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A B S T R A C T

Purpose
To review recent advances in pathology and computed tomography (CT) of lung adenocarci-
noma and bronchioloalveolar carcinoma (BAC).

Methods
A pathology/CT review panel of pathologists and radiologists met during a November 2004
International Association for the Study of Lung Cancer/American Society of Clinical Oncology
consensus workshop in New York. The purpose was to determine if existing data was suf-
ficient to propose modification of criteria for adenocarcinoma and BAC as newly published in
the 2004 WHO Classification of Lung Tumors, and to address the pathologic/radiologic con-
cept of diffuse/multicentric BAC.

Results
Solitary small, peripheral BACs have an excellent prognosis. Most lung adenocarcinomas with
a BAC pattern are not pure BAC, but rather adenocarcinoma, mixed subtype with invasive
patterns. This applies to tumors presenting with a diffuse/multinodular as well as solitary nod-
ule pattern. The percent of BAC versus invasive components in lung adenocarcinomas
appears to be prognostically important. However, a consensus definition of ‘‘minimally inva-
sive’’ BAC with a favorable prognosis could not be achieved. While recognition of a BAC com-
ponent is possible, the diagnosis of BAC with exclusion of invasive adenocarcinoma cannot be
made by small biopsy or cytology specimens.

Conclusion
There is a need to work toward a mutual understanding and consensus between pathologists,
clinicians, and researchers with the use of the term BAC versus adenocarcinoma. Future stud-
ies should make some attempt to quantitate these components and/or other features such as
size of scar, size of invasive component, or pattern of invasion. Hopefully, this work will allow
definition of a category of adenocarcinoma, mixed subtype with predominant BAC/minimal
invasion and a favorable prognosis.

J Clin Oncol 23:3279-3287.

INTRODUCTION

Weare in themidst of a historic evolution in
the study of lung adenocarcinoma, with
advances occurring at every level, including
pathology, clinical investigation, radiology,

molecular biology, and therapy.1-4 This
article reviews the history of the histologic
subclassification of lung adenocarcinoma
by the WHO and recent developments in
our understanding of the computed tomo-
graphic (CT) features and pathology of
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lung adenocarcinoma. This review also includes the recom-
mendations of a Pathology/Radiology Panel of lung cancer
experts developed during a workshop on bronchioloalveo-
lar carcinoma, heldNovember 4 to 6, 2004 inNewYorkCity
sponsored by the International Association for the Study of
Lung Cancer (IASLC) and the American Society of Clinical
Oncology. Preparation for this workshop included a meet-
ing of the Pathology Panel held August 20 to 23, 2004 in
Washington DC. With the advent of CT screening for
lung cancer,5-10 there has been enormous interest in the
CT features andpathology of peripheral lungadenocarcino-
mas and much has been learned from the correlation of CT
images with histology in these tumors. The development of
molecular targeted therapies, particularly for epidermal
growth factor, has also generated a great deal of interest
in correlating thepathology andCTfindingsof these tumors
with molecular and clinical findings.2-4,11-13

HISTORY OF LUNG ADENOCARCINOMA HISTOLOGIC
SUBCLASSIFICATION BY THE WHO

The evolution in our understanding of the pathology of
lung adenocarcinoma is reflected in the substantial
changes in histologic subclassification by the WHO
from the 1967 to 1981 to the 1999 and 2004 classifications.
In the 1967 WHO classification, there were two major
subtypes of lung adenocarcinoma (Table 1): Broncho-
genic adenocarcinoma and bronchioloalveolar carcinoma
(BAC).14 Bronchogenic adenocarcinoma was then divided
into acinar and papillary subtypes. In the 1981 WHO
classification, four subtypes of lung adenocarcinoma
were recognized including acinar, papillary, BAC and solid
carcinoma with mucus formation (Table 1).15

However, in the 1999 WHO classification, several ma-
jor changes were made that were preserved with the 2004
WHO classification (Table 1).16,17 With the recognition
that most lung adenocarcinomas are histologically hetero-
geneous and consist of more than one subtype, the cate-
gory of adenocarcinoma with mixed subtypes was added

to the four subtypes from the 1981 WHO classification ac-
knowledging that mixed subtype would be the most com-
mon histologic type of lung adenocarcinoma.17 BAC was
also modified, formally recognizing three types: nonmuci-
nous (Fig 1), mucinous (Fig 2), and mixed mucinous and
nonmucinous. The nonmucinous BACs consist of varying
mixtures of type II pneumocytes and Clara cells; however,
there is no known clinical significance to determination of
these cell types and this is not required to make the diag-
nosis of BAC.16,17 The most significant change in the 1999
WHO classification was the requirement that all BACs
demonstrate pure lepidic growth without invasion of
stroma, blood vessels, or pleura.16,17 In the previous
WHO classifications there was no emphasis on the impor-
tance of the amount of BAC component and as a result
widely varying histologic criteria were used in publications
about this tumor. According to these stricter criteria, most
lung adenocarcinomas with a BAC component are now
classified as adenocarcinoma, mixed subtype, and the in-
vasive patterns present (acinar, papillary or solid) should
be mentioned (Fig 3). The other major change in the 1999
WHO classification was the addition of a group of uncom-
mon variants.

Another major change in the 1999WHO classification
was the addition of atypical adenomatous hyperplasia
(AAH) as a preinvasive lesion for lung adenocarcinoma.16

This was preserved in the 2004WHO classification.17 AAH
is an atypical bronchioloalveolar proliferation that re-
sembles, but falls short of, criteria for BAC. It con-
sists of a localized proliferation of mild to moderately
atypical pneumocytes that usually measure less than
5 mm (Fig 4).16,17

In the 2004 WHO classification, the only major
change was to move adenocarcinoma, mixed subtype to
the top of the list of subtypes, due to its frequency.17 Im-
portantly, the criteria for BAC were unchanged. A minor
change was made to the category of well-differentiated fe-
tal adenocarcinoma, by dropping the ‘‘well-differentiated’’

Table 1. History of Lung Adenocarcinoma Subclassification According to the WHO

196714 198115 199916 200415,17

Bronchogenic Acinar adenocarcinoma Acinar Adenocarcinoma, mixed subtype
Acinar Papillary adenocarcinoma Papillary Acinar adenocarcinoma
Papillary Bronchiolo-alveolar carcinoma Bronchioloalveolar carcinoma Papillary adenocarcinoma

Bronchioloalveolar Solid carcinoma with mucus formation Nonmucinous Bronchioloalveolar carcinoma
Mucinous Nonmucinous
Mixed mucinous and nonmucinous Mucinous

Solid adenocarcinoma with mucin Mixed nonmucinous and mucinous
or indeterminate

Adenocarcinoma with mixed subtypes Solid adenocarcinoma with mucin production
Variants

Well-differentiated fetal
adenocarcinoma

Fetal adenocarcinoma

Mucinous (colloid) adenocarcinoma Mucinous (colloid) adenocarcinoma
Mucinous cystadenocarcinoma Mucinous cystadenocarcinoma
Signet-ring adenocarcinoma Signet-ring adenocarcinoma
Clear-cell adenocarcinoma Clear-cell adenocarcinoma

Travis et al
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because it was recognized that there are high-grade fe-
tal adenocarcinomas.

GROSS AND RADIOLOGIC PATTERNS OF
BRONCHIOLOALVEOLAR CARCINOMA AND

INVASIVE ADENOCARCINOMA

BAC and mixed subtype adenocarcinomas with a BAC
component have been recognized to have several gross
pathologic and radiologic manifestations in the lung
(Table 2). These include: (1) a solitary peripheral nodule
(Figs 5-7), (2) multiple nodules (Fig 8), and (3) lobar con-
solidation (Fig 9).17-26 When there is a prominent BAC
component, the nodules may be ill-defined by gross path-
ologic exam and mostly ground glass by CT exam (Fig 5).

Fig 1. Bronchioloalveolar carcinoma, nonmucinous type. The alveolar walls
are lined by a cellular proliferation of atypical pneumocytes that have a
hobnail morphology. No invasion is seen.

Fig 2. Bronchioloalveolar carcinoma, mucinous type. The alveolar walls are
lined by a cellular proliferation of columnar cells with abundant apical mucin
and small basally oriented nuclei. No invasion is seen.

A

B

C

Fig 3. Adenocarcinoma, mixed subtype. (A) A bronchioloalveolar pattern is
seen to the left and an invasive component on the right (hematoxylin and
eosin X 4). (B) The invasive component consists of acinar glands infiltrating
a fibrous stroma (hematoxylin and eosin X 40). (C) Papillary adenocarcinoma
is present elsewhere in this tumor. This consists of malignant cuboidal
epithelial cells growing along fibrovascular cores in a papillary configuration
(hematoxylin and eosin X 10).

Lung Adeno-/Bronchioloalveolar Carcinoma
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Adenocarcinomas with an invasive component are more
likely to be sharply circumscribed on gross pathologic
exam and have a solid appearance by CT (Fig 6). A com-
bination of these gross and CT characteristics may be seen
in mixed subtype adenocarcinomas with both BAC and
invasive components (Fig 7). When multiple nodules
occur, they can be unilateral (Fig 8) or bilateral. They also
may consist of a large dominant mass with satellite nodules
within the same lobe or multiple nodules in more than one

lobe.17,24,25 The lobar consolidation pattern shows a dif-
fuse parenchymal infiltration that grossly and radiologi-
cally is difficult to distinguish from lobar pneumonia
(Fig 9).17,25-27

Due to significant differences in pathologic, radio-
logic, and clinical implication among these patterns of
presentation by lung adenocarcinoma, the following dis-
cussion will be divided into two major categories: (1) sol-
itary, small, peripheral lung adenocarcinomas; and (2)
multiple nodules or diffuse consolidation patterns.

A

B

Fig 4. (A) Atypical adenomatous hyperplasia: Two localized nodular areas of
atypical adenomatous hyperplasia shows hypercellular alveolar walls
(hematoxylin and eosin X 2). (B) The alveolar walls are lined by atypical
pneumocytes. There are gaps between the pneumocytes and there is mild
thickening of alveolar walls (hematoxylin and eosin X 20).

Table 2. Bronchioloalveolar Carcinoma: Gross Patterns
of Lung Involvement

Solitary nodule
Multiple nodules (unilateral or bilateral)

Dominant nodule with satellites
Multicentric nodules involving one or more lobes

Lobar consolidation

Fig 5. Ground glass density or nonsolid nodule. Chest computed tomog-
raphy image focused on the right lower lobe shows a 1.5-cm ground-glass
density or nonsolid nodule.

Fig 6. Solid nodule. Chest computed tomography image at the level of right
inferior pulmonary vein shows a 1-cm solid nodule with feeding vessels.

Travis et al
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Solitary, Small, Peripheral

Lung Adenocarcinomas

Pathologic aspects. Over the past 10 years, a series of
important articles about solitary, small (2 or 3 cm or less)
peripheral nodular lung adenocarcinomas has revolution-
ized our concept of the pathology of these tumors. This
began in 1995 with the work of Noguchi et al,28 which
pointed out that small peripheral lung adenocarcinomas
with a pure BAC pattern and no invasion had 100%
5-year survival, and patients with mixed BAC and invasive
components had a survival of 75% in contrast to those
with a purely invasive growth pattern who had a survival
of 52%.28 These findings greatly influenced the 1999
WHO/IASLC Classification Panel, who proposed a new,
stricter definition of BAC that required it to show pure
lepidic growth without invasion of stroma, pleura, or

blood vessels.16 The same proposal was also adopted by
the 2004 WHO classification.17 One implication of these
criteria is the importance of complete histologic sam-
pling of tumors 3 cm or less in diameter if they have
a BAC component, so that focal areas of invasion can
be identified.

Subsequently, multiple other reports have examined
solitary, small, peripheral lung adenocarcinomas using
different approaches to identify histologic prognostic
factors.8,29-31 Each study identified different histologic
features to define a subgroup of mixed subtype adenocar-
cinomas that have a predominant BAC component and
a favorable prognosis. These prognostically important
histologic features included size of scar (5 mm or greater;
greater than 5 mm to 15 mm; and greater than 15
mm),8,10 percentage of lepidic growth,10 percentage of
papillary growth,10 vascular invasion,10 size of invasive
area (5 mm or less versus � 5 mm),30 and pattern of stro-
mal invasion ([1] within area of BAC growth; [2] localized
on periphery of scar; [3] into center of scar).29

Suzuki et al8 demonstrated prognostic importance of
the size of scar: 5-year survival of 100% if the scar was
5 mm or smaller; 72% if the scar was more than 5 mm
and 15 mm or less in size; and 40% if the scar size was
larger than 15 mm. Yokose et al10 found no deaths in
66 patients whose tumors had more than 75% lepidic
growth, a central focus of fibrosis 5 mm or less in diam-
eter, and no elastic fiber framework destruction by tumor
cells. Multivariate analysis showed that vascular invasion
and � 25% papillary growth were unfavorable prognostic
factors.10 The paper by Terasaki et al30 had no survival
data, but reported a more abnormal immunophenotype
for the mixed subtype adenocarcinomas that had a BAC
component (group 2) compared with tumors consisting
of pure BAC (group 1), and they divided the group 2 cases

Fig 7. Part-solid nodule. Chest computed tomography image shows a
2-cm spiculated mixed-density nodule with solid central part and nonsolid
peripheral portion. The adjacent major fissure is pulled toward the nodule.

Fig 8. Multicentric bronchioloalveolar carcinoma. Chest computed tomog-
raphy image shows multiple nodules in the left lower lobe.

Fig 9. Bilateral multifocal bronchioloalveolar carcinoma with consolidative
pattern. Computed tomography image shows large consolidation in the right
lower lobe and nodules in the left lower lobe.

Lung Adeno-/Bronchioloalveolar Carcinoma
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into those with invasive areas $ 5 mm or compared with
invasive areas � 5 mm.

Sakurai et al29 approached the problem by divid-
ing the pattern of stromal invasion into three categories:
grade 0, pure BAC with no invasion; grade 1, invasion
in the area of BAC growth; grade 2, stromal invasion on
the periphery of a fibrotic focus; and grade 3, stromal in-
vasion into the center of a fibrotic focus. These authors
found that tumors with grade 1 and 2 invasion had an ex-
cellent prognosis similar to pure BACs (grade 0). They
proposed that tumors with grade 1 or grade 2 invasion
could be regarded as ‘‘minimally invasive’’ or ‘‘early’’ ad-
enocarcinomas.29 Since the term ‘‘grade’’ is already used
for assessing the degree of histologic differentiation, it
would be better to refer to these as ‘‘patterns’’ of invasion
rather than ‘‘grades.’’

At the November 2004 BAC meeting in New York,
a pathology panel was organized, consisting of the IASLC
Pathology Panel supplemented by additional experts from
several institutions who had a dedicated interest in BAC.
This pathology panel evaluated each of these papers and
concluded that it was premature at the present time to
generate a definition of minimally invasive adenocarci-
noma with a predominant BAC component and the cur-
rent data are insufficient to make a change in the 2004
WHO classification of BAC and adenocarcinoma. Never-
theless, these studies strongly suggest that such a category
can be defined and future studies will need to determine
the optimal pathologic criteria.

Radiologic aspects. Due to the strong correlation be-
tween CT and pathologic features, as well as the numerous
radiologic studies on solitary, peripheral, small lung ad-
enocarcinomas, a CT review panel of expert radiologists
was assembled to supplement the pathology panel at the
New York BAC meeting. While a variety of different terms
have been used for the radiologic appearance of adenocar-
cinoma nodules, the following terms were recognized by
the CT Review Panel: (1) ground glass opacity (GGO)
or nonsolid; (2) mixed density or mixed-ground glass
opacity; and (3) solid. There are many CT studies that
have made detailed correlations with pathology, survival,
and/or surgical approach. A few of these studies are sum-
marized in the following paragraphs to illustrate some im-
portant radiology-pathology correlations. Not all GGOs
represent BAC or adenocarcinomas, but criteria for sepa-
rating benign from malignant solitary pulmonary nodules
is addressed in detail elsewhere.23,32-40

Prognostic factors by CT have been shown in several
studies. Takashima et al41 found that lesion size of � 15
mm, GGO areas greater than 57%, and BAC histology cor-
relatedwith a favorable prognosis by univariate analysis; the
percentage of GGO areas was the only independent prog-
nostic factor by multivariate analysis. They demonstrated
that air bronchograms and histologic grade were of prog-

nostic importance in multivariate analysis of 52 patients
with mixed subtype lung adenocarcinomas with a BAC
component.18 Aoki et al42 found that small peripheral
lung adenocarcinomas with more than 50% GGO by
thin-section CT had significantly less lymph node metasta-
ses or vascular invasion than thosewith less than 10%GGO.
Survival was significantly better for patients with tumors
having greater than 50% GGO compared to those with
less than 50% GGO.42 Coarse spiculation and thickening
of bronchovascular bundles around the tumors was associ-
ated with lymph node metastases or vascular invasion.42

Yang et al43 found that 94% of pure BAC without al-
veolar wall collapse demonstrated pure GGO by CT, while
71% of BAC with some alveolar wall collapse appeared as
heterogeneous, low-attenuation nodules. They also found
that 50% of mixed subtype adenocarcinomas with a BAC
component were homogeneous nodules with a soft-tissue
density and 29% appeared as nodules with ground-glass
attenuation in the periphery and a high-density central
zone. Among tumors with a BAC component, the size
and CT values of mixed subtype adenocarcinomas were
larger than those of pure BACs (P � .05). Conversely,
the percentage of ground-glass attenuation and retained
air space in mixed subtype adenocarcinomas was smaller
than those in pure BACs (P � .01). All tumors that were
completely invasive with no BAC component were homo-
geneous nodules with soft-tissue density.43

One of the clinical implications of identifying a pure
GGO pattern in a small peripheral lung adenocarcinoma is
the potential for limited wedge resection rather than stan-
dard lobectomy. This approach has been suggested in the
study by Nakamura et al44 where no intrathoracic recur-
rence or distant metastases could be found in 27 patients
with tumors that showed a pure GGO pattern. Asamura
et al45 also studied 48 lung carcinomas measuring # 1
cm that had three high-resolution CT patterns: nonsolid
GGO type (n Z 19); part-solid GGO type (n Z 9); and
solid type (n Z 20). They found no recurrences and
BAC histologic type for all 28 GGO (nonsolid and part-
solid) lesions, a finding they felt supported use of limited
resection for GGO lesions.45 However, not all pure GGO
lesions are pure BACs histologically; they can have a com-
ponent of invasive adenocarcinoma. Nakata et al46 found
mixed subtype adenocarcinomas with invasive adenocar-
cinoma as well as BAC in 7% of tumors measuring # 1
cm with a pure GGO pattern by CT and in 38.5% of tu-
mors with a similar CT appearance that were between 1
and 2 cm in size. Watanabe et al47 reported 17 patients
with localized BAC showing pure ground glass attenua-
tion who had a pure BAC pattern on pathology and
demonstrated no deaths or relapses with a median of
32 months follow-up.

Serial CT studies with follow-up have demonstrated pro-
gression of lung adenocarcinomas with GGO components.

Travis et al
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Takashima at al48 demonstrated lung adenocarcinomas
that initially presented as ground-glass opacity subse-
quently increased in size in 75% of cases, and developed
solid components within the nodule in 17%. The solid
portions increased in 23%, and in 6% there was appear-
ance of spiculation. Kakinuma et al49 reported three types
of progression of BAC with (1) increasing size in BAC,
(2) decreasing size with the appearance of a solid compo-
nent in one BAC and one adenocarcinoma with mixed
subtype, and (3) stable size and increasing density in
BAC. This study documents a little recognized finding
that not all adenocarcinomas grow, but by CT they may
decrease in size over time. All but one of the follow-up
cases of lung cancer were noninvasive, whereas the re-
maining tumor showing GGO with a solid component
was minimally invasive.49

Lung Adenocarcinomas Presenting as Multiple

Nodules and Lobar Consolidation

While lung adenocarcinomas presenting with multi-
centric nodules and lobar consolidation may present a dif-
ferent clinical problem because they have a more advanced
stage, the histologic patterns encountered are the same.
Diffuse or multicentric growth patterns can be seen with
both nonmucinous and mucinous BAC, but this is more
characteristic of mucinous tumors.

Pathologic aspects. Most of the recent detailed path-
ologic studies of lung adenocarcinoma have focused on the
solitary peripheral lung tumors. Accordingly, there have
been few detailed pathologic studies of the multicentric
adenocarcinomas with BAC components that present as
multicentric nodules or lobar consolidation. Most of the
recent publications on this subject have been primarily
in the clinical literature without incorporation of recent
pathologic concepts.3,50-59 Detailed pathologic study of
these tumors is more problematic because they are unre-
sectable and often they are diagnosed only by small biopsy
or cytology specimens. Due to the limited sampling, it is
difficult to make a complete pathologic assessment of the
extent of BAC versus invasive patterns of adenocarcinoma
that may be present. Review of biopsy material from mul-
ticentric lung adenocarcinomas at the 2004 New York
BAC meeting suggested that the spectrum of histologic
findings in multicentric lung adenocarcinomas is similar
to that in the solitary peripheral tumors; most of these tu-
mors are adenocarcinoma, mixed subtype with a varying
spectrum of BAC, acinar, papillary, and solid patterns.

With the many current investigations of the molecular
changes and chemotherapeutic agents targeting the human
epidermal growth factor receptor (epidermal growth factor
receptor, ie, HER-1), such as gefitinib, cetuximab, and er-
lotinib,11,60,61 it will be important to carefully define the
pathology of the patients involved in these studies as clearly
as possible according to 2004 WHO concepts, and to spec-

ify what types of specimens have been used to establish the
diagnosis. This will allow for more valid comparison of
data from different studies because of the prognostically
significant implications of the extent of BAC versus inva-
sive components in lung adenocarcinomas.

There is a problem with the current staging system
with regard to the prognostic implications for some multi-
centric lung adenocarcinomas. The presence of a satellite
tumor with the same histology in the same lobe is a T4
lesion, thus qualifying as stage 3B.62 Also, if a tumor
with the same histology is found in a separate lobe,
then it is classified as M1 and the patient has stage 4 dis-
ease.62 Recent surgical data suggests that this may be inap-
propriate, particularly with some cases of multiple small
peripheral adenocarcinomas or BAC presenting as multi-
focal disease. Studies by Battafarano et al50 and Roberts
et al63 indicate that such tumors may be amenable to sur-
gical resection with prolonged survival.

Radiologic aspects. When lung adenocarcinomas
with or without BAC present with multiple nodules, the
CT features of each of the nodules may have the same
spectrum of findings described above in the solitary nod-
ules. The diffuse consolidation pattern may show air-
bronchograms and be indistinguishable from pneumonia
(Fig 9). Akira et al27 reported high-resolution CT findings
in 38 patients with diffuse BAC and found a spectrum of
findings including ground-glass opacity (n Z 29), consol-
idation (nZ 29), nodules (nZ 28), centrilobular nodules
(n Z 26), peripheral distribution (n Z 19), and air bron-
chograms (n Z 18). They observed three major high-
resolution CT patterns: predominantly ground glass (nZ 4),
consolidative (n Z 22), and multinodular (n Z 12).
While not specific, the characteristic appearance of diffuse
BAC consisted of a combination of consolidation and
nodules and the coexistence of centrilobular nodules
and remote areas of ground-glass attenuation.27

SMALL BIOPSY SPECIMENS AND CYTOLOGY

Given the requirement for BAC to show pure lepidic
growth without invasion and the knowledge that most
lung adenocarcinomas with a BAC component also have
areas of invasion, it is impossible to make an unequivocal
diagnosis of BAC in small biopsy specimens (needle or
bronchoscopic specimens). Similarly with cytology speci-
mens, while there are features that suggest the presence
of BAC, this diagnosis cannot be made with certainty be-
cause it is not possible to exclude the presence of an inva-
sive adenocarcinoma.

GLOBAL EPIDEMIOLOGIC DIFFERENCES

From the literature and discussions at the 2004 New York
BAC meeting, it is apparent that solitary, peripheral BACs
as defined by the 2004 WHO classification are much more
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common in Japan than in other parts of the world such as
the United States and Europe.8,10,28,30,64,65 It also appears
that the mixed subtype adenocarcinomas with predomi-
nant BAC components are also much more common in
Japan than in other countries.8,10,28,30,64,65 Whether this
is due to the longer history of CT screening in Japan re-
sulting in earlier detection or genetic/environmental dif-
ferences is not known. This is one of the reasons that
our Japanese colleagues have been at the cutting edge of
advances in our understanding of lung adenocarcinoma
pathology, publishing the majority of important papers
on this topic. There also may be differences in interpreta-
tion of diagnostic criteria for BAC by pathologists from
various countries. The lack of similar detailed pathologic
studies from investigators in other countries on the topic of
BAC and mixed subtype adenocarcinomas with predomi-
nant BAC components presented a problem for the WHO
panel in 2004, because it was difficult to propose modifica-
tions in a classification to be recommended for the world
when the data are mostly from a single country.

NEED FOR CONSENSUS WITH BAC VERSUS
ADENOCARCINOMA TERMINOLOGY

Another major problem is the need to work toward a mu-
tual understanding and consensus between pathologists,
clinicians, and researchers with the use of the term BAC
versus adenocarcinoma. There is a tendency by clinicians
to emphasize the term BAC when referring to lung adeno-
carcinomas, sometimes without acknowledgment of the
other invasive subtypes.55,58,66,67 Given the major shift
in pathologic definition of BAC, with recognition of the
striking survival significance in separating BAC from inva-
sive adenocarcinoma, pathologists following the 2004
WHO classification are stricter about use of the term

BAC. In most of the world, except for Japan, virtually
all lung adenocarcinomas with a BAC component are of
mixed subtype with an invasive component. Thus, a major
cultural change is needed in the lung oncology community
to recognize this fact. The recent pathologic studies from
Japan (summarized above) indicate that the amount of
BAC versus invasive subtypes (acinar, papillary, and solid)
components of lung adenocarcinomas is of prognostic sig-
nificance.8,10,29,30 Thus, future studies should make some
attempt to quantitate these components and/or other fea-
tures such as size of scar, size of invasive component, or
pattern of invasion.

NEED FOR FUTURE STUDIES

More studies are needed to better define a ‘‘minimally in-
vasive’’ category, to see how reproducibly pathologists can
interpret the various histologic features of prognostic im-
portance. It is particularly important that careful patho-
logic and radiology/pathology correlation studies are
published from multiple countries around the world to
help validate or modify the existing pathologic criteria.
Correlation of these detailed pathologic studies with CT
images will be especially important with the unresectable,
multicentric adenocarcinomas. These studies also need to
address the issue of reproducibility between pathologists
as well as between radiologists. Hopefully, such efforts
will promote consistency throughout the world in the ap-
proach to diagnosis of BAC and lung adenocarcinoma.
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