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A B S T R A C T

We summarize significant changes in pathologic classification of lung cancer resulting from the
2011 International Association for the Study of Lung Cancer/American Thoracic Society/European
Respiratory Society (IASLC/ATS/ERS) lung adenocarcinoma classification. The classification was
developed by an international core panel of experts representing IASLC, ATS, and ERS with
oncologists/pulmonologists, pathologists, radiologists, molecular biologists, and thoracic sur-
geons. Because 70% of patients with lung cancer present with advanced stages, a new approach
to small biopsies and cytology with specific terminology and criteria focused on the need for
distinguishing squamous cell carcinoma from adenocarcinoma and on molecular testing for EGFR
mutations and ALK rearrangement. Tumors previously classified as non–small-cell carcinoma, not
otherwise specified, because of the lack of clear squamous or adenocarcinoma morphology
should be classified further by using a limited immunohistochemical workup to preserve tissue
for molecular testing. The terms “bronchioloalveolar carcinoma” and “mixed subtype adenocarci-
noma” have been discontinued. For resected adenocarcinomas, new concepts of adenocarcinoma
in situ and minimally invasive adenocarcinoma define patients who, if they undergo complete
resection, will have 100% disease-free survival. Invasive adenocarcinomas are now classified by
predominant pattern after using comprehensive histologic subtyping with lepidic, acinar, papillary,
and solid patterns; micropapillary is added as a new histologic subtype with poor prognosis.
Former mucinous bronchioloalveolar carcinomas are now called “invasive mucinous adenocarci-
noma.” Because the lung cancer field is now rapidly evolving with new advances occurring on a
frequent basis, particularly in the molecular arena, this classification provides a much needed
standard for pathologic diagnosis not only for patient care but also for clinical trials and
TNM classification.

J Clin Oncol 31. © 2013 by American Society of Clinical Oncology

INTRODUCTION

A significant change in pathologic classification of
lung cancer occurred with the publication in 2011 of
a new lung adenocarcinoma classification under the
sponsorship of the International Association for the
Study of Lung Cancer (IASLC), the American Tho-
racic Society (ATS), and the European Respiratory
Society (ERS). The classification outlines many par-
adigm shifts that affect clinical practice and opens
new avenues for research.1 Pathologists now play an
important role in personalized medicine for patients
with lung cancer as a result of the newly recognized
importance of histologic classification and molecular
testing in stratifying patients for specific therapies. This
is a central theme of the new classification. Because the
lung cancer field is rapidly evolving with new advances
occurring on a frequent basis, particularly in the mo-
lecular arena, this classification provides a much
needed standard for pathologic diagnosis not only for
patient care but also for clinical trials.

There are several major differences in this
classification compared with those previously
published by the WHO. First, this was a multidis-
ciplinary effort with clinicians, radiologists, mo-
lecular biologists, and surgeons being involved
rather than an effort primarily by pathologists.
This led to an emphasis on correlations between
pathologic aspects of tumors with clinical, radio-
logic, and molecular characteristics that allowed
for recognition of multiple paradigm shifts in the
diagnosis and management of patients with lung
cancer. Second, it was recognized that 70% of
patients with lung cancer present with advanced-
stage disease, which is usually diagnosed on the
basis of small biopsies and cytology. Because prior
WHO classifications focused on lung cancer diag-
nosis in resection specimens, which are obtained
in only 30% of patients, a major effort was made
to define terminology and criteria to be used in
small biopsies and cytology. Therefore, this clas-
sification is divided into two components based
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on the primary ways lung cancer is diagnosed: (1) small biopsy and
cytology specimens for patients with advanced-stage lung cancer
(Tables 1 and 2) and (2) resection specimens for early-stage pa-
tients who are eligible for surgical resection (Table 3). A major
point in this classification is the concept that personalized medi-
cine in advanced lung cancer is determined by histology and genet-
ics and that strategic tissue management of small biopsies is critical
not only for diagnosis but also for molecular studies.

PATIENTS WITH ADVANCED LUNG CANCER: CLASSIFICATION
IN SMALL BIOPSIES AND CYTOLOGY

In the past, non–small-cell lung carcinomas (NSCLCs) were
lumped together without attention to more specific histologic typ-
ing (ie, adenocarcinoma, squamous cell carcinoma). This was

accepted because there was no therapeutic implication to separat-
ing histologic subtypes such as adenocarcinoma and squamous cell
carcinoma. Recently, this has changed. EGFR mutations and ALK
rearrangements are almost exclusively seen in lung adenocarcino-
mas and the identification of these molecular abnormalities is
clinically relevant. EGFR tyrosine kinase inhibitors are first-line
therapy in patients who have advanced lung adenocarcinomas with
EGFR mutations.2-6 Crizotinib has been approved by the US Food
and Drug Administration (FDA) for advanced adenocarcinomas with
ALK rearrangements.7-9 Both EGFR mutations and ALK rearrangements
are almost exclusively seen in lung adenocarcinomas. Among patients
treated with pemetrexed, those with adenocarcinoma or NSCLC, not
otherwise specified (NSCLC-NOS) fared better than those with
squamous cell carcinoma.10-12 Furthermore, patients with squamous cell

Table 1. Specific Terminology and Criteria for Adenocarcinoma, Squamous Cell Carcinoma, and NSCLC-NOS in Small Biopsies and Cytology

2004 WHO Classification
Including Updated

IASLC/ATS/ERS Terminology Morphology/Stains IASLC/ATS/ERS Terminology

Adenocarcinoma Morphologic adenocarcinoma patterns clearly present Adenocarcinoma (describe identifiable patterns present)
Mixed subtype
Acinar
Papillary
Solid
Micropapillary
Lepidic (nonmucinous) Adenocarcinoma with lepidic pattern (if pure, add note:

an invasive component cannot be excluded)
Lepidic (mucinous) Invasive mucinous adenocarcinoma (describe patterns

present; use term “mucinous adenocarcinoma with
lepidic pattern” if pure lepidic pattern is present)

No 2004 WHO counterpart; most
will be solid adenocarcinomas

Morphologic adenocarcinoma patterns not present (supported
by special stains such as TTF-1)

NSCLC-favor adenocarcinoma

Squamous cell carcinoma Morphologic squamous cell patterns clearly present Squamous cell carcinoma
No 2004 WHO counterpart Morphologic squamous cell patterns not present (supported

by stains such as p40)
NSCLC-favor squamous cell carcinoma

Large-cell carcinoma No clear adenocarcinoma, squamous, or neuroendocrine
morphology or staining pattern

NSCLC-NOS�

NOTE. Data adapted1,20 with permission.
Abbreviations: IASLC/ATS/ERS, International Association for the Study of Lung Cancer/American Thoracic Society/European Respiratory Society; NOS, not

otherwise specified; NSCLC, non–small-cell carcinoma; TTF-1, thyroid transcription factor 1.
�NSCLC-NOS pattern can be seen not only in large-cell carcinomas but also when the solid poorly differentiated component of adenocarcinomas or squamous cell

carcinomas are sampled but do not express immunohistochemical markers or mucin.

Table 2. IASLC/ATS/ERS Classification for Small Biopsies/Cytology Comparing 2004 WHO Terms With New Terms for Small-Cell Carcinoma, LCNEC,
Adenosquamous Carcinoma, and Sarcomatoid Carcinoma

2004 WHO Classification Small Biopsies/Cytology: IASLC/ATS/ERS

Small-cell carcinoma Small-cell carcinoma
LCNEC NSCLC with NE morphology and positive NE markers; possible LCNEC
LCNEM NSCLC with NE morphology (negative NE markers). Comment: This is an NSCLC in which LCNEC is

suspected, but stains failed to demonstrate NE differentiation
Adenosquamous carcinoma Morphologic squamous cell and adenocarcinoma patterns present: NSCLC-NOS. Comment: Adenocarcinoma

and squamous components are present and this could represent adenosquamous carcinoma
No 2004 WHO counterpart

classification
Morphologic squamous cell or adenocarcinoma patterns not present but immunostains favor separate glandular

and adenocarcinoma components, NSCLC-NOS (specify the results of the immunohistochemical stains and
the interpretation). Comment: This could represent adenosquamous carcinoma

Sarcomatoid carcinoma NSCLC with spindle and/or giant cell carcinoma (mention if adenocarcinoma or squamous carcinoma is present)

NOTE. Data adapted1,20 with permission.
Abbreviations: IASLC/ATS/ERS, International Association for the Study of Lung Cancer/American Thoracic Society/European Respiratory Society; LCNEC, large-cell

neuroendocrine carcinoma; LCNEM, large-cell carcinoma with neuroendocrine morphology; NE, neuroendocrine; NOS, not otherwise specified; NSCLC,
non–small-cell carcinoma.
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carcinoma fared better with gemcitabine.10-12 Finally, squamous cell car-
cinoma is associated with life-threatening hemorrhage in patients treated
with bevacizumab; therefore, it is contraindicated in patients with lung
cancerwiththishistology.13Theseadvanceshavenowmadeitessentialfor
pathologists to make every effort to refine histologic typing of tumors
formerly classified as NSCLC.

Role of Pathologists in Personalized Medicine for

Patients With Lung Cancer

Pathologists now play a major role in personalized medicine for
patients with lung cancer. Therapeutic decisions are heavily depen-
dent on the histologic type of lung cancer (squamous cell v adenocar-
cinoma) and its molecular characteristics (ie, EGFR mutation and
ALK rearrangement status). Based largely on multiple phase III clinical
trials,2-6 the new classification recommends that all patients with ad-
vanced lung adenocarcinoma be tested for EGFR mutations. Since this
classification was written, several studies have demonstrated that cr-
izotinib is effective in patients with advanced lung cancer with ALK
rearranged tumors.7,9 In fact, the FDA approved crizotinib for use in
advanced NSCLC if the tumor is ALK positive as detected by a fluo-
rescent in situ hybridization assay.14 Therefore testing for EGFR mu-
tations and ALK rearrangements in patients with advanced lung
adenocarcinoma is no longer a research test but should be incorpo-
rated into routine clinical practice. Immunohistochemistry appears to
be an accurate way to detect ALK rearrangements, but this method
needs to be tested in clinical trials.15-17

Although much progress has been made in identifying validated
molecular targets for lung adenocarcinoma, only recently have poten-
tial targets been identified for squamous cell carcinoma, including

FGFR1 amplification and DDR2 mutations, which may render these
patients sensitive to FGFR inhibition and dasatinib, respectively.18-20

The Cancer Genome Atlas project sponsored by the National Cancer
Institute has identified molecular alterations that may represent mo-
lecular targets in the majority of lung squamous cell carcinomas.20 In
the future, this may lead to effective targeted therapies for lung squa-
mous cell carcinomas, which would increase the importance of accu-
rate pathologic classification in small biopsies and cytology.

The necessity for molecular testing is particularly true for patients
with advanced lung cancer in which the diagnosis is usually based on
small biopsies and cytology. The need for molecular testing in these
patients has dramatically changed how pathologists analyze these
specimens. Previously their main responsibility was only to make a
pathologic diagnosis but now these small tissue specimens need to be
managed to preserve as much material as possible for current and
future molecular testing.

Special Stains Required for NSCLC-NOS and the Need

for a Multidisciplinary Approach

One of the major new proposals in the IASLC/ATS/ERS classifi-
cation is the development of standardized criteria and terminology for
pathologic diagnosis of lung cancer in small biopsies and cytology
(Tables 1 and 2). In addition to the criteria and terminology, there are
two paradigm shifts for pathologists in tumor classification and man-
agement of specimens. The first is the need to perform immunohisto-
chemistry to further classify tumors formerly diagnosed as NSCLC-
NOS. Because the distinction between histologic types of lung cancer
(particularly adenocarcinoma v squamous cell carcinoma) is so im-
portant, in the new classification, it is recommended that pathologists
use special stains to try to further subtype carcinomas that are difficult
to classify by light microscopic evaluation of hematoxylin and eosin
sections alone. The second major change is the need for the entire
multidisciplinary team involved with the diagnosis and treatment of
patients with advanced lung cancer to develop a tissue management
strategy, in which, through communications among all members of
the team, pathologists not only make a diagnosis but also preserve as
much tissue as possible to be submitted for molecular testing. When
sufficient material is unavailable from the initial diagnostic procedure
to determine the minimal characteristics of a tumor, repeat biopsy
may be required. Planning discussions for diagnostic procedures
should include all members of the multidisciplinary team.

New Standardized Diagnostic Criteria and

Terminology for Small Biopsies and Cytology

In proposing the criteria and terminology for diagnosis of lung
adenocarcinoma in small biopsies and cytology, the IASLC/ATS/ERS
committee had to make recommendations for terminology and crite-
ria for other major lung cancer histologic types because such criteria
are not a part of the current WHO classification (Table 2).

For tumors with classic morphologic features the diagnostic
terms “adenocarcinomas” (Fig 1A) and “squamous cell carcinomas”
(Fig 1B) can be used (Table 1). The morphologic features of these
tumors are described in detail elsewhere.21-24 If an NSCLC does not
show definite glandular or squamous morphology in a small biopsy or
cytology specimen, it is classified as NSCLC-NOS.1,25 Tumors with
this morphology should be studied with a limited special stain workup
in an attempt to classify them further. Using a single adenocarcinoma
marker (ie, thyroid transcription factor-1 [TTF-1] or napsin-A), a

Table 3. IASLC/ATS/ERS Classification of Lung Adenocarcinoma in
Resection Specimens

Preinvasive lesions
Atypical adenomatous hyperplasia
Adenocarcinoma in situ (� 3 cm; formerly solitary 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 (including formerly mucinous BAC)
Colloid
Fetal (low and high grade)
Enteric

NOTE. Data adapted1,20 with permission.
Abbreviations: BAC, bronchioloalveolar carcinoma; IASLC/ATS/ERS, Interna-

tional Association for the Study of Lung Cancer/American Thoracic Society/
European Respiratory Society.
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Fig 1. (A) Adenocarcinoma: This small biopsy shows fragments of adenocarcinoma with an acinar and micropapillary configuration (hematoxylin and eosin stain; �40).
(B) Squamous cell carcinoma: This small biopsy shows squamous cell carcinoma with nests of tumor cells that focally have keratinization and intercellular bridges
(hematoxylin and eosin stain; �20); non–small-cell lung cancer-favor adenocarcinoma. (C) This tumor shows a solid pattern of growth with no clear squamous acinar,
papillary, or lepidic growth and no intracytoplasmic mucin (hematoxylin and eosin stain; �20). (D) A thyroid transcription factor-1 stain is positive, favoring an
adenocarcinoma (immunohistochemistry for thyroid transcription factor-1; �40); non–small-cell lung cancer-favor squamous cell carcinoma. (E) This biopsy shows a
solid nest of tumor cells with no clear glandular or squamous differentiation (hematoxylin and eosin stain). (F) p40 shows strong nuclear staining (immunohistochemistry
for p40).
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single squamous marker (ie, p40 or p63), and/or mucin stains is
recommended.21 Tumors that are positive for an adenocarcinoma
marker or mucin are classified as NSCLC–favor adenocarcinoma
(Figs 1C and 1D). Tumors that are positive for a squamous cell carci-
noma marker with negative adenocarcinoma marker(s) are classified
as NSCLC–favor squamous cell carcinoma (Figs 1E and 1F). Cytology
is a powerful diagnostic tool that can accurately subtype NSCLC in
most cases.26 Tumors that cannot be classified after evaluation of
special stains remain classified as NSCLC-NOS. Terminology and
criteria are also provided for other tumors in which the small biopsy
and cytology may suggest possible diagnoses such as sarcomatoid
carcinoma, adenosquamous carcinoma, and large-cell neuroendo-
crine carcinoma (Table 2).

Clinical Trials: Need for Use of the New Terminology

and Criteria

The new terms and criteria should be incorporated into routine
patient care and the data collection and reporting of clinical trials. For
the problematic cases that were previously classified as NSCLC-NOS,
there are several reasons for using more specific criteria and terminol-
ogy. The terms “NSCLC–favor adenocarcinoma” and “NSCLC–favor
squamous cell carcinoma” were helpful to pathologists for communi-
cating with clinicians when the diagnosis was uncertain on morphol-
ogy alone and that special stains were required to make the diagnosis
and for clinical trials to capture the change in diagnosis in the 20%
to 40% of NSCLCs that were previously classified as NSCLC-
NOS.10,12,27,28 These cases will now be redistributed by using immu-
nohistochemistry or mucin stains into the categories of NSCLC–favor
adenocarcinoma or NSCLC–favor squamous cell carcinoma, and a
small percentage (ideally � 5%) will remain unclassifiable as NSCLC-
NOS. The term “NSCLC-NOS” should be used as little as possible and
it should be used only for NSCLC that cannot be further classified by
morphology and/or special stains.1

The primary approach for histologic classification of lung cancers
in the existing clinical trials for EGFR tyrosine kinase inhibitors pem-
etrexed and bevacizumab was based on review of hematoxylin and
eosin slides alone without use of immunohistochemistry.2-6,12,13 For
example, it is recommended that patients with squamous cell carci-
noma should not be given bevacizumab. However, there are no data to
support that this recommendation can be made for patients with
NSCLC–favor squamous cell carcinoma in which the only pathologic
evidence for squamous differentiation is based on immunohisto-
chemistry and not on light microscopy. Although there may be an
inclination to lump these cases together with squamous cell carcinoma
and not give bevacizumab to such patients, in all probability, some of
these cases may have been classified as NSCLC-NOS in previous
clinical studies. Without testing the impact of immunohistochemistry
on reclassification of the patients formerly classified as having
NSCLC-NOS in future clinical trials, we will never know the answer to
such questions.

In some of the major clinical trials that included patients with
advanced lung cancer, lung cancers were classified as large-cell carci-
noma,10,12,27 but according to the 2004 WHO classification, that diag-
nosis cannot be established without a resection specimen because of
the need for thorough histologic sampling to exclude the presence of
any other differentiated component, such as squamous cell carcinoma
or adenocarcinoma.22 The term “non-squamous cell carcinoma” is
used in some clinical reports to lump adenocarcinomas with NSCLC-

NOS cases in comparison with squamous cell carcinomas, but this
term should not be used by pathologists in diagnostic reports.

Molecular Testing According to Histologic Categories

Tumors that are candidates for EGFR mutation and ALK
rearrangement testing are those diagnosed as adenocarcinoma,
NSCLC–favor adenocarcinoma, or NSCLC-NOS.1 Although the only
molecular test recommended in patients with these diagnoses in the
setting of advanced lung cancer is EGFR mutation testing,1 it is recog-
nized that in many institutions, EGFR mutation testing may be per-
formed in patients with early-stage disease, and other molecular
analyses will be performed, including KRAS mutation testing and
testing for ALK rearrangements, because these tumors are sensitive to
specific agents such as crizotinib.9

In the near future, there will be sufficient evidence to recommend
testing for molecular alterations characteristics of squamous cell car-
cinoma. Several molecular targets such as FGFR1 amplification and
DDR2 mutation are under early stages of investigation for squamous
cell carcinoma.18,29 Tumors diagnosed as squamous cell carcinoma
and NSCLC–favor squamous cell carcinoma are appropriate to test
for molecular markers that may represent therapeutic targets in squa-
mous cell carcinoma.

Multidisciplinary Strategy to Manage Small Tissue

and Cytology Samples

Because of the need for molecular testing, each institution needs
to develop a multidisciplinary strategy for obtaining and processing
small biopsy and cytology specimens so that sufficient material is
available not only for diagnosis but also for molecular studies. Small
biopsies, including formalin fixed paraffin embedded tissues (as ob-
tained through a core needle biopsy or transbronchial biopsy) and/or
cytologic samples, can be used for many molecular analyses, but the
tissue needs to be managed strategically.30-32 Preparation of cell blocks
from cytology specimens such as pleural fluids is helpful because it
provides material that can readily be used for both immunohisto-
chemical and molecular studies. This strategy needs to consider the
entire process of lung cancer diagnosis beginning with the approach to
obtaining biopsies or cytology specimens to how they are processed in
the pathology department and then to how they are delivered to the
molecular laboratory and processed expeditiously so the results can be
documented in a pathology report. As pathologists manage these
specimens, they need to minimize the amount of tissue used for
diagnostic workup and preserve as much material for molecular
testing as possible.1,25,33 Because there are many local issues that
will vary from one institution to another, no specific recommen-
dations are made on how this should be done. Each of the special-
ists involved with the tissue management process needs to
participate in the development of the initial strategy and have an
ongoing mechanism for addressing new techniques and assays as
well as any problems that arise.

CLASSIFICATION IN RESECTION SPECIMENS

There are several important modifications to the 2004 WHO Classifi-
cation that apply to resection specimens. Likely the most significant
change is the discontinuation of the term “bronchioloalveolar carci-
noma (BAC).” This term was previously used for at least five different
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entities with disparate clinical and molecular properties, leading to
great confusion in routine clinical care and research. To address two of
these entities, the concepts of adenocarcinoma in situ (AIS) and min-
imally invasive adenocarcinoma (MIA) were proposed for small soli-
tary (� 3 cm) adenocarcinomas with a lepidic pattern that either
lacked invasion or showed only small foci of invasion measuring � 0.5
cm. AIS and MIA should define patients with either 100% or near
100% 5-year disease-free survival if completely resected. Third, the
term “mixed subtype” was discontinued, and invasive adenocarcino-
mas are now classified according to their predominant subtype. By
using this approach, the proportions of each of the histologic subtypes
are estimated in a semiquantitative manner and a predominant pat-
tern is designated. Fourth, the term “lepidic-predominant adenocar-
cinoma” is proposed for nonmucinous tumors formerly classified as
mixed subtype in which the predominant subtype consists of the
former nonmucinous BAC. Fifth, micropapillary adenocarcinoma is
introduced as a major histologic subtype since multiple studies have
shown that patients with such tumors have a poor prognosis. Sixth,
tumors formerly classified as mucinous BAC are now reclassified into
mucinous AIS or MIA or invasive mucinous adenocarcinoma; be-
cause a high percentage of these tumors have KRAS mutations, they
often lack TTF-1 expression, and computed tomography (CT) fre-
quently shows nodules of consolidation with air bronchograms that
are frequently multinodular and multilobar in distribution. Finally,
clear cell and signet ring adenocarcinoma are discontinued as major
subtypes because they are cytologic changes that can occur in multiple
histologic patterns of adenocarcinoma; however, these features can
now be recorded when any amount, however small, is present.1,34

In the new classification, tumors formerly regarded as BAC in-
cluded a wide spectrum of entities with varied clinical behavior such as
AIS, MIA, lepidic-predominant adenocarcinoma, overtly invasive ad-
enocarcinoma with a lepidic component, and invasive mucinous ad-
enocarcinoma. AIS should not be equated with tumors previously
classified as BAC, particularly in registry databases such as Surveil-
lance, Epidemiology, and End Results (SEER).35 Such data could be
misleading because AIS is the rarest of lung adenocarcinoma subtypes,
representing only 0.2% to 3% of cases in white populations36,37 and up
to 5% in a Japanese series.38 The vast majority of cases previously
classified as BAC represent tumors with invasive components.

Since the publication of the classification, a series of reports have
been published that provide validation of various aspects of the clas-
sification in resection specimens. Studies from Australia,37 Europe,39

Asia,38 and North America36,40 have demonstrated that the proposed
subtyping has prognostic value.

ADENOCARCINOMA IN SITU

AIS is added to the group of preinvasive lesions along with atypical
adenomatous hyperplasia (Table 3).1,34 AIS is defined as a localized
small (� 3 cm) adenocarcinoma consisting of neoplastic pneumo-
cytes growing along pre-existing alveolar structures (lepidic growth),
lacking stromal, vascular, or pleural invasion (Figs 2A and 2B). There
should be no papillary or micropapillary patterns, and intra-alveolar
tumor cells are absent. AIS is typically nonmucinous, consisting of
type II pneumocytes and/or Clara cells (Fig 2B), but rare cases of
mucinous AIS occur.

The concept of AIS was proposed with the intent of defining
lesions that should correlate with a 100% disease-free survival if com-
pletely resected. This proposal was supported by multiple retrospec-
tive observational studies in tumors either � 2 cm or � 3 cm.1 In the
setting of multiple tumors, the criteria for AIS as well as MIA should be
applied only if the other tumors are regarded as synchronous prima-
ries rather than intrapulmonary metastases.

MINIMALLY INVASIVE ADENOCARCINOMA

MIA is defined as a small, solitary adenocarcinoma (� 3 cm), with a
predominantly lepidic pattern and � 5 mm invasion in greatest di-
mension in any one focus.41-43 MIA is usually nonmucinous but it
may be mucinous (rare).36 Measurement of the invasive component
of MIA should include the following: histologic subtypes other than a
lepidic pattern (ie, acinar, papillary, micropapillary, and/or solid) or
tumor cells infiltrating myofibroblastic stroma. MIA should not be
diagnosed if the tumor invades lymphatics, blood vessels, or pleura or

A

B

Fig 2. Nonmucinous adenocarcinoma in situ. (A) This circumscribed nonmuci-
nous tumor grows purely with a lepidic pattern. No foci of invasion or scarring are
seen (hematoxylin and eosin stain; �4). (B) The tumor shows atypical pneumo-
cytes proliferating along the slightly thickened but preserved alveolar walls
(hematoxylin and eosin stain; �40).
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if it contains tumor necrosis. More details about measuring invasive
size are provided elsewhere.1,34

The concept of MIA was introduced to define a population of
patients who should have a 100% or near 100% 5-year disease-free
survival if the lesion is completely resected. Although there was less
evidence to support the concept of MIA compared with AIS,41-43 all
published reports that used these criteria have shown patients with
100% 5-year disease-free survival.36-38,40

The diagnosis of AIS or MIA requires that the tumor is com-
pletely sampled histologically (ie, the patient has undergone a
surgical resection). Both lesions should also have a discrete circum-
scribed border and be without miliary spread of small foci of tumor
into adjacent lung parenchyma and/or have lobar consolidation.
Review of CT scans may be helpful in evaluating pathology speci-
mens because the extent of ground glass (usually lepidic) versus
solid (usually invasive) patterns can guide pathologists in assessing
whether the lesion has been properly measured and/or sampled.
For lesions suspected of being AIS or MIA more than 3 cm, the
term “lepidic-predominant adenocarcinoma” is best applied with
a comment that an invasive component cannot be excluded. This is
because there is insufficient data to show that such patients will
have 100% 5-year disease-free survival.

INVASIVE ADENOCARCINOMA

Because of the rarity of AIS and MIA, overtly invasive adenocarci-
nomas represent more than 70% to 90% of surgically resected lung
adenocarcinomas. These tumors typically consist of a complex
heterogeneous mixture of histologic patterns. The major invasive
adenocarcinoma subtypes are now classified according to the pre-
dominant component, after performing comprehensive histologic
subtyping. This approach is used rather than the former category of
adenocarcinoma-mixed subtype. Comprehensive histologic sub-
typing is performed by making semiquantitative estimation of each
of the patterns in 5% increments. A deliberate choice needs to be
made to give one pattern the largest percentage. It is useful to
record in diagnostic reports each adenocarcinoma subtype that is
present along with the percentages. This approach may also pro-
vide a basis for architectural grading of lung adenocarcino-
mas.36,44,45 Early reproducibility studies have shown moderate to
substantial interobserver agreement among pathologists for the
predominant pattern. Reproducibility improves after training ses-
sions. However, work is needed to improve separation of difficult
problems such as lepidic versus acinar or papillary and micropap-
illary versus papillary patterns.46-48 Since this classification was
initially published, there have been a growing number of studies of
resected lung adenocarcinomas that have demonstrated its utility
in identifying significant prognostic subsets and molecular corre-
lations according to the predominant patterns.36-39,44,49,50

Lepidic-predominant adenocarcinoma consists of a prolifer-
ation of bland pneumocytic cells growing along the surface of
alveolar walls similar to the morphology defined in the section on
AIS and MIA. Invasive adenocarcinoma is present in at least one
focus measuring more than 5 mm in greatest dimension. Invasion
is defined as histologic subtypes other than a lepidic pattern (ie,
acinar, papillary, micropapillary, and/or solid) and/or myofibro-
blastic stroma associated with invasive tumor cells. The diagnosis

of lepidic-predominant adenocarcinoma rather than MIA is made
if the cancer invades lymphatics, blood vessels, or pleura or if it
contains tumor necrosis. Several recent studies36-39 of early-stage
adenocarcinomas have shown that lepidic-predominant tumors
have favorable prognosis with 86% to 90% 5-year disease-free
survival. The term “adenocarcinoma with lepidic pattern” corre-
sponds to some cases previously referred to as “adenocarcinoma
with bronchioloalveolar features.”

Acinar-predominant adenocarcinoma shows a majority compo-
nent of glands that are round or oval with a central luminal space
surrounded by tumor cells.22 The neoplastic cells and/or glandular
spaces may contain mucin. Papillary-predominant adenocarcinoma
shows a major component of a growth of glandular cells along central
fibrovascular cores.22 Micropapillary-predominant adenocarcinoma
has tumor cells growing in papillary tufts (florets which lack fibrovas-
cular cores (Fig 3A).22 These may appear to be detached from and/or
connected to alveolar walls. The tumor cells are usually small and
cuboidal with minimal nuclear atypia.

A

B

Fig 3. (A) Micropapillary adenocarcinoma. Within the airspaces, the tumor is
growing in papillary structures lacking fibrovascular cores (hematoxylin and eosin
stain; �20). (B) Solid adenocarcinoma. This tumor consists of sheets of tumor
cells with abundant cytoplasm and mostly vesicular nuclei with several conspic-
uous nucleoli (hematoxylin and eosin stain �40).
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Solid-predominant adenocarcinoma with mucin production
consists of a major component of polygonal tumor cells forming
sheets but without any clear acinar, papillary, micropapillary, or lep-
idic growth (Fig 3B).22 These tumors must be distinguished from
poorly differentiated squamous cell carcinomas and large-cell carci-
nomas. Immunostains for neuroendocrine markers should be per-
formed only if neuroendocrine morphology is present.

Subtyping of early-stage invasive adenocarcinomas according to
predominant subtype has shown prognostic value in multiple studies
that generally show favorable prognosis for lepidic-predominant tu-
mors, poor prognosis for micropapillary- and solid-predominant
tumors, and an intermediate survival for acinar- and papillary-
predominant adenocarcinomas.36,37,39 The prognostic impact of these
different subtypes may be helpful in designing clinical trials to stratify
early-stage patients according to histology to determine who should
receive adjuvant therapy. Clinical trials of limited resection should also
stratify patients according to these histologic/prognostic subtypes,
because patients with micropapillary and/or solid subtype may be
suited for completion lobectomy in contrast to those with lepidic-
predominant tumors.

INVASIVE MUCINOUS ADENOCARCINOMA

Multiple studies show major clinical, radiologic, pathologic, and
genetic differences from the tumors formerly classified as nonmu-
cinous BAC.51-60 Invasive mucinous adenocarcinomas have tumor
cells with a goblet or columnar cell morphology with abundant
intracytoplasmic mucin. Similar to nonmucinous tumors, they
may show the same heterogeneous mixture of lepidic, acinar, pap-
illary, micropapillary, and solid growth. These tumors show a
strong correlation with KRAS mutation and lack of EGFR muta-
tions, although nonmucinous adenocarcinomas are more likely to
show EGFR mutation. For these reasons, these tumors are now
separated into different categories. The neoplasms have invasive
components in the majority of cases and are classified as invasive
mucinous adenocarcinoma, or rarely, if they meet the diagnostic
criteria they may be mucinous AIS or MIA.

Invasive mucinous adenocarcinomas have a propensity for mul-
ticentric, multilobar, and bilateral lung involvement. Identical mor-
phology may be seen in metastatic mucinous adenocarcinomas from
sites such as the pancreas and ovary. For this reason, clinical and
radiologic correlation should be made to exclude primary tumors in
these locations.

HISTOLOGIC-MOLECULAR CORRELATIONS

There are no specific histologic-molecular correlations in lung
adenocarcinomas in contrast to sarcomas and lymphomas. The
frequent finding of KRAS mutation and lack of EGFR mutation in
invasive mucinous adenocarcinoma is the strongest histologic mo-
lecular correlation. Most adenocarcinoma subtypes can harbor
EGFR and KRAS mutations, as well as ALK rearrangement. EGFR

mutations are encountered most frequently in nonmucinous ade-
nocarcinomas with a lepidic- or papillary-predominant pattern.
There is a tendency for solid-predominant adenocarcinomas to
have KRAS mutations. ALK rearrangement has been mostly asso-
ciated with an acinar pattern, including a cribriform morphology,
and with signet-ring cell features, particularly those with TTF-1
and p63 coexpression.17,61-63

POTENTIAL IMPACT ON TNM STAGING

There are several ways the 2011 IASLC/ATS/ERS adenocarcinoma
classification can have an impact on TNM staging. First, it may help in
comparing histologic characteristics of multiple lung adenocarcino-
mas to determine whether they are intrapulmonary metastases versus
separate primaries. Use of comprehensive histologic subtyping along
with other histologic characteristics has been shown to have good
correlation with molecular analyses and clinical behavior.64-66 Second,
as with breast cancer staging, it may be more meaningful clinically to
measure tumor size in lung adenocarcinomas that have a lepidic
component by using invasive size rather than total size to determine
the size T factor. Existing data already suggest that this can be applied
to CT as well as pathologic assessment of these tumors.36,41,67,68 It is
possible that in the next edition of the TNM, AIS may be regarded as
Tis (adenocarcinoma) and MIA may be regarded as Tmi (adenocar-
cinoma). Hopefully, sufficient data can be published to provide suffi-
cient validation of these concepts to allow the TNM committee to
consider these changes.

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS
OF INTEREST

Although all authors completed the disclosure declaration, the following
author(s) and/or an author’s immediate family member(s) indicated a
financial or other interest that is relevant to the subject matter under
consideration in this article. Certain relationships marked with a “U”
are those for which no compensation was received; those relationships
marked with a “C” were compensated. For a detailed description of the
disclosure categories, or for more information about ASCO’s conflict of
interest policy, please refer to the Author Disclosure Declaration and the
Disclosures of Potential Conflicts of Interest section in Information
for Contributors.
Employment or Leadership Position: None Consultant or Advisory
Role: Gregory J. Riely, Chugai Pharmaceutical (C), ARIAD
Pharmaceuticals (C), Tragara Pharmaceuticals (C), Daiichi Sankyo
(C), Novartis (C), Abbott Laboratories (C), Foundation Medicine
(C), Celgene (C) Stock Ownership: None Honoraria: None Research
Funding: Gregory J. Riely, Novartis, GlaxoSmithKline, Chugai
Pharmaceutical, Infinity Pharmaceuticals, Pfizer, Merck Expert
Testimony: None Other Remuneration: None

AUTHOR CONTRIBUTIONS

Manuscript writing: All authors
Final approval of manuscript: All authors

REFERENCES

1. Travis WD, Brambilla E, Noguchi M, et al: Interna-
tional Association for the Study of Lung Cancer/American

Thoracic Society/European Respiratory Society interna-
tional multidisciplinary classification of lung adenocarcino-
ma. J Thoracic Oncol 6:244-285, 2011

2. Maemondo M, Inoue A, Kobayashi K, et al:
Gefitinib or chemotherapy for non-small-cell lung

cancer with mutated EGFR. N Engl J Med 362:2380-
2388, 2010

3. Mitsudomi T, Morita S, Yatabe Y, et al: Gefitinib
versus cisplatin plus docetaxel in patients with non-small-
cell lung cancer harbouring mutations of the epidermal

Travis et al

8 © 2013 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

131.104.62.10
Information downloaded from jco.ascopubs.org and provided by at ACQUISITIONS SECTION on February 19, 2013 from

Copyright © 2013 American Society of Clinical Oncology. All rights reserved.



growth factor receptor (WJTOG3405): An open label,
randomised phase 3 trial. Lancet Oncol 11:121-128,
2010

4. Mok TS, Wu YL, Thongprasert S, et al: Ge-
fitinib or carboplatin-paclitaxel in pulmonary adeno-
carcinoma. N Engl J Med 361:947-957, 2009

5. Rosell R, Carcereny E, Gervais R, et al: Erlo-
tinib versus standard chemotherapy as first-line
treatment for European patients with advanced
EGFR mutation-positive non-small-cell lung cancer
(EURTAC): A multicentre, open-label, randomised
phase 3 trial. Lancet Oncol 13:239-246, 2012

6. Zhou C, Wu YL, Chen G, et al: Erlotinib versus
chemotherapy as first-line treatment for patients
with advanced EGFR mutation-positive non-small-
cell lung cancer (OPTIMAL, CTONG-0802): A multi-
centre, open-label, randomised, phase 3 study.
Lancet Oncol 12:735-742, 2011

7. Sasaki T, Jänne PA: New strategies for treat-
ment of ALK-rearranged non-small cell lung cancers.
Clin Cancer Res 17:7213-7218, 2011

8. Shaw AT, Solomon B: Targeting anaplastic
lymphoma kinase in lung cancer. Clin Cancer Res
17:2081-2086, 2011

9. Kwak EL, Bang YJ, Camidge DR, et al: Ana-
plastic lymphoma kinase inhibition in non-small-cell
lung cancer. N Engl J Med 363:1693-1703, 2010

10. Ciuleanu T, Brodowicz T, Zielinski C, et al:
Maintenance pemetrexed plus best supportive care
versus placebo plus best supportive care for non-
small-cell lung cancer: A randomised, double-blind,
phase 3 study. Lancet 374:1432-1440, 2009

11. Scagliotti G, Hanna N, Fossella F, et al: The
differential efficacy of pemetrexed according to
NSCLC histology: A review of two phase III studies.
Oncologist 14:253-263, 2009

12. Scagliotti GV, Parikh P, von Pawel J, et al:
Phase III study comparing cisplatin plus gemcitabine
with cisplatin plus pemetrexed in chemotherapy-
naive patients with advanced-stage non-small-cell
lung cancer. J Clin Oncol 26:3543-3551, 2008

13. Johnson DH, Fehrenbacher L, Novotny WF,
et al: Randomized phase II trial comparing bevaci-
zumab plus carboplatin and paclitaxel with carbopla-
tin and paclitaxel alone in previously untreated
locally advanced or metastatic non-small-cell lung
cancer. J Clin Oncol 22:2184-2191, 2004

14. Goozner M: Drug approvals 2011: Focus on
companion diagnostics. J Natl Cancer Inst 104:84-
86, 2012

15. Yoshida A, Tsuta K, Nakamura H, et al: Com-
prehensive histologic analysis of ALK-rearranged
lung carcinomas. Am J Surg Pathol 35:1226-1234,
2011

16. Jokoji R, Yamasaki T, Minami S, et al: Com-
bination of morphological feature analysis and
immunohistochemistry is useful for screening of
EML4-ALK-positive lung adenocarcinoma. J Clin
Pathol 63:1066-1070, 2010

17. Mino-Kenudson M, Chirieac LR, Law K, et al:
A novel, highly sensitive antibody allows for the
routine detection of ALK-rearranged lung adenocar-
cinomas by standard immunohistochemistry. Clin
Cancer Res 16:1561-1571, 2010

18. Dutt A, Ramos AH, Hammerman PS, et al:
Inhibitor-sensitive FGFR1 amplification in human
non-small cell lung cancer. PLoS One 6:e20351,
2011

19. Weiss J, Sos ML, Seidel D, et al: Frequent and
focal FGFR1 amplification associates with therapeu-
tically tractable FGFR1 dependency in squamous
cell lung cancer. Sci Transl Med 2:62ra93, 2010

20. Cancer Genome Atlas Research Network,
Hammerman PS, Hayes DN, et al: Comprehensive

genomic characterization of squamous cell lung
cancers. Nature 489:519-525, 2012

21. Travis WD, Brambilla E, Noguchi M, et al:
Diagnosis of lung cancer in small biopsies and
cytology: Implications of the 2011 International As-
sociation for the Study of Lung Cancer/American
Thoracic Society/European Respiratory Society clas-
sification. Arch Pathol Lab Med [epub ahead of print
on September 12, 2012]

22. Travis WD, Brambilla E, Müller-Hermelink HK,
et al: Pathology and Genetics: Tumours of the Lung,
Pleura, Thymus and Heart. Lyon, France, IARC,
2004

23. Foot NC: The identification of types of pulmo-
nary cancer in cytologic smears. Am J Pathol 28:
963-983, 1952

24. Johnston WW: Cytologic diagnosis of lung
cancer: Principles and problems. Pathol Res Pract
181:1-36, 1986

25. Travis WD, Rekhtman N, Riley GJ, et al:
Pathologic diagnosis of advanced lung cancer based
on small biopsies and cytology: A paradigm shift.
J Thorac Oncol 5:411-414, 2010

26. Rekhtman N, Brandt SM, Sigel CS, et al:
Suitability of thoracic cytology for new therapeutic
paradigms in non-small cell lung carcinoma: High
accuracy of tumor subtyping and feasibility of EGFR
and KRAS molecular testing. J Thorac Oncol 6:451-
458, 2011

27. Syrigos KN, Vansteenkiste J, Parikh P, et al:
Prognostic and predictive factors in a randomized
phase III trial comparing cisplatin-pemetrexed ver-
sus cisplatin-gemcitabine in advanced non-small-cell
lung cancer. Ann Oncol 21:556-561, 2010

28. Ou SH, Zell JA: Carcinoma NOS is a common
histologic diagnosis and is increasing in proportion
among non-small cell lung cancer histologies. J Tho-
rac Oncol 4:1202-1211, 2009

29. Hammerman PS, Sos ML, Ramos AH, et al:
Mutations in the DDR2 kinase gene identify a novel
therapeutic target in squamous cell lung cancer.
Cancer Discov 1:78-89, 2011

30. Li AR, Chitale D, Riely GJ, et al: EGFR muta-
tions in lung adenocarcinomas: Clinical testing expe-
rience and relationship to EGFR gene copy number
and immunohistochemical expression. J Mol Diagn
10:242-248, 2008

31. Lim EH, Zhang SL, Li JL, et al: Using whole
genome amplification (WGA) of low-volume biop-
sies to assess the prognostic role of EGFR, KRAS,
p53, and CMET mutations in advanced-stage non-
small cell lung cancer (NSCLC). J Thorac Oncol
4:12-21, 2009

32. Solomon SB, Zakowski MF, Pao W, et al: Core
needle lung biopsy specimens: Adequacy for EGFR
and KRAS mutational analysis. AJR Am J Roent-
genol 194:266-269, 2010

33. Rossi G, Papotti M, Barbareschi M, et al:
Morphology and a limited number of immunohisto-
chemical markers may efficiently subtype non-
small-cell lung cancer. J Clin Oncol 27:e141-e142,
2009

34. Travis WD, Brambilla E, Noguchi M, et al:
Diagnosis of lung adenocarcinoma in resected spec-
imens: Implications of the 2011 International Asso-
ciation for the Study of Lung Cancer/American
Thoracic Society/European Respiratory Society Clas-
sification. Arch Pathol Lab Med [epub ahead of print
on September 12, 2012]

35. Bracci PM, Sison J, Hansen H, et al: Cigarette
smoking associated with lung adenocarcinoma in
situ in a large case-control study (SFBALCS). J Tho-
rac Oncol 7:1352-1360, 2012

36. Yoshizawa A, Motoi N, Riely GJ, et al: Impact
of proposed IASLC/ATS/ERS classification of lung
adenocarcinoma: Prognostic subgroups and implica-
tions for further revision of staging based on analy-
sis of 514 stage I cases. Mod Pathol 24:653-664,
2011

37. Russell PA, Wainer Z, Wright GM, et al:
Does lung adenocarcinoma subtype predict pa-
tient survival?: A clinicopathologic study based on
the new International Association for the Study of
Lung Cancer/American Thoracic Society/European
Respiratory Society international multidisciplinary
lung adenocarcinoma classification. J Thorac On-
col 6:1496-1504, 2011

38. Yoshizawa A, Sumiyoshi S, Sonobe M, et al:
Validation of the IASLC/ATS/ERS lung adenocarci-
noma classification for prognosis and association
with EGFR and KRAS gene mutations: Analysis of
440 Japanese patients. J Thorac Oncol 8:52-61,
2013

39. Warth A, Muley T, Meister M, et al: The novel
histologic International Association for the Study of
Lung Cancer/American Thoracic Society/European
Respiratory Society classification system of lung
adenocarcinoma is a stage-independent predictor of
survival. J Clin Oncol 30:1438-1446, 2012

40. Xu L, Tavora F, Battafarano R, et al: Adeno-
carcinomas with prominent lepidic spread: Retro-
spective review applying new classification of the
American Thoracic Society. Am J Surg Pathol 36:
273-282, 2012

41. Borczuk AC, Qian F, Kazeros A, et al: Invasive
size is an independent predictor of survival in pul-
monary adenocarcinoma. Am J Surg Pathol 33:462-
469, 2009

42. Yim J, Zhu LC, Chiriboga L, et al: Histologic
features are important prognostic indicators in early
stages lung adenocarcinomas. Mod Pathol 20:233-
241, 2007

43. Maeshima AM, Tochigi N, Yoshida A, et al:
Histological scoring for small lung adenocarcinomas
2 cm or less in diameter: A reliable prognostic
indicator. J Thorac Oncol 5:333-339, 2010

44. Sica G, Yoshizawa A, Sima CS, et al: A grading
system of lung adenocarcinomas based on histo-
logic pattern is predictive of disease recurrence in
stage I tumors. Am J Surg Pathol 34:1155-1162,
2010

45. Kadota K, Suzuki K, Kachala SS, et al: A
grading system combining architectural features
and mitotic count predicts recurrence in stage I lung
adenocarcinoma. Mod Pathol 25:1117-1127, 2012

46. Thunnissen FB, Beasley MB, Borczuk A, et al:
Reproducibility of histopathological subtypes and
invasion in pulmonary adenocarcinoma: An interna-
tional interobserver study. Mod Pathol 25:1574-
1583, 2012

47. Warth A, Stenzinger A, von Brünneck AC, et
al: Interobserver variability in the application of the
novel IASLC/ATS/ERS classification for pulmonary
adenocarcinomas. Eur Respir J 40:1221-1227, 2012

48. Warth A, Cortis J, Fink L, et al: Training increases
concordance in classifying pulmonary adenocarcinomas
according to the novel IASLC/ATS/ERS classification.
Virchows Arch 461:185-193, 2012

49. Shim HS, Lee da H, Park EJ, et al: Histopatho-
logic characteristics of lung adenocarcinomas with
epidermal growth factor receptor mutations in the
International Association for the Study of Lung Can-
cer/American Thoracic Society/European Respira-
tory Society lung adenocarcinoma classification.
Arch Pathol Lab Med 135:1329-1334, 2011

50. Sterlacci W, Savic S, Schmid T, et al: Tissue-
sparing application of the newly proposed IASLC/

Pathology and Classification of Lung Cancer

www.jco.org © 2013 by American Society of Clinical Oncology 9

131.104.62.10
Information downloaded from jco.ascopubs.org and provided by at ACQUISITIONS SECTION on February 19, 2013 from

Copyright © 2013 American Society of Clinical Oncology. All rights reserved.



ATS/ERS classification of adenocarcinoma of the
lung shows practical diagnostic and prognostic im-
pact. Am J Clin Pathol 137:946-956, 2012

51. Awaya H, Takeshima Y, Yamasaki M, et al:
Expression of MUC1, MUC2, MUC5AC, and MUC6
in atypical adenomatous hyperplasia, bronchioloal-
veolar carcinoma, adenocarcinoma with mixed sub-
types, and mucinous bronchioloalveolar carcinoma
of the lung. Am J Clin Pathol 121:644-653, 2004

52. Casali C, Rossi G, Marchioni A, et al: A single
institution-based retrospective study of surgically
treated bronchioloalveolar adenocarcinoma of the
lung: Clinicopathologic analysis, molecular features,
and possible pitfalls in routine practice. J Thorac
Oncol 5:830-836, 2010

53. Copin MC, Buisine MP, Leteurtre E, et al:
Mucinous bronchioloalveolar carcinomas display a
specific pattern of mucin gene expression among
primary lung adenocarcinomas. Hum Pathol 32:274-
281, 2001

54. Finberg KE, Sequist LV, Joshi VA, et al: Muci-
nous differentiation correlates with absence of
EGFR mutation and presence of KRAS mutation in
lung adenocarcinomas with bronchioloalveolar fea-
tures. J Mol Diagn 9:320-326, 2007

55. Garfield DH, Cadranel J, West HL: Bronchi-
oloalveolar carcinoma: The case for two diseases.
Clin Lung Cancer 9:24-29, 2008

56. Hata A, Katakami N, Fujita S, et al: Frequency
of EGFR and KRAS mutations in Japanese patients
with lung adenocarcinoma with features of the
mucinous subtype of bronchioloalveolar carcinoma.
J Thorac Oncol 5:1197-1200, 2010

57. Lee HY, Lee KS, Han J, et al: Mucinous versus
nonmucinous solitary pulmonary nodular bronchioloal-
veolar carcinoma: CT and FDG PET findings and patho-
logic comparisons. Lung Cancer 65:170-175, 2009

58. Miyake H, Matsumoto A, Terada A, et al:
Mucin-producing tumor of the lung: CT findings.
J Thorac Imaging 10:96-98, 1995

59. Sato K, Ueda Y, Shikata H, et al: Bronchi-
oloalveolar carcinoma of mixed mucinous and
nonmucinous type: Immunohistochemical studies
and mutation analysis of the p53 gene. Pathol Res
Pract 202:751-756, 2006

60. Wislez M, Antoine M, Baudrin L, et al:
Non-mucinous and mucinous subtypes of adeno-
carcinoma with bronchioloalveolar carcinoma fea-
tures differ by biomarker expression and in the
response to gefitinib. Lung Cancer 68:185-191,
2010

61. Inamura K, Takeuchi K, Togashi Y, et al:
EML4-ALK fusion is linked to histological character-
istics in a subset of lung cancers. J Thorac Oncol
3:13-17, 2008

62. Yoshida A, Tsuta K, Watanabe S, et al: Fre-
quent ALK rearrangement and TTF-1/p63 co-

expression in lung adenocarcinoma with signet-ring
cell component. Lung Cancer 72:309-315, 2010

63. McLeer-Florin A, Moro-Sibilot D, Melis A, et
al: Dual IHC and FISH testing for ALK gene rear-
rangement in lung adenocarcinomas in a routine
practice: A French study. J Thorac Oncol 7:348-354,
2011

64. Girard N, Ostrovnaya I, Lau C, et al: Genomic
and mutational profiling to assess clonal relation-
ships between multiple non-small cell lung cancers.
Clin Cancer Res 15:5184-5190, 2009

65. Girard N, Deshpande C, Lau C, et al: Compre-
hensive histologic assessment helps to differentiate
multiple lung primary nonsmall cell carcinomas from
metastases. Am J Surg Pathol 33:1752-1764, 2009

66. Finley DJ, Yoshizawa A, Travis W, et al: Pre-
dictors of outcomes after surgical treatment of
synchronous primary lung cancers. J Thorac Oncol
5:197-205, 2010

67. Bhure UN, Lardinois D, Kalff V, et al: Accuracy
of CT parameters for assessment of tumour size
and aggressiveness in lung adenocarcinoma with
bronchoalveolar elements. Br J Radiol 83:841-849,
2010

68. Lee HY, Han J, Lee KS, et al: Lung adenocar-
cinoma as a solitary pulmonary nodule: Prognostic
determinants of CT, PET, and histopathologic find-
ings. Lung Cancer 66:379-385, 2009

■ ■ ■

Travis et al

10 © 2013 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

131.104.62.10
Information downloaded from jco.ascopubs.org and provided by at ACQUISITIONS SECTION on February 19, 2013 from

Copyright © 2013 American Society of Clinical Oncology. All rights reserved.



Acknowledgment

We thank the International Association for the Study of Lung Cancer, the American Thoracic Society, and the European Respiratory Society
for their support of this project; we also thank all of the many panel members who contributed to the development of the classification.

Pathology and Classification of Lung Cancer

www.jco.org © 2013 by American Society of Clinical Oncology 11

131.104.62.10
Information downloaded from jco.ascopubs.org and provided by at ACQUISITIONS SECTION on February 19, 2013 from

Copyright © 2013 American Society of Clinical Oncology. All rights reserved.


