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A B S T R A C T

Purpose
Tumor lymphocytic infiltration (TLI) has differing prognostic value among various cancers. The
objective of this study was to assess the effect of TLI in lung cancer.

Patients and Methods
A discovery set (one trial, n = 824) and a validation set (three trials, n = 984) that evaluated the benefit
of platinum-based adjuvant chemotherapy in non–small-cell lung cancer were used as part of the
LACE-Bio (Lung Adjuvant Cisplatin Evaluation Biomarker) study. TLI was defined as intense versus
nonintense. The main end point was overall survival (OS); secondary end points were disease-free
survival (DFS) and specific DFS (SDFS). Hazard ratios (HRs) and 95% CIs associated with TLI were
estimated through a multivariable Cox model in both sets. TLI-histology and TLI-treatment inter-
actions were explored in the combined set.

Results
Discovery and validation sets with complete data included 783 (409 deaths) and 763 (344 deaths)
patients, respectively. Median follow-up was 4.8 and 6 years, respectively. TLI was intense in 11%
of patients in the discovery set compared with 6% in the validation set (P , .001). The prognostic
value of TLI in the discovery set (OS: HR, 0.56; 95% CI, 0.38 to 0.81; P = .002; DFS: HR, 0.59;
95%CI, 0.42 to 0.83; P = .002; SDFS: HR, 0.56; 95%CI, 0.38 to 0.82; P = .003) was confirmed in the
validation set (OS: HR, 0.45; 95% CI, 0.23 to 0.85; P = .01; DFS: HR, 0.44; 95% CI, 0.24 to 0.78;
P= .005; SDFS: HR, 0.42; 95%CI, 0.22 to 0.80; P= .008) with no heterogeneity across trials (P$ .38 for
all end points). No significant predictive effect was observed for TLI (P $ .78 for all end points).

Conclusion
Intense lymphocytic infiltration, found in a minority of tumors, was validated as a favorable prog-
nostic marker for survival in resected non–small-cell lung cancer.

J Clin Oncol 34:1223-1230. © 2016 by American Society of Clinical Oncology

INTRODUCTION

In lung cancer, several attempts have been made
to correlate the type and density of immune cells
with prognosis. Among T lymphocytes, which
comprise 80% of tumor-infiltrating lymphocytes
(TILs),1 CD8+ cytotoxic lymphocytes are believed
to constitute the effector arm of adaptive immu-
nity against tumor cells that lead to the slowing of
growth rates. Studies that examined a correlation
between CD8+ TILs and prognosis in non–small-
cell lung cancer (NSCLC) are inconsistent.2,3 The
largest study2 (1,290 patients with NSCLC)
showed an association of CD8+ and prolonged
survival but only in squamous cell carcinoma

(SCC), which did not confirm the findings of the
previous study.3 In some reports, CD3 or con-
current high infiltration of CD4+/CD8+ corre-
lated with longer overall survival (OS).4-6 Similar
observations have been made for high CD4/CD8
and CD20 lymphocyte infiltration in stroma.2,3

High FoxP3, Cox2, or density of mature dendritic
cells also have been reported to correlate with
prognosis of recurrence in NSCLC.7-9 Increased
total TILs was associated with longer survival in
two studies in a limited series of stage I or large-
size (. 5 cm) NSCLC10,11 through univariable
analysis. In a more recent tissue microarray series
of NSCLC, the degree of lymphocytic infiltration
failed to have prognostic value, although CD8 only
was associated consistently with better outcome.12
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Many reported studies have had limited statistical power, examined
multiple factors without correction, included small numbers of
patients, and were inhomogeneous with regard to stage and his-
tologic types. These studies did not reach a consensus on how
lymphocyte infiltration influences tumor growth and prognosis. In
other cancers (breast,13,14 colorectal,15-19 ovarian, cervical,20,21 liver,22

pancreatic,23 esophageal24), CD3, CD4, and CD8 density frequently
has been reported to be associated with significantly better OS.

We studied the prognostic value of tumor lymphocytic
infiltration (TLI) in a large and relatively homogeneous group of
patients with completely resected NSCLC and tested its predictive
value for survival benefit in adjuvant cisplatin-based chemotherapy
randomized trials. To our knowledge, the study is the first vali-
dation of the prognostic role of lymphocytic tumor infiltration in a
large series of patients.

PATIENTS AND METHODS

Patients and Pathology Materials
LACE-Bio (Lung Adjuvant Cisplatin Evaluation Biomarker) collab-

orative group25 patients with a definite diagnosis of NSCLC were included.
LACE-Bio pools the results of the following four randomized clinical trials
that evaluated the benefit of platinum-based adjuvant chemotherapy
compared with observation: International Adjuvant Lung Cancer Trial
(IALT)26,27; Adjuvant Navelbine International Trialist Association
(ANITA)28; JBR10,29,30 which used cisplatin-based adjuvant chemotherapy
(LACE); and Cancer and Leukemia Group B (CALGB) 9633 trial on
carboplatin-based adjuvant chemotherapy.31 The accrual period was
between 1995 and 2000 for IALT, 1994 and 2000 for ANITA, 1996 and 2003
for CALGB, and 1994 and 2001 for JBR10.

Assay Methods
The intensity of TLI was first evaluated by two readers (E.B. and

M.S.T.) into four categories (minimal, mild, moderate, and intense) on
hematoxylin and eosin–stained representative sections, which were also
used to reclassify lung tumor histology according to the new 2015 World
Health Organization (WHO) classification for lung tumors.32 A binary
scoring system was used to collapse the first three categories into non-
intense (Fig. 1). Intense TLI referred to a strong heavy lymphocytic
infiltrate (intralobular and/or perilobular) of a density equivalent to that
seen in a lymph node with metastasis. We adopted the definition used in
breast cancer with predominant lymphocytic infiltration to refer to tumors
that show $ 50% stromal lymphocytes in the tumor bulk compared with
epithelial tumor cells.33 The evaluation of infiltration and the concordance
analysis were conducted in two steps on the pooled analysis in the vali-
dation set (ANITA, JBR10, and CALGB) by the two pathologists (E.B. and
M.S.T.). In step 1, the first reading was done independently. The agreement
analysis showed that the k varied from 0.42 to 0.79 for four classes
(weighted k) and from 0.44 to 0.85 for two classes (simple k) across trials.
The overall agreement was moderate when consideration was given to
infiltration in four classes (k = 0.59) and good in two classes (k = 0.72). In
step 2, the discordant cases were reviewed to reach the final consensus
classification. After the concordance analysis, the lymphocytic infiltration
was considered a binary marker for the statistical analysis.

Study Design
Samples were reviewed independently by E.B. (IALT, ANITA, JBR10,

CALGB) and M.S.T. (ANITA, JBR10, CALGB), and TLI intensity was
assigned. IALT was used as the discovery set and ANITA, JBR10, and
CALGB as the validation set. The primary end point was OS, defined as the
time from random assignment to the date of death, whatever the cause.

Secondary end points were disease-free survival (DFS), defined as the time
from random assignment to the time of the first event (progression, death),
and specific DFS (SDFS), defined as the time from random assignment to a
cancer-related event (ie, noncancer deaths were censored at the date of last
follow-up [eg, death due to toxicity]). Patients with no events were
censored at the date of their last follow-up.

Statistical Analysis
Patient characteristics (demographic clinic, tumor, and outcomes)

of the discovery set are described. Median follow-up was estimated with
the reverse Kaplan-Meier method.34 Correlation between TLI and the base-
line patient and tumor characteristics were assessed by using a logistic
regression.

The prognostic effect of TLI was first evaluated on the discovery set.
Survival rates of TLI (intense, nonintense) were estimated by Kaplan-Meier
method with Rothman CIs and survival curves compared with the log-rank
test. The hazard ratio (HR) and 95% CI associated with TLI were estimated
through a multivariable Cox regression model that controlled for sex, age
(, 55, 55 to 64, $ 65 years), tumor stage (I, II, and III), type of surgery
(pneumonectomy, lobectomy/other), WHO performance status (0, $ 1),
and histology (SCC, adenocarcinoma [ADC], and others). The prognostic
value of TLI was estimated in both arms but restricted to the control arm
if an interaction existed between TLI and treatment. The assessment of
the proportional hazard hypothesis was tested by using martingale
residuals.35,36 When this hypothesis was rejected for some covariates, the
covariates were then used for stratification in the Cox model. In the
validation set, patient and tumor characteristics of individuals with and
without TLI results were compared by using a logistic regression stratified
by trial. Patient characteristics with TLI results were also compared with
those in the discovery set. We repeated the same discovery set inferential
analyses with the addition of stratification by trial. We also investigated
the heterogeneity of the prognostic effect of TLI among trials. Two
interaction terms (TLI 3 histology and TLI 3 treatment) were tested
on the combined set (discovery + validation) as an exploratory analysis.
For the former, we extended the analysis by differentiating ADC according
to the main pattern predominant variant (lepidic [LEP], acinar/papillary,
micropapillary/solid).

Analysis was performed on all patients analyzable on the basis of the
initial treatment assignment. Significance levels were set to 1% for dis-
covery set analyses, 5% for validation set analyses, and 1% for discovery
plus validation set analyses (combination of the four trials). An a-level of
1% was used in the discovery set analysis to account for the multiple
markers tested (Appendix Table A1, online only) and in the exploratory
combined analysis. Statistical analyses were performed using SAS 9.3
software (SAS Institute, Cary, NC). Results reporting follows REMARK
(Reporting Recommendations for Tumour Marker Prognostic Studies)
guidelines.37

RESULTS

Patient Cohorts
The TLI results were available in 783 of 824 discovery set

patients (95%) and in 763 of 984 (ANITA, n = 158; JBR10, n = 482;
CALGB, n = 344) validation set patients (77.5%; Appendix Fig A1,
online only). The median follow-up was 4.8 years (range, 0.7 to 7.4
years) and 6.0 years (range, 0.1 to 11.3 years) for the discovery and
validation sets, respectively. In the validation set, comparison
between patients with TLI scores (n = 763) and without TLI scores
(164 with no tissue and 56 with missing TLI results) showed a
significant difference in terms of Tof TNM (P = .01) and histology
(P , .001) (Appendix Table A2, online only). Heterogeneity was
observed between the discovery and validation sets (Table 1), with
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35% stage I in discovery versus 59% in validation, 33% ADC in
discovery versus 49% in validation, and 11% intense TLI in dis-
covery versus 6% (4% to 7% across trials) in validation. This TLI
imbalance between the two data sets persisted after adjustment for
sex, age, stage, type of surgery, WHO performance status, and
histology (P , .001). Although TLI was significantly correlated to
stage (P = .01), N (P = .01), and T (P , .001) in the discovery set
(Appendix Table A3, online only), it was correlated to histology
(P = .001) in the validation set, with a higher proportion of intense
TLI for patients with SCC (11%) compared with those with ADC
(4%) or other histology (3%) (Appendix Table A4, online only).
We observed 409 (52%) and 344 (45%) deaths in the discovery and
validation sets, respectively.

Prognostic Value of TLI (Discovery Set)
The unadjusted survival curves for the discovery set (Figs 2A

and 2C) show that the intense TLI group had longer OS than the
nonintense TLI group (log-rank P = .001), with 59% 5-year OS
(95% CI, 47% to 70%) in the intense TLI group compared with
40% (95% CI, 36% to 45%) in the nonintense TLI. Similar results
were observed for DFS (log-rank P = .001), with 54% 5-year DFS
(95% CI, 42% to 64%) compared with 35% (95% CI, 31% to 39%;
Figs 2A and 2C) for SDFS (Appendix Fig A2, online only). The
difference on outcomes according to TLI remained statistically
significant after controlling for covariates (OS: HR, 0.56; 95% CI,
0.39 to 0.81; P = .002; DFS: HR, 0.59; 95% CI, 0.42 to 0.83; P =
.002; SDFS: HR, 0.56; 95% CI, 0.38 to 0.82; P = .003; Table 2;
Appendix Tables A5 and A6, online only). Note that the prognostic
effect was estimated in all patients because no interaction between
treatment and TLI was observed (P = .92 and .95 for OS and DFS,
respectively). The hypothesis of proportionality was violated for

some covariates, but the results did not substantially change when
stratified in the Cox model (data not shown).

Validation of the Prognostic Value of TLI
OSwas longer in the intense TLI group than in the nonintense

TLI group (P = .002). This was similar for DFS (P = .001; Figs 2B
and 2D) and SDFS (Appendix Fig A2). The 5-year OS and DFS
were estimated at 85% (95% CI, 70% to 92%) and 79% (95% CI,
65% to 88%) in patients with intense TLI compared with 58%
(95% CI, 54% to 62%) and 50% (95% CI, 47% to 54%) in patients
with nonintense TLI. Because no significant interaction existed
between treatment covariate and TLI (P = .99 and .88 for OS and
DFS, respectively), the adjusted HRs were estimated on both arms.
We confirmed the prognostic effect of TLI (HR, 0.45; 95% CI, 0.23
to 0.85; P = .01) in favor of longer OS for patients with intense TLI
(Table 2). Similar results were observed for DFS (HR, 0.44; 95%CI,
0.24 to 0.78; P = .005; Appendix Table A7, online only) and SDFS
(HR, 0.42; 95% CI, 0.22 to 0.80; P = .008; Appendix Table A8,
online only). These effects were homogeneous among trials (P =
.76 and .38 for OS and DFS, respectively). The reduction of risk of
an event was slightly higher in the validation set than in the
discovery set. However, we observed a violation of the proportional
hazard for some covariates, but the results did not change after
stratification on these covariates (data not shown).

TLI and Histology or Treatment Interaction
Exploratory analysis showed that the histology-TLI interaction

was marginally significant for OS (P = .06) with an HR of 0.62
(95%CI, 0.42 to 0.93), 0.69 (95%CI, 0.40 to 1.19), and 0.12 (95%CI,
0.03 to 0.47) for SCC (n = 81 intense TLI + 624 nonintense TLI),

Fig 1. Histopathologic examples of lym-
phocytic infiltration. (A) Nonintense lym-
phocytic infiltration in an adenocarcinoma.
(B) Nonintense lymphocytic infiltration in a
squamous cell carcinoma. (C) Intense lym-
phocytic infiltration in an adenocarcinoma.
(D) Intense lymphocytic infiltration in a
squamous cell carcinoma.
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ADC (n = 38 + 590), and other NSCLC (n = 16 + 187), respectively.
The results in the other subgroup should be interpreted
with caution because of the small sample size. When we excluded
that category, the interaction term was no longer significant
(P = .73), which shows that the effect of TLI was homogeneous
within SCC and ADC. After regrouping these two histologies, the
interaction term was significant (P = .02). We repeated the
histology-TLI interaction analysis to include ADC according
to its subtypes (LEP was excluded because no patient with LEP
had intense TLI) and found no significant effect of TLI in the

acinar/papillary and micropapillary/solid subtypes (data not
shown). Similar results were observed for DFS and SDFS (data
not shown).

As previously shown in the discovery and validation sets, the
treatment-TLI interaction, estimated on the combined set, was not
significant for OS, DFS, and SDFS (P = .96, .99, and .78,
respectively; Table 3; Appendix Table A9, online only, for SDFS).
The corresponding Kaplan-Meier curves that compared intense
versus nonintense TLI by treatment group are reported in
Appendix Fig A3, online only.

Table 1. Patient Characteristics of Discovery, Validation, and Combined Sets

Characteristic
Discovery Set

(n = 783), No. (%)
Validation Set*

(n = 763), No. (%) P†
Combined sets

(n = 1,546), No. (%)

Sex
Male 638 (81) 533 (70) , .001 1,171 (76)
Female 145 (19) 230 (30) 375 (24)

Mean age (years) 58.4 60.1 , .001 59.3
, 55 237 (30) 209 (27) , .001 446 (29)
55-64 343 (44) 289 (38) 632 (41)
. 64 203 (26) 265 (35) 468 (30)

Treatment
No chemotherapy 382 (49) 385 (50) .51 767 (50)
Chemotherapy 401 (51) 378 (50) 779 (50)

Stage
I 271 (35) 451 (59) , .001 722 (47)
II 273 (35) 264 (35) 537 (35)
III 239 (31) 44 (6) 283 (18)
Unknown 0 4 4

N of TNM
N0 367 (47) 459 (61) , .001 826 (54)
N1 223 (28) 260 (34) 483 (31)
N2, 3, 4 193 (25) 38 (5) 231 (15)
Unknown 0 6 6

T of TNM
T1 119 (15) 61 (8) , .001 180 (12)
T2 466 (60) 677 (89) 1,143 (74)
T3, 4 198 (25) 21 (3) 219 (14)
Unknown 0 4 4

Type of surgery , .001
Lobectomy/other 469 (60) 590 (78) 485 (31)
Pneumonectomy 314 (40) 171 (22) 1,059 (69)
Unknown 0 2 2

WHO PS
0 440 (56) 385 (51) .034 825 (54)
$ 1 343 (44) 373 (49) 716 (46)
Unknown 0 5 5

Histology
Squamous cell carcinoma 422 (54) 285 (37) , .001 707 (46)
Adenocarcinoma 261 (33) 373 (49) 634 (41)
Other NSCLC‡ 100 (13) 105 (14) 205 (13)

TLI§
Nonintense 697 (89) 714 (94) , .001 1,411 (91)
Intense 86 (11) 49 (6) 135 (9)

No. of deaths 409 (52) 344 (45) 753 (49)
No. of eventsk 456 (58) 396 (52) 852 (55)
No. of specific events 398 (51) 345 (45) 743 (48)
Median (range) follow-up (years)¶ 4.8 (0.7-7.4) 6.0 (0.1-11.3) 5.4 (0.1-11.3)

Abbreviations: NSCLC, non–small-cell lung cancer; PS, performance status; TLI, tumor lymphocytic infiltration.
*Validation set included ANITA (Adjuvant Navelbine International Trialist Association), CALGB (Cancer and Leukemia Group B), and JBR10 trials.
†P value from x2 and t test for categorical and continuous covariates, respectively.
‡Other NSCLC included large-cell, adenosquamous, sarcomatoid, basaloid, and unclassifiable NSCLC.
§This significant difference between the two data sets persists after adjustment for covariates (sex, age, stage, type of surgery, WHO PS, and histology).
kEvents that defined the disease-free survival included progression or death.
¶Median follow-up was estimated by using the reverse Kaplan-Meier (Schemper method).
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DISCUSSION

We have demonstrated the independent prognostic value of TLI on
survival by using two different data sets, with intense lymphocytic
infiltration (that mimics lymph node involvement) predicting
longer survival (OS, DFS, and SDFS) in patients with NSCLC. As

expected, SCC histology was more frequent in the IALT than in the
JBR10, CALGB, ANITA patients. Nonetheless, given the size of the
data sets and the set of prognostic factors considered for adjust-
ment, the current study provided reliable evidence of the prog-
nostic role of TLI. We note, however, a different risk reduction in
the discovery set compared with the validation set, regardless of the
end points, that may be explained by the different trial populations.
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Fig 2. Survival curves for tumor lymphocytic infiltration (TLI; intense and nonintense) for overall survival (OS; A and B) and disease-free survival (DFS; C and D) in the
discovery (A and C) and validation (B and D) sets. The P value of the log-rank test and the unadjusted hazard ratios (HRs) and 95% CIs are reported.
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For example, the HRs of OS were around 0.56 and 0.45 in the
discovery and validation sets, respectively. We updated the prog-
nostic effect of TLI by pooling the discovery and validation sets,
which was possible because no heterogeneity across trials was
highlighted (P = .77, .40, .64 for OS, DFS, and SDFS, respectively).
This gives a more accurate estimation of the prognostic effect of
TLI with an HR of 0.53 (95% CI, 0.39 to 0.73; P, .001), 0.55 (95%
CI, 0.41 to 0.73; P , .001), and 0.52 (95% CI, 0.38 to 0.72;
P , .001) for OS, DFS, and SDFS, respectively.

Whether the association of intense lymphocytic infiltration
with survival is direct or indirect or whether this survival advantage
is attributable to one or a set of phenotypic subtypes of immune
cells (CD4+, CD8+, CD20, regulatory T cells, macrophages 1 and 2,
and dendritic cells) was not investigated in the current study. When
prognostic immune markers were investigated in another NSCLC
study,38 the prognostic effect of immune infiltrates was mediated
by both protumor and antitumor immune populations but
without evidence that this balance could be measured (with
validated cutoffs) to predict outcomes in individual patients.

The prognostic value of epithelial versus stromal lymphocytic
infiltration has been reported in NSCLC,39 with only high-density
CD4+/CD8+ stromal lymphocyte infiltration being an independent
positive prognostic indicator for patients with resected NSCLC.
This suggests that these cells mediated a strong antitumor immune
response, but this study used tissue microassays for the analyses.6

We believe that discrimination between stromal and epithelial
infiltration may add more confusion than precision due to lack of

interobserver reproducibility, and from a pathology viewpoint, it
adds little because by definition, the tumor cell environment
includes stroma, which includes penetrating blood vessels and
inflammatory or immune cells.

The prognostic effect was not statistically different in ADC
versus SCC. We noted a highly significant effect in the other
NSCLC category. The risk of death in patients with intense
infiltration decreased by 88% (HR, 0.12; 95% CI, 0.03 to 0.47) in
the other compared with 38% (HR, 0.62; 95% CI, 0.45 to 0.85) in
the SCC plus ADC group (P for interaction = .02). Although
heterogeneous, the other category includes patients at high risk for
early death, such as basaloid; sarcomatoid; and large-cell carci-
noma, which is known to have the worst prognosis.40 This is
reminiscent of Epstein-Barr virus–dependent large-cell carcinoma
with high lymphocytic infiltration (so-called lymphoepithelial-like
carcinoma32) where pathologic classification and prognosis are
strongly correlated with the presence of heavy lymphocytic infil-
tration, irrespective of composition (CD8+ supposed).

The association of tumor cells with lymphocytes has led to the
postulate that adaptive immunity maintains occult cancer in an
equilibrium state. This concept, inferred from a mouse model,41

illustrates how immunity is able to control and shape cancer and
delay malignant tumor progression.42 However, by forcing the
selective evolution of malignant cells, tumors ultimately escape
their attack through the immune system, a phenomenon called
immune editing.43 Therefore, TLI may identify a sensitive ther-
apeutic window before immune editing and tumor escape occur,

Table 3. Treatment Interaction With Tumor Lymphocytic Infiltration for Overall Survival and Disease-Free Survival Estimated From a Multivariable Cox Model on the
Combined Data Set (n = 1,536*)

Overall Survival Disease-Free Survival

Tumor Lymphocytic
Infiltration

CT Deaths/No.
of Patients

Observation
Deaths/No.
of Patients

CT v No CT,
HR (95% CI)

CT Events/No.
of Patients

Observation
Events/No.
of Patients

CT v No CT,
HR (95% CI)

Nonintense 341/699 365/702 0.88 (0.76 to 1.02) 382/699 415/702 0.84 (0.73 to 0.97)
Intense 22/75 20/60 0.90 (0.49 to 1.64) 26/75 23/60 0.84 (0.48 to 1.48)

Interaction test: P = .96 Interaction test: P = .99

Abbreviations: CT, chemotherapy; HR, hazard ratio.
*Ten patients were excluded from the analysis due to missing covariates.

Table 2. Prognostic Value of TLI for OS and DFS Estimated From Unadjusted and Adjusted Cox Models on Discovery (n = 783) and Validation set (n = 753)

Discovery Set Validation Set

TLI
Event/No.
of Patients

Unadjusted HR
(95% CI)

Adjusted* HR
(95% CI) Adjusted P

Event/No.
of Patients

Unadjusted HR
(95% CI)

Adjusted* HR
(95% CI) Adjusted P

OS
Nonintense 377/697 1.00 1.00 .002 329/704 1.00 1.00 .01
Intense 32/86 0.55 (0.39 to 0.80) 0.56 (0.39 to 0.81) 10/49 0.39 (0.21 to 0.74) 0.45 (0.23 to 0.85)

DFS
Nonintense 419/697 1.00 1.00 .002 378/704 1.00 1.00 .005
Intense 37/86 0.58 (0.41 to 0.81) 0.59 (0.42 to 0.83) 12/49 0.39 (0.22 to 0.70) 0.44 (0.24 to 0.78)

SDFS
Nonintense 368/697 1.00 1.00 .003 331/704 1.00 1.00 .008
Intense 30/86 0.54 (0.37 to 0.79) 0.56 (0.38 to 0.82) 10/49 0.38 (0.20 to 0.71) 0.42 (0.22 to 0.80)

Abbreviations: DFS, disease-free survival; HR, hazard ratio; OS, overall survival; SDFS, specific disease-free survival; TLI, tumor lymphocytic infiltration.
*Ten patients with missing type of surgery (n = 2), stage (n = 4), or performance status (n = 5) were excluded from the multivariable analyses.
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where immunotherapy or immunomodulation may take place.
Immune editing may take several forms, each common in lung
cancer, such as mutations (epidermal growth factor receptor, P53);
escape from CD8 cytolytic apoptosis (mitochondrial apoptosis
dismissal, complement systems defects, death receptor ligands
[fas/tumor necrosis factor–related apoptosis-inducing ligand
inactivation]); raise of ligand-receptor checkpoints (CTLA4,
PD1-PDL1); loss of HLA class 1 or 2 (major histocompatibility
complex antigens); or ultimately, illegitimate expression of germ
cell antigens (testis- and placenta-restricted antigens), in a context
of immune escape.44 PDL1 mRNA expression has been shown
to associate with increased TILs and better outcome in breast
carcinoma.13

In contrast to previous breast cancer studies, the current
international study performed to date in the largest NSCLC pop-
ulation (n = 1,546) randomly assigned to chemotherapy versus
surgery alone (LACE), we did not observe any predictive effect of
lymphocytic infiltration (no interaction between TLI and treat-
ment). In a phase III adjuvant breast cancer trial in patients with
node-positive disease randomly assigned on either anthracycline and
anthracycline plus taxane arms, an interaction of lymphocytic
infiltration and treatment with survival was found only in the
subgroup of 297 patients positive for HER2 (P = .06), with a survival
benefit for lymphocytic infiltration found only among the patients
receiving single-agent anthracycline.14 In a neoadjuvant chemo-
therapy breast cancer cohort, high numbers of infiltrating CD4+

T cells after palliative chemotherapy correlated with clinical response.45

In summary, the current study shows that intense lympho-
cytic infiltration is an independent prognostic factor in patients
with completely resected NSCLC but is not predictive of a dif-
ferential survival benefit from adjuvant chemotherapy. The results
raise the question about whether lymphocytic infiltration should

be considered a stratification factor in trials that test immuno-
therapy or immunomodulation. Therefore, as suggested recently
for CD8 density level in NSCLC, which predicted survival inde-
pendently of all other variables and within each pathologic stage,
intense lymphocytic infiltration could be a good candidate marker
for establishing a TNM immunoscore.46
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Appendix

LACE-Bio IALT trial

n = 824

Validation set

n = 763

Missing slides,
n = 164

SCLC, n = 41

Missing TLI data,
n = 56

Discovery set

n = 783

SCLC, n = 1

LACE-Bio, 3 other trials

ANITA, n = 158
JBR10, n = 482
CALGB, n = 344

984

Fig A1. Flowchart. Patients withmissing slides correspond to patientswhose blockswere not sent for histologic review. Patients withmissing TLI correspond to patients
with blocks of insufficient performance for quantitative histologic review and evaluation. ANITA, Adjuvant Navelbine International Trialist Association; CALGB, Cancer and
Leukemia Group B; IALT, International Adjuvant Lung Cancer Trial; LACE-Bio, Lung Adjuvant Cisplatin Evaluation-Biomarker; SCLC, small-cell lung cancer; TLI, tumor
lymphocytic infiltration.
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Fig A2. Survival curves for tumor lymphocytic infiltration (TLI; intense and nonintense) for specific disease-free survival (SDFS) on discovery (A) and validation (B) sets.
The P value of the log-rank test and the unadjusted hazard ratios (HRs) and 95% CIs are reported.
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Fig A3. Survival curves for tumor lymphocytic infiltration (TLI; intense and nonintense) for overall survival (OS; A and B), disease-free survival (DFS; C and D,) and specific
disease-free survival (SDFS; E and F) on the combined set (discovery + validation) by treatment arm. The P value of the log-rank test and the unadjusted hazard ratios (HRs)
and 95% CIs are reported. CT, chemotherapy.
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Table A1. Markers of Which the Prognostic and Predictive Values Have Been Evaluated on the IALT

Family Markers Reference

Drug transporters MRP1
MRP2

Filipits M, et al: Clin Cancer Res 13:3892-3898, 2007

Apoptosis I P53
Bax
Bcl2

Brambilla E, et al: Lung Cancer 49:S10-S11, 2005 (suppl 2)

Apoptosis II Fas
FasL

Brambilla E, et al: J Thorac Oncol 2:S444-S445, 2007 (suppl 4)

Cell cycle regulators Cyclin D1
Cyclin D3
Cyclin E
P16
P27
Ki67

Filipits M, et al: J Clin Oncol 25:2735-2740, 2007

Telomerase/telomere-related
proteins and DNA repair enzymes

ERCC1 Olaussen KA, et al: N Engl J Med 355:983-991, 2006
Besse B, et al: Ann Oncol 22:575-581, 2011

Mutation TP53
KRAS

Ma X, et al: Ann Oncol 19:viii61-viii62, 2008 (suppl 8)

Tissue microarrays MSH2
PARP1

Olaussen KA, et al: Lung Cancer 80:216-222, 2013

Abbreviation: IALT, International Adjuvant Lung Cancer Trial.
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Table A2. Characteristics Comparison of Patients in the Validation Set (n = 763) and Without Slides or With Missing Information on TLI (n = 220*)

Characteristic No. of Patients in Validation Set (%) No. of Patients Without Slides or With Missing TLI (%) P†

Sex .70
Male 533 (70) 144 (65)
Female 230 (30) 76 (35)

Age, years .62
, 55 209 (27) 65 (30)
55-64 289 (38) 80 (36)
. 64 265 (35) 75 (34)

Treatment .33
No chemotherapy 385 (50) 103 (47)
Chemotherapy 378 (50) 117 (53)

Stage .57
I 451 (59) 162 (75)
II 264 (35) 47 (22)
III 44 (6) 8 (4)
Unknown 4 3

N of TNM .63
N0 459 (61) 164 (76)
N1 260 (34) 47 (22)
N2 38 (5) 5 (2)
Unknown 6 4

T of TNM .01
T1 61 (8) 23 (11)
T2 677 (89) 192 (88)
T3, 4 21 (3) 2 (1)
Unknown 4 3

Type of surgery .98
Lobectomy/other 590 (78) 179 (83)
Pneumonectomy 171 (22) 37 (17)
Unknown 2 4

WHO PS .31
0 385 (51) 109 (50)
1, 2 373 (49) 108 (50)
Unknown 5 3

Histology , .001
Squamous cell carcinoma 285 (37) 70 (33)
Adenocarcinoma 373 (49) 91 (42)
Other NSCLC‡ 105 (14) 54 (25)
Unknown 0 5

Abbreviations: NSCLC, non–small-cell lung cancer; PS, performance status; TLI, tumor lymphocytic infiltration.
*The validation set included 763 patients from ANITA (Adjuvant Navelbine International Trialist Association), CALGB (Cancer and Leukemia Group B), and JBR10 with a
nonmissing TLI, and 220 patients were excluded due to missing slides (n = 164) or missing TLI (n = 56).
†Statistical test was calculated from a logistic regression model stratified by trial that excluded patients with missing values in the corresponding analysis.
‡Other NSCLC included large-cell, adenosquamous, sarcomatoid, basaloid, and unclassifiable NSCLC.
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Table A3. Association Between Tumor Lymphocytic Infiltration and Covariates on the Discovery Set (n = 783)

Tumor Lymphocytic Infiltration

Characteristic Nonintense (n = 697), No. (%) Intense (n = 86), No. (%) P*

Sex
Male 570 (89) 68 (11)
Female 127 (88) 18 (12)

Age, years
, 55 216 (91) 21 (9)
55-64 299 (87) 44 (13)
. 64 182 (90) 21 (10)

Stage .014
I 238 (88) 33 (12)
II 234 (86) 39 (14)
III 225 (94) 14 (6)

N of TNM
N0 327 (89) 40 (11)
N1 188 (84) 35 (16)
N2 182 (94) 11 (6)

T of TNM
T1 94 (79) 25 (21)
T2 416 (89) 50 (11)
T3 187 (94) 11 (6)

Type of surgery .177
Lobectomy/other 409 (87) 60 (13)
Pneumonectomy 288 (92) 26 (8)

WHO PS
0 394 (90) 46 (10)
$ 1 303 (88) 40 (12)

Histology
Squamous cell carcinoma 371 (88) 51 (12)
Adenocarcinoma 239 (92) 22 (8)
Other NSCLC† 87 (87) 13 (13)

Abbreviations: NSCLC, non–small-cell lung cancer; PS, performance status; TLI, tumor lymphocytic infiltration.
*Adjusted P value was computed by using a likelihood ratio test from amultivariable logistic regression model. Patients with missing covariate data were excluded. The
selection variable process was a univariable analysis with P , .20. N and T of TNM stage, correlated with stage, were not included in the selection process.
†Other NSCLC included large-cell, adenosquamous, sarcomatoid, basaloid, and unclassifiable NSCLC.
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Table A4. Association Between Tumor Lymphocytic Infiltration and Covariates on the Validation Set (n = 763)

Tumor Lymphocytic Infiltration

Characteristic Nonintense (n = 714), No. (%) Intense (n = 49), No. (%) P*

Sex
Male 501 (94) 32 (6)
Female 213 (93) 17 (7)

Age, years
, 55 197 (94) 12 (6)
55-64 269 (93) 20 (7)
. 64 248 (94) 17 (6)

Stage
I 421 (93) 30 (7)
II 246 (93) 18 (7)
III 43 (98) 1 (2)
Unknown 4 0

N of TNM
N0 429 (93) 30 (7)
N1 241 (93) 19 (7)
N2 38 (100) 0 (0)
Unknown 6 0

T of TNM
T1 57 (93) 4 (7)
T2 633 (94) 44 (7)
T3 20 (95) 1 (5)
Unknown 4 0

Type of surgery
Lobectomy/other 550 (93) 40 (7)
Pneumonectomy 162 (95) 9 (5)
Unknown 2 0

WHO PS
0 362 (94) 23 (6)
$ 1 347 (93) 26 (7)
Unknown 5 0

Histology , .001
Squamous cell carcinoma 255 (89) 30 (11)
Adenocarcinoma 357 (96) 16 (4)
Other NSCLC† 102 (97) 3 (3)

Abbreviations: NSCLC, non–small-cell lung cancer; PS, performance status.
*Adjusted P value was computed by using a likelihood ratio test from a multivariable logistic regression model stratified by trial. Patients with missing covariate data
were excluded. The selection variable process was a univariable analysis with P , .20. N and T of TNM stage, correlated with stage, were not included in the selection
process.
†Other NSCLC included large-cell, adenosquamous, sarcomatoid, basaloid, and unclassifiable NSCLC.
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Table A5. Prognostic Value of Tumor Lymphocytic Infiltration for Overall Survival andDisease-Free Survival Estimated From aMultivariable CoxModel on theDiscovery
Set (n = 783)

Overall Survival Disease-Free Survival

Variable
Deaths/No.
of Patients HR 95% CI P

Events/No.
of Patients HR 95% CI P

Age, years .29 .51
, 55 112/237 1.00 0.93 to 1.49 130/237 1.00 0.84 to 1.32
55-64 182/343 1.18 0.93 to 1.59 197/343 1.06 0.90 to 1.48
$ 65 115/203 1.22 129/203 1.16

Sex .007 .03
Male 350/638 1.00 0.51 to 0.90 382/638 1.00 0.57 to 0.97
Female 59/145 0.67 74/145 0.75

WHO PS .22 .04
0 219/440 1.00 0.93 to 1.39 241/440 1.00 1.01 to 1.48
$ 1 190/343 1.14 215/343 1.22

Tumor stage , .001 , .001
I 94/271 1.00 1.46 to 2.50 111/271 1.00 1.48 to 2.46
II 150/273 1.91 2.42 to 4.19 169/273 1.91 2.29 to 3.86
III 165/239 3.18 176/239 2.97

Type of surgery .96 0.79 to 1.21 .85
Pneumonectomy 184/314 1.00 0.80 to 1.24 202/314 1.00
Other 225/469 0.99 254/469 0.98

Treatment arm 0.77 to 1.14 .51 0.75 to 1.08 .24
No chemotherapy 200/382 1.00 227/382 1.00
Chemotherapy 209/401 0.94 229/401 0.90

Histology .02 .002
Squamous cell carcinoma 221/422 1.00 0.93 to 1.51 238/422 1.00 1.12 to 1.76
Adenocarcinoma 129/261 1.19 1.11 to 2.00 155/261 1.41 1.14 to 2.02
Other NSCLC* 59/100 1.49 63/100 1.52

Tumor lymphocytic infiltration 0.39 to 0.81 .002 0.42 to 0.83 .002
Nonintense/no infiltration 377/697 1.00 419/697 1.00
Intense infiltration 32/86 0.56 37/86 0.59

Abbreviations: HR, hazard ratio; NSCLC, non–small-cell lung cancer; PS, performance status.
*Other NSCLC included large-cell, adenosquamous, sarcomatoid, basaloid, and unclassifiable NSCLC.
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Table A6. Prognostic Value of Tumor Lymphocytic Infiltration for Specific Disease-Free Survival Estimated From a Multivariable Cox Model on the Discovery Set (n =
783)

Specific Disease-Free Survival

Variable Events/No. of Patients HR 95% CI P

Age, years .95
, 55 123/237 1.00 0.77 to 1.23
55-64 169/343 0.97 0.77 to 1.31
$ 65 106/203 1.01

Sex .03
Male 331/638 1.00 0.56 to 0.98
Female 67/145 0.74

WHO PS 0.97 to 1.46 .09
0 215/440 1.00
$ 1 183/343 1.19

Tumor stage , .001
I 97/271 1.00 1.38 to 2.39
II 137/273 1.82 2.49 to 4.31
III 164/239 3.27

Type of surgery 0.85 to 1.33 .60
Pneumonectomy 169/314 1.00
Other 229/469 1.06

Treatment arm 0.73 to 1.08 .22
No chemotherapy 201/382 1.00
Chemotherapy 197/401 0.89

Histology , .001
Squamous cell carcinoma 199/422 1.00 1.17 to 1.89
Adenocarcinoma 142/261 1.48 1.12 to 2.21
Other NSCLC* 57/100 1.63

Tumor lymphocytic infiltration 0.38 to 0.82 .003
Nonintense/no infiltration 368/697 1.00
Intense infiltration 30/86 0.56

NOTE: Similar results were observed with a Cox model stratified on covariates that violate the hypothesis of proportional hazards.
Abbreviations: HR, hazard ratio; NSCLC, non–small-cell lung cancer; PS, performance status.
*Other NSCLC included large-cell, adenosquamous, sarcomatoid, basaloid, and unclassifiable NSCLC.
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Table A7. Prognostic Value of Tumor Lymphocytic Infiltration for Overall Survival and Disease-Free Survival Estimated From aMultivariable CoxModel on the Validation
Set (n = 753*)

Overall Survival Disease-Free Survival

center Deaths/No. of Patients HR 95% CI P Events/No. of Patients HR 95% CI P

Age, years .14 .51
, 55 85/208 1.00 0.84 to 1.47 101/208 1.00 0.84 to 1.41
55-64 129/288 1.11 0.99 to 1.76 151/288 1.09 0.90 to 1.53
$ 65 125/257 1.32 138/257 1.17

Sex 0.48 to 0.82 , .001 0.55 to 0.89 .004
Male 262/524 1.00 296/524 1.00
Female 77/229 0.62 94/229 0.70

WHO PS .16 0.94 to 1.41 .16
0 158/381 1.00 1.00 183/381 1.00
$ 1 181/372 1.17 0.94 to 1.45 207/372 1.15

Tumor stage , .001 , .001
I 180/446 1.00 1.16 to 2.02 205/446 1.00 1.17 to 1.94
II 126/263 1.53 1.47 to 3.95 147/263 1.51 1.31 to 3.21
III 33/44 2.41 38/44 2.05

Type of surgery 0.57 to 0.99 .05 0.59 to 0.99 .04
Pneumonectomy 91/170 1.00 104/170 1.00
Other 248/583 0.76 286/583 0.76

Treatment arm 0.67 to 1.03 .09 0.65 to 0.97 .02
No chemotherapy 185/380 1.00 211/380 1.00
Chemotherapy 154/373 0.83 179/373 0.79

Histology .005 .007
Squamous cell carcinoma 119/283 1.00 1.12 to 1.91 139/283 1.00 1.14 to 1.87
Adenocarcinoma 168/367 1.46 1.15 to 2.27 195/367 1.47 1.03 to 1.96
Other NSCLC† 52/103 1.62 56/103 1.42

Tumor lymphocytic infiltration 0.23 to 0.85 .014 0.24 to 0.78 .005
Nonintense/no infiltration 329/704 1.00 378/704 1.00
Intense infiltration 10/49 0.45 12/49 0.44

Abbreviations: HR, hazard ratio; NSCLC, non–small-cell lung cancer; PS, performance status.
*Ten patients with missing type of surgery (n = 2), stage (n = 4), or PS (n = 5) were excluded from the multivariable analyses.
†Other NSCLC included large-cell, adenosquamous, sarcomatoid, basaloid, and unclassifiable NSCLC.
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Table A8. Prognostic Value of Tumor Lymphocytic Infiltration for Specific Disease-Free Survival Estimated From aMultivariable CoxModel on Validation set (n = 753*)

Specific Disease-Free Survival

Variable Events/No. of Patients HR 95% CI P

Age, years .70
, 55 91/208 1.00 0.86 to 1.47
55-64 139/288 1.12 0.80 to 1.43
$ 65 111/257 1.07

Sex 0.58 to 0.98 .03
Male 253/524 1.00
Female 88/229 0.75

WHO PS 0.91 to 1.40 .27
0 162/381 1.00
$ 1 179/372 1.13

Tumor stage , .001
I 173/446 1.00 1.28 to 2.19
II 135/263 1.67 1.23 to 3.21
III 33/44 1.90

Type of surgery 0.56 to 0.96 .27
Pneumonectomy 92/170 1.00
Other 249/583 0.73

Treatment arm 0.60 to 0.92 .007
No chemotherapy 190/380 1.00
Chemotherapy 151/373 0.74

Histology .001
Squamous cell carcinoma 112/283 1.00 1.24 to 2.11
Adenocarcinoma 177/367 1.62 1.14 to 2.24
Other NSCLC† 52/103 1.59

Tumor lymphocytic infiltration 0.22 to 0.80 .008
Nonintense/no infiltration 331/704 1.00
Intense infiltration 10/49 0.42

NOTE: The P value of heterogeneity across trials was .59. Similar results were observed with a Cox model stratified on covariates that violate the hypothesis of
proportional hazards.
Abbreviations: HR, hazard ratio; NSCLC, non–small-cell lung cancer; PS, performance status.
*Ten patients with missing type of surgery (n = 2), stage (n = 4), or PS (n = 5) were excluded from the multivariable analyses.
†Other NSCLC included large-cell, adenosquamous, sarcomatoid, basaloid, and unclassifiable NSCLC.
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Table A9. Treatment Interaction With Tumor Lymphocytic Infiltration for Specific Disease-Free Survival Estimated From a Multivariable Cox Model on the Combined
Data Set (n = 1,536*)

Specific Disease-Free Survival

Tumor lymphocytic infiltration CT Events/No. of Patients Observation Events/No. of Patients CT v No CT HR (95% CI)

Nonintense 328/699 371/702 0.82 (0.71 to 0.95)
Intense 20/75 20/60 0.75 (0.40 to 1.39)

Interaction test: P = .78

Abbreviations: CT, chemotherapy; HR, hazard ratio.
*Ten patients were excluded from the analysis due to missing covariates.
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