph nodes

Metastases in the contralateral mediastinal, ipsilateral, or contralateral supraclavicular lymph nodes

Distant metastasis (M)

MO No distant metastasis

M1 Distant metastasis

Stage grouping

Stage T N M

1A T1 NO MO

1B T2, T3 NO MO

1I T1, T2 N1 MO

IIIA T3 N1 MO

111B T1, T2, T3 N2 MO
T4 Any N MO

v Any T Any N M1

Source: adapted from AJCC Cancer Staging Manual, 8th edn [63]. Used with permission of the American College of Surgeons, Chicago, Illinois. The original source

for this information is the AJCC Cancer Staging Manual, 8th edn (2017), which is published by Springer Science + Business Media.
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Postoperative radiotherapy is given after EPP to improve local
control and to prevent recurrence at the instrument-tract after
pleural intervention. Adjuvant radiotherapy to 50-54Gy
reduces local recurrence rates after EPP in carefully selected
patients [75]. IMRT has allowed safe delivery of higher doses of
up to 60 Gy in the adjuvant setting after EPP [76,77]. Prophylactic
radiation to surgical tracts has been shown to prevent local
recurrences at these sites [78, 79].

Radiotherapy Treatment Techniques

The target volume should include the entire hemithorax, thora-
cotomy incision, biopsy tracks, and sites of chest drains [75, 80].
Postoperative radiotherapy is delivered to this target volume
using standard fractionation with 1.8-2.0 Gy fractions to total
50-54 Gy. A total dose of 54—60 Gy is recommended for micro-
scopically positive margins. A total of 60 Gy or greater is recom-
mended for macroscopic residual disease. Modern radiotherapy
techniques such as IMRT or image-guided radiotherapy may
allow more sparing of adjacent critical structures than 3D con-
formal techniques [71].

Prophylactic doses of 21 Gy in seven fractions help to prevent
surgical tract recurrences [78, 79]. Palliative chest wall radiation
to doses >40 Gy at doses of 24 Gy per fraction appear to be more
effective in providing symptomatic relief than lower doses [79].
Palliation of bone or brain metastases is treated with standard
courses such as 30 Gy in 10 fractions.

Chemotherapy and Trimodality Therapy

The benefit of chemotherapy in MPM was first demonstrated in
the metastatic or inoperable setting. Prior to 2000, it was unclear
whether chemotherapy provided a benefit over supportive care.
In 2003, the combination of cisplatin with pemetrexed was stud-
ied in a large (n=456) chemotherapy naive population [81].
Cisplatin plus pemetrexed produced a significantly superior
response rate of 41.3%, and median survival of 12.1 months, com-
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Introduction

There has been a marked shift in the management of esophageal
or gastroesophageal junction (GEJ) cancers from surgery alone
to multimodality approaches. Several clinical trials and meta-
analyses have demonstrated a survival benefit to neoadjuvant
treatment prior to surgery [1-3].

Incidence and Mortality

Approximately 16,940 new cases of esophageal cancer (13,360
in men and 3,580 in women) are diagnosed (1.0% of cancer
diagnoses) and approximately 15,450 deaths from this disease
occur (2.64% of cancer deaths) annually in the United States
(US) [4]. The incidence rate of esophageal cancers, based on
cases diagnosed in the US between 2009 and 2013, was
approximately 4.3 per 100,000 persons per year. Approximately
61.79% of these esophageal cancers were adenocarcinomas
(AC) and 32.8% were squamous cell carcinomas (SCC) [5].
The mortality rate during the same period was 4.1 per 100,000
persons per year.

Worldwide, approximately 455,800 cases of esophageal can-
cer are diagnosed and 400,200 deaths occur each year [6].
Incidence rates vary internationally by more than 21-fold, with
the highest rates in southern and eastern Africa and eastern
Asia, and the lowest in western America. The incidence of
esophageal AC has been increasing in several western coun-
tries due to increases in obesity, while SCC rates are decreas-
ing as a result of reductions in tobacco use and alcohol
consumption. However, in certain Asian countries like Taiwan,
SCC is increasing because of increases in tobacco and alcohol
consumption [4].

Etiology

Age, Race, Ethnicity, and Gender

The median age at diagnosis in the US is 67 years and 30.1% of
patients are at least 75 years of age at the time of diagnosis. The
esophageal cancer (all histologies combined) incidence rates for
males and females in the US are 7.4 and 1.7 per 100,000 persons
per year, respectively. The overall esophageal cancer incidence
rates (per 100,000 persons per year) in the US are highest among
non-Hispanic Whites (4.8) and African Americans (4.4), and are
lowest for Asian Americans/Pacific Islanders (2.0) and Hispanics
(2.8). Among racial and ethnic groups in the US, the proportion
of adenocarcinomas among esophageal cancers is highest among
Whites (69.1%), American Indians/Alaska Natives (61.3%), and
Hispanics (57.4), and lowest for African Americans (16.6%) and
Asian Americans/Pacific Islanders (26.7%) [5].

Squamous Cell Carcinoma

In high incidence areas, there is no gender specificity for SCC,
while it is more common in men in low incidence areas. Several
risk factors have been identified to predict an increased risk of
SCC. The most common risk factors are smoking and alcohol
consumption. Dietary factors include foods containing N-nitroso
compounds found in pickled vegetables, chewing areca nuts or
betel quid, high temperature beverages, red meat intake, low sele-
nium, and zinc deficiency, while intake of fruits, vegetables, and
folate are associated with a reduced risk of SCC. Increased risk is
associated with pre-existing esophageal disease such as achalasia
and prior caustic injury. Prior gastrectomy, atrophic gastritis,
human papillomavirus, tylosis, use of bisphosphonates, previ-
ous upper aerodigestive tract cancer, and poor oral hygiene
are also associated with an increased risk of SCC [7]. SCC
of the esophagus is associated with several hereditary cancer
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predisposition syndromes, including tylosis (focal nonepidermo-
lytic palmoplantar keratoderma, also known as Howel-Evans syn-
drome), Fanconi anemia, and Bloom syndrome [3].

Adenocarcinomas

The most significant risk factor for the development of esopha-
geal AC is gastroesophageal reflux disease (GERD). Chronic
reflux causes the squamous epithelium to undergo columnar
metaplasia to Barrett esophagus (BE) which in turn may become
increasingly dysplastic and eventually evolve into AC. Although
most cases of BE are sporadic, several familial clusters have been
reported [3]. Other risk factors include smoking (particularly in
BE patients), obesity, Helicobacter pylori infections (inverse
association) [8], use of drugs that decrease lower esophageal
pressure (nitroglycerine, beta agonists, anticholinergics), prior
cholecystectomy, and exposure to N-nitroso compounds.
Alcohol is not associated with increased risk of AC, which may
be lessened with wine consumption. COX2 inhibition with non-
steroidal anti-inflammatory drugs is not protective. There is also
a suggestion that there might be a protective effect with cereal
fiber and antioxidants [7].

Clinical Presentation

The most common presenting symptom is progressive dyspha-
gia (90%) leading to weight loss. Other findings include
odynophagia, chest pain, cough, and fever associated with pos-
sible tracheoesophageal fistulas, hoarseness associated with
tumor involvement of the recurrent laryngeal nerve, and melena
resulting from intraluminal bleeding. Patients with bleeding
tumors may experience significant fatigue from anemia.

Anatomy, Pathology, and Pathways
of Spread

The esophagus is broken down into three regions; cervical, tho-
racic, and gastroesophageal junction (GE]J). The cervical esoph-
agus starts from the inferior aspect of the cricoid cartilage at the
cricopharyngeus muscle to the thoracic inlet or sternal notch.
These cancers tend to behave more like head and neck cancers.
The thoracic esophagus starts at the thoracic inlet and contin-
ues to the diaphragmatic hiatus. The thoracic esophagus is fur-
ther subdivided into upper, middle, and distal esophageal
subsites. The upper esophagus starts at the thoracic inlet at
18-20cm (location in the esophagus is measured from the inci-
sors) and extends to the level of the tracheal bifurcation at
23-25cm. The mid-thoracic esophagus starts at the tracheal
bifurcation and extends midway down to the GE]J at 32cm. The
distal esophagus starts at 32cm and extends down to the GE]J,
roughly 40 cm from the incisors. GEJ cancers involve the squa-
mocolumnar transition and are further subdivided by the
Siewert classification into three classes [9]. Siewert type 1AC
start in the distal esophagus and usually arise from an area with
specialized intestinal metaplasia and may infiltrate the GE]J
from above. Siewert type 2 tumors arise immediately adjacent
to the GE]J. Siewert type 3 tumors start subcardially and extend

superiorly to or past the GEJ and distal esophagus. Typically,
most SCC arise in the upper and middle esophagus, while AC
mostly occur in the distal esophagus and GEJ [4].

Pathways of nodal spread are dictated by tumor location, but
all cancers can spread locally to invade local structures and dis-
tantly to the lungs, liver, bones, abdomen, peritoneum, and less
likely, brain. Regionally, cervical esophageal cancers spread
regionally to cervical, scalene, supraclavicular nodes, and medi-
astinal nodes. Upper and middle esophageal cancers spread to
supraclavicular, mediastinal, and periesophageal lymph nodes.
Tumors above the carina have a higher incidence of involved
supraclavicular lymph nodes. Tumors of the distal esophagus
and GEJ, involve periesophageal, celiac, perigastric, and gastro-
hepatic ligament lymph nodes. Siewert type 3 tumors behave
more like gastric cancers and spread to periportal, peripancre-
atic, periduodenal, perigastric, and paraaortic nodes.

Diagnostic Workup

Diagnosis of esophageal cancer is usually through direct visualiza-
tion through esophagogastroduodenoscopy with biopsy of suspi-
cious lesions. Endoscopic ultrasound (EUS) staging is done for
staging of the primary tumor, to assess invasion of local structures,
for determination of resectability (invasion of pleura, pericardium
or diaphragm versus aorta, trachea, bronchus, and vertebral
body), and regional lymph node status, unless other examinations
have already identified distant metastases. Contrast-enhanced
computed tomography (CT) of the thorax and abdomen alone
and in conjunction with positron emission tomography (PET-
CT), and EUS are used for staging [3]. PET utilizing [18 F]-fluoro-
deoxyglucose is more sensitive compared to CT alone or EUS for
detecting the presence of metastatic disease [10-12]. PET-CT
scans have been shown to affect the surgical management of up to
20% of patients [13]. While PET-CT scans are more sensitive and
specific than CT, they complement each other in that a CT scan
will further verify any false positives and negatives from PET-CT
as most tumors have to be at least 1cm for PET-CT detection.
Finally, bronchoscopy should be performed in patients with upper
or middle esophageal cancers to rule out airway invasion, tra-
cheoesophageal fistula, and determine the need for tracheal
stents. Restaging after chemoradiation with EUS, esophagogas-
troduodenoscopy with biopsy, and PET-CT has been examined to
determine response. However, none of these techniques has a
high accuracy for determining complete response pathologically.
McLoughlin et al. reported that the accuracy of a negative PET-
CT after chemoradiation was 56% for predicting a pathologic
complete response [14]. A study of postchemoradiation EUS pre-
dicted for complete response in only 17% of patients [15]. Finally,
a negative endoscopic biopsy after chemoradiation had a negative
predictive value of only 31% [16].

Staging

The American Joint Committee on Cancer and 8th Edition
Cancer Staging Manual for esophageal cancer includes separate
staging for SCC and AC, and incorporation of tumor grade and
location to the overall staging classification (Table 3.1) [17, 18].



Table 3.1 American Joint Committee on Cancer (AJCC) 8th edn. Esophageal cancer staging.

Esophageal Cancer

Definition of primary tumor (T)

Squamous cell carcinoma and adenocarcinoma

T category T criteria

TX Tumor cannot be assessed

TO No evidence of primary tumor

Tis High-grade dysplasia, defined as malignant cells confined to the epithelium by the basement membrane
T1 Tumor invades the lamina propria, muscularis mucosae, or submucosa

Tla Tumor invades the lamina propria or muscularis mucosae

T1b Tumor invades the submucosa

T2 Tumor invades the muscularis propria

T3 Tumor invades adventitia

T4 Tumor invades adjacent structures

T4a Tumor invades the pleura, pericardium, azygos vein, diaphragm, or peritoneum

T4b Tumor invades other adjacent structures, such as the aorta, vertebral body, or airway

Definition of regional lymph nodes (N)

Squamous cell carcinoma and adenocarcinoma

N category N criteria

NX Regional lymph nodes cannot be assessed

NO No regional lymph node metastasis

N1 Metastasis in one or two regional lymph nodes
N2 Metastasis in three to six regional lymph nodes
N3 Metastasis in seven or more regional lymph nodes

Definition of distant metastasis (M)

Squamous cell carcinoma and adenocarcinoma

M category M criteria
MO No distant metastasis
M1 Distant metastasis

Definition of histologic grade (G)

Squamous cell carcinoma and adenocarcinoma

G G definition

GX Grade cannot be assessed

Gl Well differentiated

G2 Moderately differentiated

G3 Poorly differentiated, undifferentiated

(Continued)

37



38| Digestive System Cancers

Table 3.1 (Continued)

Definition of location (L)

Squamous cell carcinoma

Location plays a role in the stage grouping of esophageal squamous cancers

Location category Location criteria

X Location unknown

Upper Cervical esophagus to lower border of azygos vein

Middle Lower border of azygos vein to lower border of inferior pulmonary vein

Lower Lower border of inferior pulmonary vein to stomach, including gastroesophageal junction

Note: location is defined by the position of the epicenter of the tumor in the esophagus

AJCC prognostic stage groups

Squamous cell carcinoma

Clinical (cTNM)
Then the stage
When cT is... And cNis... And Mis... group is...
Tis NO MO 0
T1 NO-1 MO I
T2 NO-1 MO 11
T3 NO Mo I
T3 N1 Mo I
T1-3 N2 MO 11T
T4 NO-2 MO IVA
Any T N3 MO IVA
Any T Any N M1 IVB
Pathological (p TNM)
Then the stage
When pT is... And pNis... And Mis And Gis... And locationis... group is...
Tis NO MO N/A Any 0
Tla No MO Gl Any 1A
Tla NO MO G2-3 Any 1B
Tla NO MO GX Any 1A
T1b NO MO G1-3 Any 1B
T1b NO MO GX Any IB
T2 NO MO Gl Any 1B
T2 NO MO G2-3 Any IIA
T2 NO MO GX Any IIA
T3 NO MO Any Lower IIA
T3 NO MO G1 Upper/middle IIA
T3 NO MO G2-3 Upper/middle 1IB
T3 NO MO GX Any 1IB
T3 NO MO Any Location X 1B

T1 N1 Mo Any Any 1B




Table 3.1 (Continued)

Esophageal Cancer

Pathological (p TNM)
Then the stage
When pTis... And pNis... And M is And Giis... And location is... group is...
T1 N2 MO Any Any IIA
T2 N1 MO Any Any IIA
T2 N2 MO Any Any 11IB
T3 N1-2 MO Any Any I1IB
T4a NO-1 MO Any Any 1B
T4a N2 MO Any Any IVA
T4b NO-2 MO Any Any IVA
Any T N3 MO Any Any IVA
Any T Any N M1 Any Any IVB
Postneoadjuvant therapy (ypTNM)
WhenypTis... AndypNis... And Miis... Then the stage group is...
T0-2 NO MO I
T3 NO MO 1I
T0-2 N1 MO IIIA
T3 N1 MO 111B
T0-3 N2 MO 11I1B
T4a NO MO I11B
T4a N1-2 MO IVA
T4a NX MO IVA
T4b NO-2 MO IVA
Any T N3 MO IVA
Any T Any N M1 IVB
Adenocarcinoma
Clinical (cTNM)
When cT is... And cNis... And Miis... Then the stage group is...
Tis NO MO 0
T1 NO MO I
T1 N1 MO IIA
T2 NO MO 1IB
T2 N1 MO III
T3 NO-1 MO I
T4a NO-1 MO 11T
T1-T4a N2 MO IVA
T4b NO-2 MO IVA
Any T N3 MO IVA
Any T Any N M1 IVB

(Continued)
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Table 3.1 (Continued)

Pathological (p TNM)

When pT is... And pNis... And Miis... And Gis... Then the stage group is...
Tis NO MO N/A 0
Tla NO MO G1 1A
Tla NO MO GX 1A
Tla NO MO G2 IB
T1b NO MO G1-2 IB
T1b NO MO GX 1B
T1 NO MO G3 IC
T2 NO MO G1-2 1C
T2 NO MO G3 1A
T2 NO MO GX IIA
T1 N1 MO Any 1IB
T3 NO MO Any 1B
T1 N2 MO Any 1A
T2 N1 NO Any 1A
T2 N2 MO Any 1IIB
T3 N1-2 MO Any I1IB
T4a NO-1 MO Any I11B
T4a N2 MO Any IVA
T4b NO-2 MO Any IVA
Any T N3 MO Any IVA
Any T Any N M1 Any IVB

Postneoadjuvant therapy (ypTNM)

WhenypTis... AndypNis... And Mis... Then the stage group is...
T0-2 NO MO I

T3 NO MO 11
TO-2 N1 MO IITA
T3 N1 MO I111B
T0-3 N2 MO I11B
T4a NO MO 1IIB
T4a N1-2 MO IVA
T4a NX MO IVA
T4b NO-2 MO IVA
Any T N3 MO IVA
Any T Any N M1 IVB

Source: Rice et al. [17]. Used with permission of the American College of Surgeons, Chicago, Illinois. The original source for this information is the AJCC Cancer
Staging Manual, 8th edn (2017), which is published by Springer Science + Business Media.



Prevention and Screening

Barrett Esophagus

Barrett esophagus (BE) is the metaplastic replacement of the
stratified squamous esophageal epithelium with columnar epi-
thelium. It is thought to occur from chronic GERD [20]. BE is the
most important identifiable risk factor for esophageal adenocar-
cinoma. The American College of Gastroenterology has defined
BE as an endoscopically recognized change in the esophageal
epithelium that is confirmed to have intestinal metaplasia by
biopsy [21]. Prospective studies have documented the progres-
sion from BE to low-grade dysplasia (LGD), high-grade dysplasia
(HGD), and eventually, invasive adenocarcinoma [22]. In addi-
tion, there is a gastric-type BE that has been described. In a
series of patients with gastric-type dysplasia, it was noted that
neoplastic progression occurred in 64% of patients with pure
gastric and 26% of patients with mixed gastric-intestinal dyspla-
sia [23]. While esophagectomy is a standard treatment for HGD
and T1 tumors, locally ablative therapies like endoscopic
mucosal resection, radiofrequency ablation, photodynamic ther-
apy, and cryotherapy have now started to play a significant role
in the management of these lesions [24]. However, the accuracy
of EUS staging for T1 tumors has been called into question [25].
Tumor depth was correctly staged by EUS in only 39% of pT1la
tumors and 51% of pT'1b tumors. Of the EUS staged cT1a (lam-
ina propria) cNO lesions, there were positive lymph nodes in 15%
of pathologic specimens. Patients with pTla (muscularis
mucosa) lesions had a 9% rate of pathologic lymph node involve-
ment, and those with pT1b tumors had a 17% rate of lymph node
spread. In addition, while AC can be successfully treated with
chemoradiation, this treatment will not eradicate the BE, and
any remaining dysplastic epithelium is prone to forming de novo
cancers. Either surgical resection with negative BE margins or
ablative therapies mentioned above must be performed after
chemoradiation to eliminate this high risk dysplasia [3, 26, 27].

Treatment of GERD and Chemoprevention

The American Gastroenterological Association (AGA) sup-
ports the use of GERD therapy for symptom relief of reflux
esophagitis in BE patients [28]. For patients without symptoms
of GERD or signs of reflux esophagitis, proton pump inhibitors
(PPIs) can be used to reduce the risk of neoplastic progression
of dysplasia, regardless of the lack of prospective trials. PPIs
have been shown to cause BE regression, while H2 blockers did
not. In a randomized, double-blind study of ranitidine (an H2
blocker) versus omeprazole (a PPI), it was noted that omepra-
zole had a greater degree of acid suppression and that there was
a statistically significant regression of BE compared to no
change with ranitidine [29]. A large prospective study demon-
strated that patients who used PPIs had a significantly reduced
risk of developing HGD or AC, whereas there was no benefit
seen with H2 blockers [30]. Epidemiologic studies suggested a
BE prevention benefit to nonsteroidal anti-inflammatory drugs,
specifically >325 mgaspirin [31]. A meta-analysis also confirmed
that aspirin use was inversely associated with the incidence of
AC in BE patients [32]. However, a chemoprevention trial with
a COX-2 inhibitor, celecoxib, failed to prevent progression of
BE to HGD and ultimately AC [33]. Finally, the combination of

Esophageal Cancer

statins and aspirin appears to provide a synergistic protection
against neoplastic progression of BE compared to aspirin [34].

Screening and Surveillance

The 2011 AGA guidelines for the management of BE suggest
screening for BE if multiple risk factors associated with esopha-
geal AC (age 50 years or older, male sex, white race, chronic
GERD, hiatal hernia, elevated body mass index, or intra-abdom-
inal distribution of body fat) are present [28]. The AGA recom-
mended against screening the general population with GERD
for BE. For patients with BE, GERD therapy to treat symptoms
and to heal reflux esophagitis is clearly indicated, as it is for
patients without BE. The diagnosis of dysplasia in BE should be
confirmed by at least one additional pathologist, preferably one
who is an expert in esophageal histopathology. Endoscopic sur-
veillance is suggested for patients with BE every 3-5 years if
there is no dysplasia, every 6-12 months for LGD, and every
3 months for HGD. Use of biomarkers to confirm histologic
diagnosis of LGD or HGD is not recommended. Endoscopic
eradication therapy with radiofrequency ablation, photody-
namic therapy, or endoscopic resection rather than surveillance
is recommended for treatment of patients with confirmed HGD
within BE. Endoscopic resection is recommended for patients
who have dysplasia in BE associated with a visible mucosal
irregularity.

Treatment

The three treatment modalities involved in the treatment of
esophageal carcinoma include surgery, chemotherapy, and
radiation therapy. While the treatment sections have been
organized into each specific modality, multimodality treatment
is usually required and is strongly influenced by stage. Treatment
recommendations by stage are displayed in Table 3.2.

Surgery

Single modality surgery was the mainstay of treatment for
esophageal cancer prior to use of neoadjuvant multimodality
techniques (see later sections). There is a direct correlation of
outcome and institutional volume. Patients who undergo
esophagectomy at high volume centers have lower treatment-
related mortality rates, better survival, and significantly shorter
hospital length of stay when compared to low volume institu-
tions [35, 36]. This is likely related to many factors including
surgeon experience [37], and the institution’s ability to deal with
complications that require multidisciplinary management, ded-
icated intensive care teams, skilled nursing, respiratory therapy,
clinical care pathways, and availability of certain therapeutic
equipment.

Technique

Transthoracic or Transhiatal Esophagectomy

Transhiatal esophagectomy (THE) and transthoracic esophagec-
tomy (TTE Ivor-Lewis esophagectomy) are the two most common
techniques performed. The choice of technique depends on a
number of factors including extent of lymphadenectomy, tumor
location, and surgeon’s preference. THE involves a mobilization
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Table 3.2 Treatment recommendations by stage.

Stage Surgical status Recommendation
T1aNOMO - 1) Endoscopic mucosal resection followed by endoscopic ablation
2) Esophagectomy* (if flat or ulcerated lesion not amenable to endoscopic removal)
T1bNOMO Medically operable Esophagectomy*
Medically inoperable Definitive CRT**
T2NOMO Medically operable 1) Esophagectomy* (well differentiated and <2 cm)
2) Preoperative CRT
Medically inoperable Definitive CRT**
T1-2N1-3 MO0 and Medically operable 1) Preoperative CRT
T3-4aN0-3 MO 2) Induction chemo, preoperative CRT (if radiation field would be excessively large)
3) Preoperative chemo (for adenocarcinoma and GE]J tumors)
Medically inoperable 1) Definitive CRT**
2) Induction chemo, definitive CRT**
T4bNO-3 MO Unresectable 1) Definitive CRT**
2) Induction chemo, definitive CRT**
TxNxM1 Inoperable by stage Systemic chemotherapy +/- palliative stent, radiation, or brachytherapy

CRT, chemoradiotherapy; GEJ, gastroesophageal junction.

*Consider adjuvant chemotherapy or chemoradiation based on high risk pathologic features like positive margins or positive lymph nodes.

**Consider brachytherapy boost for local residual disease.
1. Radiation dose: (i) definitive is 45—50.4 Gy; (ii) preoperative is 41.4—50.4 Gy.

2. Concurrent chemotherapy regimens include: (i) cisplatin (75 mg/m?* on week 1 and week 5) and weekly protracted venous infusion 5-FU (225 mg/m?; over
5 days); (ii) weekly carboplatin and taxol (use lower range of radiation dose due to pneumonitis issues); (iii) biweekly oxaliplatin and protracted venous
infusion 5-FU (225 mg/m?; over 5 days); (iv) protracted venous infusion 5-FU (225 mg/m? over 5 days) in the adjuvant setting.

3. Brachytherapy boost dose is 9-15 Gy in three fractions prescribed to surface (brachytherapy should be avoided if there is involvement or close proximity to

airway due to tracheoesophageal fistula).

of the stomach with sparing of the gastroepipolic artery, upper
abdominal lymphadenectomy, blunt dissection of the thoracic
esophagus, and a left cervical esophagogastric anastomosis
[38]. TTE also requires mobilization of the stomach with an
upper abdominal lymphadenectomy, but differs from the tran-
shiatal approach in that a right thoracotomy with radial dissec-
tion around the thoracic esophagus with its surrounding
mediastinal lymphatic tissue is performed. The anastomosis is
created within the thoracic space. The theoretical advantage
with the thoracic approach is the oncological resection of the
mediastinal lymph nodes and wider radial margin of the pri-
mary tumor. There are modifications of both techniques that
have been described [39]. The perioperative morbidity and
mortality of the two techniques was compared in a randomized
trial [40]. A total of 220 patients were assigned to either a THE
or TTE approach. The trial concluded that perioperative mor-
bidity was higher with the TTE with no significant difference in
in-hospital mortality or overall survival. THE was associated
with a shorter operative time, lower blood loss, fewer pulmo-
nary complications, decreased chylous leaks, shorter duration
of mechanical ventilation, and shorter stay in the intensive care
unit and hospital. Similar results were confirmed in a meta-
analysis involving 7,527 patients from 50 studies with either
TTE or THE obtaining a 5-year survival of 20% [41]; however,
THE showed an increased incidence of anastomotic leaks and
recurrent laryngeal nerve injury.

Minimally Invasive Esophagectomy Techniques
Multiple transhiatal and transthoracic minimally invasive
esophagectomy (MIE) approaches have been described

combining thoracoscopic and/or laparoscopic procedures. The
first attempts at MIE involved thoracoscopic esophageal mobi-
lization, laparotomy for gastric mobilization, and a cervical
anastomosis. The morbidity of a thoracotomy was avoided
while allowing for complete mediastinal dissection. This tech-
nique has been reported by several groups with excellent results
[39]. Relative contraindications to laparoscopy may include
prior major abdominal resections. Contraindications to thora-
coscopy include extensive pleural adhesions, prior pneumonec-
tomy, bulky tumors, and locally infiltrative tumors, especially
those with airway involvement. Finally, while it has been recom-
mended that MIE should not be performed in patients treated
with neoadjuvant therapy [42], others have found MIE can
safely be performed after induction therapy [33, 43]. MIE is a
technically advanced surgical procedure associated with a pro-
longed learning curve and it has been noted that at least 17
cases are required to gain technical expertise and 35 cases have
to be performed to observe differences in blood loss, postopera-
tive pulmonary infection, and number of lymph nodes retrieved
[44, 45]. Major intraoperative complications include bleeding,
tracheobronchial injury, and recurrent laryngeal nerve injury
have been reported with MIE [39]. A randomized controlled
trial was conducted in esophageal cancer comparing MIE (59
patients) versus open esophagectomy (56 patients) [46].
Pulmonary infection in the first 2 weeks was noted in 16 (29%)
patients in the open esophagectomy group versus five (9%)
patients in the MIE group (relative risk (RR) 0.30, 95% CI 0.12—
0.76). In-hospital pulmonary infection was noted in 19 (34%)
patients in the open esophagectomy group versus seven (12%)
patients in the minimally invasive group (0.35, 0.16—0.78).



Robotic Esophagectomy

While laparoscopic THE is an ideal choice of procedure, several
problems arise including the instrumentation, the narrow field
of the mediastinum, and the two-dimensional view. Robotic
systems may overcome some of these limitations. This tech-
nique provides magnified three-dimensional visualization and
greater range of instrument motion allowing for diminished
intraoperative complications which have been reported by sev-
eral groups [39]. de la Fuente et al. reported on a large series of
robotic-assisted Ivor-Lewis (RAIL) esophagectomies with a
hand-assisted laparosopic abdominal approach [47]. In the first
50 patients that underwent RAIL [47], the median number of
lymph nodes resected was 18.5 and all patients achieved an RO
resection. Postoperative complications occurred in 14 (28%)
patients, including atrial fibrillation in five (10%), pneumonia in
five (10%), anastomotic leak in one (2%), and chyle leak in two
(4%). The median intensive care unit stay and length of hospi-
talization were 2 and 9 days respectively. Total mean operating
time calculated from time of skin incision to wound closure was
445 minutes; however, operative times decreased over time.
Similarly, there was a trend toward lower complications after
the first 29 cases but this did not reach statistical significance.
There were no in-hospital mortalities. Hernandez et al. reported
that the learning curve to become proficient in performing
RAIL was 20 cases [48]. Currently, TTE, THE, MIE, and RAIL
are all considered appropriate surgical options, with optimal
choices among these depending on the tumor location, patient
preference, and the surgeon’s preference and experience [3, 49].

PET-CT and Surgery

PET-CT may identify which patients might benefit from sur-
gery [14, 50]. A series from Wake Forest showed that there was
no benefit to surgery if patients had a negative PET-CT scan
after induction therapy [50]. In contrast, a series from the
Moffitt Cancer Center showed that in 81 patients, a negative
and positive postchemoradiotherapy PET-CT scan had positive
predictive values for predicting pathologic complete response
and residual disease of 35% and 70%, respectively [14].

Role of Surgery

The role of surgery in the management of locally advanced esoph-
ageal cancer is controversial. Surgery alone is reserved for patients
with HGD, or with T1NO, or T2NO esophageal cancers. However,
caution must be exercised when patients are staged as T2NO by
EUS as it has been shown that almost 50% are upstaged at the time
of surgery [51]. While there are no data to address the role of sur-
gery in AC, three randomized trials conducted by the Germans,
French, and Chinese have addressed the role of esophagectomy in
SCC [52-54]. All three trials showed no difference in overall sur-
vival comparing definitive versus preoperative treatment. In the
German and French trials, while there was no difference in overall
survival, there was a significant difference in local control and dis-
ease-free survival in favor of surgery; however, there was also
higher treatment-related mortality associated with surgery. A
meta-analysis of these three randomized trials of 512 patients
comparing definitive chemoradiation versus preoperative chemo-
radiation followed by surgery or surgery alone revealed no differ-
ence in survival or morbidity but treatment-related mortality risk
was lower in the definitive chemoradiation group (HR 7.6; 95% CI:
1.76-32.88) [55]. Based on these results, one may conclude that

Esophageal Cancer

for SCC of the esophagus, patients undergoing surgery may ben-
efit from local control and disease-free survival but are at signifi-
cantly increased risk of treatment-related mortality. While
prospective data and meta-analysis show no survival benefit to
surgery after chemoradiation for SCC, there is a disease-free sur-
vival and local control benefit. It would seem reasonable to offer
surgery for SCC patients who have biopsy-proven residual disease
6—12 weeks after treatment. For patients with AC, surgery should
be part of a multimodality treatment regimen.

Radiation Without Chemotherapy

Radiation therapy alone is considered palliative. Local control
and survival are poor despite combining with surgery either
preoperatively or postoperatively [1, 2, 56]. Local recurrence
rates have been reported as high as 77% with standard fraction-
ation [56, 57]. In a retrospective review, radiation therapy alone
resulted in a 5-year overall survival of 6% [58]. Several attempts
were made to improve local control and survival by combining
radiation and surgery. A meta-analysis of five randomized trials
of 1147 patients was conducted to assess the benefit of neoadju-
vant radiation versus surgery alone [59] but only showed a trend
for increased survival with preoperative radiation (P =0.06).

Chemotherapy

Preoperative Chemotherapy

There are several trials examining the benefit of preoperative
chemotherapy in esophageal and GE] cancers (Table 3.3). A
survival benefit was reported in four trials [60—64]. A common
finding in these trials is that response to therapy confers a sur-
vival benefit compared to nonresponse (Table 3.3). Responders
are more likely to attain an RO resection. While the MAGIC
trial was conducted for gastric cancer, 25% of the patients had
distal esophageal and GEJ cancer. In the MAGIC trial, 503
patients with gastric, distal esophageal, or gastroesophageal
junction AC were randomized to surgery alone or three cycles
of epirubicin, cisplatin, and 5-FU (ECF) given perioperatively
[62]. There was a significant overall survival benefit associated
with perioperative ECF (5year overall survival 36% vs 23%,
P=0.009). In a trial similar to the MAGIC trial, Ychou et al.
examined the role of perioperative cisplatin and 5-FU in gas-
tric, distal esophageal, or gastroesophageal junction AC [64];
however, distal esophageal and GE]J adenocarcinomas com-
prised 75% of patients. There was a significant survival benefit
associated with chemotherapy with a 5-year overall survival of
38% versus 24% (P=0.02). In a trial by Boonstra et al., 169
patients with esophageal SCC were randomized to surgery
alone versus preoperative cisplatin and 5-FU [61]. Five-year
survival in the combined modality group was 27% versus 17%
for surgery alone (P=0.03). While an Radiation Therapy
Oncology Group (RTOG) trial failed to show a survival benefit
with preoperative cisplatin and 5-FU [65], a similar trial by the
Medical Research Council in Europe showed a significant sur-
vival benefit (5-year survival 23% vs 17%, P=0.03) with the
addition of cisplatin and 5-FU preoperatively for esophageal
cancer [60, 63]. There were notable differences between the
two trials including twice as many patients randomized, fewer
cycles of chemotherapy delivered preoperatively, more adeno-
carcinomas, and more patients going to surgery in the Medical
Research Council trial.
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Table 3.3 Trials of neoadjuvant chemotherapy versus surgery alone.

Study n Histology Chemotherapy Response (%) Responders’ survival Survival P

Roth [104] 19 100% SCC Cisplatin/vind/bleomycin 47 MS MS9m ns
20 None 20mvs 6m

Nygaard [105] 50 100% SCC None - - 9% (3y) 0.32
58 Cisplatin/bleomycin 3%
56 None' 21%
53 Cisplatin/bleomycin' 17%

Schlag [106] 22 100% SCC Cisplatin/5-FU 50 MS MS 10m ns
24 None 13mvs5m

Maipang [107] 24 100% SCC Cisplatin/vinb/bleomycin 53 - 31% (3y) ns
22 None 36%

Law [108] 74 100% SCC Cisplatin/5-FU 58 MS MS 17m ns
73 None 42mvs 8m MS 13m

Boonstra [61] 85 100% SCC Cisplatin/etoposide 38 - 26% 0.03
84 None 17%

Kelsen [65] 216 52% AC Cisplatin/5-FU 19 MS 23% (3y) ns
227 None 33yvslly 26%

Ancona [109] 48 100% SCC Cisplatin/5-FU 40 5y 42% (4y) ns
48 None 60% vs 12% 28%

Cunningham [62]? 250 100% AC Epirubicin/cisplatin/5-FU - - 36% (5y) 0.009
253 None 23%

Allum [60, 63] 400 67% AC Cisplatin/5-FU - - 23% (5) 0.03
402 None 17%

Ychou [64]® 113 100% AC Cisplatin/5-FU - - 38% (5y) 0.02
111 None 24%

! Radiation therapy to 35Gy given sequentially.

225% distal esophagus and gastroesophageal junction.
375% distal esophagus and gastroesophageal junction.
vind, vindesin; vinb, vinblastine; 5-FU, fluorouracil; AC, adenocarcinoma; SCC, squamous cell carcinoma; MS, median survival; ns, not significant; m, months; y, years.



Several meta-analyses examining survival after chemother-
apy or chemoradiotherapy and surgery compared to surgery
alone for esophageal cancer have been performed (Table 3.4).
With the exception of Greer et al. [66], all analyses [55, 67-71]
show a significant reduction in mortality associated with neo-
adjuvant chemoradiation. However, some do show a signifi-
cantly higher treatment-related mortality with chemoradiation
[67, 69, 70]. The most recent meta-analysis of 12 randomized
trials encompassing 1,854 patients demonstrated that the haz-
ard ratio for all-cause mortality for neoadjuvant chemoradio-
therapy was 0.78 (95% CI: 0.7—0.88; P <0.0001). In addition, the
benefit was maintained for both SCC (HR 0.80; 95% CI: 0.68—
0.93; P=0.004) and AC (HR 0.75; 95% CI: 0.59-0.95; P=0.02)
[71]. The survival benefit of neoadjuvant chemotherapy for
esophageal cancer has also been investigated [55, 68, 71]
(Table 3.3). While two analyses show a significant reduction in
mortality with preoperative chemotherapy [68, 71], the benefit
is restricted to AC with no apparent benefit in SCC.

Adjuvant Chemotherapy

There are limited data to support adjuvant chemotherapy in
esophageal cancer; however, it may be recommended in patients
with pathologically positive lymph nodes. Adjuvant chemother-
apy after chemoradiotherapy and/or surgery is poorly tolerated
and only 50% of patients are able to complete the prescribed
regimens [56, 62, 64, 72]. There is little prospective data to sup-
port adjuvant chemotherapy after neoadjuvant chemoradio-
therapy. There are three trials of adjuvant chemotherapy after
initial surgery and all were negative for a survival benefit [73—
75]. However, a meta-analysis reported from China of seven tri-
als encompassing 864 patients noted a 3-year survival benefit
with adjuvant chemotherapy (RR 0.89; 95% CI: 0.71-0.95;
P=0.009) [76].

PET-CT and Chemotherapy

One consistent finding is that the response to chemotherapy
does confer a survival benefit and does increase the likelihood
of an RO resection. PET-CT has been used to monitor response
to treatment as well [77-80]. A cut-off value of 35% change in
PET standardized uptake value predicted for survival (P =0.04).
This result led to the MUNICON trial [78], in which patients
with distal esophageal or gastroesophageal cancer had a PET
after one cycle of induction chemotherapy. Responders (defined
as decrease in standardized uptake value by 35%) continued
chemotherapy prior to resection and nonresponders went
directly to surgery. While the median survival was not reached
in responders, nonresponders had a median survival of 26
months (P=0.015). In a follow-up study, MUNICON II
addressed the role of salvage chemoradiation in PET nonre-
sponders in patients with GE]J cancer [81]. Two-year overall sur-
vival for responders and nonresponders was 71% versus 42%,
respectively (P=0.1).

Chemoradiation

Definitive Chemoradiotherapy

Randomized controlled data show benefit to adding mitomycin
C or cisplatin-based regimens concurrent with radiation [1, 2].
Bleomycin regimens concurrent with radiation showed no ben-
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efit [82]. An Eastern Cooperative Oncology Group randomized
trial that utilized concurrent mitomycin C-5FU with radiation
in 119 patients with esophageal SCC showed a statistically sig-
nificant difference in median overall survival of 14.8 months
with chemotherapy compared to 9.3 months without chemo-
therapy. A significant survival benefit was shown with cisplatin-
5FU-radiation (50.4 Gy) compared to radiation alone to 64.8 Gy
in the RTOG 85-01 trial [56]. Most of the patients had SCC. The
trial was stopped after the first interim analysis showed a sig-
nificant survival benefit, and additional patients were enrolled
in the chemoradiation arm only. The 5-year updated survival
for all patients receiving chemoradiation was 27% versus 0% for
radiation alone patients [83]. Despite the survival benefit,
almost 50% of patients had residual disease at 1 year. This result
led to investigation of dose escalation concurrent with radia-
tion. The intergroup 0123 trial randomized patients to chemo-
radiation to 50.4 Gy versus 64.8 Gy [84]. There was no benefit to
dose escalation and even a suggestion of a survival detriment. A
meta-analysis showed a significant survival benefit to concur-
rent chemoradiation while there was no benefit to sequential
chemotherapy and radiation [85].

Neoadjuvant Chemoradiation
Several randomized trials have been conducted to determine
the benefit from neoadjuvant chemoradiotherapy [1, 2]
(Table 3.5). However, these trials were either underpowered,
had poor performing control arms, or failed to show a signifi-
cant survival benefit. Most recently, the CROSS trial showed a
significant survival benefit to neoadjuvant chemoradiation [86].
In this trial, 368 patients were randomized to neoadjuvant
chemoradiation with 41.4Gy over 4.5weeks concurrent with
weekly carboplatin and paclitaxel followed by surgery versus
surgery alone. An RO resection was obtained in 92% of chemo-
radiation patients versus 69% in the surgery only patients
(P <0.001). Pathologic complete response was documented in
29% of chemoradiation patients. With a median follow-up of
45 months, median and 5-year overall survival was 49.4 months
and 47% for the chemoradiation group versus 24 months and
34% for the surgery only group (P=0.003). The benefit of neo-
adjuvant chemoradiation was noted in both SCC (univariate
HR 0.453, P=0.011; multivariate HR 0.422, P=0.007) and AC
(univariate HR 0.732, P= 0.049; multivariate HR 0.741, P=0.07).
Most importantly, the local and peritoneal recurrence rate was
significantly lower with preoperative chemoradiation [87].
Several meta-analyses have been published to examine sur-
vival after chemoradiotherapy and surgery compared to surgery
alone for esophageal cancer (Table 3.4). All analyses [55, 67-71]
show a survival benefit to neoadjuvant chemoradiation with the
exception of Greer et al. [66]. Three of the analyses do show a
significantly higher treatment-related mortality with chemora-
diation [67, 69, 70]. The most recent and largest meta-analysis
identified 12 randomized trials of 1,854 patients comparing
chemoradiation and surgery versus surgery alone. The hazard
ratio for all-cause mortality for neoadjuvant chemoradiother-
apy was 0.78 (P <0.0001) and the benefit was maintained for
both SCC (HR 0.80; P=0.004) and AC (HR 0.75; P=0.02) [71].
The overall recurrence rate in the surgery arm was 58% versus
35% in the CRT plus surgery arm. Preoperative chemoradiation
reduced locoregional recurrence from 34 to 14% (P <0.001) and
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Table 3.4 Meta-analyses of preoperative chemotherapy or chemoradiation versus surgery.

Study (year) Therapy No. of Studies n RR/OR/HR (95% ClI) P-value

Urschel [70] CRT 9 1116 0.66 (0.47-0.92) (3 y survival) 0.016

2003 1.6 (0.99-2.68) (postop mortality) 0.053

Fiorica [67] CRT 6 764 0.53 (0.31-0.93) (survival) 0.03

2004 2.1 (1.18-3.73) (postop mortality) 0.01

Greer [66] CRT 6 738 0.86 (0.74-1.01) 0.07

2005

Gebski [68] CRT 10 1209 081 (0.7-0.93) 0.002

2007 Chemo 8 1724 0.90 (0.81-1.00) (all) 0.05 (all)
0.78 (0.64-0.95) (AC) 0.014 (AC)
0.88 (0.75-1.03) (SCC) 0.12 (SCC)

Jin [69] CRT 11 1308 1.46 (1.07-1.99) (5 y survival)! 0.02

2009 1.7 (1.03-2.73) (postop mortality) 0.02

Kranzfelder [55] CRT 9 1099 0.81 (0.7-0.95) 0.008

2011

Ch 8 1707 0.93 (0.81-1.08 0.368

(100% SCC) emo ( )

Sjoquist [71] CRT 12 1854 0.78 (0.7-0.88) <0.0001

2011 Chemo 9 1981 0.87 (0.79-0.96) (all) 0.05 (all)
0.83 (0.71-0.95) (AC) 0.01 (AC)
0.92 (0.81-1.04) (SCC) 0.18 (SCC)

AC, adenocarcinoma; CI, confidence interval; CRT, chemoradiotherapy; HR, hazard ratio; OR, odds ratio; RR, relative risk; SCC, squamous cell carcinoma.

1 No benefit in SCC.



peritoneal carcinomatosis from 14 to 4% (P <0.001). There was
a small but significant effect on hematogenous dissemination in
favor of the chemoradiation group (35% vs 29%; P=0.025) [87].

Preoperative Chemotherapy Versus

Chemoradiotherapy

The German POET study addressed whether neoadjuvant
chemoradiation added to preoperative chemotherapy would
benefit patients with GEJ cancers. This was a randomized trial
of GEJ AC comparing preoperative chemotherapy and surgery
versus preoperative chemotherapy followed by chemoradiation
and surgery [88]. It was planned to enroll 354 patients; unfortu-
nately, the trial was stopped due to poor accrual after 125
patients were enrolled. The induction chemotherapy regiment
was cisplatin, leucovorin, and 5-FU. Radiation (30 Gy in 3 weeks)
was delivered concurrently with cisplatin and etoposide. A
trend for increased survival was observed in the chemoradia-
tion arm where 3-year survival in the patients receiving radia-
tion was 47% versus 27% for unirridiated patients (P=0.07).

Adjuvant Chemoradiotherapy

Results for the INT0116 trial established adjuvant chemoradio-
therapy as the standard of care in patients with node-positive
adenocarcinoma of the stomach and GE]J [72]. A total of 556
patients with resected GE]J or stomach adenocarcinoma were
randomized to surgery alone (control arm) or surgery plus adju-
vant chemoradiotherapy (experimental arm). Chemoradiation
was 45 Gy over 5 weeks with infusional 5-FU. Median and 3-
year overall survival was increased from 27 months and 41% in
the control group to 36 months and 50% in the chemoradio-
therapy group (P=0.005). In a three-arm Chinese study of stage
IT and III SCC of the esophagus, patients were randomized to
surgery alone, preoperative chemoradiation, and postoperative
chemoradiation [89]. Chemoradiation was 40Gy in 4 weeks
concurrent with cisplatin and taxol. There was a significant
improvement in overall survival in patients treated with postop-
erative and preoperative chemoradiation.

Brachytherapy

Esophageal brachytherapy (BT) is an intraluminal treatment of
radiation therapy applied directly to the tumor. It consists of the
placement of a catheter down the esophagus with subsequent
application of a tethered radioactive source administered down
the tube to deliver a very high dose of radiation directly to the
luminal component of the tumor. Treatments are short in dura-
tion and allow for better sparing of normal surrounding tissues
such as the lungs, heart, and liver when compared to external
beam radiation therapy. BT has been used primarily in two set-
tings: as palliation for locally advanced obstructing or bleeding
tumors and as a boost to external beam radiation therapy for
definitive management of nonsurgical candidates. BT has been
investigated for its use as a boost after external beam radiation
therapy with or without chemotherapy. However, a trial by
Calais et al. and RTOG 92-07 [90, 91] concluded that survival
was no different with the addition of BT. Additionally, caution
must be taken given the risk for fistulas. The high fistula rate in
the RTOG trial was likely due to the high BT dose delivered
concurrently with chemotherapy. In regards to palliation, metal
stents have shown benefit in relieving dysphagia [24]. In a
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multicenter Dutch study [92], patients with dysphagia due to
unresectable esophageal cancer were randomized to placement
of a stent (n=108) or single dose (12 Gy) BT (»=101). Dysphagia
improved more rapidly after stent placement compared to BT,
but long-term relief of dysphagia was better with BT. Higher
complication rates were noted with stent placement (33% ver-
sus 21%; P=0.02). The groups did not differ with regard to the
incidence of persistent or recurrent dysphagia or median sur-
vival (P >0.20). In the long term, quality-of-life scores were
higher in the brachytherapy group.

Technique
Chemoradiation for esophageal cancers has resulted in
increased survival over radiation or surgery alone; however, it is
fraught with high rates of acute toxicity and long-term esophagi-
tis, strictures, pneumonitis, and pericarditis. This necessitates
hospital admissions, feeding tube placement, and stent place-
ments. Historically, radiation to the esophagus was delivered
with two-dimensional techniques (as in RTOG 8501) utilizing a
barium esophagram approach that treated a large volume of
normal tissue. This significantly changed with the advent of CT
scans and computer software that allowed patients to be
scanned in the treatment position and so that the intended dose
could be shaped three-dimensionally by three-dimensional con-
formal radiotherapy (3DCRT), utilizing customized shaped
blocks to maximize the dose to the intended target and mini-
mize the dose to the surrounding healthy tissue. More recently,
intensity modulated radiation therapy (IMRT) has been utilized
in the clinical setting. IMRT requires advanced treatment plan-
ning software to deliver nonuniform radiation through a series
of beamlets that vary the intensity of dose across tumor—normal
tissue interfaces. The beamlets can be produced through multi-
ple prechosen beam angles or through a volumetric 360° arc
delivery of a continuously modulated photon beam [1]. However,
IMRT requires precise delineation of target volumes which can
be achieved with either fiducial marker placement or fusion of
PET scans to the treatment planning CT [93]. In addition, res-
piratory motion of the target volume has to be considered and
addressed with either creating a larger target volume or using
abdominal compression to limit respiratory excursion. Finally,
daily variation of gastric distention can dramatically affect dos-
ing of target volumes which may require planning and treat-
ment on empty stomachs. Finally, daily image guidance with
cone-beam CTs will aid in better target localization [1, 94, 95].
Comparative outcomes of IMRT versus 3DCRT have been
reported. A Chinese study compared the outcomes of 60 esopha-
geal cancer patients treated with either IMRT or 3DCRT concur-
rent with cisplatin and docetaxel. A total dose of 64Gy was
delivered in 30 fractions [96]. Response rates were higher in the
IMRT group, but there was no difference in survival. An MD
Anderson study compared outcomes of 676 esophageal cancer
patients treated between 1998 and 2008 with IMRT or 3DCRT,
with concurrent chemotherapy [97]. The IMRT patients were less
likely to receive induction chemotherapy, had better performance
status, and were less likely to die but more likely to have first
failure be distant. The IMRT group was superior with respect
to overall survival (P <0.001) and locoregional recurrence
(P=0.0038). There were no differences seen in cancer-related
mortality or distant metastasis between the two groups. Most
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Table 3.5 Trials of neoadjuvant chemoradiation versus surgery alone.

Study n Histology Chemoradiation regimen Pathologic complete response (%) Overall survival P-value
Walsh [110] 58 100% AC 40 Gy (3 weeks)/cisplatin/5-FU 25 MS16mvs 11m 0.01
55 None 3y 32% vs 6%
Urba [111] 50 75% AC 45 Gy (1.5 Gy BID)/cisplatin/5-FU/Vinb 28 MS 17mvs 18m 0.15
50 None 3y 30% vs 16%
Lee [112] 51 100% SCC 45.6 Gy (1.2 Gy BID)/cisplatin/5-FU 43 MS 28mvs 27m 0.69
50 None
Burmeister [113] 128 62% AC 35Gy (3weeks)/cisplatin/5-FU 14 MS29mvs 19m 0.57
128 None
Tepper [114] 30 75% AC 50.4 Gy (5.5 weeks)/cisplatin/5-FU 40 MS4.5yvs18y 0.002
26 None 5y 39% vs 16%
Lv [89] 80 100% SCC 40 Gy (4 weeks)/cisplatin/taxol NR MS 53m vs 36 m 0.04
80 None 5y 44% vs 34%
Mariette [115] 97 71% SCC 45 Gy (5weeks)/cisplatin/5-FU NR MS 32mvs45m 0.68
98 None 3y 49% vs 55%
van Hagen [116] 180 75% AC 41.4Gy (4.5weeks)/carboplatin/taxol 29 MS49m vs 24m 0.003
188 None 5y47% vs 34%

AC, adenocarcinoma; BID, twice daily; 5-FU, 5-fluorouracil; MS, median survival; m, months; NR, not reported; SCC, squamous cell carcinoma; Vinb, vinblastine; y, years.



recently, Freilich et al. reported on a series of 232 (138 IMRT, 94
3DCRT) patients with esophageal cancer treated with 3DCRT or
IMRT [94]. Median dose was 50.4Gy (range 44—64.8) to gross
disease. There was no significant difference based on radiation
technique with respect to overall survival, but IMRT was associ-
ated with a significant decrease in acute grade >3 toxicity on uni-
variate and multivariate analysis.

Biologic Therapy

Epidermal Growth Factor Receptor

Epidermal growth factor receptor (EGFR) expression correlates
with poor prognosis and radioresistance [98]. While several
phase II studies showed promise in esophageal cancer in the
phase II setting with the addition of anti-EGFR antibodies [98],
randomized controlled trials failed to show a survival benefit.
Two randomized controlled trials looked at the role of targeted
therapy with an anti-EGFR antibody, cetuximab, in combina-
tion with chemoradiotherapy for definitive treatment of esoph-
ageal cancer. The SCOPE-1 trial was a randomized phase II/III
trial where patients with esophageal carcinoma (73% SCC) were
treated with capecitabine-cisplatin-50Gy with or without
cetuximab [99]. They unfortunately did not meet their phase II
endpoint and the trial was stopped after 258 patients were
enrolled. Overall results were detrimental with the addition of
cetuximab. Not only was there increased toxicity leading to
increased failure to complete treatment, median survival was
significantly worse in patients receiving cetuximab. After the
report of this trial, accrual to the ongoing RTOG 0436 trial
addressing the role of cetuximab was halted. Results were pre-
sented at the 2014 GI ASCO meeting. This was a phase III trial
for patients with esophageal carcinoma treated with cisplatin-
paclitaxel-50.4 Gy with or without cetuximab [100]. There was
no difference in survival, toxicity, or response rate.

Human Epidermal Growth Factor Receptor-2

Amplification of the human epidermal growth factor recep-
tor-2 (HER2) gene and overexpression of its protein product is
involved in a variety of malignancies including GE] AC and
correlates with a poor prognosis [101]. A large randomized
phase III trial of HER2-positive metastatic gastric or GEJ ade-
nocarcinoma, Trastuzumab for Gastric Cancer, was conducted
to assess the benefit of adding trastuzamab to cisplatin-5FU or
a cisplatin-capecitabine doublet [102]. On intent-to-treat
analysis, there was a significant improvement in median
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survival in patients receiving trastuzamab (13.8 months versus
11.1 months; P=0.0046). Response rate, time to progression,
and duration of response were significantly higher in the trastu-
zumab plus chemotherapy group as well. RTOG 1010 is a rand-
omized phase III trial of HER2-positive mid to distal esophageal
and GE] adenocarcinoma being randomized to concurrent
chemoradiation with carboplatin-paclitaxel-50.4Gy versus
carboplatin-paclitaxel-trastuzamab-50.4 Gy, with the primary
endpoint being disease-free survival. National Comprehensive
Cancer Network guidelines recommend addition of trastu-
zumab to chemotherapy regimens for patients with HER2-
overexpressing and/or HER2-amplified metastatic esophageal
adenocarcinoma [3].

Other Targets and Agents

Ramucirumab is a recombinant monoclonal antibody to
VEGEFR-2 that is approved for second-line treatment of gastroe-
sophageal adenocarcinoma. Several clinical trials of immune
checkpoint inhibitors are in progress [103].

Follow-up and Survivorship

Guidelines for follow-up have been established by the National
Comprehensive Cancer Network [3]. For patients with in situ or
T1la disease amenable to ablative techniques, assessment with
endoscopic surveillance should occur every 3 months for 1 year,
then annually. For patients who undergo an RO resection, obser-
vation is recommended. For R1 resections, adjuvant chemora-
diation is recommended. If a patient received preoperative
chemoradiation, then either observation or adjuvant chemother-
apy is recommended. For patients with locally advanced disease
treated with definitive chemoradiation, response assessment
must be performed at 6—12 weeks after treatment. If there is no
persistent disease, then history and physical examination, and
nutritional counseling should be performed every 3—6 months
for 1-2 years, then every 6-12 months for 3—5 years, then annu-
ally. Chemistry, complete blood counts, imaging, and endoscopy
should be done only as clinically indicated.

Long-term side effects from chemoradiation include benign
esophageal strictures requiring dilation or stent (12%), radiation
pneumonitis (2%), pericardial and pleural effusions (2%), rehabili-
tation and hospitalization (16%), and requirement of feeding tube
for nutrition (7%) [94]. Tracheoesophageal fistulas may occur after
chemoradiation, but are most likely not due to treatment, but
rather to progression of cancer. Aspiration and speech paralysis
may occur after surgery due to recurrent laryngeal nerve injury.
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site, April 2016.
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Incidence and Mortality

Gastric cancer is the fifth most common malignancy of the
digestive system in the United States (US), with approximately
28,000 new cases and 10,960 deaths expected during 2017 [1].
Globally, gastric adenocarcinoma is the fifth most common
malignancy overall, accounting for 951,600 estimated new cases
in 2012 and representing 6.8% of all cancers [2]. Gastric cancer
is the third leading cause of global cancer-related death,
accounting for 723,100 estimated deaths in 2012 [2]. More than
73% of global gastric cancer cases occur in Asia [3].

While the 5-year survival rate for gastric cancer in the US
remained low at 31% from 2006 to 2012, this represented an
improvement over the 15% 5-year survival rate from 1975 to
1977 [4, 5]. Over the decade spanning 2004—2013, the incidence
and mortality rates for gastric cancer in the US declined by 1.5%
and 2.6%, respectively [5]. The incidence and mortality rates for
gastric cancer are nearly twice as high in Asian Americans/
Pacific Islanders, Hispanics, and African Americans as in non-
Hispanic Whites [5]. The higher incidences in these ethnic
groups may reflect higher rates of Helicobacter pylori (H. pylori)
infection and poorer dietary patterns.

Risk Factors and Prevention

Many risk factors for gastric adenocarcinoma have been
described and investigated. Table 4.1 lists the factors that have
been shown to have an association with increased or decreased
incidence of gastric cancer.

A higher incidence rate for gastric cancer is seen in males
compared to females, at about a 2:1 ratio [5]. This ratio is rela-
tively consistent, regardless of ethnicity. Gastric cancer inci-
dence also increases steadily with age, with incidence rates at
ages 20-24 years, 50—54 years, and 80—84 years of 0.2, 8.0, and
49.7 per 100,000 per year, respectively [5].

Dietary habits have been shown to have an influence on the
risk of gastric cancer. In particular, diets high in salted foods
have been shown to be associated with an increased risk of gas-
tric cancer and gastric cancer mortality [6—9]. Conversely, fruits
and vegetables have been found to have a significant protective
effect, with a significant reduction in gastric cancer incidence
among subjects with an intake of two to five servings of fruits
and vegetables per day compared to those with less than one
serving per day [10, 11]. Low vitamin C levels have been linked
to increased gastric cancer incidence and some studies have
shown a decreased risk of gastric cancer with higher vitamin C
dietary intake [12, 13]. However, more recent therapeutic stud-
ies have failed to demonstrate a significant decrease in risk with
vitamin C supplementation [14].

Other lifestyle factors have been shown to be risk factors for
gastric cancer. As in many other types of malignancies, smoking
increases the risk of developing gastric cancer. A recent meta-
analysis revealed the relative risk of gastric cancer in smokers to
be 1.53 [15]. In addition, smoking is an independent risk factor
for decreased disease free survival and overall survival among
gastric cancer patients [16]. Heavy alcohol intake (more than
four drinks per day) was shown to have a relative risk of 1.2 for
development of gastric cancer; moderate levels of alcohol intake
had no apparentassociation with gastric cancer [17]. Overweight
patients, as defined by a body mass index (BMI) greater than 25,
have a higher risk of gastric cancer [18]. This association appears
to strengthen with increasing BMI [18].

H. pylori infection has been repeatedly implicated as a risk
factor for gastric adenocarcinoma, with one meta-analysis iden-
tifying a twofold increase in risk [19]. H. pylori infection appears
to be particularly associated with the development of intestinal-
type gastric cancer and is more commonly associated with dis-
tal gastric cancers [20]. In addition, H. pylori infection may have
a synergistic effect with other risk factors, such as a smoking,
alcohol consumption, and high salt intake [12, 21, 22]. Epstein—
Barr virus has also been associated with gastric cancer [23].
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Table 4.1 Risk factors and preventative factors for gastric adenocarcinoma.

Risk factors

Smoking

Salt intake

Alcohol

Helicobacter pylori infection
Epstein-Barr virus infection
Hereditary diffuse gastric cancer
Lynch syndrome

Preventative factors
Fruits/vegetables

Vitamin C

A germline mutation in CDH1 on chromosome 16, which
encodes for E-cadherin, causes hereditary diffuse gastric can-
cer. This autosomal dominant genetic predisposition syndrome
is characterized by the development of diffuse gastric cancer
before the age of 40 and an increased risk of breast cancer and
colon cancer [24, 25]. The risk of developing gastric cancer with
known E-cadherin mutations is 70-80% [25, 26]; prophylactic
gastrectomies are performed for these patients, and approxi-
mately 90% of cases reveal occult gastric carcinoma in the
resected specimens [12]. Gastric cancer incidence has also been
shown to be increased in patients with Lynch syndrome, or
hereditary nonpolyposis colorectal cancer syndrome [27],
although it appears that the natural history of gastric cancer in
this syndrome is not significantly different than that of sporadic
gastric cancer [28].

Pathology

Many classification systems have been proposed for the histo-
pathologic characterization of gastric adenocarcinoma [29].
The two most widely accepted are the Lauren classification and
the World Health Organization classification [29]. There are
two distinct histological subtypes of gastric adenocarcinoma
according to the Lauren classification: intestinal and diffuse
[30]. The intestinal type is characterized by the tendency of the
cells to form tubular gland-like structures, while the diffuse
type demonstrates an absence of cell-to-cell interactions and is
characterized by a pattern of scattered tumor cells [30]. The
intestinal type occurs more frequently in male patients and in
the elderly [31-35]. It has been associated with atrophic gastri-
tis and with the aforementioned high-risk dietary habits. The
diffuse subtype of gastric adenocarcinoma is more common in
younger patients and in female patients; it has been demon-
strated to carry a worse prognosis than the intestinal subtype
[36—38]. Together, these two subtypes represent approximately
85% of gastric adenocarcinomas, with the remainder being
comprised of mixed histology and other less common subtypes.
In contrast to the two subtypes of the Lauren classification sys-
tem, the World Health Organization classification categorizes
gastric cancer into four subtypes: papillary, tubular, mucinous,
and signet ring cell [39, 40].

Gastric Adenocarcinoma

Amplification of the human epidermal growth factor 2 gene
(HER2/neu) and overexpression of the HER 2 protein has
been demonstrated to be associated with the development of
gastric and gastroesophageal junction adenocarcinomas
[41, 42]. HER2/neu is a proto-oncogene, located on chromo-
some 17 and encodes a tyrosine kinase receptor, which is a
member of the epidermal growth factor receptor family.
HER2/neu gene amplification in gastric cancer occurs at a
rate of 9-18%; HER2 protein overexpression occurs at rate of
8-53% [43]. HER2 overexpression is more common in the
intestinal subtype of gastric cancer than the diffuse subtype
[44]. The clinical significance of HER2/neu amplification is
unclear: some studies have demonstrated that HER2-positiv-
ity is associated with poor prognosis [45-47], while others
have shown that it is not an independent predictor of patient
outcomes [48, 49]. In spite of this discrepancy, targeted ther-
apy towards HER2-positive gastric adenocarcinomas has
shown clinical benefit, as demonstrated in the Trastuzumab
for Gastric Cancer (ToGA) study [50]. Because of this, HER2
testing is recommended for all patients with metastatic gas-
tric cancer. Immunohistochemistry (IHC) is generally the
first method used for HER2 testing. IHC scores range from 0
to 3+, based on the intensity and extent of immunostaining of
tumor cells, as well as the percentage of immunoreactive
tumor cells. IHC scores of 0 and 1+ are considered negative;
3+ is considered positive. An IHC score of 2+ is considered
equivocal and generally followed up with fluorescence in situ
hybridization to determine HER2-positivity [43].

Diagnosis

Among the reasons for the generally poor clinical outcomes for
patients with gastric adenocarcinoma is that it lacks specific
symptoms at an early stage. The majority of patients with early
gastric cancer are either asymptomatic or have nonspecific
upper abdominal pain that is usually classified as dyspepsia.
Because up to 40% of the general population has dyspeptic
symptoms, the utility of this symptom as a predictor of early
gastric cancer is severely limited [51]. The most common pre-
senting symptoms of early gastric cancer are epigastric pain,
weight loss, and nausea/vomiting [52]. Other symptoms of
gastric cancer include anorexia, gastrointestinal bleeding, and
anemia [53]. Early satiety may occur due to decreased distensi-
bility of the stomach due to diffuse involvement of the tumor, as
in linitis plastica. Dysphagia can occur due to mechanical
obstruction from proximal gastric tumors. Distal gastric adeno-
carcinomas can result in gastric outlet obstruction.

Likewise, physical signs of gastric cancer often only present in
later stages. A palpable abdominal mass from either the primary
tumor or a liver metastasis may be present in advanced disease.
Abdominal swelling from ascites can occur either due to meta-
static liver involvement or due to peritoneal carcinomatosis.
Occasionally, palpable lymphadenopathy can be found, either in
the left supraclavicular region (Virchow node) [54] or the peri-
umbilical area (Sister Mary Joseph node) [55]. Additionally,
a palpable ovarian mass (Krukenberg tumor) or a mass in the
cul-de-sac palpable on rectal examination (Blumer shelf) may
represent peritoneal spread from gastric cancer [56].
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Once the diagnosis of gastric adenocarcinoma is suspected,
flexible esophagogastroduodenoscopy (EGD) is the first diag-
nostic modality that should be employed. Although barium
contrast upper gastrointestinal series radiography can identify
malignant lesions, it has lower sensitivity (54% vs 92%) and
specificity (91% vs 100%) than EGD [57]. This is particularly an
issue in early gastric cancer, where the sensitivity of an upper
gastrointestinal series can be as low as 14% [58]. In addition,
EGD allows for tissue diagnosis by endoscopic biopsy of any
visualized abnormality. When multiple biopsies are taken
around the craters of gastric ulcers, diagnostic accuracy of EGD
approaches 98% [59]. Once the histopathologic diagnosis of
gastric cancer has been confirmed, a clinical staging workup
can be performed.

Staging

Historically, gastric cancer has been somewhat unique among
malignancies in that there were two major staging classifica-
tions in use. The American Joint Committee on Cancer (AJCC)
and the Union for International Cancer Control (UICC) jointly
developed the TNM staging system that is used by western
hemisphere countries. This system was revised in 2016 for the
8th edition of the AJCC Staging Manual and is described in
Table 4.2 [60]. The Japanese Classification of Gastric Carcinoma
(JC) was developed by the Japanese Gastric Cancer Association
(JGCA), formerly known as the Japanese Research Society of
Gastric Carcinoma [61]. This system traditionally differed from
the AJCC/UICC system in the classification of regional lymph
node metastases by anatomic location, rather than number.
Fortunately, the JGCA decided to comply with the AJCC/UICC
system for its most recent revision of the JC, published in 2011,
to allow for a unified worldwide staging system. One difference
between the two staging systems was the handling of tumors of
the esophagogastric junction (EGJ). The 7th edition of the
AJCC had designated tumors arising in the stomach 5 cm or less
from the EGJ to be staged using the TNM system for esophageal
cancer rather than the staging system for gastric cancer.
Fortunately, this has been revised in the 8th edition of the AJCC
[60] to mirror the definition used by the JC: EGJ tumors as those
arising 2cm above to 2cm below the EGJ, and tumors in the
subcardia of the stomach as gastric adenocarcinomas [62]. The
staging for gastric cancer has been markedly simplified by the
agreement of the two staging systems.

The primary purpose in staging for gastric cancer is to deter-
mine the extent of disease for treatment planning. The goal of
the initial workup is to classify patients into one of three groups:
localized cancer (Tis or T1a), locoregional cancer, or metastatic
cancer (M1). Following initial tissue diagnosis, usually obtained
through upper endoscopy, a number of diagnostic modalities
can be utilized: computed tomography (CT) scan, positron
emission tomography (PET), magnetic resonance imaging,
endoscopic ultrasound (EUS), and laparoscopic staging.

CT scan is often the first staging modality utilized in gastric
cancer. If evidence of distant metastases is discovered on CT
scan, it may be the only modality utilized, as further studies are
unlikely to change the management. CT accuracy in identifying
the presence or absence of metastatic disease ranges from 70 to

Table 4.2 American Joint Committee on Cancer (AJCC) TNM Staging
Classification for Carcinoma of the Stomach (8th edn, 2017).

Primary Tumor (T)

TX Primary tumor cannot be assessed

TO No evidence of primary tumor

Tis Carcinoma in situ: intraepithelial tumor without invasion

of the lamina propria, high grade dysplasia

Tla Tumor invades lamina propria or muscularis mucosae

T1b Tumor invades submucosa

T2 Tumor invades muscularis propria

T3 Tumor penetrates subserosal connective tissue without
invasion of visceral peritoneum or adjacent structures

T4a Tumor invades serosa (visceral peritoneum)

T4b Tumor invades adjacent structures/organs

Regional Lymph Nodes (N)

NX Regional lymph nodes cannot be assessed

NO No regional lymph node metastasis

N1 Metastasis in 1-2 regional lymph nodes

N2 Metastasis in 3—6 regional lymph nodes

N3a Metastasis in 7—15 regional lymph nodes

N3b Metastasis in 16 or more regional lymph nodes
Distant Metastasis (M)

MO No distant metastasis

M1 Distant metastasis

Anatomic Stage/ 5-year Overall

Prognostic Groups Survival
Stage 0 Tis NO MO
Stage IA T1 NO MO 56.7%
Stage IB T2 NO MO
T1 N1 MO
Stage IIA T3 NO MO 47.3%
T2 N1 MO
T1 N2 MO
Stage IIB T4a NO MO 33.1%
T3 N1 MO
T2 N2 MO
T1 N3a MO
Stage IIIA T4b NO MO 25.9%
T4a N1 or N2 MO
T3 N2 MO
T2 N3a MO
Stage IIIB T4b N1 or N2 MO
T4a N3 MO
T3 N3a MO
T2 N3b MO
T1 N3b MO
Stage IIIC T4b N3a or MO
T4a N3b MO
T3 N3b MO
N3b
Stage IV Any Any N M1 5.0%
T

Source: Used with permission of the American College of Surgeons, Chicago,
Illinois. The original source for this information is the AJCC Cancer Staging
Manual, 8th edn (2017), which is published by Springer Science + Business Media.



80% [63, 64]. Although CT is generally accurate at identifying
hepatic metastasis, in 20-30% of patients with negative CTs,
peritoneal metastases are found on exploration, whether by
laparoscopy or laparotomy [65, 66]. This is because many peri-
toneal metastases are smaller than 5mm, which is generally
beyond the resolution of even modern CT scanners. CT is gen-
erally less accurate in determining the T (50-70%) and N-clas-
sification (50-70%) [64, 67, 68].

The use of PET scanning, often combined with CT imaging,
has the limitation of decreased sensitivity due to low tracer
uptake in certain gastric cancer subtypes, in particular diffuse
or mucinous types [69]. PET has similar accuracy to CT scan-
ning in terms of the T and N classifications [70]. PET scan is
most useful as an adjunct to CT imaging for the detection of
occult metastatic disease, as PET/CT identifies otherwise radi-
ographically silent metastases in 10% of cases [71].

EUS is a good staging modality for gastric cancer; EUS has
been found to be superior to CT in terms of determining the T
classification [72]. However, improved resolution of modern
CT scanners is narrowing the gap between CT and EUS [73,
74]. EUS is especially useful in determining if patients have
localized disease who may be candidates for limited resection
techniques. EUS has a sensitivity of 86% and a specificity of 91%
in differentiating between T1/T2 and T3/T4 lesions and a sen-
sitivity of 86% and a specificity of 91% in differentiating between
T1 and T3/T4 lesions [75]. EUS is less reliable in assessing the
nodal status, primarily due to the distance of certain LN sta-
tions from the ultrasound probe. However, it is important to
point out that determining the N classification for gastric can-
cer appears to be difficult in any imaging modality. EUS is gen-
erally unreliable in detecting distant metastases, although some
liver metastases are visible by EUS.

Diagnostic laparoscopy has a role in the staging of gastric can-
cer, because 20-30% of patients with negative preoperative
imaging will have occult peritoneal metastases detected on
exploration [65, 76]. Staging laparoscopy prior to definitive cura-
tive resection can allow visualization of radiographically occult,
small (<5 mm) peritoneal metastases. The use of diagnostic lapa-
roscopy in gastric cancer has been shown to alter treatment
plans in 8-59% of cases, and allows an avoidance of unnecessary
laparotomy in up to 40% of cases [77]. However, there remains
some uncertainty about whether diagnostic laparoscopy is still
useful in the era of multidetector CT scanners and whether
these rates are reflective of current practice patterns. In order to
increase the yield of diagnostic laparoscopy, some experts rec-
ommend limiting its application to patient with T3/T4 disease,
as determined by EUS [66]. The addition of peritoneal lavage
cytology to diagnostic laparoscopy may allow the further selec-
tion of patients who will not benefit from curative resection, as
the presence of free cancer cells in the peritoneal cavity predicts
poor prognosis similar to that of stage IV patients, even in the
absence of macroscopic peritoneal disease [78, 79].

Treatment

As with most other malignancies, the modern treatment of gas-
tric cancer is multidisciplinary in nature. Surgical resection
remains the mainstay of curative treatment strategies, although

Gastric Adenocarcinoma

endoscopic resection techniques are being developed, and lapa-
roscopy is being investigated as a possible alternative approach
to gastrectomy. The use of chemotherapy or radiation, given in
the preoperative or postoperative settings, has shown an
improvement in patient outcomes. Treatment decisions for
patients with gastric cancer should be made based on both the
initial staging and an assessment of their ability to tolerate
major surgery.

Surgery

Localized gastric cancer is defined as tumors that are either in
situ or without submucosal invasion (Tis or T1a) and without
evidence of nodal involvement (NO) on preoperative staging.
In patients with localized gastric cancer who are medically
fit, endoscopic mucosal resection (EMR) or endoscopic submu-
cosal dissection (ESD) are being investigated as possible alter-
natives to traditional gastrectomy. The rationale for endoscopic
resection techniques is based on the observation that, in a
series of over 5000 patients undergoing gastrectomy, no nodal
involvement was present in patients with certain tumor charac-
teristics: intestinal-type adenocarcinoma that is well-differenti-
ated, confined to the mucosa, and either <30 mm diameter with
ulceration, or any tumor size without ulceration [80]. Both
EMR and ESD require specialized equipment and experienced
personnel. In addition, it is important to note that EMR and
ESD have not yet been compared to traditional surgical tech-
niques for gastric cancer in a prospective trial. Furthermore,
because localized gastric cancer has a low incidence in the US,
the applicability of these techniques that were developed and
popularized in Japan may be limited. As a general rule, the use
of endoscopic techniques for the treatment of localized gastric
cancer should be considered investigational at this time.

Locoregional gastric cancer is defined as tumors that are T1b
or higher and have no evidence of metastatic disease (M0). For
these patients who are medically fit, surgical resection with
lymphadenectomy is the primary treatment option. There are
two major considerations regarding the approach to surgical
resection: the extent of gastrectomy and the extent of lymph
node dissection.

The surgical principle guiding the decision of how much of
the stomach to resect is the need to achieve adequate surgical
margins, generally at least 5 cm. For tumors located in the prox-
imal stomach, total gastrectomy is recommended. Figure 4.1
depicts a total gastrectomy with Roux-en-Y reconstruction to
restore gastrointestinal tract continuity as well as provide for
biliary and pancreatic drainage from the duodenum. As indi-
cated, the proximal jejunal “Y” limb should be anastomosed to
the distal jejunal “Roux” limb about 40-60cm from the
esophagojejunal anastomosis, to avoid bile reflux. Proximal
subtotal gastrectomy has largely been abandoned because of
significantly poorer quality of life postoperatively, in part due to
a higher incidence of reflux esophagitis [81]. For tumors located
in the distal stomach, a distal subtotal gastrectomy is recom-
mended. This is based on two multicenter randomized clinical
trials from France and Italy that demonstrated no difference in
5-year survival for subtotal versus total gastrectomy for distal
gastric adenocarcinomas [82, 83]. Table 4.3 summarizes the
results of these trials. A distal gastrectomy with Billroth II
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(a)

Figure 4.1 (a) Total gastrectomy for gastric cancer.
(b) Roux-en-Y reconstruction after total
gastrectomy. Source: Modified from and reproduced
with permission from Chu et al. [142].

Table 4.3 Randomized clinical trials comparing total versus subtotal gastrectomy for distal gastric cancers.

Perioperative mortality (%)

Complications (%) Five-year survival (%)

Trial Number of patients
Gouzi et al. 1989 [82] SG: 76 3.2

TG: 93 1.3 (P=ns)
Bozzetti et al. 1999 [83] SG: 315 1.3

TG: 303 2.3

34 48
32 (P=ns) 48 (P=ns)
NR 65

62 (P=ns)

SG, subtotal gastrectomy; TG, total gastrectomy; ns, not significant; NR, not reported.

gastrojejunostomy for reconstruction is illustrated in Figure 4.2.
For a Billroth II reconstruction, the recommended length of
the afferent limb is 25c¢m, to minimize the risk of afferent
loop syndrome that can occur if this limb is too long [84]. Some
surgeons advocate a Roux-en-Y reconstruction after distal
gastrectomy.

The extent of lymph node dissection that is optimal for gas-
tric cancer has been an area of significant debate over the years.
The nodal stations around the stomach are anatomically defined
by the JGCA and are indicated in Figure 4.3 and Table 4.4 [85].

(a) 1 (b) ;

Figure 4.2 (a) Distal gastrectomy for gastric cancer. (b) Billroth Il
reconstruction after distal gastrectomy. Source: Modified from
and reproduced with permission from Chu et al. [142].

Removal of the perigastric lymph nodes (stations 1-6) is gener-
ally defined as a D1 lymphadenectomy. Removal of the regional
lymph nodes (stations 7-11) is generally defined as a D2 lym-
phadenectomy, although in Japan, station 7 is included in a D1
lymph node dissection, and station 12 is included in a D2 lymph
node dissection [85]. A D3 lymphadenectomy, which consists of
a D2 lymphadenectomy with the addition of para-aortic nodal
dissection, is associated with a higher complication rate and
does not improve overall or recurrence-free survival [86]. As a
result, D3 lymphadenectomy is not recommended and has



