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Problems in the reproducibility of classification of small lung adenocarcinoma: an interna-
tional interobserver study

Aims: The 2015 WHO classification for lung adeno-
carcinoma (ACA) provides criteria for adenocarci-
noma in situ (AIS), minimally invasive
adenocarcinoma (MIA) and invasive adenocarcinoma
(INV), but differentiating these entities can be diffi-
cult. As our understanding of prognostic significance
increases, inconsistent classification is problematic.
This study assesses agreement within an interna-
tional panel of lung pathologists and identifies factors
contributing to inconsistent classification.
Methods and results: Sixty slides of small lung ACAs
were reviewed digitally by six lung pathologists in
three rounds, with consensus conferences and exami-
nation of elastic stains in round 3. The panel inde-
pendently reviewed each case to assess final
diagnosis, invasive component size and predominant
pattern. The kappa value for AIS and MIA versus
INV decreased from 0.44 (round 1) to 0.30 and 0.34

(rounds 2 and 3). Interobserver agreement for inva-
sion (AIS versus other) decreased from 0.34 (round
1) to 0.29 and 0.29 (rounds 2 and 3). The range of
the measured invasive component in a single case
was up to 19.2 mm among observers. Agreement
was excellent in tumours with high-grade cytology
and fair with low-grade cytology.
Conclusions: Interobserver agreement in small lung
ACAs was fair to moderate, and improved minimally
with elastic stains. Poor agreement is primarily attri-
butable to subjectivity in pattern recognition, but
high-grade cytology increases agreement. More reli-
able methods to differentiate histological patterns
may be necessary, including refinement of the defini-
tions as well as recognition of other features (such as
high-grade cytology) as a formal part of routine
assessment.

Keywords: histological pattern, interobserver agreement, lung adenocarcinoma, minimally invasive
adenocarcinoma

Introduction

Lung cancer is the leading global cause of cancer-re-
lated mortality,1 and the high mortality rate is histor-
ically attributed to advanced stage at initial diagnosis
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and limited therapeutic options for metastatic dis-
ease.2 However, in the last two decades there has
been an improvement in survival of a subset of
patients with advanced non-small cell lung cancer
due to the discovery of new molecular targets, histol-
ogy-directed chemotherapeutic regimens and
immunotherapy.3 Additionally, lung cancer screening
with low-dose computed tomography (LDCT) has
been found in randomised clinical trials to improve
detection of early stage lung cancers, particularly
adenocarcinoma (ACA),4–6 and has recently been
implemented.7 Thus, it has never been more critical
to consistently classify early-stage lung ACA for the
prediction of patient outcomes and identification of
patients who may benefit from adjuvant therapy.
In an effort to create a classification system that is

both biologically and clinically relevant, multidisci-
plinary panels from the International Association for
the Study of Lung Cancer (IASLC), the American
Thoracic Society (ATS) and the European Respiratory
Society (ERS) put forth an updated lung ACA classifi-
cation system in 2011, which recognises five histo-
logical patterns (lepidic, acinar, papillary,
micropapillary and solid) and four variants (invasive
mucinous, fetal lung, enteric and colloid).8 This clas-
sification system was later adopted in the 2015 World
Health Organisation (WHO) Classification of Tumors of
the Lung, Pleura, Thymus, and Heart.9,10 Specific crite-
ria for diagnosis of adenocarcinoma in-situ (AIS),
minimally invasive adenocarcinoma (MIA) and inva-
sive adenocarcinoma (INV) have been published, with
separation of AIS and MIA from INV due to the excel-
lent prognosis of the former two diagnoses.11–13 One
of the criteria for this distinction involves an estimate
of the composite percentage of the histological pat-
terns (and variants) within a given tumour; a desig-
nation of AIS, MIA and INV is based, in part, on the
proportions of lepidic and non-lepidic patterns. This
classification system has been demonstrated to have
improved ability to predict recurrence and prognosis,
with accumulating evidence that the invasive tumour
size may be of more prognostic value than the overall
tumour size.11,13–16

As a result, the recently published American Joint
Committee on Cancer (AJCC) cancer staging manual (8th
edn) has advised that staging of lung ACA should be
based in part on a measurement of the invasive com-
ponent of a given tumour, separating out non-lepidic
from lepidic patterns.17 However, in routine practice,
differentiating between specific histological patterns
can be difficult due to poor interobserver agreement,
and inconsistent recognition of these histological pat-
terns can have a profound impact on the final

diagnosis and tumour–necrosis–metastasis (TNM)
stage under these new guidelines. Of note, in accor-
dance with the implementation of lung cancer screen-
ing with LDCT, we have experienced an increasing
number of resections for small, lepidic-predominant
ACA, and differentiating non-lepidic from lepidic pat-
terns can be extremely challenging in such tumours.
To further evaluate this issue, this study assesses
agreement within an international panel of lung
pathologists and identifies factors contributing to
potential problems in implementing the WHO and
AJCC criteria in small lung ACA.

Materials and methods

The case files at the Massachusetts General Hospital
were searched between 2006 and 2016 to identify
lung ACA that had a range of diagnoses, varying from
AIS to MIA to INV. Based on the extent of tumour
sampling and availability of histology slides and blocks,
60 representative cases were selected for the study
cohort by three authors who were not members of the
observer panel (A.R.S., H.U. and M.M.K.). During the
selection process, an effort was made to include cases
in which it would be difficult to differentiate between
AIS versus MIA and MIA versus INV on a single slide
containing tumour measuring ≤2.5 cm (Table S1).
The selected single representative block from each case
was processed with consecutive sections and haema-
toxylin and eosin (H&E) and elastic stains. Both sec-
tions were scanned via whole slide imaging
(Hamamatsu Photonics, Shizuoka, Japan), and the
images were uploaded onto a server compatible for
download with a web-based viewer with a built-in digi-
tal ruler. This study was approved by the institutional
review board of the Massachusetts General Hospital,
Boston, MA, USA.
Our observer panel consisted of six lung patholo-

gists from three regions (three from Asia, two from
the United States and one from Europe), with a range
of 6–20 years of experience. Each of the 60 cases
was reviewed digitally by six pathologists in three
sequential rounds, with intervening time intervals
between case examination (washout periods) lasting
several months (Figure 1). At round 1, the panel
independently reviewed each case to assess predomi-
nant pattern, invasive component size and final diag-
nosis (AIS, MIA or INV) as they would routinely
apply to surgical cases without specific instructions to
provide a baseline assessment on H&E sections.
Round 2 occurred after discussion at a consensus
conference, which was held as an online meeting
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with review and discussion of 11 cases via selected
images. The consensus conference resulted in general
agreement regarding specific issues and specific cases
(Data S1), and a consensus document was circulated
to reiterate these points. After round 2, a tutorial was
given regarding appropriate interpretation of elastic
stains to highlight alveolar architecture, to facilitate
differentiation of lepidic growth from other histologi-
cal patterns. Subsequently, round 3 of assessment
was undertaken with concomitant examination of
consecutive elastic stains.
Each case was also evaluated by two authors (A.R.S.

and M.M.K.) involved in case selection for nuclear
grade, in which grade 1 was defined as round regular
nuclei (up to 92–3 the size of a lymphocyte) with
evenly dispersed chromatin and inconspicuous nucle-
oli; grade 2 was defined as round, mildly irregular,
minimally pleomorphic nuclei (up to 92–3 the size of
a lymphocyte) with discernible nucleoli; and grade 3
was defined as pleomorphic nuclei (typically greater
than 95 the size of a lymphocyte) with prominent
nucleoli.18,19 The tumours were further evaluated for
cytological grade, in which low grade was defined as a
low degree of cellular pleomorphism with a small cell

size as categorized by expert pathologists, and high
grade was defined as a high degree of cellular pleomor-
phism with a large cell size.
Statistical analysis was performed for each round of

evaluation in the form of Fleiss’ kappa coefficient for
multirater agreement. Analysis was performed in
three score groups. Score 0 compared each diagnosis
separately (AIS versus MIA versus INV); score 1 com-
pared the raters’ abilities to separate out non-invasive
ACA (AIS versus MIA and INV); and score 2 com-
pared the raters’ abilities to separate out ACA with
favourable prognosis (AIS and MIA versus INV).
Interobserver agreement in the predominant histolog-
ical pattern of growth identified by the observers was
also calculated by comparing each histological pat-
tern separately (lepidic, acinar, papillary, solid, and
micropapillary). Further analysis was also done to
assess the agreement among the observers in identify-
ing predominantly lepidic growth compared to all
other invasive patterns. Intraobserver concordance in
final diagnosis across the rounds was also assessed.
Statistical analysis was performed using SAS version
9.4 software and the %MAGREE macro,20 as well as
online interobserver agreement calculators.21

H&E H&E

Round 1

Baseline

Round 2

Consensus
Round 3

Elastic stain

Elastic stain tutorial

H&E; EVG
Consensus conference #2Consensus conference #1

Figure 1. Study design. A single representative slide from each of 60 small lung adenocarcinoma cases were digitally scanned and reviewed

by a panel of six international lung pathologists. After a consensus conference and an appropriate wash-out period of 2–3 months, the slides

were re-reviewed by the same panel. After a second consensus conference, the slides were reviewed for a third time concomitantly with a

consecutive elastic stain.
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Results

I N T E R - A N D I N T R A O B S E R V E R A G R E E M E N T S O N

F I N A L D I A G N O S I S

The overall Fleiss’ kappa coefficient for score 0 (AIS
versus MIA versus INV) decreased from round 1
(j = 0.31) to round 2 (j = 0.23), with no improve-
ment from round 2 to round 3 (j = 0.24); in general,
the data indicate fair agreement in all rounds. Simi-
larly, the kappa coefficient for score 1 (AIS versus
MIA and INV) also decreased between rounds from
0.34 (round 1) to 0.29 (round 2) and 0.29 (round
3). The kappa value for score 2 (AIS and MIA versus
INV) also decreased between rounds from round 1
(j = 0.44; moderate agreement) to round 2

(j = 0.30; fair agreement) and round 3 (j = 0.34;
fair agreement) (Figure 2A). Interestingly, in round
1, the raters had 100% agreement on final diagnosis
in 12 cases (AIS, n = 3; MIA, n = 4; INV, n = 5),
which decreased in round 3 to only six cases (AIS,
n = 1; MIA, n = 1; INV, n = 4).
The intraobserver agreement between rounds 1 and

2 ranged from 0.57 to 0.78, while the intraobserver
agreement between rounds 2 and 3 ranged from 0.62
to 0.80. Between rounds 1 and 3, intraobserver agree-
ment ranged from 0.53 to 0.73. In general, the more
junior pathologists (<10 years of experience) showed
decreased intraobserver agreement compared to the
more senior pathologists. Overall, however, partici-
pants predominantly maintained a stable intraobserver
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Figure 2. Inter- and intraobserver agreements in overall diagnosis. A, Interobserver reliability in overall diagnosis was assessed by Fleiss’

kappa coefficient, which decreased for score 0 [adenocarcinoma in situ (AIS) versus minimally invasive adenocarcinoma (MIA) versus invasive

adenocarcinoma (INV)] from round 1 (j = 0.309) to round 2 (j = 0.232), with a minimal improvement from rounds 2 to 3 (j = 0.243).

The kappa coefficient for score 1 (AIS versus MIA and INV) also decreased between rounds from 0.340 (round 1) to 0.286 (round 2) and

0.287 (round 3). The kappa value for score 2 (AIS and MIA versus INV) also decreased between rounds from round 1 (j = 0.438; moderate

agreement) to round 2 (j = 0.296; fair agreement), with a subsequent increase in round 3 (j = 0.338; fair agreement). B, Intraobserver

agreement between rounds 1 and 2 ranged from 0.57 to 0.78, while the concordance between rounds 2 and 3 ranged from 0.62 to 0.80.

Between rounds 1 and 3, intraobserver concordance ranged from 0.53 to 0.73. Overall, participants predominantly maintained a relatively

stable intraobserver concordance between rounds, with concordant diagnoses in an average of 40 of the total 60 cases evaluated.
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agreement between rounds, with concordant diag-
noses in an average of 40 of the total 60 cases evalu-
ated (Figure 2B). Interestingly, a comparison of
interobserver agreement in the 19 cases with high
levels of intraobserver concordance across the raters
(80–100% concordance between rounds 1 and 3)
showed predominantly moderate interobserver agree-
ment in these cases, indicating that there was better
agreement in presumably straightforward cases. In the
eight cases with low levels of intraobserver concor-
dance (0–40% concordance between rounds 1 and 3)
there was predominantly poor agreement across
rounds, with findings that suggest significant inconsis-
tency in the observers’ abilities to distinguish MIA
from INV (Figure S1).
Misinterpretation of the WHO criteria for MIA

resulted in 18 instances of misclassification across all
raters in round 1, which decreased to four instances
in round 3 after multiple consensus conferences.
Using the WHO criteria as the gold standard, the most
common issue by far was incorrect classification as
MIA in cases with a predominant pattern that was
not evaluated as lepidic by the observer. Additionally,
a mucinous ACA case had a wide range of diagnosis
among raters in all rounds, ranging from AIS to INV.

C L A S S I F I C A T I O N O F P R E D O M I N A N T P A T T E R N

The most frequent predominant consensus pattern
(that a majority of the observers diagnosed in each

case, using the assessment of the authors who selected
the cases as a ‘tiebreaker’ if necessary) was lepidic (75,
75 and 85%), followed by papillary (13, 8 and 8%),
acinar (7, 10 and 2%), mucinous adenocarcinoma (2,
2 and 2%) and micropapillary (2, 0 and 3%) in rounds
1, 2 and 3, respectively. No consensus was reached in
one case in round 1 and three cases in round 2; con-
sensus was reached in all cases in round 3. The inter-
observer agreement in the predominant pattern, as
calculated by Fleiss’ kappa coefficient, ranged from fair
to moderate across all rounds in comparing each histo-
logical pattern separately as well as in comparing lepi-
dic growth to all invasive patterns (Figure 3). As with
agreement on final diagnosis, the kappa coefficient
showed fair to moderate agreement in round 1 (0.35
and 0.47, respectively), but decreased to fair agree-
ment in round 2 (0.20 and 0.23, respectively) and
round 3 (0.21 and 0.27, respectively).

M E A S U R E M E N T O F I N V A S I V E S I Z E

The range of the measurement of the invasive compo-
nent for each case is presented for rounds 1, 2 and 3
(Figure 4). Comparison of the three graphs shows
that the general trend of the mean measured invasive
component remained relatively similar for the six
observers. However, there was a marked expansion of
the range across raters for most cases in rounds 2
and 3. For instance, in round 1, the largest range in
measured invasion in a single case was 0–13 mm; in
round 2 it was 0.8–20 mm in a different case; and in
round 3 it was 0.9–16 mm in a third case.

E F F E C T S O F N U C L E A R A N D C Y T O L O G I C A L G R A D E S

O N I N T E R O B S E R V E R A G R E E M E N T

The cases were also rated for nuclear morphology by
two authors involved in the case selection (A.R.S.
and M.M.K.), and each tumour was classified as
nuclear grades 1 (n = 7), 2 (n = 47) or 3 (n = 6).
Agreement was moderate for the grade 2 tumours
(Fleiss’ kappa ranging from 0.19 to 0.35; Figure S2).
The observers did not agree on the diagnosis of any
grade 1 tumours (n = 7) in rounds 1–2 and only uni-
versally agreed in one case of AIS in round 3. The six
observers made a diagnosis of INV on grade 3
tumours (n = 6) in 30 (83%), 28 (78%) and 29
(81%) of 36 total diagnoses each in rounds 1, 2 and
3, respectively, while no observer called AIS on any
of the grade 3 tumours across all rounds. However,
only limited numbers of cases of nuclear grades 1
and 3 were present in this study and Fleiss’ kappa
coefficient could not be calculated for these groups.
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Figure 3. Interobserver agreement in identification of predominant

histological pattern. The interobserver agreement in the predomi-

nant histological pattern of growth, as calculated by Fleiss’ kappa

coefficient, ranged from fair to moderate across all rounds in com-

paring each histological pattern separately as well as in comparing

lepidic growth from all invasive patterns. As with agreement on

final diagnosis, the kappa coefficient showed fair to moderate agree-

ment in round 1 (0.35 and 0.47, respectively), but decreased in

round 2 (0.20 and 0.23, respectively) and round 3 (0.21 and

0.27, respectively).
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Figure 4. Variability in measurement of invasive component across observers. The mean and range of the measured invasive component for

each case is presented for round 1 (A), round 2 (B) and round 3 (C). The black circle represents the mean and the grey diamonds and bar

represent the range. Comparison of the three rounds shows mild variability with retention of the overall trend across the cases in rounds 2

and 3; however, the range increased in rounds 2–3 in comparison to the baseline assessment in round 1.
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The cases were further classified by the two
authors as cytologically low grade (n = 57) and high
grade (n = 3). Again, while the number of cytologi-
cally high-grade cases was limited, there was excel-
lent agreement for the cytologically high-grade
tumours. The six observers made a diagnosis of INV
on cytologically high-grade tumours (n = 3) in 18
(100%), 15 (83%) and 17 of 18 (94%) total diag-
noses each in rounds 1, 2 and 3, respectively, while
no observer called AIS on any of the cases across all
rounds. However, Fleiss’ kappa coefficient could not
be calculated for this group due to the small sample
size. There was only fair agreement for the

cytologically low-grade tumours (Fleiss’ kappa rang-
ing from 0.21 to 0.38; Figure S3).

Discussion

Interobserver agreement on the diagnosis of small
lung ACAs between six observers was fair to moder-
ate, and did not improve substantially after consensus
conferences and with concomitant elastic stain evalu-
ation. As prior studies have shown no survival or
therapeutic difference between AIS and MIA, the
kappa value of greatest significance is that of score 2,
which measures the ability of the observers to

A

B C

D E

F G

Figure 5. Differentiating lepidic

and acinar patterns in multiple

foci in a background of

fibroelastosis. To illustrate

difficulties in identification of

small infiltrating glands, A

shows a low magnification

image of an adenocarcinoma

with multiple foci of possible

acinar pattern around the

periphery of the fibroelastosis.

Area 1 (B) shows focal

disruption of an elastic

framework by a gland

associated with collagen

deposition (C, elastic stain);

area 2 (D) shows lepidic

growth with a preserved elastic

framework (E, elastic stain);

and area 3 (F) shows

disruption of an elastic

framework by glands and

collagen deposition (G, elastic

stain). Although no fibroblastic

proliferation or classic

desmoplastic reaction is seen,

the majority of observers

classified areas 1 and 3 as

acinar pattern.
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separate out INV. In this study, however, the interob-
server agreement for score 2 was predominantly
found to be fair, which may be clinically problematic.
We found that subjectivity in the diagnosis of lepidic
pattern was primarily responsible for the lack of
agreement, as discordant interpretations of lepidic
and other patterns led to substantial variation in
measurement of the invasive component and final
diagnosis. The difference in measurement of the inva-
sive component among raters in a single case was up
to 19.2 mm, which is well beyond the 5 mm mea-
surement minimum requirement for a diagnosis of
INV. Initially, misinterpretation of the WHO criteria
contributed to inconsistent classification, but these
instances decreased substantially with education.
However, the fact that there was poor interobserver
agreement and relatively stable intraobserver agree-
ment suggests that the findings in this study are due
to real and reproducible differences in opinion.
Several issues were recognised as impacting classifi-

cation of lung ACA under the new guidelines and
hindering better agreement among pathologists.
These issues included histological pattern recognition,
classification of mucinous tumours and measurement
of multifocal invasion, and are described in depth in
Data S1. Of these issues, disagreement on histological
pattern recognition was the most problematic,

particularly confidently differentiating between lepidic
and well-differentiated acinar or papillary patterns.
The difficulty in differentiating lepidic from acinar
patterns could be attributed to histological identifica-
tion of stromal invasion (Figure 5) and parenchymal
collapse (Figure 6A,B), while disruption of the back-
ground lung architecture secondary to emphysema
probably contributes to the inconsistent differentia-
tion of lepidic from papillary patterns (Figure 6C,D).
Of note, for the histological identification of stromal
invasion, some observers emphasised the importance
of seeing fibroblastic proliferation or desmoplasia,
with abnormal growth disrupting normal alveolar
structures. However, the majority noted that invasion
can occur without definitive histological evidence of
desmoplasia and may be based solely on the recogni-
tion of specific histological patterns.
Examination of elastic stains can be helpful in cer-

tain situations by highlighting the underlying alveolar
architecture. For instance, the disruption of the underly-
ing elastic framework by glands suggests invasion (i.e.
acinar pattern), even in very small foci (Figure 5A–C,
F–G), while an intact elastic framework confirms lepidic
pattern (Figure 5D,E). Similarly, an elastic stain can reli-
ably highlight the intact alveolar framework in lepidic
pattern involved in parenchymal collapse (Figure 6A,B).
In general, at least some Japanese pathologists have

A B

C D

Figure 6. Differentiating lepidic, acinar and papillary patterns. Representative images of two examples illustrating problematic issues in histo-

logical pattern classification are shown here. A high magnification image (A) shows an area of alveolar collapse with foci suggestive of an

acinar-type growth pattern, but an elastic-Van Gieson (EVG) stain (B) highlights a preserved elastic framework in the collapsed lung par-

enchyma, confirming the entire area to be lepidic. A second difficult scenario is in emphysematous areas, where disruption of the alveolar

framework with mild interstitial thickening can mimic papillary growth (C,D).

© 2019 John Wiley & Sons Ltd, Histopathology, 75, 649–659.
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been using the elastic stain as a method of outlining the
underlying alveolar architecture for much longer than
western pathologists,22 and consequently have more
experience in using it to distinguish purely lepidic
growth from true invasion. Because non-Japanese
pathologists may be less familiar with interpretation of
the elastic stain, a tutorial was provided before round 3
of evaluation. Unfortunately, this did not appear to sub-
stantially improve agreement, and it is unclear whether
further discussion on the appropriate interpretation of
these stains would have been helpful. It is also possible
that digital evaluation of concomitant H&E and elastic
stains was extremely difficult due to the inconvenience
in manoeuvering the slides to the identical field of inter-
est and the inability to visualise both stains simultane-
ously with the virtual imaging system that we
employed.
The interobserver agreement on classification of

lung ACAs identified in this study is poor and some-
what worse than those found in previous repro-
ducibility studies. In a study by Thunnissen et al.23

involving evaluation of a representative micropho-
tograph of lung ACAs by a panel of 26 expert lung
pathologists, classic cases were found to have sub-
stantial reproducibility, with a kappa value of 0.77,
but more difficult cases (such as those used in this
study) had much poorer agreement, with a kappa
value of 0.38. Similarly, a reproducibility study for
identification of a predominant pattern in randomly
selected, non-mucinous lung ACAs evaluated by par-
ticipants in their entirety was found to have moderate
to substantial agreement among lung pathologists
(kappa value ranging from 0.44 to 0.72) and poor to
moderate agreement among non-lung pathologists
(kappa value ranging from 0.38 to 0.47); however,
agreement among non-lung pathologists improved
substantially with training, suggesting that when
evaluation is performed by specifically trained pathol-
ogists interobserver variability is acceptable.24

There are multiple possible explanations as to why
this study’s interobserver agreement is substantially
poorer than prior studies. First, the cases used in this
study were small tumours, the vast majority of which
exhibited lepidic predominant growth pattern; in con-
trast, in the study by Warth and colleagues, the most
frequent predominant consensus pattern was solid
(37%) followed by acinar (35%).24 Further, most of our
study cohort showed low-grade cytology, potentially
enhancing the difficult in differentiating lepidic from
papillary or acinar patterns. The issue was elucidated by
Figure 4B,C of Thunnissen et al., in which cases exhibit-
ing high-grade cytology were unanimously diagnosed as
invasive, while cases exhibiting low-grade cytology but

otherwise similar morphology resulted in split opin-
ions.23 In our study, when stratified by nuclear grade
and cytologic grade, agreement among the observers
stratifies similarly, with good agreement in cases with
high grade nuclear and cytologic grade and a range of
opinions in cases with low nuclear and cytologic grade. .
Although the numbers are limited in this study, interob-
server agreement was significantly higher in cases with
high nuclear and high cytological grades. These cases
showed high cytological features in non-lepidic patterns
and were almost universally classified as INV by the
observers. This can be explained either by a biological
association of high-grade cytology with invasive archi-
tectural patterns, or by a tendency of pathologists to
associate nuclear atypia and cytological pleomorphism
with more aggressive biological behaviour. In either
case, evaluation of cytological features as a component
of classification may help to improve agreement.
A second possible reason for the poor interobserver

agreement in this study is that our panel was asked
to render a diagnosis based on a single digital slide. It
is possible that our agreement on predominant histo-
logical pattern and classification might have been bet-
ter if the observers had evaluated the entire tumour
with multiple slides; however, Warth and colleagues
have shown improved interobserver agreement in
cases with evaluation of one to three physical slides
compared to evaluation of four to 12 slides.24 Addi-
tionally, the impact of digital evaluation and digital
measurement of invasion as opposed to conventional
evaluation with a physical slide at a microscope can-
not be completely excluded. However, a variety of
small studies have suggested a high level of diagnos-
tic concordance between whole slide imaging and
light microscopy, although further study is necessary
to be confident in these findings.25

Lastly, the multiple rounds of evaluation with the
emphasis on improving interobserver agreement may
have resulted in pathologist indecision rather than
clarification. Asking junior pathologists to re-evaluate
their criteria for specific histological types can result
in hesitation and over-deliberation that may have
contributed to the expansion of the range of the mea-
sured invasive component in rounds 2 and 3. In con-
trast, we understand that it can be difficult for senior
and expert lung pathologists to re-evaluate and alter
their long-held criteria for recognition of specific his-
tological types. Thus, there is a need to clarify issues
of histological evaluation that are causing these dif-
ferences of opinion and define each pattern in a more
instructive manner.
Most importantly, discussion among the partici-

pants indicated a strong belief that distinguishing

© 2019 John Wiley & Sons Ltd, Histopathology, 75, 649–659.
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between AIS and MIA and between MIA and AIS
based on small foci suspicious for invasion may not
be critical if the overarching pattern is lepidic in
small lung ACAs.26 Although the differentiation of
AIS versus MIA versus INV is still important from the
perspective of staging, the biological potential of these
tumours is similar; consequently, discriminating
between the three in lepidic-predominant small
tumours may not be essential from a patient treat-
ment stand-point. Similarly, distinguishing between
invasive patterns may not be critical for overall diag-
nosis if the overarching pattern is invasive. However,
reliably identifying more aggressive solid and
micropapillary components is still important because
of their association with a worse prognosis; even
small (5%) components of micropapillary pattern
have been associated with unfavourable patient out-
comes.27–31 Further, adjuvant chemotherapy is
reportedly more effective in ACA with a predominant
solid or micropapillary pattern.32 More work should
be conducted aimed at improving consistency in iden-
tifying these patterns with a poor prognosis.
What this study demonstrates is that poor agree-

ment, even among expert lung pathologists, leads to
inconsistent classification of tumours under the cur-
rent WHO and AJCC staging guidelines. The hetero-
geneity of lung ACA gives rise to several scenarios in
which the practical application of the guidelines will
be difficult. The question of how we can improve
agreement in histological pattern recognition (partic-
ularly the differentiation of lepidic from non-lepidic
patterns) is a difficult one without any clear answers.
While an elastic stain was not demonstrated to be
particularly helpful in this study, it is possible that
further education on the interpretation of these stains
may enhance their utility. Further studies involving
large numbers of international experts examining
small lung adenocarcinomas may identify more speci-
fic issues associated with histological pattern recogni-
tion, and subsequently would clarify the definition of
lepidic pattern as well as other recognized histologic
patterns in a more instructive manner. The finding
that high-grade nuclei/cytology increases agreement
raises the question of whether it may be helpful as a
formally recognised component of classification, given
that high-grade nuclei/cytology is a predictor of poor
prognosis.18,19,33–35

In summary, consistent classification of lung ACA,
particularly small tumours, is challenging, due largely
to substantial differences in histological pattern recogni-
tion among pathologists, while the new guidelines as
outlined for diagnosis by the WHO and for staging by
the AJCC have made histological pattern recognition, in

particular the differentiation of lepidic versus non-lepidic
patterns, critically important. More reliable methods to
differentiate histological patterns, including refinement
of the definition of each pattern as well as education,
are necessary to improve interobserver agreement to
allow for consistent classification of tumours to provide
appropriate care to lung cancer patients.
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