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Abstract: The classification of pulmonary adenocarcinoma has recently undergone several proposed
changes. Among these, the most striking pertains to the discontinuation of the term “bronchioloalveolar
carcinoma (BAC)” and its replacement by the terms “adenocarcinoma iz situ (AIS)” or “minimally invasive
adenocarcinoma (MIA)” for small solitary adenocarcinomas with either pure bronchiolalveolar growth or
predominant bronchioloalveolar growth and <5 mm invasion, respectively, in resection specimens. The
recommendation for these new concepts was based on discussion and review of the literature by a panel of
experts from multiple disciplines. However, the results of a recent study investigating the topic of early stage
adenocarcinoma (pT1NOMO) which was based on an actual series of cases, have raised questions as to the
concept, validity and justification of such new terminology and have reinforced the need to evaluate actual
cases that meet the newly proposed definitions and compare them in terms of patient outcome. This is even
more important when proposing terminology that implies benign behavior and that could result in a false
sense of security putting patients at risk for suboptimal treatment approaches. The controversies surrounding

these issues are the subject of this work.
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Introduction

Lung cancer is still the leading cause of death in the United
States compared with other types of malignancies. Over the
years, a change in the frequency of the two most common
histological subtypes—adenocarcinoma and squamous
cell carcinoma—has seen adenocarcinoma emerge as the
most common form of lung cancer (1). The relatively poor
prognosis for these tumors reflected in a 5-year survival
rate estimated at 15.6% makes early detection and the
development of new treatiment strategies even more crucial (2).
In this context it is not only becoming increasingly
important to recognize tumors early in their course but also
to separate tumors that are likely to behave more indolently
from those with more aggressive behavior.

The term “bronchioloalveolar carcinoma (BAC)” is
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commonly used to describe a pulmonary adenocarcinoma
that is well differentiated and is believed to be associated
with a better outcome. A flaw with this term has always
been the discrepancy in its use not just among pathologists
but also among clinicians resulting in confusion about
what this entity really means. In order to clarify this
issue, a new classification of lung adenocarcinoma has
recently been proposed (3). In this publication, one of
the main recommendations was to discontinue the use of
the term “BAC” and replace it with the new categories
of “adenocarcinoma i situ (AIS)” for tumors with a pure
bronchioloalveolar growth pattern and 100% survival and
“minimally invasive adenocarcinoma (MIA)” for tumors
with a predominant bronchioloalveolar growth pattern,
small foci of invasion measuring <5 mm or less and near
100% survival (3). Although this change was no doubt well
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intended, these recommendations were primarily based on
a selected review of the literature and focused on tumors
categorized as BAC thereby failing to provide a justification
for the new nomenclature based on an actual case series that
would conform to the definitions outlined. In addition, there
is no comparison—either by clinical parameters or statistical
analysis—to other types of lung adenocarcinomas that are
not classified as BAC yet present at a similar clinical stage.
This leads to the question of what the clinical implications
of such a new proposal would be. The consequence of
calling a tumor “in situ” or “minimally invasive” may create
a false sense of security for patients and their clinicians
and may lead to suboptimal treatment. On the other hand,
one has to wonder about the necessity of creating these
new categories if one argues that the overall survival of
patients with early stage adenocarcinoma is statistically
not significantly different regardless of histological growth
pattern. The same applies to the treatment of these tumors,
usually complete surgical resection and staging. If there
is no significant treatment difference—irrespective of
histological pattern—then what is the clinical value of such
histological separation? Unfortunately, these issues have not
been addressed in the proposed new classification system.

BAC—historical context and current definition

BAC has long been recognized in the literature. The first
descriptions of this type of tumor date back to the end of
the 19" and early 20" centuries when Malassez (4) and
Musser (5) referred to pulmonary tumors with features of
BAC as “epithelioma” and “primary cancer of the lung”,
respectively. Histologically, these tumors were characterized
by a prominent bronchioloalveolar pattern but differed in
their extension into the surrounding tissues. Following these
initial descriptions, countless publications emerged in the
literature describing similar features, albeit under a variety
of different names such as “alveolar cell tumor of lung”,
“pulmonary adenomatosis” or “mucocellular papillary
adenocarcinoma of the lung” (6-14). Despite these different
names and an uncertainty of how many of these tumors
were single nodules, multifocal lesions or diffuse tumors,
it appears that stromal invasion was consistently absent
although some of the cases had documented metastatic
disease. In those early descriptions the main contention was
the cell of origin and whether the tumor originated from the
alveolar lining cells or the cells lining the terminal airways.
In 1960, Liebow (15) used the term BAC to define a well
differentiated adenocarcinoma and unified the different
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growth patterns described for this tumor: (I) the single
nodular pattern; (II) the disseminated nodular pattern; (III)
the diffuse pattern. Of note, as per Liebow’s definition,
these tumors were also capable of invading lymph nodes,
pleura and extrathoracic organs but were characterized
by long dormancy and slow growth, particularly those
presenting as a single nodule. This original definition by
Liebow subsequently underwent different interpretation and
in the latest WHO publications, BAC is defined as a tumor
that shows growth of neoplastic cells along pre-existing
alveolar structures without evidence of stromal, pleural or
vascular invasion de facto implying that BAC is a form of
AIS even though this was not explicitly stated (16,17). More
recently, a new classification of lung adenocarcinoma was
proposed in order to provide more uniform terminology
and diagnostic criteria (3). One of the main objectives of
this proposal was the discontinuation of the use of the
term BAC and its replacement with new terminology: the
term “AIS” was introduced to describe a localized small
(£3 cm) adenocarcinoma with growth restricted to
neoplastic cells along preexisting alveolar structures, lacking
stromal, vascular, or pleural invasion and the term “MIA”
was proposed for a small, solitary adenocarcinoma (<3 cm),
with a predominantly bronchioloalveolar pattern and <5 mm
invasion in greatest dimension in any one focus. These new
concepts were developed with the aim to identify tumors
that according to the authors have 100% (AIS) or near
100% (MIA) survival if completely resected. Of note, this
new classification has provoked several questions. Firstly,
it introduces size criteria—tumors have to be smaller
than 3 c¢m in order to qualify for the new categories and
may not show more than 5 mm of invasion in cases of
MIA. Setting such arbitrary cut-off points goes very much
against the natural history of tumors that usually undergo
continuous development from pre-invasive lesions to more
extensive disease. Such criteria would also imply that a
tumor otherwise compliant with the proposed criteria but a
tumor size exceeding 3 cm falls short of a diagnosis of AIS
and would have to be categorized elsewhere. The fact that
stromal, lymphatic or pleural invasion has to be excluded
or limited in order to qualify for the new categories also
implies that such a diagnosis can only ever be made on
resected material precluding definitive diagnosis on biopsy
or cytologic preparations. From a clinical point of view
criticism has been raised as to the fact that terms such as
“carcinoma 7z situ” or “minimally invasive carcinoma” have
a potential for misguidance and may simulate less indolent
behavior than should be expected.
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Figure 1 (A) Adenocarcinoma with prominent bronchioloalveolar growth pattern. Tumor cells are seen growing along the alveolar walls

(H&E, x10); (B) high power view of adenocarcinoma with bronchioloalveolar growth pattern. The alveolar walls are lined by cuboidal

epithelium showing hobnailing and mild cytological atypia (H&E, x40); (C) adenocarcinoma with mucinous bronchioloalveolar pattern.

The cells are columnar shaped with mild cytologic atypia and show abundant mucin production (H&E, x20).

Pathological features

Traditionally, three different macroscopic types of BAC
have been described:

(I) The localized form. This type of tumor is usually
present in the periphery of the lung and relatively
well circumscribed but unencapsulated. Areas of
necrosis or hemorrhage are absent.

(II) The multinodular pattern. Here, the tumor
involves the lung parenchyma in a miliary pattern
with individual nodules usually less than 1 c¢m in
size and with involvement of one or more lobes.

(III) The diffuse form. The appearance is that of a
pneumonic process. No discrete masses or nodules
are identified and a non-neoplastic process is often
initially suspected. One or more lobes may be
involved. This type is invariably associated with the
mucinous type of BAC.

The morphological features of these tumors are very
similar irrespective of the solitary, disseminated or diffuse
growth pattern. Histologically, the tumor is characterized
by growth along pre-existing alveolar walls which are
partially or completely replaced by a low cuboidal or
cylindrical epithelium (Figure 14). The cytological features
are bland and characterized by oval or round nuclei
with variably conspicuous nucleoli (Figure 1B). Nuclear
inclusions are not uncommon in the non-mucinous type of
the tumor. Mucinous variants show more columnar cells
with mucin production and extensive extracellular mucin
in the alveolar lumina (Figure 1C). Even though mitotic
activity is not prominent, rare mitotic figures can be seen in
some cases. By definition the tumor are not allowed to show
any stromal, pleural, lymphatic, or nodal invasion.
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Discussion

Since the first descriptions of early well differentiated
adenocarcinomas classified as BAC there has been active
debate in the literature about this entity (6-15,18-24). The
main contention with this tumor has always been its unclear
definition and resultant subjective interpretation not only in
pathology but also in clinical practice. A myriad of different
opinions with regard to pathogenesis, diagnosis and
prognosis have contributed to the controversy on this tumor
(6-15,18-24). This starts with the question of whether this
tumor should be regarded as a distinct clinicopathological
entity or whether BAC represents a specific growth pattern.
For instance, in a study of 30 cases, Bennett and Sasser (23)
concluded that there is no histogenetical, morphological or
clinical basis to separate BAC from the conventional type of
adenocarcinoma. In a similar manner, Rosenblatt et 4/. (22)
put forward their opinion, that extrathoracic tumors can
metastasize to the lung in a manner indistinguishable
from BAC supporting the opinion that BAC is a pattern
rather than a specific entity. On the other hand, Delarue
et al. (24) insisted on the validity of the entity and outlined
some criteria for its diagnosis: (I) absence of primary
adenocarcinoma elsewhere; (II) absence of intrinsic
tumor of bronchogenic origin; (III) peripheral location
involving alveolar ducts; and (IV) unaffected interstitium.
Interestingly, the authors stated that metastatic disease and
malignant pleural effusion may occur in these cases.

Other authors have focused on the prognostic aspects
of this tumor correlating the different types of BAC
with patient survival. For instance, Manning et a/. (25)
studied 34 cases of BAC and separated the tumors into
mucinous (multicentric) and non-mucinous (solitary)
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types and observed 5-year survival rates of 25% and 72%,
respectively. In a study by Clayton (26) investigating
45 cases of BAC the author found that the 5-year survival
dropped significantly for non-mucinous tumors that had
aerogenous spread compared to those without stating that
the prognosis depended not only on the size of the tumor
but also on the presence or absence of alveolar spread.
Overall, it has to be said that although the literature is
full of studies on this subject, the data derived from those
is difficult to interpret. This is mainly due to the fact that
different authors have included different pathological
material including cytology preparations, small biopsies
and resection specimens. In addition, many studies have not
focused on a specific type but have variably included solitary
tumors along with those showing a multinodular or diffuse
growth pattern. Conflicting information about BAC has also
been provided after the latest definition of this tumor by the
WHO (16,17). For instance, in 2001 Breathnach et 4l. (27)
found that the 5-year survival for stage I BAC was 83%
compared to 67% for conventional adenocarcinoma of the
same stage. However, in a study led by Ebright (28) it was
finally concluded that the most important parameters in the
evaluation of BAC are the clinical pattern and pathologic
staging of these tumors rather than the degree of invasion
on histological assessment. In 2006, Travis et al. (29)
presented a review of BAC in which they defended the
relevance of the existing WHO criteria by stating that
there was existing evidence that patients with solitary
small peripheral BAC have 100% survival at 5 years. This
also served as the basis of the most recent proposal for
the reclassification of adenocarcinoma. The study that
most supported this claim was that by Noguchi et /. (30)
investigating a series of 236 cases of small adenocarcinomas
of the lung that measured up to 2 cm in greatest diameter.
In this study, the authors separated different types of
adenocarcinomas into categories ranging from A to E, with
28 of the ones designated as types A and B representing the
localized form of BAC; however, on closer examination of
the manuscript, the authors account for a total of 34 of these
tumors. Interestingly, some of these tumors showed not
only lymphatic but also pleural invasion, thus disqualifying
these tumors as BAC according to the 1999/2004 WHO
schemata. More importantly, by describing small tumors
(22 cm) with a BAC growth pattern, the authors indirectly
acknowledged that these tumors have the potential to show
lymphatic or pleural invasion. Another study that was cited
to support the current WHO criteria is the one by Zell
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et al. (31) who identified 1909 patients from the California
Tumor Registry with a histological diagnosis of BAC and
staging information. They found that stage I BAC had
1-year survival rate of 94% and 5-year survival rate of 65%
while for BAC stage II these rates were 89% and 45%,
respectively. It is obvious that these rates are nowhere near
the 100% survival rate predicted by Noguchi ez al. (30).

When the new classification of adenocarcinoma was
proposed and the terms AIS and MIA were introduced in
2011, the basis of this classification was formed by a review
of 312 selected references chosen from among 11,368
citations (3). Out of these, the core literature on which the
proposed change in nomenclature was based consisted of
about a dozen publications (32-41). However, on critical
review of those publications the attentive reader will
encounter a few inconsistencies. Firstly, a number of these
publications included tumors that did not adhere to the
current size criteria. For instance, several studies included
lesions that were either smaller than 0.5 cm and therefore
represented atypical adenomatous hyperplasia (AAH) or
larger than 3 cm, which is the current cut off proposed for
AIS and MIA (32,33,36-38,40). In a similar manner, there
were several studies where the tumors clearly demonstrated
vascular, pleural or lymph node invasion thereby failing
the criteria for inclusion into the AIS and MIA categories
(34,35). In addition, not all the studies cited actually stated
whether the tumors were submitted and evaluated in their
entirety, which is another important criterion for a diagnosis
of AIS and MIA (39-41). Interestingly, one of the studies
cited states that BAC are often small tumors (<1 cm) and are
associated with a better prognosis because of size and not
histology (39).

It becomes clear that meaningful and unequivocal
conclusions cannot be drawn from these publications and that
reclassification of BAC based on a literature review rather
than critically comparing all adenocarcinoma in terms of
survival is not only misleading but can actually be dangerous.
In addition, current surgical practice recommends surgical
resection for all early stage adenocarcinomas irrespective
of histologic grade therefore the main emphasis should be
on tumor staging at the time of diagnosis. Staging is the
single most important factor that determines the need for
additional medical treatment leaving histological subtyping
of adenocarcinomas secondary and not particularly critical in
decisions regarding additional treatment.

In order to shed more light on this subject, a recent
study of 104 cases of early stage pulmonary adenocarcinoma
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Figure 2 (A) Kaplan-Meier survival curves comparing tumors with a bronchioloalveolar (BAC) pattern divided by the percentage of the

BAC component (<25%; 25-50%; >50%); (B) Kaplan-Meier curve for tumors with a pure BAC pattern (proposed “in situ adenocarcinoma”);

(C) survival curves comparing tumors with any BAC component to those without. [Reused with permission (42)].

(pTINOMO) from a single institution attempted to
determine whether there was a statistically significant
difference between tumors with pure BAC growth pattern
and conventional adenocarcinomas (42). In this study
some important observations were made: (I) associated
malignancies had a negative impact on patient survival; (II)
in patients without associated malignancies, no statistical
differences in survival were found when tumors were graded
into well, moderately and poorly differentiated tumors; (ILI)
no statistical difference in survival was found when tumors
were separated based on their BAC component (<25%;
25-50%; >50%) (Figure 2A4), and once again, no statistically
significant difference was noted when these were compared
to conventional adenocarcinomas; (IV) when tumors were
divided into pure BAC versus other types, again, the results
failed to show any statistically significant survival difference
(Figure 2B); there was merely a trend towards better
outcome in tumors with a BAC component (Figure 2C).
The results of this study challenge the validity of the new
classification of adenocarcinomas. If staging—not histology—
remains the most important prognostic factor then the
question arises of what it the purpose of a reclassification
based on histological criteria? Another interesting fact is that
in that same study none of the cases represented the newly
proposed MIA casting further doubt on the validity of such
a concept. In addition, the findings also suggest that what
is currently labeled “atypical adenomatous hyperplasia” and
which represents a lesion with bronchioloalveolar growth
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pattern but with a size of <0.5 cm in greatest dimension
probably reflects the true AIS.

In summary, the current literature appears to challenge
the new classification of adenocarcinoma with regard
to the reclassification of BAC. The suggested change in
terminology implying this to be a pre-invasive lesion may
mislead clinicians and prevent full staging of the patients.
Careful staging is all the more important as several studies
have shown that small adenocarcinomas have documented
metastatic disease to lymph nodes in as many as 22%
of patients (43,44). Therefore treatment for patients
with small adenocarcinomas should not be based on the
histological features of the tumor but rather on the stage
of the disease at the time of diagnosis. Nonetheless, the
diagnosis of adenocarcinoma should include not only the
grade of the tumor and the pattern of growth but also the
presence or absence of tumor spread. Based on this we
suggest the following terminology for adenocarcinomas
(also see Table 1):

For biopsy specimens:

» Adenocarcinoma with BAC growth pattern
(tumors 20.5 cm)
For surgical resections:
> AIS (0.5 cm; formerly AAH)
Adenocarcinoma [growth pattern(s) in approximate %]
Size of the tumor
Pleural integrity

vV V. V V

Lymph node status
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Table 1 Comparison of recent classification schemata for lung adenocarcinoma

WHO 2004 (17)

IASLC/ATS/ERS classification of lung

. Our recommendation
adenocarcinoma [2011] (3)

Pre-invasive lesions

> Atypical adenomatous hyperplasia

(AAH) (0.5 cm)

Adenocarcinoma
» Mixed subtype
> Acinar adenocarcinoma
» Papillary adenocarcinoma
» Bronchioloalveolar carcinoma
= Nonmucinous
= Mucinous
= Mixed nonmucinous and
mucinous or indeterminate
> Solid adenocarcinoma with mucin
production

Variants of adenocarcinoma
> Fetal adenocarcinoma
> Mucinous (“colloid”) carcinoma
» Mucinous cystadenocarcinoma
» Signet ring adenocarcinoma
» Clear cell adenocarcinoma

Preinvasive lesions
> Adenocarcinoma in situ (<0.5 cm;
formerly AAH)

Pre-invasive lesions
» Atypical adenomatous hyperplasia
(AAH) (<0.5 cm)
» Adenocarcinoma in situ (AlS) (<3 cm;
formerly BAC)
Invasive adenocarcinoma
» Mininmally invasive adenocarcinoma
(MIA; <3 cm bronchioloalveolar
predominant tumor with <5 mm
invasion)

Invasive adenocarcinoma
» Growth patterns in approximate %

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

Acinar predominant

Papillary predominant

Micropapillary predominant

Solid predominant with mucin
production

YV V V V

Variants of invasive adenocarcinoma
> Invasive mucinous adenocarcinoma
(formerly mucinous BAC)
> Colloid
> Fetal (low and high grade)
> Enteric
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