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A B S T R A C T

Purpose
The classification for invasive lung adenocarcinoma by the International Association for the Study of Lung
Cancer, American Thoracic Society, European Respiratory Society, and WHO is based on the predominant
histologic pattern—lepidic (LEP), papillary (PAP), acinar (ACN), micropapillary (MIP), or solid (SOL)—present
in the tumor. This classification has not been tested in multi-institutional cohorts or clinical trials or tested for
its predictive value regarding survival from adjuvant chemotherapy (ACT).

Patients and Methods
Of 1,766 patients in the IALT, JBR.10, CALGB 9633 (Alliance), and ANITA ACT trials included in the
LACE-Bio study, 725 had adenocarcinoma. Histologies were reclassified according to the new classification
and then collapsed into three groups (LEP, ACN/PAP, and MIP/SOL). Primary end point was overall survival
(OS); secondary end points were disease-free survival (DFS) and specific DFS (SDFS). Hazard ratios (HRs)
and 95% CIs were estimated through multivariable Cox models stratified by trial. Prognostic value was
estimated in the observation arm and predictive value by a treatment effect interaction with histologic
subgroups. Significance level was set at .01 for pooled analysis.

Results
A total of 575 patients were included in this analysis. OS was not prognostically different between
histologic subgroups, but univariable DFS and SDFS were worse for MIP/SOL compared with LEP
or ACN/PAP subgroup (P � .01); this remained marginally significant after adjustment. MIP/SOL
patients (but not ACN/PAP) derived DFS and SDFS but not OS benefit from ACT (OS: HR, 0.71;
95% CI, 0.51 to 0.99; interaction P � .18; DFS: HR, 0.60; 95% CI, 0.44 to 0.82; interaction P � �

.01; and SDFS: HR, 0.59; 95% CI, 0.42 to 0.81; interaction P � .01).

Conclusion
The new lung adenocarcinoma classification based on predominant histologic pattern was not
predictive for ACT benefit for OS, but it seems predictive for disease-specific outcomes.

J Clin Oncol 33:3439-3446. © 2015 by American Society of Clinical Oncology

INTRODUCTION

More than 80% to 90% of lung adenocarcinomas

demonstrate heterogeneous histologic patterns and

are classified as mixed type according to the WHO

classification (third edition).1 In 2011, an interna-

tional multidisciplinary expert panel endorsed by

the International Association for the Study of Lung

Cancer (IASLC), American Thoracic Society (ATS),

and European Respiratory Society (ERS) recom-

mended a new classification system that recognized

subtyping of invasive adenocarcinoma based on the

predominant histologic pattern present in the re-

sected tumor.2 This classification forms the basis of

the fourth edition of the WHO classification to be

published in 2015.3 This classification system has

been validated for its reproducibility.4 More impor-

tantly, studies across four continents (North America,

Europe, Australia, and Asia) have identified different

prognostic groups among these subtypes of resected

lungadenocarcinoma.5-8 Inparticular, invasiveadeno-

carcinomas with micropapillary (MIP) and predomi-

nantly solid patterns (SOL) consistently have been

associated with poorer prognosis (Data Supplement).

However, this classification system has not been tested

in clinical trials. Furthermore, its utility in predicting

survival benefit from adjuvant chemotherapy (ACT)

has not been reported.

The Lung Adjuvant Cisplatin Evaluation

Biomarker (LACE-Bio) collaborative group was
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formed to conduct validation studies or pooled analyses of prom-

ising biomarkers in a large cohort of patients participating in four

ACT trials: the IALT (International Adjuvant Lung Cancer Trial),9

ANITA (Adjuvant Navelbine International Trialist Association),10

JBR.10,11 and CALGB (Cancer and Leukemia Group B; now Alli-

ance for Clinical Trials in Oncology) 9633 studies.12 Representative

hematoxylin and eosin (HE)– stained slides from a large subset of

these patients have been collected, and they provide a unique

opportunity to assess the prognostic and predictive value of the

new classification system. The results may provide strong rationale

for its adoption in routine clinical practice and as a potential

stratification factor in future clinical trials.

PATIENTS AND METHODS

Patients and Pathology Materials

Of 1,766 patients with non–small-cell lung carcinoma in the LACE-Bio
cohort, 725 had an original diagnosis of adenocarcinoma. For 645 patients,

one representative HE-stained slide of the surgically resected tumor was avail-
able for pathologic review, leading to 629 with nonmissing and 16 with missing
subtypes (Data Supplement). The sections were scanned by the Aperio Scan-
Scope XT whole-slide scanning system (Leica Microsystems, Concord, On-
tario, Canada) at 20� objective magnification. Using ImageScope software
(Leica Microsystems), the images were reviewed independently by coauthors
of the IASLC/ATS/ERS lung adenocarcinoma classification system (M.-S.T.,
E.M.B.).2,13 Discrepant diagnoses were resolved by consensus. Invasive adeno-
carcinomas with mixed histologic patterns were classified into one of following
subtypes based on the predominant growth pattern present in the tumor:
lepidic (LEP), acinar (ACN), papillary (PAP), MIP, and SOL (Fig 1). For
patient cases with neuroendocrine histologic features and a block available for
further immunohistochemistry study, synaptophysin was performed to con-
firm the diagnosis of large-cell neuroendocrine carcinoma. The invasive mu-
cinous adenocarcinoma subtype and other variants described in the IASLC/
ATS/ERS classification were excluded from the statistical analyses to focus on
these five subtypes.

Statistical Methods

Median follow-up was estimated by the reverse Kaplan-Meier method.14

The main end point of this analysis was overall survival (OS), defined as time

Fig 1. Representative histologic images of five adenocarcinoma patterns: (A) lepidic, (B) acinar, (C) papillary, (D) micropapillary, and (E) solid.
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from random assignment to date of death resulting from any cause. Secondary
end points included disease-free survival (DFS), defined as time from random
assignment to date of first event (recurrence or death), and specific DFS
(SDFS), defined as time from random assignment to cancer-related event (ie,
noncancer deaths were censored at date of death [eg, death resulting from
toxicity]). Patients with no event were censored at the date of their last follow-
up. The five histologic subtypes (LEP, ACN, PAP, MIP, and SOL) were col-
lapsed into three groups (LEP, ACN/PAP, and MIP/SOL) because the number
of patients in some groups was too small for inferential analyses. The correla-
tion between the histologic subtypes and covariates was tested using the
Cochran-Mantel-Haenszel test. The log-rank test was used to compare the
survival curves estimated by the Kaplan-Meier method between histologic
subtypes. Multivariable Cox models stratified by trial and adjusted for sex, age,
nodal status (N0, N1, or N2), tumor size (T1, T2, or T3 to T4), type of surgery,
and WHO performance status (main analyses) were used to measure the
prognostic value of these subtypes in the observation arm. To evaluate whether
specific histologic subtypes could predict survival benefit from chemotherapy,
an interaction term between subtype and treatment (chemotherapy v obser-
vation) was included. The prognostic and predictive effects of histology sub-
types according to stage were also assessed as exploratory analyses. Hazard
ratios (HRs) and their 95% CIs were reported. We checked the validity of the
proportional hazards assumption for each variable in the Cox model using the
cumulative sums of martingale residuals (Data Supplement). Heterogene-
ity among trials was also evaluated using the �

2 test, and results were
reported via a forest plot. Survival analyses were performed on the com-
pleted patient cases. The level of statistical significance was set to .01
(pooled analysis). Statistical analyses were performed using SAS software
(version 9.2; SAS Institute, Cary, NC).

RESULTS

Of 3,533 patients accrued to the IALT, JBR.10, ANITA, and CALGB

9633 (Alliance) trials, 1,766 had tissue samples and molecular data

available for the LACE-Bio study (Data Supplement). These included

725 patients whose original diagnosis was adenocarcinoma. For 96 of

these patients (defined as missing), histology slides were either un-

available (n � 80) or unsatisfactory for reclassification by one or both

review pathologists (n � 16). Histologic slide review successfully re-

classified 629 patient tumors into one of the invasive adenocarcinoma

subtypes outlined in the IASLC/ATS/ERS classification.2 In total, 582

patients with mixed-pattern tumor histology had their tumors reclas-

sified into one of the predominant patterns: LEP (n � 24), ACN (n �

152), PAP (n � 99), MIP (n � 40), and SOL (n � 267). Because of

missing covariates, seven patients in the observation arm were

excluded from further correlative analysis, leaving 575 patients

eligible for survival analyses. Patient characteristics of the analysis

set were compared with those of 103 patients, including patients

with unavailable slides (n � 80), slides unsatisfactory for reclassi-

fication (n � 16), or missing covariates (n � 7; Data Supplement).

The only substantial difference observed was for T stage. Patients

with invasive mucinous (n � 35) or other variants (n � 12) were

not included in this comparison.

The clinical features of these 575 patients are listed in Table 1

overall and by randomized arm and are listed across trial in the Data

Supplement. Median follow-up was 5.6 years (95% CI, 5.4 to 5.8). The

most common subtype based on predominant histologic pattern was

SOL (46%), followed by ACN (26%) and PAP (17%). LEP- and

MIP-predominant tumors accounted for only 4% and 7% of the

tumors, respectively (Data Supplement). However, slight variation in

the distribution of tumor subtypes across trials was noted (P � .02);

the proportions of LEP (8%) and MIP (1%) in CALGB 9633 (Alli-

ance) were significantly higher and smaller, respectively, compared

with those in other trials (LEP, � 5%; MIP, � 5%). Because of the

small number of patients in some of the five subtypes and as previous

reports have suggested (Data Supplement), three prognostic group-

ings (LEP, ACN/PAP, and MIP/SOL) were considered. The correla-

tion of these three groups (LEP, n � 23 [4%]; ACN/PAP, n � 247

[43%]; and MIP/SOL, n � 305 [53%]) with clinical characteristics is

reported in the Data Supplement. The proportion of patients with

WHO performance status � 1 was significant lower (17%) in the

group with LEP-predominant tumors compared with the two other

subtype groups (� 40%; P � .05).

Prognostic Value of Subtypes

Among 575 patients, the number of events for OS, DFS, and

SDFS was 269 (47%), 320 (56%), and 292 (51%), respectively. The

prognostic impact was evaluated in the 293 patients in the obser-

vation arm. On univariable analysis, there was marginally signifi-

cant prognostic difference between the three subtypes for OS (P �

Table 1. Demographic and Clinical Characteristics of Patients With Tumors
Classified by IASLC/ATS/ERS System

Characteristic

Total
(N � 575)

Observation
(surgery
alone;

n � 293)
ACT

(n � 282)

P�No. % No. % No. %

Sex .18

Male 365 63 179 61 186 66

Female 210 37 114 39 96 34

Age, years .56

� 55 200 35 101 34 99 35

55 to 64 216 38 119 41 97 34

� 65 159 28 73 25 86 31

Stage .87

I 310 54 152 52 158 56

II 179 31 95 32 84 30

III 86 15 46 16 40 14

N stage .78

N0 325 57 162 55 163 58

N1 174 30 89 30 85 30

N2 76 13 42 14 34 12

T stage .52

1 88 15 42 14 46 16

2 446 78 230 79 216 77

3 to 4 41 7 21 7 20 7

Type of surgery .08

Pneumonectomy 99 17 43 15 56 20

Other 476 83 250 85 226 80

WHO PS .84

0 327 57 162 55 165 59

1 to 2 248 43 131 45 117 41

Adenocarcinoma
subtype

.21

Lepidic 23 4 13 4 10 4

Acinar 148 26 74 25 74 26

Papillary 99 17 42 14 57 20

Micropapillary 39 7 25 9 14 5

Solid 266 46 139 47 127 45

Abbreviations: ACT, adjuvant chemotherapy; ATS, American Thoracic Soci-
ety; ERS, European Respiratory Society; IASLC, International Association for
the Study of Lung Cancer; PS, performance status.

��2 test was calculated from logistic regression model stratified by trial.
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.05; Fig 2A), but significant differences were seen for DFS (P � .01;

Fig 2B) and SDFS (P � .01; Fig 2C), with the SOL and MIP

subtypes showing worse outcomes. Similar results were observed

when considering all five predominant histologic patterns (Data

Supplement). Multivariable survival analyses (Table 2) showed no

significant association for the primary end point (OS), with an HR

of 0.70 (95% CI, 0.29 to 1.69) for ACN/PAP versus LEP and an HR

of 0.96 (95% CI, 0.40 to 2.30) for MIP/SOL versus LEP (global test

P � .22). However, there was a marginally significant association

for DFS (P � .05) and SDFS (P � .04), with a poorer prognosis for

MIP/SOL compared with LEP for DFS (HR, 1.32; 95% CI, 0.56 to

3.13) and SDFS (HR, 1.29; 95% CI, 0.55 to 3.07). This marginally

significant difference observed for DFS and SDFS was mainly a

result of the difference between ACN/PAP (as reference) and MIP/

SOL, with HRs of 1.52 (95% CI, 1.09 to 2.11) and 1.58 (95% CI,

1.12 to 2.24) for DFS and SDFS, respectively. In addition, there was

no heterogeneity of HRs across trials (P � .70). The HRs of MIP/

SOL versus ACN/PAP for stage II and III disease were higher for all

end points compared with those for stage I disease, with marginal

effect for stage II. However, no significant interaction was observed

(P � .62; Data Supplement).

Predictive Value of Subtypes for ACT Benefit

Because there were only 23 patients with the LEP-predominant

subtype (observation, n � 6; ACT, n � 17), these patients were

excluded from the predictive analysis, which included 552 patients

(observation, n � 280; ACT, n � 272), with 263 deaths, 313 events,

and 284 specific events. In univariable analysis, no significant benefit

was seen from ACT in the ACN/PAP-predominant subtype for OS

(unadjusted HR, 1.11; 95% CI, 0.76 to 1.62; log-rank P � .51), DFS

(HR, 1.19; 95% CI, 0.84 to 1.68; P � .37), or SDFS (HR, 1.20; 95% CI,

0.83 to 1.72; P � .42). There was a nonsignificant trend toward an OS

benefit from ACT in the MIP/SOL group (HR, 0.82; 95% CI, 0.59 to

1.14; P � .12), with a significant DFS benefit (HR, 0.65; 95% CI, 0.48

to 0.88; P � .01) and SDFS benefit (HR, 0.63; 95% CI, 0.46 to 0.87; P

� .01; Fig 3). In multivariable analyses, the chemotherapy benefit was

marginally significant for OS (HR, 0.71; 95% CI, 0.51 to 0.99; P � .04)

for MIP/SOL but not ACN/PAP (HR, 1.00; 95% CI, 0.68 to 1.47; P �

.99); however, the treatment by histology interaction was not signifi-

cant (interaction P � .18). There was a significant benefit from ACT

for the MIP/SOL subgroup for DFS (HR, 0.60; 95% CI, 0.44 to 0.82; P

� .001)—but not for ACN/PAP (HR, 1.11; 95% CI, 0.78 to 1.57; P �

.57; interaction P � .009)—and SDFS (HR, 0.59; 95% CI, 0.42 to 0.81;

P � .001 v HR, 1.12; 95% CI, 0.77 to 1.61; P � .56; interaction P � .01;

Table 3). However, there was significant heterogeneity of the treat-

ment–subtype interaction (predictive effect) among trials (Data Sup-

plement; P � .05). This is partly because the ANITA trial included only

40 patients. A sensitivity analysis was performed after removing the

ANITA trial, and heterogeneity was no longer significant (P � .10;

data not shown). Additional analyses evaluating the predictive

effect of histologic subtypes for ACT benefit according to stage (I,

II, or III) showed no significant interaction between histologic

subtypes, treatment, and stage (P � .82). However, a difference of

the treatment effect in MIP/SOL compared with ACN/PAP seems

to be more important in stage II and III compared with stage I

disease (Data Supplement).
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Fig 2. Survival curves in observation arm according to three predominant

patterns (lepidic [LEP], acinar [ACN]/papillary [PAP], and micropapillary [MIP]/solid

[SOL; n � 293]) for (A) overall (OS), (B) disease-free (DFS), and (C) specific

disease-free survival (SDFS). P values from log-rank test. Hazard ratios (HRs),

estimated through univariable Cox model stratified on trial, were as follows: ACN

plus PAP/LEP: HR, 0.76 (95% CI, 0.32 to 1.80) and MIP plus SOL/LEP: HR, 1.12

(95% CI, 0.48 to 2.62) for OS; ACN plus PAP/LEP: HR, 0.99 (95% CI, 0.43 to 2.31)

and MIP plus SOL/LEP: HR, 1.60 (95% CI, 0.69 to 3.68) for DFS; and ACN plus

PAP/LEP: HR, 0.89 (95% CI, 0.38 to 2.08) and MIP plus SOL/LEP: HR, 1.47 (95%

CI, 0.64 to 3.40) for SDFS.
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DISCUSSION

This LACE-Bio study involving the largest cohort, to our knowledge,

of multi-institutional tumor samples from patients from four pivotal

international ACT trials has confirmed the clinical relevance of the

IASLC/ATS/ERS lung adenocarcinoma classification, which is the

basis for the fourth edition (2015) of the WHO classification system

for lung adenocarcinoma. Our results showed that patients with inva-

sive adenocarcinoma with a MIP/SOL-predominant pattern have

marginally significantly poorer DFS and SDFS when compared with

patients with an ACN/PAP pattern, although no significant differ-

ences were seen for OS. When the LEP-predominant pattern was

excluded (exploratory analysis), patients with the MIP/SOL-

predominant pattern had significantly poorer DFS and SDFS com-

pared with those with the ACN/PAP pattern (DFS: HR, 1.52; 95% CI,

1.09 to 2.11; P � .01; SDFS: HR, 1.58; 95% CI, 1.11 to 2.23; P � .01).

This also seems more obvious for stage II and III disease, even if no

significant interaction between histology and stage exists. Predictive

analyses showed that the effect of ACT on DFS and SDFS was

significantly different in ACN/PAP and MIP/SOL subtypes, with

the latter showing benefit. DFS has been validated as a surrogate

end point of OS in the adjuvant setting.15 The nonsignificant tests

for the main end point (OS) may be explained by lack of power,

smaller number of events for OS compared with DFS and SDFS,

and dilution effect by noncancer deaths. We performed a bootstrap

analysis (Data Supplement) to evaluate the stability of these last

results. The bootstrap estimates and CIs of treatment effect in

ACN/PAP and MIP/SOL subgroups were similar to those of the

original analyses (Table 3). However, the predictive effect (subty-

pe–treatment interaction) was found to be statistically significant

in approximately half and three quarters of patient cases (1,000

bootstrap samples) at levels 1% and 5%, respectively, for DFS and

SDFS (data not shown). In addition, the predictive analyses ac-

cording to stage showed results similar to those based on the overall

patient cohort, despite marked limitation by the small number of

patient cases in each stage group. Therefore, we have shown the

first evidence to our knowledge that MIP/SOL-predominant his-

tology is a promising predictive marker for benefit from ACT in

DFS and SDFS in patients with early-stage lung adenocarcinoma;

however, more analyses are needed to confirm these findings.

Thehistologyoflungadenocarcinomarevealsmarkedheterogeneity

in growth patterns; however, the clinical relevance of this has never been

established. Part of this failure was resulted from the difficulty in defining

the extent and components of this heterogeneity, resulting in the use of

mixed subtype as an inclusive category for mixed-pattern tumors in the

third edition (2004) of the WHO classification. Because most (� 80% to

90%)lungadenocarcinomasbelongtothissubtype,thesignificanceofthe

variousgrowthpatternshas largelybeenignored,exceptforbronchioloal-

veolarcarcinoma,whichisrepresentedbyapureLEPpattern. Incontrast,

the IASLC/ATS/ERS classification recognizes the importance of predom-

inant pattern. Since its publication, 14 studies worldwide (Data Supple-

ment) have validated the clinical relevance of this new classification

system.Thesestudieshaveconfirmeda100%survivaloutcomeofadeno-

carcinomainsituwith100%LEPgrowthpattern5,6,8,16-21andconsistently

reported that the worst survival outcomes were seen in patients with

invasive adenocarcinoma with predominately MIP and SOL patterns

(Data Supplement).

The importance of the MIP growth pattern in lung adenocarci-

noma has only been recognized in the IASLC/ATS/ERS classification,

although its association with poorer prognosis in breast cancer is well

known.22 The prevalence of the MIP-predominant subtype in the

LACE-Bio study was 7% (range, 1% to 10% across trials). This is

consistent with the reported prevalence across 14 studies (Data Sup-

plement). The importance of this subtype was recently highlighted in

small (� 2 cm) lung adenocarcinomas.23 Limited resection of these

small lung tumors with � 5% MIP component was associated with

significantly greater risk of recurrence.

The SOL pattern is equivalent to poorly differentiated carcinomas

without any morphologically recognizable differentiation features. In the

LACE-Bio study, the SOL-predominant pattern represented 46% (range,

42%to58%)ofthemixed-patterninvasiveadenocarcinomas.Prevalence

ofthepredominantlySOLsubtyperangedfrom7%to40%amongthe13

studies (Data Supplement), with higher rates noted in studies that in-

cluded patients with higher-stage disease.

Table 2. Multivariable Survival Analyses of Subtype Groupings in Patients Treated With Surgery Alone (observation arm; n � 293)

Subtype

OS DFS SDFS

No. of Deaths HR 95% CI P No. of Events HR 95% CI P No. of Events HR 95% CI P

LEP 6 of 13 1.0 6 of 13 1.0 6 of 13 1.0

ACN/PAP 50 of 116 0.70 0.29 to 1.69 59 of 116 0.87 0.37 to 2.07 53 of 116 0.82 0.34 to 1.95

MIP/SOL 89 of 164 0.96 0.40 to 2.30 109 of 164 1.32 0.56 to 3.13 101 of 164 1.29 0.55 to 3.07

Overall test� .22 .05 .04

Test of heterogeneity across trials† .70‡ .86‡ .96‡

.76§ .96§ .97§

.95� .98� 1.00�

NOTE. Similar results were observed when using TNM stage instead of T and N of TNM in multivariable Cox regression model (data not shown).
Abbreviations: ACN, acinar; DFS, disease-free survival; HR, hazard ratio; LEP, lepidic; MIP, micropapillary; OS, overall survival; PAP, papillary; SDFS, specific

disease-free survival; SOL, solid.
�Test of global association.
†ANITA (Adjuvant Navelbine International Trialist Association) trial was excluded to test heterogeneity across trials, because there was no patient with LEP subtype

in this trial.
‡Test evaluating homogeneity of prognostic effect across trials in ACN/PAP group (v LEP group).
§Test evaluating homogeneity of prognostic effect across trials in MIP/SOL group (v LEP group).
�Test evaluating joint hypotheses of ‡ and §.
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In the IASLC/ATS/ERS classification, one of the pathologic rec-

ommendations for invasive adenocarcinoma is to assess the histologic

pattern semiquantitatively in 5% increments and choose a single pre-

dominant pattern to subtype the tumor.2 This is usually performed on

HE sections of multiple blocks sampled from the tumor. In our study,

only one unselected representative section of the tumor was available

for review. However, in a study by an international panel of 26 pulmo-

nary pathologists, examination of one section per patient case demon-

strated a high degree of interobserver consistency in recognizing the

five typical patterns adopted in the IASLC/ATS/ERS classification,
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Fig 3. Survival curves according to treatment arm (chemotherapy v observation) in (A, C, E) acinar/papillary and (B, D, F) micropapillary/solid subgroups for (A, B)

overall, (C, D) disease-free, and (E, F) specific disease-free survival. P values from log-rank test and hazard ratio (HR) and 95% CIs of treatment effect, estimated through

univariable Cox model stratified on trial, were reported for each subgroup and end point.
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with a mean kappa score (� standard deviation) of 0.77 � 0.77.4

Importantly, this study also demonstrated that recognition of a pre-

dominant pattern could be reached with high concordance, especially

for the predominantly SOL pattern. In another study involving five

pulmonary pathologists using 100 consecutive patient cases, P values

for nominating the predominant pattern ranged from .44 to .72, once

again with the highest concordance achieved for the SOL pattern.24

Interobserver variability was significantly reduced after training.25

Recognizing these limitations of the study and the ability of patholo-

gists to subtype lung adenocarcinoma, we believe routine use and

continuing educational efforts will greatly improve accuracy in the

future application of this new classification system.

Overall, it is estimated that � 50% of patients with early-stage

non–small-cell lung cancer will develop recurrence after their primary

surgery,26,27 and identifying prognostic factors beyond stage is crucial

to select patients who need adjuvant therapies. There have been inten-

sive studies on molecular prognostic markers, but so far, no markers

have been sufficiently validated for routine clinical use.28,29 LACE-Bio

validation of promising prognostic and predictive markers, including

ERCC1 and KRAS mutations, reported from various ACT trials has so

far been unsuccessful.30,31 The results of our study represent the first

markers, to our knowledge, from the LACE-Bio project that suggest a

significant predictive value for survival benefit from ACT in patients

with early-stage lung adenocarcinoma. Because histologic classifica-

tion is fundamental for patient diagnosis, our results demonstrate the

necessity of applying the IASLC/ATS/ERS subtype classification for

lung adenocarcinoma in routine practice.

In summary, the LACE-Bio study involving patients from four piv-

otalrandomizedACTtrialshasconfirmedthatearly-stagelungadenocar-

cinomas with a MIP- or SOL-predominant pattern have poorer DFS and

SDFS.Moreimportantly,ourstudyhasshownthat thesepatternsseemto

bepredictiveofadifferentialsurvivalbenefitfromACT.Routineadoption

of the subtype classification in clinical diagnosis and prospective valida-

tion in future adjuvant clinical trials are warranted.
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Table 3. HRs Estimating Treatment Effect (chemotherapy v observation) per Subgroup (ACN/PAP v MIP/SOL) for OS, DFS, and SDFS (n � 552)

Subgroup

No. of Deaths

HR 95% CI P

Interaction

Chemotherapy Observation HR 95% CI P

OS 0.71 0.43 to 1.17 .18

ACN/PAP 60 of 131 50 of 116 1.00 0.68 to 1.47 .99

MIP/SOL 64 of 141 89 of 164 0.71 0.51 to 0.99 .04

Test of heterogeneity across trials .27�

.16†

.18‡

DFS 0.54 0.34 to 0.86 .009

ACN/PAP 75 of 131 59 of 116 1.11 0.78 to 1.57 .57

MIP/SOL 70 of 141 109 of 164 0.60 0.44 to 0.82 .001

Test of heterogeneity across trials .10�

.07†

.05‡

SDFS

ACN/PAP 68 of 131 53 of 116 1.12 0.77 to 1.61 .56 0.53 0.32 to 0.86 .01

MIP/SOL 62 of 141 101 of 164 0.59 0.42 to 0.81 .001

Test of heterogeneity across trials .26�

.04†

.06‡

NOTE. Similar results were observed when using TNM stage instead of T and N of TNM in multivariable Cox regression model (data not shown).
Abbreviations: ACN, acinar; DFS, disease-free survival; HR, hazard ratio; MIP, micropapillary; OS, overall survival; PAP, papillary; SDFS, specific disease-free survival; SOL, solid.
�Test evaluating homogeneity of treatment effect across trials in ACN/PAP group.
†Test evaluating homogeneity of treatment effect across trials in MIP/SOL group.
‡Test evaluating joint hypotheses of � and †.
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