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ABSTRACT

Introduction: A grading system for pulmonary adenocar-
cinoma has not been established. The International Associ-
ation for the Study of Lung Cancer pathology panel
evaluated a set of histologic criteria associated with prog-
nosis aimed at establishing a grading system for invasive
pulmonary adenocarcinoma.

Methods: A multi-institutional study involving multiple
cohorts of invasive pulmonary adenocarcinomas was con-
ducted. A cohort of 284 stage I pulmonary adenocarcinomas
was used as a training set to identify histologic features
associated with patient outcomes (recurrence-free survival
[RFS] and overall survival [OS]). Receiver operating char-
acteristic curve analysis was used to select the best model,
which was validated (n ¼ 212) and tested (n ¼ 300,
including stage I–III) in independent cohorts. Reproduc-
ibility of the model was assessed using kappa statistics.

Results: The best model (area under the receiver operating
characteristic curve [AUC] ¼ 0.749 for RFS and 0.787 for
OS) was composed of a combination of predominant plus
high-grade histologic pattern with a cutoff of 20% for the
latter. The model consists of the following: grade 1, lepidic
predominant tumor; grade 2, acinar or papillary predomi-
nant tumor, both with no or less than 20% of high-grade
patterns; and grade 3, any tumor with 20% or more of
high-grade patterns (solid, micropapillary, or complex
gland). Similar results were seen in the validation (AUC ¼
0.732 for RFS and 0.787 for OS) and test cohorts (AUC ¼
0.690 for RFS and 0.743 for OS), confirming the predictive
value of the model. Interobserver reproducibility revealed
good agreement (k ¼ 0.617).

Conclusions: A grading system based on the predominant
and high-grade patterns is practical and prognostic for
invasive pulmonary adenocarcinoma.

� 2020 International Association for the Study of Lung
Cancer. Published by Elsevier Inc. All rights reserved.

Keywords: Adenocarcinoma; Tumor grading; Lung; Model;
Prognosis
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Introduction
Tumor grading has been a traditional component of

pathologic evaluation and offers guidance to therapy and
patient management in many organ systems.1-5 Howev-
er, there is no consensus on a grading system for inva-
sive pulmonary adenocarcinoma. The 2015 WHO
classification of pulmonary adenocarcinoma,6 based on
the predominant histologic pattern, has consistently
been found to correlate with prognosis and separates
adenocarcinoma into the three following prognostic
groups: low grade (lepidic predominant); intermediate
grade (acinar or papillary predominant); and high grade
(solid or micropapillary predominant). There are also
suggestions that the classification and stratification by
the predominant pattern is predictive of response to
adjuvant chemotherapy.7

Pulmonary adenocarcinomas are histologically het-
erogeneous and present with multiple combinations of
patterns and proportions. When classified by the pre-
dominant pattern only, the acinar subtype is the most
prevalent (estimated at 40%–50% of patients) and
carries the widest spectrum of prognoses.8-12

In addition to the five major histologic patterns,
several other patterns have been recognized to occur in
the lung and are also recognized in adenocarcinomas of
other organs.13 These include cribriform (defined as
nests of neoplastic cells with sieve-like perforations) and
fused gland (defined as poorly formed fused glands
without intervening stroma or in a ribbon-like formation
with irregular borders and single cells infiltrating des-
moplastic stroma) patterns. The cribriform pattern in
lung adenocarcinoma was recognized in the 2015 WHO
classification, but it was decided not to create a new
subtype but rather describe this pattern as a part of a
high-grade pattern of the acinar subtype.6

These complex glandular patterns (high-grade
acinar) have been found to be associated with high
mitotic rate, tumor necrosis, and lymphovascular inva-
sion in the lungs.14,15 Furthermore, current evidence is
in agreement that these complex glandular patterns
carry poor prognosis similar to that of high-grade
histologic types (solid and micropapillary).11,14-19 Lack
of appreciation of these patterns, however, may have
led to uncertainty in tumor classification and poor
reproducibility, because some investigators may have
classified these patterns as intermediate grade (acinar)
or high grade (solid). Thus, it is important to identify
these “nontraditional patterns” and classify them as
complex glands separately from conventional acinar
pattern.

Recent studies have proposed the inclusion of a
number of additional pathologic features, such as sec-
ondary histologic patterns,20 nuclear grade,21-23 mitotic
grade,22-24 presence of spread through airspaces
(STAS),25-29 and necrosis,30,31 to the predominant
pattern classification in an attempt to improve the
grading scheme. All these additional histologic features
have been reported to have a prognostic value; however,
most studies evaluated these features as a single
parameter and did not take into account the heteroge-
neity of pulmonary adenocarcinomas. There has been
no systematic approach to evaluate and incorporate
multiple proposed prognostic factors into a grading
system.

Supplementing the classification of pulmonary
adenocarcinoma with a grading system will help define
prognostic groups and provide a common path to
prognostic stratification of patients with pulmonary
adenocarcinoma who may benefit from the changing
landscape of emerging management and treatment
options.

The International Association for the Study of Lung
Cancer (IASLC) pathology committee, therefore, has
conducted a systematic study to evaluate a set of histo-
logic features that have been described as prognostic
indicators and establish a grading system for resected
invasive pulmonary adenocarcinoma.

Material and Methods
Study Cohorts

A multi-institutional study involving multiple well-
annotated cohorts of resected pulmonary adenocarci-
noma was conducted. All cases were staged according to
the eighth edition of American Joint Committee on Can-
cer staging manual1 and had at least 5 years of follow-up.
Four independent data sets were included in the study.
Each data set collection had the approval of their
respective Institution Review Board. The American data
sets were collected following the Health Insurance
Portability and Accountability Act regulations.

One cohort composed of 284 stage I cases (New York
University Langone Health, New York, NY) was used as a
training set for evaluation of the best parameters to be
used in constructing a grading system. The findings were
validated in a cohort of 212 stage I cases (Massachusetts
General Hospital, Boston, MA), and the final model was
tested in another data set of 300 stage I to III cases
(Brigham and Women’s Hospital, Boston, MA and St.
Vincent’s Hospital, Melbourne, Australia). Demographic
information for all cohorts is illustrated in Table 1.

Histologic Evaluation
The cases in the training and validation cohorts were

reviewed by the submitting pathologist (ALM, MMK) and
evaluated for the histologic parameters described sub-
sequently. The cases in the test cohort were not



Table 1. Patients’ Demographic Information on All Cohorts

Characteristics
Training Cohort
(n ¼ 284)

Validation Cohort
(n ¼ 212)

Test Cohort
(n ¼ 300)

Age, mean ± SD 69.2 ± 8.9 69 ± 9.2 66 ± 10.9
Sex, n (%)

Male 90 (32) 140 (66) 141 (47)
Female 194 (68) 72 (34) 159 (53)

Race, n (%)
White 247 (87) 191 (90) —

Asian 23 (8) 10 (4.7) —

Black 4 (1) 6 (2.8) —

Hispanic 8 (3) 4 (2) —

Other/unknown 2 (1) 1 (0.5) 300 (100)
Type of operation, n (%)

Lobectomy 179 (63) 122 (58) 231 (77)
Segmentectomy 66 (23) 16 (8) 12 (4)
Wedge 39 (14) 74 (35) 47 (16)
Pneumonectomy 0 0 10 (3)

Pathologic stage, n (%)
IA 229 (81) 107 (50.5) 132 (44)
IB 55 (19) 105 (49.5) 74 (25)
IIA 0 0 12 (4)
IIB 0 0 43 (14)
IIIA 0 0 32 (11)
IIIB 0 0 7 (2)

Alive status, n (%)
Alive 248 (87) 188 (89) 140 (47)
Dead 36 (13) 24 (11) 160 (53)

Predominant histologic pattern, n (%)
Acinar 129 (45) 77 (36) 131 (43)
Papillary 55 (19) 24 (11) 47 (15)
Lepidic 20 (7) 67 (32) 30 (10)
Solid 40 (14) 21 (10) 67 (22)
Micropapillary 21 (7) 13 (6) 16 (7)
Complex glands (cribriform and fused glands) 19 (7) 10 (5) 9 (3)
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reviewed specifically for this study, as they represent
historical sets from the provider’s institution (LMS,
PAR).

Comprehensive Histologic Subtyping. This was per-
formed in all the training and validation cohort cases us-
ing the semiquantitative estimation of all patterns of 5%
increment as suggested by the current WHO classification
of lung tumor.6 All five patterns recognized by WHO and
nontraditional patterns, such as cribriform and fused
glands (complex glandular patterns), were included to a
sum of 100%. Figure 1A–F illustrates examples of complex
glandular patterns. Adenocarcinoma in situ, minimally
invasive adenocarcinomas, multifocal adenocarcinomas,
invasive mucinous adenocarcinoma, and other variants of
adenocarcinoma were excluded from the study.

Nuclear Grade. This was determined, as previously
described,21-23 as follows: Grade 1: round, regular nuclei
with evenly dispersed chromatin and without
inconspicuous nucleoli, up to 2� to 3� the size of a
lymphocyte. Grade 2: round, mildly irregular, minimally
pleomorphic nuclei without inconspicuous nucleoli, up
to 2� to 3� the size of a lymphocyte. Grade 3: pleo-
morphic nuclei with prominent nucleoli, greater than 5�
the size of a lymphocyte (Supplementary Fig. 1).

Mitotic Grade. This was determined, as previously
described,22,23 as follows: Grade 1: 0 to 1 mitotic figure/
10 high-power field (hpf). Grade 2: 2 to 4 mitotic fig-
ures/10 hpf. Grade 3: greater than or equal to 5 mitotic
figures/10 hpf.

Cytologic Grade. This was defined as follows: low grade,
low degree of cell pleomorphism and small cell size; high
grade, high degree of cell pleomorphism and large cell
size (Supplementary Fig. 1).

Hot-Spot Determination. Given the heterogeneity of
pulmonary adenocarcinomas, nuclear grade, mitotic



Figure 1. Histologic examples of complex glandular patterns. (A) Cribriform pattern characterized by nests of neoplastic
cells with sieve-like perforations; (B) poorly formed glands in a continuous spectrum between solid and acinar patterns; (C)
fused and irregular glands in desmoplastic stroma; (D–F) poorly formed glands in a ribbon-like formation with irregular
borders, small cell clusters, and single cells infiltrating desmoplastic stroma.
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grade, and cytologic grade were recorded at “hot-spot”
(areas of highest grade), and the corresponding histo-
logic pattern of the hot-spot was also recorded.

STAS. It was defined as previously reported,25 briefly,
tumor cells either in micropapillary clusters or solid
nests or single cells within airspaces beyond the edge of
the main tumor. STAS was recorded as present or
absent.

Necrosis. Necrosis within the tumor was also recorded
as present or absent.
Model Construction
Because the predominant pattern is used in the

classification of adenocarcinoma and reveals a consistent
stratification by prognostic groups, the predominant
pattern was used as the basis for the model. In addition,
several approaches were evaluated and compared with
respect to how best they represent histologic features
to achieve best prognostic discrimination. The histo-
logic patterns were evaluated as follows: “weighted
average” defined as the sum of the proportions of all
patterns multiplied by their hazard ratios for recur-
rence derived from the coefficients of a Cox propor-
tional model measuring the association between time to
recurrence and predominant pattern; “binary pattern,”
in which the histologic patterns were treated as present
or absent independent of their proportions but
assigned a number according to previously established
grades (1: lepidic; 2: acinar, papillary; 3: solid, micro-
papillary, complex glands); and “numeric,” in which the
numerical proportion of that pattern was taken into
consideration.

Different studies have applied variable percentage
cutoffs to define the amount of high-grade pattern
required to predict unfavorable patient outcomes.31-34

We, therefore, attempted to identify the percentage of
high-grade pattern providing the best discriminatory
performance. The Youden Index was used to select the
best cutoff of the percentage of high-grade pattern to
achieve a positive prediction value greater than or equal
to 85%. We used both recurrence and death as outcomes
and compared the cutoffs for both.

Finally, the role of other histologic features (nuclear
grade, mitotic grade, cytologic grade, STAS, and necrosis)
were evaluated.
Statistical Analysis
Model Construction. Descriptive statistics were pre-
sented as means with SDs for continuous variables and
as frequencies with proportions for categorical variables.
Continuous variables and categorical variables were
compared between groups using two-sample t tests and
chi-square test. Recurrence-free survival (RFS) and
overall survival (OS) were calculated from the time of
initial diagnosis to the time of first recurrence or death,
respectively. The time of the last follow-up was used for
censored patients. Cox proportional hazard regressions
were used to predict recurrence status in the training
cohort. The candidate predictors were histologic features
and clinical characteristics that included age, sex, and
pathologic stage. The model was selected by assessing
each predictor’s significance and minimizing Akaike’s
information criterion. A linear combination of the
selected model predictors, weighted by regression co-
efficients, was defined as the risk score and applied to
the cohort. We estimated prognostic discrimination
ability by identifying the area under the receiver oper-
ating characteristic curve (AUC) values for recurrence
and death, respectively. In addition, the concordance
index (C-index), which is similar to AUC for binary out-
comes, was used to indicate the discriminatory ability to
predict RFS and OS, respectively. A value of 0.5 indicates
that the model has no discriminatory ability, and a value
of 1.0 indicates that the model has perfect discriminatory
ability. A two-tailed p value less than 0.05 was used to
establish statistical significance. All data were analyzed
using R version 3.5.1.
Survival Analysis. Survival curves were plotted using
Kaplan-Meier curves, and differences between strata of
grade in the proposed (IASLC) and predominant
pattern-based grading systems for OS and RFS were
determined using log-rank tests. Data were analyzed
using R version 3.6.1. The p less than 0.05 was
considered significant.
Reproducibility Assessment. All hematoxylin and
eosin-stained slides containing tumor from 23 randomly
selected cases were scanned in an Aperio Scanner (Leica
Biosystem). Whole slide images (WSIs) were reviewed
by five observers by telepathology. The number of WSI
per case ranged from one to five slides. Fleiss’ k statistic
was used to measure the reliability of agreement among
observers. Scoring agreement was evaluated as having
either total or most agreement. Total agreement was
defined as concordance between all observers at the
three grades. Most agreement was defined as the exact
scoring agreement in at least three of five observers. The
strength of association (agreement) was categorized as
follows: 1.00: perfect agreement; 0.80 to 0.99: almost
perfect agreement; 0.60 to 0.79: substantial agreement;
0.40 to 0.59: moderate agreement; 0.20 to 0.39: fair
agreement; 0.0 to 0.19: poor agreement; less than 0: no
agreement.35



Table 2. Selection of Variables for Histologic Patterns in the Training Set

Variables in the Model

Recurrence Death

C-Index AUC C-Index AUC

Baseline 0.65 0.68 0.68 0.673
Baseline þ predominant pattern 0.698 0.719 0.727 0.729
Baseline þ predominant pattern þ secondary pattern 0.742 0.765 0.764 0.760
Baseline þ predominant pattern þ high-grade pattern 0.740 0.749 0.758 0.741
Baseline þ predominant pattern þ high-grade pattern (20% cutoff) 0.732 0.749 0.732 0.787
Baseline þ weighted average 0.698 0.719 0.742 0.733
Baseline þ pattern 1 þ pattern 2 þ pattern 3 (binary)a 0.726 0.734 0.732 0.714
Baseline þ pattern 1 þ pattern 2 þ pattern 3 (numeric)a 0.733 0.742 0.746 0.735
Baseline þ all 7 patterns (binary)a 0.744 0.756 0.754 0.757
Baseline þ all 7 patterns (numeric)a 0.745 0.755 0.759 0.747

Baseline model represent clinical characteristics only.
aPatterns 1 to 3 indicate the following three-tiered classification of predominant pattern in the tumor: pattern 1, lepidic; pattern 2, acinar or papillary;
pattern 3, micropapillary, solid, or complex glandular pattern (cribriform and fused glands). All seven patterns indicate that all patterns present in the tumor
are individually counted. Binary represents presence or absence of patterns but assigned a number (1–3) as described previously. Numeric indicates that the
numerical proportion of that pattern was taken into consideration.
AUC, area under the ROC curve; C-index, concordance index; ROC, receiver operating characteristic.
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Results
Histologic Evaluation and Cinical
Characteristics—Training Set

The distribution of predominant histologic patterns is
illustrated in Table 1. There was a strong association of
histologic features (nuclear, cytologic, mitotic grade, and
STAS) with histologic patterns with hot-spot evaluation.
High nuclear grade, higher number of mitotic figures,
and the presence of STAS were seen in association with
high-grade histologic patterns, whereas low- and
intermediate-grade histologic patterns exhibited pre-
dominantly low- or intermediate-mitotic rate and nu-
clear grade (p < 0.001) (Supplementary Fig. 2). No STAS
was recorded in tumors without a high-grade pattern
component. Necrosis was recorded in 26 cases, all in
high-grade predominant tumors.

Low-grade cytology was recorded predominantly in
lepidic, acinar, papillary, and micropapillary histologic
patterns (85% of the cases), whereas only 15% were
recorded in solid and complex glandular patterns. Like-
wise, high-grade cytology was seen predominantly in
solid and complex glandular patterns (85% of the cases),
whereas it was recorded in 14% of acinar, papillary, and
micropapillary patterns, and 1% in lepidic pattern.
Building of the Grading Model—Role of
Histologic Patterns

The association of histologic features with recurrence
rates in the training cohort is illustrated in
Supplementary Table 1.

The prognostic distinguishing ability of a model with
patient characteristics only (age, sex, and clinical stage)
was represented by an AUC of 0.685 for recurrence and
0.673 for death. In an attempt to improve the AUC curve,
histologic features were added. These include adding the
predominant pattern only, a combination of the two
most predominant patterns, the predominant plus high-
grade patterns, and the weighted average, binary, or
numeric combinations of all patterns as variables to the
model. The results are illustrated in Table 2. Introduc-
tion of the predominant pattern only to clinical charac-
teristics improved the prognostic stratification of the
model with an AUC of 0.719 for recurrence and 0.729 for
death, but the greatest increment to the curve comes
from the combination of the two most predominant
patterns (AUC ¼ 0.765 for RFS and AUC ¼ 0.760 for OS)
and the predominant plus high-grade patterns (AUC ¼
0.749 for RFS and AUC ¼ 0.741 for OS).

Adding all patterns to the model either as weighted
average or binary was equally predictive compared with
the combination of the two most predominant or pre-
dominant plus high-grade model.

Because the difference in AUC for the two of the top
performing models (two most predominant and pre-
dominant plus high-grade) was not statistically different,
it was decided to concentrate on the latter, as it is more
practical for pathologists who tend to grade on the basis
of the worst differentiated pattern. All other possible
combinations were not further evaluated.

Next, we evaluated the minimal percentage of high-
grade (solid, micropapillary, and complex glandular)
patterns required to influence the performance of the
model. A cutoff of less than 10% is not efficient (sensi-
tivity 1, specificity 0), and a cutoff of 10% led to sensi-
tivity of 0.47 and specificity of 0.76. A cutoff of 20% for
high-grade patterns was the value that offered the best
combination of sensitivity and specificity of the curve



Table 3. Selection of Histologic Features in the Model of Predominant Plus High-Grade Patterns (With a Cutoff of 20% or
More for High-Grade Patterns)

Variables in the Model

Recurrence Death

C-Index AUC C-Index AUC

Baseline þ predominant þ high-grade patterns (20% cutoff) 0.739 0.749 0.732 0.787
Mitotic grade þ nuclear grade þ cytologic grade þ STASa 0.741 0.746 0.775 0.761
Mitotic grade þ cytologic grade þ STASa 0.743 0.748 0.787 0.769
Cytologic grade þ STASa 0.741 0.752 0.785 0.768
STASa 0.740 0.752 0.785 0.765
aTraining set: adding the histologic features to baseline þ predominant plus high-grade patterns (backward selection, remove the least significant variable
each time). Addition of other histologic features (nuclear grade, mitotic grade, STAS, etc.) did not improve the model.
AUC, area under the ROC curve; C-index, concordance index; ROC, receiver operating characteristic; STAS, spread through airspace.
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(0.64 and 0.68, respectively). The application of the 20%
cutoff for high-grade patterns resulted in AUC of 0.749
for recurrence and 0.787 for death.

We next evaluated if other histologic features could
improve the model. The effect of the various histologic
features, either singly or in combination, was tested for
their effects on AUC. None of the histologic features
substantially improved the AUC of the new reference
model (Table 3).

On the basis of the results, a new grading system (the
IASLC grading system, Table 4), which includes the
following, was proposed:

Grade 1: well-differentiated adenocarcinoma: lepidic
predominant tumors with no or less than 20% of high-
grade patterns (solid, micro papillary, and/or complex
glandular patterns).

Grade 2: moderately differentiated adenocarcinomas:
acinar or papillary predominant tumors with no or less
than 20% of high-grade patterns.

Grade 3: poorly differentiated: any tumor with 20%
or more of high-grade patterns.
Validation Set
Similar analysis was performed in the validation

cohort in which the median time for recurrence was
1407 (range 778–1984) days and time to death was
1995 (range 1772–2225) days. All the following histo-
logic parameters were associated with recurrence: pre-
dominant histologic patterns (p ¼ 0.05), nuclear grade
(p ¼ 0.01), cytologic grade (p ¼ 0.0002), mitotic grade
(p ¼ 0.004), and presence of STAS (p ¼ 0.03)
(Supplementary Table 2).
Table 4. Grading Scheme for Invasive Pulmonary Adenocarcino

Grade Differentiation Patterns

1 Well-differentiated Lepidic pred
2 Moderately differentiated Acinar or pap
3 Poorly differentiated Any tumor w

The model is based on the predominant histologic plus high-grade patterns. Th
Similar to the training cohort, the combination of the
predominant plus high-grade patterns (AUC ¼ 0.732)
was the best indicator of recurrence. Addition of any
other histologic features either in combination or as
single features did not reveal improvement of the model
(Supplementary Table 3).

Test Cohort
The model was tested in a cohort of 300 stage

I to III adenocarcinomas. In this cohort, the
median time for recurrence was 570 (range 306–
1200) days and time to death was 1195 (range 660–
1998) days.

The model revealed a similar performance in the test
cohort with AUC of 0.690 (range 0.629–0.751) and C-
index of 0.704 for recurrence and AUC of 0.743 (range
0.688–0.797) and C-index of 0.729 for death
(Supplementary Table 4).

The predictive performance of the IASLC final
model (Table 4) was compared with the performance
of a predominant pattern grading system in the test
cohort. Higher grade was associated with reduced RFS
with both grading systems, either in the entire cohort
(stage I–III) or stage I cohort only; however, the
stratification of survival between the 3 grades was
more evident with the IASLC grading system than
the predominant pattern-based grading system (p <

0.0001 versus p ¼ 0.00013 for the entire cohort
(Fig. 2A and B) and p ¼ 0.0093 versus p ¼ 0.044 for
stage I cohort) (Fig. 2C and D). Similar performance
was seen with OS. Higher grade was associated with
reduced OS with both grading systems in the entire and
stage I cohorts (p ¼ 0.00011 versus p < 0.0001 for the
mas

ominant with no or less than 20% of high-grade patterns
illary predominant with no or less than 20% of high-grade patterns
ith 20% or more of high-grade patterns

e latter includes solid, micropapillary, and complex glandular patterns.



Figure 2. Kaplan-Meier curves for RFS of the test cohort stratified by the IASLC grading system (A: the entire cohort and C:
stage I cohort) and predominant pattern-based grading system (B: the entire cohort and D: stage I cohort). For the latter,
grade 1 is composed of lepidic predominant tumors; grade 2 of acinar and papillary predominant tumors, and grade 3 of solid,
micropapillary, and complex glandular predominant tumors. IASLC, International Association for the Study of Lung Cancer;
RFS, recurrence-free survival.
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entire cohort and p ¼ 0.0053 versus p ¼ 0.011 for
stage I cohort).
Reproducibility Assessment
Five observers reviewed WSI representing all slides

from 23 cases. There was total agreement in 52% of
cases (12 of 23) and major agreement in 47% (11 of 23)
among observers leading to a k value of 0.617 (SE ¼
0.0478; 95% confidence interval: 0.5238–0.7095). Most
of the disagreements were recorded between grades 1
and 2 (6 of 23, 26%) with some observers classifying an
adenocarcinoma pattern as lepidic and others as papil-
lary. Discordant results for grades 2 and 3 (5 of 23, 22%)
were mostly owing to observed differences in the pro-
portion of high-grade patterns. In summary, there was
substantial agreement by Fleiss’ k test, and there was
almost perfect agreement between pairs of the observers
(Supplementary Table 5).

Discussion
Our results reveal that a grading system based on a

histologic pattern is a strong prognostic classifier of
invasive pulmonary adenocarcinoma. Given that it builds
directly from the current classification system, it can be
readily and reproducibly applied in practice. The pro-
posed IASLC grading system considers the heterogeneity
and relative proportion of architectural patterns within a
tumor to arrive at a common language for prognostic
groups, thus, paving the way for studies evaluating
response and prognosis of pulmonary adenocarcinoma.

On the basis of the proposed grading system, any
tumor with 20% or more of high-grade patterns should
be classified as poorly differentiated because these tu-
mors behave in a more aggressive fashion similar to
those with predominant high-grade pattern. The pro-
posed grading system offers a superior prognostic
grouping compared with that of the predominant pattern
only.

The strength of this study is the use of several in-
dependent data sets from different institutions, thus,
reducing institutional and pathologists’ biases. The
model was created using one well-annotated data set, in
which several possible alternatives were tested and then
validated in another well-annotated data set, in which
the same parameters evaluated in the training data set
were tested and confirmed. The final model was finally
tested on a third data set. The latter, different from the



10 Moreira et al Journal of Thoracic Oncology Vol. - No. -
other data sets, was not reviewed specifically for the
study but rather represented historical collections from
contributing institutions. The fact that the model per-
formed similarly in all data sets supports its robustness.

It is worth noting that the power of histologic char-
acteristics of tumors as a tool for prognosis prediction is
limited. In our studies, the best AUC was just over 0.7 in
all data sets evaluated. Similar observation and results
were also found in other publications. For instance, Sica
et al.20 proposed a pattern-based grading system and
found that the best estimate was 0.65 (95% confidence
interval 0.57–0.73) using concordance probability esti-
mate instead of AUC. Similarly, Liu et al.30 proposed a
model integrating T stage, histologic pattern, and ne-
crosis which also obtained an AUC of 0.717. This sug-
gests that there might be other nonhistologic
characteristics of tumors that may increase the predict-
ability of recurrence. Some investigators have proposed
a molecular grading system on the basis of cell cycle
gene expressions as a way to predict recurrence in stage
I to II tumors36-38; however, no reference to a histologic
evaluation is available in these studies. It is hoped that
future studies may be able to incorporate the IASLC
grading system in their investigations to identify other
biomarkers that can improve prediction of recurrence of
the disease or death.

It is interesting to note that other histologic features
that have been reported to have prognostic significance
in predicting recurrence in stage I adenocarcinomas did
not add a value to the model proposed here. Our results
reveal that most of the histologic features, such as nu-
clear and cytologic grades, STATS, and mitotic grade, are
associated with histologic patterns either in the pre-
dominant or nonpredominant patterns. Although
lymphatic invasion was not evaluated in this study, it has
been reported that it is associated with high-grade pat-
terns.39,40 It is also important to note that the proposed
grading system has not been validated in variants of
adenocarcinoma, including invasive mucinous adeno-
carcinoma. Further studies are necessary to evaluate the
applicability and performance of the model in these
special tumors.

Another important determination from this study
was the establishment of a cutoff for high-grade patterns,
as many reports in the literature had provided conflict-
ing percentages for high-grade patterns as determinant
of recurrence. A cutoff of 20% offered the best sensitivity
and specificity to the AUC in this study. It is interesting
to note that Sica et al.20 have also suggested that tumors
with 20% solid or micropapillary pattern had already a
significant metastatic potential, compared with other
histologic patterns.

Reproducibility of histologic pattern assessments
among multiple pathologists can be challenging.41 In this
study, we have reported almost perfect agreement on
grading between two observers (a total of 10 pathologist
pairs) evaluating 23 cases with kappa values ranging
from 0.79 to 0.89 (the mean kappa value: 0.84 ± 0.04).
Of note, most of the discrepant grades were attributed to
the differentiation of lepidic versus papillary patterns
(grade 1 versus grade 2) followed by the difference in
the proportion of high-grade patterns. Thus, refinement
of definitions of lepidic and invasive patterns will likely
improve reproducibility.42

In summary, this study proposes a new grading sys-
tem for invasive pulmonary adenocarcinoma. The
grading model is practical and based on pattern recog-
nition, which allows its quick implementation in routine
pathology practice, as it does not require the pathologist
to learn additional technologies. The model offers a new
prognostic grouping for pulmonary adenocarcinoma that
is reproducible in multiple data sets from different in-
stitutions. It is hoped that this grading system will pro-
vide a common language to be used by pathologists in
clinical practice and investigators evaluating prognostic
and or predictive markers in adenocarcinoma and allow
for more comprehensive comparison of the histologically
heterogeneous tumors. Finally, this grading system is not
meant to replace the current classification of pulmonary
adenocarcinoma but is rather considered as a
complement.
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