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Pathologists play an increasingly important role in personalized medicine for patients with lung
cancer as a result of the newly recognized relationship between histologic classification and mo-
lecular change. In 2011, the International Association for the Study of Lung Cancer/American
Thoracic Society/European Respiratory Society (IASLC/ATS/ERS) proposed a new architectural
classification for invasive lung adenocarcinomas to provide uniform terminology and diagnostic
criteria. This review highlighted the evolution of the classification of lung adenocarcinomas in re-
sected specimens with special respect to both histologic subtyping and invasion. Histologic sub-
typing of lung adenocarcinoma has been updated based on five major predominant patterns.
New concepts of adenocarcinoma in situ and minimally invasive adenocarcinomas have been in-
troduced to define the condition of patients who are expected to have excellent survival. Al-
though the new IASLC/ATS/ERS classification has promising clinical relevance, significant clarifi-
cation remains necessary for the definitions of subtyping and invasion. More precise definitions
and subsequent better education on the interpretation of terminology will be helpful for future
studies.
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Lung adenocarcinoma is the most prevalent histologic type of
primary lung cancer worldwide, accounting for almost half of
all lung cancers."” However, it is a very heterogeneous tumor in
the pathologic and molecular perspectives. Due to histology-
based therapeutic algorithms for lung cancer, there is a need for
a standard for pathologic diagnosis in the rapidly evolving field
of lung adenocarcinoma. In 2011, the International Association
for the Study of Lung Cancer/American Thoracic Society/Euro-
pean Respiratory Society (IASLC/ATS/ERS) proposed a new ar-
chitectural classification of invasive lung adenocarcinomas to
provide uniform terminology and diagnostic criteria.” There
were several important modifications and changes to the 2004
World Health Organization (WHO) classification that applied
to lung adenocarcinoma.’

One of the major changes is that invasive adenocarcinoma
subtypes are now classified by their predominant pattern in re-
sected specimens. The new IASLC/ATS/ERS classification al-
lows for five comprehensive subtypes of lepidic, acinar, papil-
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lary, solid and micropapillary patterns by a percentage of 5%
increments to determine a predominant pattern.’ Since the
publication of this new classification, a seties of reports have
been published demonstrating that this newly proposed classi-
fication of lung adenocarcinoma has prognostic value due to the
classification of heterogeneous adenocarcinomas according to
the predominant pattern of the tumor.”?

The other major change is the introduction of new concepts
of adenocarcinoma i situ (AIS) and minimally invasive adeno-
carcinoma (MIA). AIS and MIA are defined as localized small
(<3 cm) solitary adenocarcinomas with either a pure lepidic
pattern or predominant lepidic pattern with invasion of <0.5
cm, respectively.” These concepts were proposed to define pa-
tients who, if they underwent complete resection, would have
100% disease-free survival.*¢%

Although the new TASLC/ATS/ERS classification is promis-
ing, recent studies have stressed that more precise definitions

and better education on the interpretation of this classification
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Table 1. Emerging issues in IASLC/ATS/ERS classification of lung
adenocarcinoma in resected specimens with respect to both his-
tologic subtyping and invasion
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Table 2. Summarized diagnostic criteria of five predominant pat-
terns for invasive adenocarcinoma in resected specimens accord-
ing to the new IASLC/ATS/ERS classification®'*

Emerging issues Pattern Diagnostic criteria
|. Histologic subtyping Lepidic Neoplastic cells growing along pre-existing
1. Reproducibility alveolar structures

2. Potential parameters for subtyping formulation
1) Impact of aggressive minor pattern
2) Subdivision of comprehensive subtyping
3) Other grading system: mitosis, nuclear grade

3. Candidate for additional subtype: ragged/fused glands and cribriform
pattern

II. Invasion

1. Determination of invasion

2. Extent of invasion
1) Percentage versus cutoff size
2) Impact of scar size or stromal desmoplasia and inflammation

3. Additional factors to be considered
1) Significance of aggressive component
2) Outcome of patients with MIA histology greater than 3 cm
3) Lepidic growth versus aerogenous spread of invasive carcinoma

IASLC/ATS/ERS, International Association for the Study of Lung Cancer/
American Thoracic Society/European Respiratory Society; MIA, minimally
invasive adenocarcinoma.

are required for application to routine daily practice."** Here,
we review the current understanding focusing on the clinico-
pathologic relevance of these two major changes of IASLC/ATS/
ERS classification, which addresses resected specimens, and dis-
cuss emerging issues on potential problems, which require fur-
ther clarification (Table 1).

HISTOLOGIC SUBTYPING

Relevance

For resected invasive adenocarcinomas, comprehensive histo-
logic subtyping with lepidic, acinar, papillary, solid and micro-
papillary patterns is performed by making a semiquantitative
estimation of each of the patterns in 5% increments and choos-
ing a single predominant pattern.” The terms ‘bronchioloalveo-
lar carcinoma (BAC) and ‘mixed subtype adenocarcinoma’ have
been discontinued, unlike the previous WHO classifications.**'
The term lepidic replaces BAC for tumors with a predominant
component, formerly called nonmucinous BAC. Micropapillary
pattern has been added as a new histologic subtype with poor
prognosis. The diagnostic criteria of five predominant patterns
for invasive adenocarcinoma are briefly summarized in Table 2.

Recently, a growing number of studies have demonstrated
the utility of the new IASLC/ATS/ERS classification in identi-
fying prognostic significance and molecular correlations accord-
ing to the predominant patterns of invasive lung adenocarcino-
mas across all tumor stages. It has generally shown most favor-
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Common septal widening with sclerosis
Absence of papillary or micropapillary patterns and
intra-alveolar tumor cells
Acinar Glands which are round to oval-shaped with a central
luminal space surrounded by tumor cells
Cribriform arrangement
Growth of columnar cells along central fibrovascular cores
Papillary structures filled with alveolar spaces, even a tumor
has lepidic growth
Solid Polygonal tumor cells forming sheets which lack other
recognizable patterns of adenocarcinoma
Micropapillary Tumor cells growing in micropapillary tufts which lack
fibrovascular cores
Detached and/or connected tumor cells to alveolar walls
Floating ring-like glandular structures within alveolar spaces

Papillary

IASLC/ATS/ERS, International Association for the Study of Lung Cancer/
American Thoracic Society/European Respiratory Society.

able prognosis for lepidic predominant adenocarcinomas, inter-
mediate survival for acinar and papillary predominant adeno-
carcinomas, and poor prognosis for solid and micropapillary
predominant adenocarcinomas. Yoshizawa et a/.” examined 514
Western patients with stage I adenocarcinomas, with histologi-
cal grading of the new IASLC/ATS/ERS classification system
defined as low (AIS and MIA), intermediate (lepidic, acinar, and
papillary), and high (solid and micropapillary), and demon-
strated the prognostic value of this histological grading; low
grade AIS and MIA had 100% 5-year disease-free survival; in-
termediate grade lepidic, acinar, and papillary predominant had
90%, 84%, and 83% S-year disease-free survival, respectively;
and high grade solid and micropapillary predominant had 70%
and 67% 5-year disease-free survival, respectively. An analysis
of 440 Japanese patients with various stages of lung adenocarci-
nomas revealed a similar prognostic subset of IASLC/ATS/ERS
histologic classification and reaffirmed that the TASLC/ATS/
ERS classification is one of the independent parameters for pre-
dicting high risk of recurrence and incidence of death by pri-
mary lung adenocarcinoma.® In another Japanese study, stage I
lung adenocarcinoma patients with AIS and MIA showed
100% 5-year disease-free survival. The 5-year disease-free sur-
vivals of patients with lepidic, acinar, papillary, and solid were
93.5%, 83.7%, 75.0%, and 44.4%, respectively.®

Because most adenocarcinoma subtypes can harbor epidermal
growth factor receptor (EGFR) and Kirsten rat sarcoma viral
oncogene homolog (KRAS) mutations, as well as anaplastic
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lymphoma kinase (ALK) rearrangement,” molecular histologic
correlation is important in predicting patient prognosis and se-
lecting those who require adjuvant chemotherapy according to
molecular changes. It has been reported that the JASLC/ATS/
ERS histologic classification has significant correlations with
molecular changes.®***¢ A correlation study between IASLC/
ATS/ERS lung adenocarcinoma classification and molecular
changes revealed that EGFR mutations were associated with a
high frequency of AIS, MIA, lepidic, and papillary predomi-
nant subtypes (85.7% AIS, 83.3% MIA, 71.4% lepidic, and
68.5% papillary), followed by acinar (38.4%) and micropapil-
lary (40.1%) predominant subtypes; whereas they were uncom-
mon in the solid predominant subtype (14.3%).° A Korean
study showed a significant phenotype-genotype correlation in
that EGFR mutations were associated with lepidic and micro-
papillary subtypes.”? KRAS mutations were detected more of-
ten in acinar (23.1%) and solid (25.0%) predominant subtypes,
followed by MIA (8.3%) and papillary (4.5%) predominant
subtypes. No KRAS mutations were observed in AIS or lepidic
predominant subtypes; whereas all invasive mucinous adenocar-
cinomas had KRAS mutations.® ALK rearrangement has been
mostly associated with an acinar pattern, including a cribriform
morphology, and with signet ring cell features, particularly
those with thyroid transcription factor 1 and p63 coexpres-
sion.”? A correlation study between IASLC/ATS/ERS lung
adenocarcinoma classification and ALK rearrangement revealed
similar findings in a Korean study where ALK-rearranged ade-
nocarcinoma showed more frequent signet ring cell morpholo-
gy than ALK-wild type adenocarcinoma.?®

Emerging issues
Reproducibility

The term mixed subtype has been discontinued, and invasive
adenocarcinomas are now classified according to their predomi-
nant subtype. Because invasive lung adenocarcinomas encom-
pass a spectrum of histologic patterns that represent a morpho-
logic continuum, rather than distinct entities, the complex
mixture of histologic patterns has presented one of the greatest
challenges to the classification of invasive lung adenocarcino-
mas. A reproducibility study of typical and difficult representa-
tive images of the major histologic subtypes by 26 expert lung
pathologists revealed that the mean kappa (k) value for the typ-
ical and difficult cases were 0.77 +0.07 and 0.38+0.14, respec-
tively.” A reproducibility study using actual slides of resected
tumors performed by 3 pathologists with lung subspeciality
training and at least 5 years’ experience revealed that the x val-
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ue for interobserver agreement was 0.32 for the predominant
pattern, 0.26 for the secondary pattern, and 0.26 for the combi-
nation of primary/secondary patterns.'” The most common area
of discordance was in assigning the acinar vs lepidic predomi-
nant pattern. Reproducibility was best for a solid (k=0.65),
followed by micropapillary (k=0.35), lepidic (k=0.28), papil-
lary (x=0.2), and acinar (k = 0.08) patterns."” In another study,
the mean percentages of consensual votes per pattern ranged
between 59.6% and 75.0%, with lepidic and solid being the
pattern with the most discordant and concordant votes, respec-
tively. Other patterns ranged in between (papillary 65.8%, aci-
nar 67.8%, micropapillary 74.2%)."* Overall, the most frequent
problems occurred in the separation of the lepidic from the aci-
nar pattern (pre-existing alveolar structures with thickened sep-
ta versus neoplastic acini with desmoplastic stroma) and in the
separation of papillary from lepidic (true papillae versus cross
sections of branching alveolar walls) and micropapillary (often
intermixed with papillary growth).!* Warth ¢ «/.” found that
patients with papillary predominant adenocarcinoma had sur-
vival rates similar to patients with micropapillary and solid pre-
dominant adenocarcinoma, in contrast to the other studies.®®
They explained that these differences might be due to the fact
that papillary adenocarcinomas are a rather diverse group with
respect to morphology, and it is possible that the different sub-
types also differ with respect to prognosis.” Reproducibility evi-
dently improves, following educational sessions, even among
experienced lung pathologists.'* However, further investigation
is needed to improve the separation of difficult problems, such
as lepidic versus acinar or papillary and micropapillary versus
papillary patterns.

Potential parameters for subtyping formulation

First, comprehensive subtyping, followed by selection of a
predominant pattern, leads to some questions regarding the
impact of minor patterns, even though the prognostic relevance
of scores weighting secondary patterns was not evident and had
no impact on survival in subgroups built by stratification for
predominant patterns by Warth ef «/.” Borczuk raised several
seeming contradictory questions regarding secondary patterns
at the 2013 United States & Canadian Academy of Pathology
(USCAP) Companion meeting for the Pulmonary Pathology
Society in Baltimore, MD, USA on March 2, 2013.” For exam-
ple, if solid and micropapillary patterns are poor prognostic
patterns, for what percentage of a secondary pattern is this sig-
nificant? If a micropapillary component is the critical one re-
gardless of the percentage, should the primary classification be
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micropapillary adenocarcinoma, even if it is not predominant?
All studies on the topic of the micropapillary component of
lung adenocarcinoma in patients in early stages have reported
that micropapillary is a poor prognostic subtype.”*" Further
research is needed to answer the question of whether, as in the
Gleason score in prostate cancer, a minor pattern contributes a
significant amount of prognostic information and whether
scores weighting all patterns may be helpful.*® The clinical sig-
nificance of the aggressive micropapillary or solid component,
when present as minor component, is likely resolvable through
a subgroup analysis and more precise percentage cut-offs, which
is essential to classification and nomenclature.

A second concern is the relevance of the predominant label as
currently formulated. In the new TASLC/ATS/ERS classifica-
tion, using 5% increments allows for greater flexibility in
choosing a predominant subtype when tumors have two pat-
terns of relatively similar percentages.”® The predominant pat-
tern is defined as the pattern with the largest percentage, not
necessarily 50% or greater. Even though it is possible to have
equal percentages of two prominent components, a single pre-
dominant component should be chosen. At the 2013 USCAP
meeting, Borczuk also impugned the differences of the follow-
ing three examples: acinar predominant (acinar 40%, papillary
30%, solid 30%), papillary predominant (papillary 40%, acinar
30%, solid 30%) and solid predominant (solid 40%, acinar
30%, papillary 30%).” Does the last tumor have a poorer prog-
nosis than the first two tumors?”” Another issue is that cases in
which invasion is greater than 0.5 c¢m, but still less than 1 cm,
in an otherwise lepidic tumor (75% or greater lepidic) are easier
to accept as ‘predominantly 7z iz’ than those in which the lep-
idic pattern is predominant (40% lepidic with 20% acinar,
20% papillary, and 20% solid), which is actually 60% invasive
and is ‘invasive predominant.””’ Borczuk suggested that a mid-
dle ground between the lumping of the mixed subtype category
by 2004 WHO classification® and the splitting of comprehen-
sive subtyping is warranted.”’

Third, unlike carcinomas of the other organs, such as the
breast, prostate, and kidney, there is no established grading sys-
tem for lung adenocarcinoma in resected specimens. A pro-
posed grading system based on a large Japanese study using
510 lung adenocarcinomas <2 c¢m in diameter has suggested
the criteria of lymphovascular invasion, non-BAC or invasive
component >1 cm, and solid/cribriform/papillary pattern
>30% in the invasive component as predictors of patients out-
come and tumor recurrence.’” Recently, it has been reported
that not only are histologic subtype and mitotic rate important
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prognostic factors in lung adenocarcinomas, but also increased
risk of recurrence was best predicted by a combined high archi-
tectural/mitotic grade after adjusting for clinical factors.” In an-
other study, nuclear grading based on nuclear area and nuclear
dimension was a reliable prognostic indicator for small adeno-
carcinmas.” Further investigation is needed to determine wheth-
er the optimal grading system should include architectural or
nuclear assessment or both to add prognostic value to the pre-
dominant pattern.

Candidate for additional subtype

The occurrence of the other patterns that do not fit into these
defined morphologies poses a challenge for applying this classi-
fication. Joubert ¢z a/.'® reported that ragged/fused glands and
cribriform patterns were associated with a solid growth pattern,
and disease-free survival for tumors containing these complex
glandular patterns was similar to that of the high grade tumors.
They emphasized that the presence of these variant patterns of
adenocarcinoma should be recognized as a distinct subtype and
may be considered as a pattern of high grade adenocarcinoma
and not be interpreted as acinar adenocarcinoma, with a prog-
nostically intermediate grade. According to the new IASLC/
ATS/ERS classification definition, ragged-anastomosing glands
and cribriform arrangements are also regarded as a pattern of
acinar adenocarcinoma.’” The acinar pattern covers a broad cate-
gory, such as tubules/glands lined by single-layered or polylay-
ered neoplastic cells and ragged-anastomosing glands. Subclas-
sification of the acinar predominant subtype based on its puta-
tive biological significance would further improve the prognos-
tic value.

INVASION

Relevance

Since evidence for a category of MIA with 100% disease-free
survival was found in 1995 by Noguchi e a/.,** subsequent
studies have been performed such as Sakurai e a/.’s study® of
380 peripheral adenoacrinomas of <2 cm diameter and Suzuki
et al’s study’ of 100 lung adenocarcinomas of <3 cm and de-
fined subsets of small lung adenocarcinomas associated with
100% disease-free survival using invasion size <0.5 cm in the
area of BAC growth, respectively. According to the 1999 and
2004* WHO classification, which were strongly affected by the
report by Noguchi e a/.,** BAC was strictly defined as an ade-
nocarcinoma with a pure lepidic growth pattern without stro-
mal, vascular, or pleural invasion. Nevertheless, the term BAC
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has been broadly used and BAC fall into five different entities
in the new IASLC/ATS/ERS classification, including AIS, MIA,
and lepidic predominant adenocarcinoma, and even other inva-
sive adenocarcinomas with a lepidic component and mucinous
adenocarcinoma. The widely varying clinical behavior of the
different categories observed in several studies” supports the
rationale for the new classification discontinuing the use of the
term BAC. Therefore, the newly proposed IASLC/ATS/ERS
classification suggests that, in place of BAC, tumors should be
subclassified as AIS, MIA, and adenocarcinoma with a lepidic
prominent pattern.’

New concepts of AIS and MIA have been introduced to de-
fine the condition of patients who will have 100% or near
100% disease-specific survival, respectively, if they undergo
complete resection. In the new IASLC/ATS/ERS classification,
AIS is defined by a pure lepidic growth pattern with continu-
ous growth of the neoplastic cells along the alveolar septa with-
out disruption of the alveolar structures, except for mild fibrosis
or enlargement of the alveolar wall, and lacking stromal, vascu-
lar, or pleural invasion, for the resected specimens.” There
should be no papillary or micropapillary patterns and intra-al-
veolar tumor cells. AIS is typically nonmucinous, consisting of
type II pneumocytes and/or Clara cells, but cases of mucinous
AIS rarely occur.” The diagnosis of AIS cannot be established
with certainty on cytology or small biopsy specimens. In addi-
tion, small tumors (<3 ¢m) and tumors with a predominant
lepidic pattern should be entirely submitted. It is emphasized
that AIS should not be equated with tumors previously classi-
fied as BAC. The new term of MIA has been adopted for small
(<3 cm) solitary adenocarcinomas, showing a predominant lep-
idic pattern with <0.5 cm area of parenchymal invasion.” If
multiple microinvasive areas are found in one tumor, the great-
est dimension in the largest invasive area should be measured,
and it should be <0.5 cm in size. The size of invasion is not the
summation of all invasive foci.” The criteria for AIS, as well as
MIA, can be applied in the setting of multiple tumors only if
the other tumors are regarded as synchronous primary tumors
rather than intrapulmonary metastases.’?

Recent studies have demonstrated a near 100% 5S-year dis-
ease-free survival or very favorable overall survival in patients
with adenocarcinoma meeting the criteria of AIS and MIA in
Western,” Japanese,”® and Korean groups.” In the future, such
patients may represent candidates for limited surgical resection.
Certainly, it is very important that AIS and MIA should not be
mixed with forms of invasive lepidic predominant adenocarci-

noma, because invasive adenocarcinomas with a lepidic pre-
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dominant pattern still have a compromised prognosis when
compared with AIS and MIA.

Emerging issues
Determination of invasion

For the diagnosis for MIA, invasion is defined as 1) any histo-
logic subtype other than a lepidic pattern (i.e., acinar, papillary,
micropapillary, and/or solid) and/or 2) myofibroblastic stroma
associated with invasive tumor cells.”” However, determination
of parenchymal invasion is by far the most difficult issue in
practical pathologic diagnosis (Fig. 1). Most of the difficulty
comes from determining real stromal invasion from its mim-
ickers, like alveolar collapse. AIS with sclerotic septal widening
and alveolar collapse (acini of neoplastic cells can be entrapped
within the fibrotic scar without eliciting a true desmoplastic
stroma) may be difficult and arbitrary to distinguish from the
acinar pattern, particularly, the nonmucinous variant." Nogu-
chi et al** separated alveolar collapse with elastosis from inva-
sion with fibroblast proliferation, emphasizing a good prognosis
associated with the former. Furthermore, as adenocarcinoma
grows into aerated, alveolar tissue, cross-cutting of growth
along the alveolar walls will mimic the papillary structures, and
desmoplastic reaction will produce acinar structures, which in
reality are collapsed areas lacking invasion." This can be further
complicated by pre-existing lung architectural changes, such as
emphysema or interstitial fibrosis, and inconsistent use of the
formalin inflation technique to fix the tumor specimens.”

In a reproducibility study of invasion, the x value for typical
and difficult cases was 0.55 +0.06 and 0.08+0.02, respectively,
with consistent subdivision by the same pathologists into inva-
sive and non-invasive categories, due to a differing interpreta-
tion of the terminology defining invasion." It was argued that
several morphologic features could be attributed to discrepant
interpretation in the judgment of invasion. First, some patholo-
gists interpreted a stromal component as tumor-related stroma
with fibroblasts (called desmoplastic stroma), whereas others
considered the same features to be benign scarring/fibroelasto-
sis. Second, the presence of elastin was variably weighted as
representing the native alveolar wall by some pathologists, but
not by others. Third, inflammation in alveolar walls implied
invasive disease to some."

To support the evaluation of parenchymal invasion, the use of
elastic stains has been proposed to differentiate invasion (de-
struction of the elastic structure) from alveolar collapse (mainte-
nance of the elastic structure). However, the routine use of elas-
tic stains would probably add more confusion than clarity in
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Fig. 1. (A) Nonmucinous adenocarcinoma in situ. (B) Tumor shows continuous growth of neoplastic cells along the slightly thickened alveolar
septa without disruption of the alveolar structures. (C) Equivocal invasion showing alveolar collapse. Tumor has a central scar (arrow) with a
peripheral lepidic growth pattern. (D) The central scar demonstrates thick fibrous septa with intact tumor glands, but less identifiable alveolar
architecture and plump, reactive fibroblasts. Some pathologists interpreted a desmoplastic stroma associated with tumor invasion, whereas
others considered the same features as benign scarring/fibroelastosis in Thunnissen’s reproducibility study.™ (E) Nonmucinous minimally in-
vasive adenocarcinoma. Tumor consists predominantly of lepidic growth with a small invasion focus (arrow). (F) Tumor acini and single cells
are invading in the desmoplastic stroma with chronic inflammatory cells.

distinguishing true invasion from architectural alterations in been suggested that early invasion will not disturb the elastic
the elastic patterns of normal tissue.”" Furthermore, it has also framework of lung parenchyma. Special stains for basement

http://dx.doi.org/10.4132/KoreanJPathol.2013.47.4.316 http://www.koreanjpathol.org



322 e HaSVetal

membrane components, such as type IV collagen or laminin,
have been reported to be of value, but are difficult to interpret
and have not been shown to be useful

Given the areas of uncertainty for the diagnostic criteria of
AIS and MIA, Andreia suggested that the diagnosis should be
established based on the extent of possible invasion at the 2013
USCAP Companion meeting for the Pulmonary Pathology So-
ciety in Baltimore, MD, USA on March 2, 2013.7 If confront-
ed with an area of uncertainty, either because of different histo-
logical pattern (papillary or acinar) that tends to mimic a lepid-
ic pattern or an area of scar where invasion is not clear, this area
of uncertainty is measured. If the area of possible invasion is
larger than 0.5 cm, a diagnosis of invasive adenocarcinoma, pre-
dominant lepidic pattern is made. He insisted that these tu-
mors are by definition only encountered as stage IA; therefore,
patients will not be overtreated, but this approach gives the
treating physicians some room for discussion on follow-up and
further management.

Recently, Xu e al.*' suggested that the invasive components
as defined by the loss of alveolar structures of the lepidic pre-
dominant tumor were any of the following three general pat-
terns: 1) complex acinar papillary as defined by enlarged acini
with no recognizable alveolar architecture, and septa between
complex patterns about the same thickness as alveolar spaces
with lepidic growth (around 40 to 60 pm); 2) invasion with
desmoplasia and elastosis, with an acinar pattern with open lu-
mina; and 3) invasion with desmoplasis and compressed, angu-
lated glands or solid nests or single-cell invasion. However,
more precise definitions and better education on the usage of
existing terminology are required to improve the recognition of
AIS or MIA, and this is becoming increasingly important.

Extent of invasion

The most current revision of tumor classification focuses on
separating invasion tumors with prominent lepidic growth into
two groups; those with minimal invasion, and those with inva-
sion of more than 0.5 cm. Since the appearance of stromal inva-
sion versus alveolar collapse is an area of great controversy
among pathologists, the introduction of MIA as a new concept
is of great assistance in this scenario. The new IASLC/ATS/ERS
classification proposes that the greatest diameter of the invasive
component determines MIAs.” However, several emerging
practical issues about the optimal method for evaluating the ex-
tent of the invasive component should be considered.

First, lepidic predominant adenocarcinoma was found to con-

sist of invasive adenocarcinomas with at least 1 focus measuring
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>0.5 cm in the greatest dimension without defining the exact
amount of lepidic growth required. Therefore, the difficulties
inherent in invasion measurement affect only the separation of
MIA from lepidic predominant adenocarcinoma. Anami et /.
found that tumors with a >50% lepidic component were asso-
ciated with better survival than were tumors with <50% lep-
idic growth. Other studies showed that invasive size adjust-
ment of gross size may be a better predictor of survival than
gross size alone in lepidic predominant adenocarcinomas.”'*’
Nevertheless, the current guidelines adhere to gross tumor size
to determine the size T factor. Although the 0.5 cm cutoff cri-
teria has proven highly predictive of prognostic potential, fur-
ther investigation is needed to determine whether the diagnosis
of MIA is best made using a percentage of the invasive compo-
nent adjustment of the gross size versus the single largest focus
with a 0.5 cm cutoff size of the invasive component or any other
size limit.”"’

Second, the impact of scars or prominent stromal desmopla-
sia and stromal inflammation should be evaluated in determin-
ing the size of the invasive component. Adding to the difficulty
of demarcating invasion from non-invasion, elastosis may occur
in the areas of lepidic spread and may be prominent in central
scars which are clearly without invasive glands. Some authors
have included the measurement of a scar associated with an in-
vasive component as part of the measurement that defines
MIA. > However, this criterion is not mentioned in the con-
sensus document.

Additional factors to be considered

There are a few points that need to be considered for the ac-
curate differentiation of AIS and MIA from invasive adenocarci-
noma.

First, the prognostic significance of aggressive micropapillary
or solid components as invasive areas in tumors with MIA his-
tology remains to be determined. Xu ez /. reported that mini-
mally invasive micropapillary adenocarcinoma showed an ex-
tensive lymphovascular invasion and lymph node involvement,
and the patient died within 16 months with widespread metas-
tases. They suggested that the presence of high grade histology,
such as solid or micropapillary, could perhaps affect the progno-
sis, even in those with MIA.

Second, the new IASLC/ATS/ERS classification recommend-
ed that for a tumor larger than 3 cm, particularly if it has not
been completely sampled, the term lepidic predominant adeno-
carcinoma is best applied with a comment that the clinical be-

havior is uncertain and/or that an invasive component cannot
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be excluded.” However, there is insufficient evidence to support
the notion that 100% disease-free survival can occur in such tu-
mors with MIA histology >3 cm.

Third, lepidic growth may also be composed of neoplastic
cells with nuclear atypia resembling that of the adjacent inva-
sive patterns. Some observers would further argue that such
lepidic patterns correspond to an aerogenous spread of tumor
cells, but are no longer an in-sit# phenomenon.” Because it has
not been established that this is a non-invasive lepidic growth
or aerogenous spread of invasive carcinoma, the diagnosis of AIS
or MIA should not be made unless the lesion has a discrete cir-
cumscribed border; cases with military spread of small foci of
tumors into adjacent lung parenchyma and/or with lobar con-
solidation should be excluded.” This observation is concerning,
and data fine tuning the lepidic predominant percent cutoff as-
sociated with survival is an important future direction.

CONCLUSION

This review highlighted the recent evolution of the classifica-
tion of lung adenocarcinomas in resected specimens with spe-
cial respect to both histologic subtyping and invasion. Histo-
logical subtyping of lung adenocarcinoma has been updated
based on five major predominant patterns. The new concepts of
AIS and MIA have been introduced to define the condition of
patients who will have excellent survival. Although the new
TASLC/ATS/ERS classification has promising clinical relevance,
significant clarification remains necessary for the designation of
subtyping or invasion. Improving the clarity of this area, with
more precise definitions and subsequent better education on the
interpretation of existing terminologies are needed in future
studies.
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