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Abstract

In 2011, a new histologic classification of lung adenocarcinomas was proposed from a joint
working group of the International Association for the Study of Lung Cancer (IASLC), American
Thoracic Society (ATS), and European Respiratory Society (ERS), based on the recommendation
of an international and multidisciplinary panel. This classification proposed a method of
comprehensive histologic subtyping (lepidic, acinar, papillary, micropapillary, and solid pattern)
based on semi-quantitative assessment of histologic patterns (in 5% increments) with the ultimate
goal of choosing a single, predominant pattern. Prognostic subsets could then be described for the
classification. Patients with completely resected adenocarcinomas in situ (AIS) and minimally
invasive adenocarcinomas (MIA) experienced low risk of recurrence. Patients with micropapillary
or solid predominant tumors have a high risk for recurrence or cancer-related death. Patients with
acinar and papillary predominant tumors comprise an intermediate-risk group. Herein, we review
the outline of the proposed IASLC/ATS/ERS classification, a summary of published validation
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studies of this new classification and then discuss surgical key issues; we mainly focused on
limited resection as an adequate treatment for early-stage lung adenocarcinomas as well as pre-
and intraoperative diagnoses. We also review the published studies that identified the importance
of histological subtypes in predicting recurrence, both rates and patterns, in early-stage lung
adenocarcinomas. This new classification for the most common type of lung cancer is useful for
surgeons, as its implementation would require only hematoxylin and eosin (H&E) histology slides,
which is the common type of stain used in hospitals. It can be implemented with routine pathology
evaluation and with no additional costs.

Keywords

lung adenocarcinoma; histologic classification; limited resection; micropapillary; small lung
nodules

INTRODUCTION

Lung adenocarcinoma, which is the most frequent histologic subtype of non-small cell lung
cancer (NSCLC) encountered by surgeons, is heterogeneous in clinical and radiological
presentation, histological appearance, surgical outcome, and molecular biological profile.1
Over the past decade, the single most important factor that has helped determine clinical
management and prognosis for patients with lung cancer has been tumor-nodal-metastases
(TNM) staging.2 Although the histological classification of lung cancer has been
periodically revised by the World Health Organization (WHO), the last classification, which
was published in 2004, had approximately 90% of lung adenocarcinomas classified as a
single category — mixed subtype.!

While there have been several advances over the past decade in defining the molecular
alterations within lung adenocarcinomas, some of which have aided in the development of
targeted therapies such as EGFR mutation in patients with advanced disease, none of the
molecular patterns have proven useful for a uniform classification system of lung
adenocarcinoma in surgically resected tumors. There is mounting evidence that suggests that
histological patterns in lung adenocarcinomas can be used to define prognostically variable
subsets. With the pressing need for an update a new classification for lung adenocarcinomas
was developed by a joint working group of the International Association for the Study of
Lung Cancer, the American Thoracic Society, and the European Respiratory Society
(IASLC/ATS/ERS) in 2011.1

Development of the IASLC/ATS/ERS lung adenocarcinoma classification

To provide an internationally acceptable histological classification system that could be
applied to define prognostically variable subsets, an international, multidisciplinary panel
was developed by the IASLC/ATS/ERS including pathologists, thoracic surgeons, thoracic
medial oncologists, pulmonologists, radiologists, and molecular biologists. The panel
members performed a systematic review of published literature and initially selected 11,368
relevant articles. Of these, 312 articles met the specified eligibility criteria for a full-text
review. Following review of the selected publications for strength and qualify of the
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scientific evidence, and in conjunction with each specialty group, a writing committee
developed the recommendations for histological classification.

Discussions took place during a series of meetings of the multidisciplinary panel in 2008
and 2009 leading to a revised classification system that led to initiation of individual
projects by panel members to validate the proposed system in their patient cohorts. Based on
the data generated, the panel proposed 10 significant changes to the histological
classification of lung adenocarcinomas in an effort to help improve predictive ability of
clinical outcomes and therapeutic benefits. These recommendations were detailed in the
2011 joint publication by the IASLC/ATS/ERS!; this publication forms the foundation for
the current lung adenocarcinoma histological classification.

In this review, we will first present the outline of the proposed IASLC/ATS/ERS
classification and a summary of published validation studies of this new classification. Then,
we will discuss the surgical key issues, with a focus on the pre- and intraoperative diagnosis
of histological subtypes, and the role of limited resection and systematic lymph node
sampling or dissection in the management of early-stage lung adenocarcinoma patients. We
will also review the published studies that have identified the importance of histological
subtypes in predicting recurrence, both rates and patterns, in early-stage lung
adenocarcinoma.

The proposed IASLC/ATS/ERS classification of lung adenocarcinoma

The proposed IASLC/ATS/ERS classification (Table 1)1 addressed resected tumors and
cytology of small biopsies. As a part of the proposed classification, the panel recommended
that clinicians stop using the confusing term “bronchioloalveolar carcinoma” (BAC); this
term has been used for a at least five different tumors defined in the new classification
including non-invasive tumors with atypical pneumocyte proliferation along the pre-existing
alveolar wall and a variety of invasive adenocarcinomas including lepidic predominant
adenocarcinoma, invasive adenocarcinomas with non-predominant lepidic pattern and
invasive mucinous adenocarcinomas.

In the new IASLC/ATS/ERS classification, 4 major concepts were recommended for
resected specimens: 1) The new categories developed were adenocarcinoma in situ (AlS)
and minimally invasive adenocarcinoma (MIA), both of which were defined as small (< 3
cm), and solitary adenocarcinomas that consisted of lepidic growth pattern without invasion
(AIS) or with <5 mm invasion (MIA). Tumor invasion was defined as having a histologic
pattern other than lepidic (acinar, papillary, micropapillary, or solid), an active
myofibroblastic stroma correlated with invasive tumor cells, and presence of lymphatic,
vascular, or pleural invasion; 2) For invasive adenocarcinoma histologic proliferative
patterns are recorded, semiquantitatively, in 5% increments (Figure 1). In the lepidic
predominant setting, lepidic predominant adenocarcinoma is defined as a tumor with > 5
mm invasion or > 3 cm in total size. Then, the predominant histologic pattern is determined
according to the percentages of the subtypes in the individual tumors. The major histologic
patterns are lepidic, acinar, papillary, micropapillary, and solid (Figure 2). This
comprehensive histological subtyping is thought to provide better stratification of the
formerly defined “mixed subtype” adenocarcinomas in outcomes;3 3) “Micropapillary
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pattern” was added as one of major histologic subtypes due to its association with poor
prognosis. Micropapillary adenocarcinomas consist of tumor cells that grow in papillary
tufts that lack fibrovascular cores and frequently show vascular and stromal invasion; and 4)
Adenocarcinomas, which were formerly known as “mucinous BAC,” were classified,
depending on the extent of invasive growth, as mucinous AlS, mucinous MIA, or, for
invasive tumors, as invasive mucinous adenocarcinoma. The relevance of cytology and
small biopsies is discussed in another section of this manuscript.

Validation studies of the 2011 IASLC/ATS/ERS lung adenocarcinoma classification

Correlation between histological subtypes and prognosis—We reviewed the
published literature that validated the correlation between the newly proposed histological
classification and patient outcomes in at least 150 surgically resected series; we identified 19
published studies that met the criteria (see Table 2).3-21 Seventeen studies demonstrated
significant differences in patient outcomes among the histologic subtypes3-12. 14, 15, 17-21
while only 2 studies did not.13: 16 The survival rate for predominant histological subtypes
and the outcome and the distribution of each histological subtypes is outlined in Figure
3.3-8,10,12,14,20 1t js important to also note that all studies reported that AIS and MIA had a
100% disease-free survival rate.

Among the invasive adenocarcinoma subtypes, lepidic predominant invasive
adenocarcinoma (LEP) has a better prognosis as compared with other subtypes. In contrast,
micropapillary (MIP) and solid (SOL) predominant subtypes have poorer prognosis than
other subtypes. In most studies, acinar (ACI) and papillary (PAP) subtypes account for the
majority of histologic subtype distribution and their survival rates are similar. In most
studies, their survival rates are lower than AIS/MIA or LEP subtype and higher than the
SOL and MIP subtypes. As previously mentioned, significant differences in prognosis
among histological subtypes were not recognized in only 2 studies.13: 16 One explanation for
this could be that the discrepancy could be due to poor reproducibility in judging invasion or
MIP component,22 and remarkably no MIP predominant tumors were identified in one of
these studies.13 An alternative explanation could be that the difference in stage distribution
might affect the results because in higher stages post-recurrent treatment might influence a
patient’s overall survival. Furthermore these studies used overall survival for their survival
analysis rather than disease or recurrence free survival; since most early stage lung
adenocarcinoma patients die from causes other than their cancer, DFS or RFS is a better
survival analysis method as it reflects the biologic behavior of the cancer rather than death
due to unrelated factors.

Correlation between histologic subtypes and genetic mutations—Recent
advance in molecular biology, such as the discovery that gene mutations could guide a
patient’s management and/or treatment decisions for adjuvant therapy or therapy for
recurrent disease, are of great interest to surgeons. Following publication of the
IASLC/ATS/ERS classification, several groups have correlated histological subtypes with
mutational status of the tumors in an effort to learn about the underlying biology. We
selected and reviewed 9 studies that each analyzed =100 patient tumors for mutational status
(EGFR, KRAS or ALK mutations) and investigated if there is a correlation between presence
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of a mutation and the histologic subtype in the new IASLC/ATS/ERS classification (Table
3).9. 10, 20, 23-28 The major finding from these studies is that there is no specific histologic
molecular correlation between histologic patterns and driver mutation status.

Regarding EGFR gene mutations, in many studies it had significant positive correlations
with lepidic predominant and papillary subtypes.?: 10. 24-27 Some studies, especially those
from the East Asian cohort, showed a positive association between EGFR mutations and the
micropapillary subtype.26: 28 The KRAS mutation showed a significant positive correlation
with mucinous subtypes in some studies.?: 10. 23

As the distribution of these mutually exclusive gene mutations differs among different
ethnicities (EGFR gene mutations are more frequent in Asian cohorts than in Western
cohorts and vice versa for KRAS mutations), it remains to be seen whether or not individual
histological patterns associated with mutational statuses differ among races. There were no
reported differences among multiple ethnicities in ALK mutation positive population in 3
studies.9: 2327

Recently, the CD74-NRGL1 fusion gene was discovered and it was reported that 4 fusion-
positive tumors were found in 102 lung adenocarcinomas that were negative for known
oncogenic alterations; all positive cases were of were classified as an invasive mucinous
subtype.2 It is believed that this mutation may represent a therapeutic target for invasive
mucinous adenocarcinomas.

Implication of the IASLC/ATS/ERS Classification for Surgical Management of
Early Stage Lung Adenocarcinoma—One of the goals of developing the new
IASLC/ATS/ERS classification of lung adenocarcinoma was to define prognostically
variable groups of patients based on histological subtypes. Differentiating between low risk
and high risk lung adenocarcinomas is of high clinical importance in the management of
early-stage lung cancer, the majority of which are adenocarcinomas. In this section, we will
review the published studies that provide the guidelines for assessment and surgical
treatment for early stage lung cancer and the potential implications of the EASLC/ATS/ERS
classification.

I. Preoperative characterization

Can Al S/MI A be predicted radiologically prior to a planned resection?: One of the main
opportunities in defining the concepts of AIS and MIA in the proposed IASLC/AIS/ERS
classification is to facilitate pretreatment radiological identification that will allow further
study of the role of limited resection given the indolent nature of these lesions. Multiple
retrospective studies have tried to establish precise radiologic parameters to identify
pathologically non-invasive tumors on computer tomography (CT) and/or positron emission
tomography (PET) scans.39-33 Shimada et al (n = 363) suggested that a tumor disappearance
ratio (TDR) = 50% without spiculation could be highly predictive of noninvasive or
minimally invasive tumors.3! In a recent study at our institution, we found that C/T
(consolidation to tumor) ratio < 0.25 and SUVmax < 2.2 (median of the cohort, n = 181)
could stratify the risk of recurrence following limited resection in a step-wise fashion.32
Takahashi et al reported the usefulness of a ground-glass opacity ratio < 50%, TDR < 75%,
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and consolidation diameter > 1 cm as a means of predicting invasive adenocarcinomas33.
While the data obtained from these retrospective studies is informative, it cannot be
conclusive due to the inherent limitations in the selection criteria that could possibly
influence the outcomes.

In a prospective study (JCOG 0201), tumor size <2 cm and C/T ratio < 0.25 was regarded
as the cutoff for radiologically noninvasive tumors.3% Two prospective trials (JCOG 0802
and JCOG 0804) have begun in Japan to compare the role of limited resection and
lobectomy. JCOG 0802 is focused on radiologically invasive adenocarcinomas (C/T ratio >
0.25) and JCOG 0804 is a single-arm study that intends to investigate the efficacy of limited
resection for radiologically non-invasive adenocarcinomas (C/T ratio < 0.25).

Can cytology or small biopsy provide accurate preoperative diagnosis?: The utility of
cytology for tumor subtyping of NSCLCs and molecular testing has been previously
reported and is quite reliable for not only making a specific diagnosis of adenocarcinoma
versus squamous cell carcinoma or small cell carcinoma, but also to provide material for
molecular testing.34 However, the histological subtyping of lung adenocarcinomas in
cytologic specimens is, at best, challenging due to the histologic heterogeneity in the tumor.
Adenocarcinomas in situ and minimally invasive adenocarcinomas cannot be diagnosed in
small biopsies or cytology specimens.t Also, identifying the histologic pattern of cytology
specimens might be difficult and unreliable.3®> On the other hand, Ferretti et al
retrospectively investigated the adequacy of CT-guided trans-thoracic needle biopsy
specimens for histological and immunohistochemical diagnosis, as well as mutation
analysis, and reported that their CT-guided core needle biopsy would be useful for a
histological subtyping in accordance with the new IASLC/ATS/ERS classification system.36
Further multi-institutional data are needed before valid conclusions can be reached.

Il. Intraoperative diagnosis

Are frozen sections useful in intraoperative decision-making?: Although some
investigators have reported the usefulness of a frozen section during limited resection for
intraoperative diagnosis of lung nodules,3” the utility and accuracy of intraoperative frozen
section analysis in distinguishing AIS/MIA from other invasive adenocarcinoma subtypes
remains unclear. We investigated the utility of using frozen sections for predicting histologic
subtype and found that it has high specificity (94% and 96%, respectively) but low
sensitivity (37% and 69%, respectively) for detecting MIP and SOL patterns.38 The degree
of invasion was frequently overestimated and the frozen section diagnosis was discovered to
be inaccurate in distinguishing MIA and LEP-predominant invasive adenocarcinomas. In
addition to the histological pattern and invasiveness, other evaluations such as resected
margin status, pleural invasion, and lymphovascular invasion were needed for the
intraoperative surgical diagnosis.

[ll. Surgical indication for limited resection

I'slimited resection adequate oncologic treatment for early stage lung cancer?: With the
expected increase in the detection of small lung nodules on CT screenings, the role of
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limited resection as a treatment for lung adenocarcinoma is of great interest to the
surgeons.39

Limited resection for AlS/MIA: Pathologically non-invasive adenocarcinomas or tumors
showing a pure ground glass nature in preoperative CT scans are reported to have 100%
disease-free survival after limited resection (see Figure 3).37 However, most of the lesions
in the reported studies underwent anatomical resection rather than limited resection (see
Table 2). In addition, the data for the prognosis of MIA resected by limited resection is
lacking. Therefore, the true prognosis of AIS/MIA after limited resection still remains
unclear. Although rare, delayed surgical margin recurrences following limited resection for
ground glass lesions has been reported.4? The results of these ongoing prospective studies
(JCOG 0802, CALGB 140503 and JCOG 0804) may shed light on whether only considering
limited resection for ground glass lesions is the correct course of action.

Limited resection for invasive adenocarcinoma subtypes: There is insufficient evidence
supporting limited resection as a treatment option for invasive adenocarcinoma subtypes;
lobectomy is still regarded as the standard-of-care treatment for invasive adenocarcinoma
subtypes. Recently, Landrneau et al retrospectively compared 312 matched patients who
underwent segmentectomy or lobectomy for stage | NSCLC. They reported that, in a
propensity-matched comparison, lobectomy was associated with modestly increased
freedom from recurrence and overall survival; however, the differences were not statistically
significant.#1 The results of 2 randomized trials (JCOG 0802 and CALGB 140503) are
pending. In both studies, lesions that were radiologically indicative of pathologically
noninvasive tumors were excluded (former, excluded C/T ratio < 0.25 tumors; latter,
excluded pure ground-glass nodules). It is believed that in these trials a great deal of data
about patients who underwent limited resection for invasive adenocarcinoma subtypes will
be collected to compare the outcomes between limited resection and lobectomy for invasive
histological subtypes.

Can we predict lymph node metastasis from histological characteristics?: The role of
lymph node sampling versus lymph node dissection or no formal evaluation of lymph nodes
is a controversial topic with respect to small lung adenocarcinomas. Sica et al demonstrated
that the SOL and MIP subtypes were overrepresented in brain and lymph node metastases.*2
Hung et al retrospectively reviewed 573 lung adenocarcinoma patients who underwent
resection, 160 (27.9%) of whom had lymph node metastasis. They reported that MIP and
SOL predominant subgroups were significantly associated with lymph node metastases at
the resection site and that they were a significant association with aggressive postoperative
behavior that favors early distant metastasis.}” Zhang et al concluded in their retrospective
study of 243 patients with resected NSCLC that tumor size was not a reliable predictor of
the NO status and that histologic subtyping might be useful in avoiding systematic lymph
node dissection in more than one-third of small (< 2 cm) NSCLC.*3 In our retrospective
study, we identified that the presence of MIP pattern and absence of LEP pattern was
significantly associated with occult mediastinal lymph node metastasis in patients with
clinically diagnosed NO/N1 lung adenocarcinoma.** In order to utilize these findings for
intraoperative decision-making, an improvement in the diagnostic accuracy of the
aforementioned frozen sections would be key issue. Tsutani et al suggested that solid size <
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0.8 cm or SUVmax < 1.5 could be useful lymph node negative criteria and they also
validated the notion that patients who met the node-negative criteria had a better prognosis
than those did not meet the criteria.4°

V. Postresection follow-up: While the surgical resection criteria for limited resection
versus lobectomy for small lung nodules is still being investigated in prospective studies,
postresection recurrences and postrecurrence survival in relation to histological subtypes has
already been reported!!: 46, This knowledge can help inform surgical decision-making.

How to predict the possibility of recurrence from the final pathological resultsthat
include histological subtyping?: The IASLC/ATS/ERS lung adenocarcinoma classification
recommends that pathologists report the predominant histological subtypes and the
percentage of each patterns, as well as the invasive tumor size. This information can inform
the surgeon regarding the potential for recurrences. In our retrospective analysis of stage |
lung adenocarcinoma patients (n = 1,038), we found that tumors with > 50% LEP
component have 100% recurrence-free survival and patients with LEP-predominant
adenocarcinoma (but with < 50%) who experienced recurrence had potential risk factors,
including limited resection with close margins (< 0.5 cm), presence of MIP component, and
lymphatic or vascular invasion.#” We also found that invasive tumor size had a more
significant prognostic value than total tumor size. Our results were corroborated by other
investigators reports.48: 3. 14

Regarding surgical margins and MIP component, in our retrospective study we identified
that MIP component > 5% is significantly associated with an increased risk of recurrence in
patients with lung adenocarcinoma treated by limited resection.#® It and also revealed that
MIP component = 5% is significantly associated with an increased risk of local recurrence
when the surgical margin is < 1 cm.*6 Other investigators have reported that MIP pattern
frequently involves lymphovascular invasion, even when using a very low threshold (e.g.,
5%) could be a significantly worse prognostic factor than those without MIP

component’: 49-54_ A summary of the published studies that investigated the prognostic
value of the presence of MIP component is shown in Figure 4. It is noteworthy that the
distribution of patients with MIP component is not small, although the percentage of MIP-
predominant adenocarcinomas is low (see Figure 3). These results raise awareness of the
presence of MIP component in small lung adenocarcinomas that underwent limited
resection.

Recent reports have also exposed the poor prognostic outcome of lung adenocarcinomas
with SOL component. In their retrospective study of stage | lung adenocarcinoma patients,
Hung et al reported that MIP and SOL histological subtypes were significantly associated
with a poor disease-free survival and that SOL subtype tended to exhibit a worse
postrecurrence survival rate than other subtypes (p = 0.0074).11 Our recent study of 151
patients with recurrence after stage | adenocarcinoma resection also showed that the
postrecurrence survival rate of the high-grade subtypes (i.e., MIP, SOL, colloid, and
invasive mucinous) was significantly poorer than that of other subtypes.>®
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While the majority of stage | lung adenocarcinomas are intermediate-grade (ACI and PAP),
we reported that C/T ratio > 25%,32 high SUVmax on PET scan,32 presence of MIP or SOL
component, close margins in the presence of MIP component,*6 high mitotic counts,>®
presence of cribriform pattern,5’ TTF-1 negativity,®8 high Ki-67 labeling index,>® , and the
immunoinhibitory tumor microenvironment®® are indicative of a poor prognosis and higher
recurrence rate, and that it may help differentiate higher risk patients. Our ongoing
investigations identified tumor cells within an alveolar space that is separate from the main
tumor (spread through alveolar spaces [STAS]) that may explain the reason for recurrence in
patients with close margins. We found that STAS was significantly associated with MIP and
SOL histological subtypes and lymphatic invasion. We also discovered that, in patients who
underwent limited resection rather than lobectomy, those with STAS had a poorer prognosis
than those without it.59 The available evidence for the management of small lung nodules is
detailed in Figure 5.

In conclusion, we reviewed the implications of the new IASLC/ATS/ERS classification of
lung adenocarcinoma on surgical management of early stage lung adenocarcinoma and
discussed the surgical key issues, mainly focusing on limited resection for AIS/MIA as well
as pre- and intraoperative diagnosis. The application of the new classification system in
small biopsies, including cytology, is still challenging and requires further investigation. The
ongoing investigations facilitated by this new classification system are expected to provide
guidelines for better management of patients with invasive, early-stage lung
adenocarcinoma.
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Figure 1. Histologic subtyping for surgeon
Resected lung nodules that are diagnosed as adenocarcinoma are first classified based on the

degree of lepidic growth pattern. Tumors with lepidic predominant growth are composed of
3 groups: adenocarcinoma in situ (AlS), minimally invasive adenocarcinoma (MIA), and
lepidic predominant invasive adenocarcinoma (LEP). AlS is defined as a <3 cm tumor with
a pure lepidic pattern (no invasion). MIA is defined as a <3 cm tumor with <5 mm stromal
invasion. LEP is defined as a tumor that is >3 cm in total size and/or >5 mm in invasive size
with a non-mucinous lepidic predominant pattern. Each histologic pattern % is recorded in
5% increments. When showing conventional lung adenocarcinoma morphology, non-lepidic
predominant invasive adenocarcinomas are classified into acinar (ACl), papillary (PAP),
micropapillary (MIP), or solid subtype (SOL) on the basis of predominant histologic pattern.
Variant histologies included invasive mucinous, colloid, fetal and enteric subtype.

AIS, adenocarcinoma in situ; MIA, minimally invasive adenocarcinoma; LEP, lepidic; MIP,
micropapillary; SOL, solid; ACI, acinar; PAP, papillary
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papilay

Figure 2. Major histologic subtypes of lung adenocarcinoma
All pictures are intermediate magnification images (X200, hematoxylin and eosin staining).

LEP growth pattern shows that tumor cells appeared to replace normal pneumocytes on
alveolar walls. ACI adenocarcinoma shows malignant glands invading a fibrous stroma.
PAP adenocarcinoma consists of cuboidal tumor cells growing along fibrovascular cores in
a papillary configuration. MIP growth pattern shows small papillary clusters in airspace
without fibrovascular cores. SOL adenocarcinoma consists of sheets of tumor cells with
abundant cytoplasm. Invasive mucinous adenocarcinoma shows columnar cells filled with
abundant mucin invading with an ACI pattern.

LEP, lepidic; ACI, acinar; PAP, papillary; MIP, micropapillary; SOL, solid
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Figure 3. Prognosis and histologic pattern distribusion according to the new IASLC/ATS/ERS

classification

AIS and MIA had 100% disease free survival rate in all studies except for the study from

Yeh et al. Among invasive adenocarcinoma subtypes, LEP-predominant invasive

adenocarcinoma has better prognosis as compared with other subtypes. In contrast, MIP and
SOL-predominant subtypes generally have poorer prognosis than the others. In all studies,
ACI and PAP subtypes account for the majority of histologic subtype distribution. In most
studies their survival rates are similar or lower than those of AIS/MIA or LEP subtypes and

higher than those of SOL or MIP subtypes.

AIS, adenocarcinoma in situ; MIA, minimally invasive adenocarcinoma; DFS, disease-free

survival; LEP, lepidic; MIP, micropapillary; SOL, solid; ACI, acinar; PAP, papillary

tRussell et al was the only study included that used a study endpoint of overall survival

(0S).

*5-yr DFS rate could not be applied because of a small number of patients in MIP group.
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Figure 4. Prognosis based on presence or absence of MIP component
In all studies, the survival rate of patients with MIP component is lower than those without

MIP component. The distribution of patients with MIP component is not small, although the
percentage of MIP-predominant adenocarcinoma is very low.
MIP, micropapillary; OS, overall survival; DFS, disease free survival
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Figure 5. Published evidence for selecting the extent of surgical resection for clinical stage 1A

lung adenocarcinoma

AIS, adenocarcinoma in situ; MIA, minimally invasive adenocarcinoma; C/T ratio,
consolidation to tumor size ratio; TDR, tumor disappearance ratio; LEP, lepidic; MIP,

micropapillary; SOL, solid
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Table 1

The IASLC/ATS/ERS Classification of Lung Adenocarcinoma in Resection Specimens?

Preinvasive lesions

Atypical adenomatous hyperplasia

Adenocarcinoma in situ (<3 cm formerly BAC*)
Nonmucinous
Mucinous

Mixed mucinous/nonmucinous

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

Mixed mucinous/nonmucinous

Invasive adenocarcinoma
Lepidic predominant (formerly nonmucinous BAC pattern, with >5 mm invasion)
Acinar predominant
Papillary predominant
Micropapillary predominant

Solid predominant with mucin production

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

Enteric

*
BAC, bronchioloalveolar adenocarcinoma
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Table 2

Published studies validating the IASLC/ATS/ERS lung adenocarcinoma classification and prognosis

Number of % of pathological Surgical procedures Survival
Authorfyear  Country  “oatients stage | patients  (*standard/limited) (%) significant
Yoshizawa,3 United
2011 States 514 100% 83%/16% DFS
4
Russell, Australia 210 62% 88%/12% 0s
2011
Gu,® 2012 China 292 65% 100%/- DFS and OS
Warth,6 2012  Germany 487 42% 97%/3% DFS and OS
Yeh,” 2012 Taiwan 212 100% 95%/5% DFS
Woo,8 2012 Japan 179 100% 100%/- DFS
Tsuta,® 2013 Japan 904 64% N/A oS
H 10
voshizana, Japan 440 76% 79%/21% DFS and OS
Hung,1 2013 Taiwan 283 100% 84%/16% DFS
Song,*? 2013 China 261 100% 100%/- DFS and OS
Not significant
13 a
Urer,** 2013 Turkey 226 38% 100%)/ for OS
14
Yanagawa, Japan 191 100% 929/8% DFS
2013
Zhang,15 2013 China 176 100% 100%/- DFS and OS
Westaway, 6 : Not significant
2013 Australia 152 52% 95%/5% for OS
Hung,17 2014 Taiwan 573 65% NA DFS and OS
Cha,18 2014 Korea 511 63% 93%/7% DFS and OS
19
Yanagawa, Japan 486 77% 78%/22% 0s
2014
Mansuet- 0 o
Lupo,2° 2014 France 407 46% 100%/- (0N
Ito,2! 2014 Japan 188 100% 54%/46% DFS and OS

Only studies that included >150 patients were included in this table.

DFS, disease free survival; OS, overall survival; NA, not applicable

*
standard = pneumonectomy, bilobectomy, or lobectomy limited = segmentectomy or wedge resection
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Published studies validating the IASLC/ATS/ERS lung adenocarcinoma classification and gene mutation

Table 3

Association between gene mutation

A;;g?r/ Country sf'atgg/ynfﬁgggr Positive rate (%6) and histologic subtype
ofpatients  EGER  KRAS ALK EGFR KRAS ALK
zg%nlgz,m China N ';';/49) 76% 2% 4% Acinar IMA ;
Tzsggg Japan N I;Igo " 4a1% 1% 5% Papillary IMA a’\c"iLF;r
Vzlgig ' lég::g (N I;IXOO) 21% - - Lepidic - ;
RO S o 1 e - DRI solg -
L S A . -
328(1;32 6 China (,\}1”1'21) 42% - - Lepidic, MIP ; ;
e e Cdey 1% 2% e Lepidic SR S
Ll:\gg,r;%u;(t)-l , France (Na?) 0% 38% - - IMA -
SZLi)nZL’AzlS China (N ="3136) 38% - - MIP - -

Only studies that included >100 patients and a performed statistical analysis were included.

IMA, invasive mucinous adenocarcinoma; MIP, micropapillary

*

ALK expression was detected using immunohistochemistry.
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