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Abstract. Background/Aim: Programmed death-ligand 1
(PD-L1) expression on tumor cells is a predictive biomarker
of programmed cell death 1 (PD-1) blockade therapy. This
study sought to clarify predictors of the efficacy of
nivolumab in non-small cell lung cancer (NSCLC) patients
with PD-LI expression-negative tumors. Patients and
Methods: We retrospectively reviewed the records of
advanced NSCLC patients between January 2016 and April
2019, and investigated the predictive marker of nivolumab
including the status of CD8* tumor infiltrating lymphocytes
(TILs). Results: A total of 70 NSCLC patients were included.
Overall response rate (ORR) and progression-free survival
(PES) were better in patients with a heavy smoking history
(smoking index: SI=600) than in those without (SI<600)
[ORR: 20.6% vs. 2.8%, (p=0.02), and PFS: 2.4 months vs.
1.8 months, (p=0.04)]. A high density of CD8* TILs was
significantly associated with a heavy smoking history
(p=0.04). Conlusion: Heavy smoking history (SI=600), which
was correlated with a large number of CD8% TILs, could be
a predictor of the efficacy of nivolumab in NSCLC patients
with PD-L1 expression-negative tumors.
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and atezolizumab have led to improved survival of patients
with advanced non-small cell lung cancer (NSCLC) (1-3).
PD-L1 expression on tumor cells is a predictive biomarker
of a response to PD-1 blockade. Pembrolizumab has been
shown to have a significantly better efficacy and to enable a
longer survival,
chemotherapy, in NSCLC patients with tumours showing
strong PD-L1 expression [tumor proportion score (TPS):
250%]. The response rate to pembrolizumab among
advanced NSCLC patients with PD-L1 expression strongly
positive was 44.8% in the KEYNOTE-024 study (1).

The response rates to nivolumab among advanced
NSCLC patients who were not selected according to PD-L1
expression were 26% and 19% in the Checkmate-017 and -
057 trials, respectively (2, 4). Some patients with PD-L1
expression-negative tumors may benefit from anti-PD-1

compared with platinum doublet

inhibitors, since PD-L1 expression is not an entirely reliable
predictor of response. Moreover, the clinical characteristics
that may predict a response to PD-1 blockade therapy
among patients with PD-L1 expression-negative tumors
remain unclear.

In addition to PD-L1 expression on tumor cells, the status
of tumor infiltrating lymphocytes (TILs) in the immune-
related tumor microenvironment (TME) is also a predictor
of the efficacy of PD-1 blockade (5-9). Previous studies have
reported that PD-L1 expression on tumor cells is correlated
with CD8" TILs and other infiltrating immune cells (10, 11).
However, whether CD8* TILs are associated with the
efficacy of PD-1 blockade in PD-L1 expression-negative
tumors remains unclear.

The aim of this study was to clarify clinical predictors of
the efficacy of nivolumab in advanced NSCLC patients with
PD-L1 expression-negative tumors and to evaluate whether
such factors are associated with the CD8* TIL status.
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Patients and Methods

Patient characteristics. We retrospectively reviewed advanced
NSCLC patients with PD-L1 expression-negative tumors who had
received nivolumab at the National Cancer Center Hospital (Tokyo,
Japan) between January 1, 2016, and April 30, 2019. Clinical
characteristics including age, sex, Eastern Cooperative Oncology
Group (ECOG) performance status (PS), presence of brain metastasis,
smoking index (SI), histological type, existence of major mutation,
number of metastatic sites, treatment line, history of radiation therapy,
and blood tests [neutrophil-to-lymphocyte ratio (NLR), lactate
dehydorogenase (LDH), C-reactive protein (CRP), etc.] were
collected from a medical database. Computed tomography
examinations were performed every 6 to 8 weeks or according to the
judgement of the attending physician. The tumor response was
assessed using REIST version 1.1 (12). The cut-off date was March
31, 2020. Patients who responded [complete response (CR) or partial
response PR)] to nivolumab were defined as responders.

Immunohistochemistry for evaluating PD-LI expression and TILs.
Immunohistochemical staining (IHC) was performed automatically
(Autostainer Link 48 platform; Dako, Agilent, Santa Clara, CA,
USA) using the following monoclonal antibodies: PD-L1 (clone
22C3; Agilent/DAKO), and CDS8 (clone 4B11; Novocastra,
Newcastle upon Tyne, UK). PD-L1 expression was evaluated using
formalin-fixed, paraffin-embedded (FFPE) specimens containing
more than 100 viable tumor cells. Membranous staining was defined
as positive staining. The tumor proportion score (TPS) was
calculated as the percentage of tumor cells with positive PD-L1
staining. Digital images of CD8* TILs in the tumor tissues were
assessed using the Nanozoomer Digital Pathology (NDP) system
(Nanozoomer 2.0-HT Whole Slide Imager; Hamamatsu Photonics,
Hamamatsu, Japan). Two pulmonologists and one experienced
pathologist with no knowledge of the clinical data evaluated two
hot spots of immune cell infiltration on each digital image. The
number of CD8* TILs per mm?2 was counted in the tumor nest. The
average number of TILs in the two hot spot areas was then
calculated.

Statistical analysis. All the collected data were analyzed using EZR
version 1.53 (13) (Kanda Y, Saitama, Japan). Progression-free
survival (PFS) was determined as the day from the start of PD-1
blockade to the day of disease progression or death. Overall
survival (OS) was determined as the day from the start of PD-1
blockade to the day of death or the end of the follow-up period. We
used the Fisher exact test to evaluate differences in categorical data
and either the t-test or the Mann—Whitney U-test for continuous
data. When a significant difference in continuous data was
obereved between groups, we used a receiver operating
characteristic (ROC) curve analysis to determine an appropriate
cut-off value producing the highest sensitivity and specificity for
predicting a response to anti-PD-1 therapy. To investigate
differences in the PFS and OS between groups, we used the
Kaplan—Meier method and compared the two groups using the log-
rank test. A Cox proportional-hazard model was used for the
univariate and multivariate analyses. The multivariate analysis
included prognostic factors with a p-value <0.1 in a univariate
analysis. We regarded a p-value <0.05 as being statistically
significant. The present study was approved by the Ethics
Committee of the National Cancer Center Hospital (2019-123).
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Figure 1. CONSORT diagram of the study. The CONSORT diagram
shows the procedure used to select the patients included in this study.

Results

Patient characteristics. We identified 556 patients who were
treated with anti-PD-1 inhibitors at our hospital between
January 1, 2016, and April 30, 2019. Seventy patients were
included in this study (Figure 1). The baseline characteristics of
the patients are shown in Table I. The median age was 62 years
(range=30-83 years). The majority of the patients were male
(63%) and had an ECOG PS score of 0-1 (87%). The major
histological type was non-squamous cell carcinoma (81%).

Clinical outcomes of nivolumab in all patients with PD-LI
negative tumors. The overall response rate (ORR) and disease
control rate (DCR) of nivolumab was 11.4% (95%CI=5.0-
21.0) and 24.0% (95%CI=15.08-36.0), respectively. The
median PFS and OS were 2.0 months (95%CI=1.8-2.5) and
9.4 months (95%CI=5.5-12.6), respectively (Figure 2A and
B). The response to nivolumab was stratified according to the
baseline characteristics and is shown in Table I. An SI=600
was the only clinical predictor of a response to nivolumab.
The ORR, DCR and PFS of patients with an SI =600 were
significantly better than those with an SI<600 [ORR: 20.6%
vs.2.8% (p=0.02), DCR: 35.3% vs. 13.9% (p=0.05) and PFS:
2.4 months vs. 1.8 months (p=0.04)] (Figure 2C).

Next, we performed a univariate and multivariate analysis
that included various variables. ECOG PS and SI were
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Table 1. Patient baseline characteristics according to response to nivolumab (n=70).

Total Responder Non-responder p-Value

n=70 n=8 n=62
Median age in years (range) 62 (30-83) 64 (45-68) 62 (30-83) 0.68
Sex (male/female), n (%) 44 (63)/26 (37) 5(63)/3 (38) 39 (63)/23 (37) 1.00
PS (0-1/2), n (%) 61 (87)/9 (13) 7 (87)/1 (13) 54 (87)/8 (13) 1.00
Brain metastasis (yes/no), n (%) 18 (26)/52 (74) 3 (38)/5 (62) 15 (24)/47 (76) 041
Smoking Index (=600) (yes/no), n (%) 34 (49)/36 (51) 7 (87)/1 (13) 27 (44)/35 (56) 0.02
Histological type (Sq/non-Sq), n (%) 13 (19)/57 (81) 3 (38)/5 (62) 10 (16)/52 (84) 0.16
Major mutation* (yes/no), n (%) 12 (17)/58 (83) 1 (13)/7 (87) 11 (18)/51 (82) 1.0
Number of metastatic sites (<3/=3), n (%) 22 (31)/48 (69) 3 (38)/5 (62) 19 (31)/43 (69) 0.7
Treatment line (<3/=3), n (%) 31 (44)/39 (56) 3 (38)/5 (62) 28 (45)/34 (55) 1.00
History of radiation therapy (yes/no), n (%) 54 (77)/16 (23) 7 (87)/1 (13) 47 (76)/15 (24) 0.6
ANCH* (/ul) 4835 (1548-21300) 5120 (2450-7510) 4600 (1548-21300) 0.66
ALC** (/ul) 1080 (400-2990) 970 (400-1860) 1100 (460-2990) 0.86
Serum Alb** (g/dl) 3.8 (2.0-4.6) 4.0 (3.2-4.3) 3.8 (2.0-4.6) 0.59
Serum CRP** (mg/dl) 1.1 (0.0-15.6) 24 (0.2-9.7) 1.0 (0.0-15.6) 091
Serum LDH** (U/l) 211.0 (129-1247) 214.0 (152-1247) 209.5 (129-1071) 0.95

PS: Performance status; Sq: squamous cell carcinoma; ANC: absolute neutrophil count; ALC: absolute lymphocyte count; Alb: albumin; CRP: C-
reactive protein; LDH: lactate dehydrogenase. *Dell19, L858R and ALK arrangement. **Data presented as median (range).

significantly associated with PFS in patients with PD-L1
expression-negative tumors [PS: HR=0.43, 95%CI=0.21-0.88
(p=0.02); SI: HR=0.58; 95%CI=35-0.96 (p=0.03)] (Table II).

Association between the presence of CD8* TILs and the
efficacy of nivolumab. In addition to the clinical data, we
analyzed whether the CD8" TIL status in the TME affected
the response of PD-L1 expression-negative tumors in an
exploratory manner (Figure 3). Among the 70 patients, 43
patients had sufficient tissue samples available to allow an
analysis of CD8* TILs in the TME. Responders had
significantly more CD8" TILs in their tumor nests than non-
responders [median: 118/mm? (range=0-510/mm?) vs.
10/mm? (range=0-1250/mm?), p=0.03, Figure 4A]. A ROC
curve analysis resulted in 110/mm? as a cut-off value for
CD8* TILs that produced the highest sensitivity and
specificity for predicting a response to anti-PD-1 therapy
(sensitivity: 0.84, specificity: 0.83, area under the ROC
curve: 0.77) (Figure 5). The PFS and OS are shown
according to the CD8™ TIL status (2110/mm2 VS. <110/mm2)
in Figure 4B. A statistically significant difference in PFS was
observed between patients with high and low CD8" TIL
statuses [median: 13.2 months (95%CI=2.0-32.6) for
>110/mm? group vs. 1.9 months (95%CI=1.1-2.3) for
<110/mm? group, p<0.01]. The OS of patients with a high
number of CD8* TILs was also significantly longer than that
of patients with a low number of CD8" TILs [median: 29.2
months (95%CI=5.2-NA) for =110/mm? group vs. 10.0
months (95%CI=4.0-12.9) for <110/mm? group, p=0.01].
Next, we evaluated the correlation between the CD8" TIL
status (immune-inflamed or non-immune-inflamed phenotype)

and baseline clinical characteristics. Heavy smoking history
was significantly associated with a high density of CD8*
TILs (Figure 4C).

Discussion

In the present study, 11.4% of the patients with PD-L1
expression-negative tumors responded to nivolumab, similar
to the results of previous reports (2, 4). A heavy smoking
history had a significant influence on the efficacy of
nivolumab in patients with PD-L1 expression-negative
tumors. In addition, a heavy smoking history was
significantly associated with the relative abundance of CD8*
TILs, which is an immune-inflamed phenotype, even in PD-
L1 expression-negative tumors.

In the Checkmate-057 study, nivolumab was associated
with a longer PFS, a longer OS, and a higher ORR than
docetaxel in patients with PD-L1 expression-positive tumors,
but a benefit was not observed in patients with PD-L1
expression-negative tumors (2). However, in a portion of
patients with PD-L1 expression-negative tumors, nivolumab
showed some clinical activity. The ORR and DOR were 10%
and 18.3 months, respectively, in a subgroup analysis of the
Checkmate-057 trial. On the other hand, few studies have
focused on clinical predictors of the efficacy of PD-1
blockade therapy in patients with PD-L1 expression-negative
tumors. We clarified the association between the efficacy of
nivolumab and the smoking status in NSCLC patients with
PD-L1 expression-negative tumors.

Smoking is associated with harmful adverse effects on
human health and is the major cause of lung cancer.
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Table II. Univariate and multivariate analyses for PFS of nivolumab.
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Figure 2. Progression-free survival and overall survival of all the
patients and progression-free survival due to smoking status. (A)
Progression-free survival of all the patients with PD-LI-negative
tumors. (B) Overall survival of all the patients with PD-LI-negative
tumors. (C) Progression-free survival according to smoking index in
patients with PD-L1-negative tumors.

Univariate analysis

Multivariate analysis

HR 95%CI p-Value HR 95%Cl1 p-Value
Age (<75 vs. 275) 0.83 0.20-3.43 0.80 - - -
Sex (male vs. female) 0.82 0.49-1.36 043 - - -
PS (0-1 vs. =2) 0.45 0.22-0.93 0.03 043 0.21-0.88 0.02
Smoking index (<600 vs. =600) 0.59 0.36-0.99 0.04 0.58 0.35-0.96 0.03
Tissue (Sq vs. non-Sq) 0.87 0.47-1.60 0.65 - - -
Brain metastasis (yes vs. no) 0.85 0.48-1.51 0.58 - - -
LDH (<222 vs. 2222) 0.75 0.45-1.23 0.25 - - -

HR: Hazard ratio; CI: confidence interval; PS: performance status; Sq: squamous cell carcinoma; LDH: lactate dehydrogenase.
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Figure 3. Representative pathology images. Representative pathology images showing the CD8% tumor infiltrating lymphocyte status of a non-

responder (Smoking index: 0) and a responder (Smoking index: 1280).

Smoking results in a high DNA mutational load in tumor
cells (14-17). In addition, the etiology of smoking-
associated cancers can be attributed to both mutagenic and
immunomodulatory mechanisms. Lung squamous cell
carcinoma, which is a representative of smoking-associated
cancers, has been shown to have a strong pro-
inflammatory phenotype characterized by an immune-
inflamed TME (17).

Regarding the association between smoking history and
response to anti-PD-1 therapy, the KEYNOTE-001 trial
reported that high PD-L1 expression (TPS =50%) was
correlated with a current/ever smoking history and was
associated with an increased efficacy of pembrolizumab (18).
Li et al. reported that even among those with high tumor PD-
L1 expression levels, smoking status appeared to be an
important additional factor associated with response (19). In
addition, Rizvi et al. reported that a molecular smoking
signature was associated with the efficacy of pembrolizumab
in patients with advanced NSCLC (20). Therefore, smoking
history has been a clinical predictor of the efficacy of PD-1
blockade therapy, probably because of the tumor mutation
burden (TMB) in such patients. Our study showed that a
heavy smoking habit could predict the response to PD-1
blockade. Therefore, patients with neither PD-L1 expression
nor a smoking history are unlikely to benefit from PD-1
blockade therapy.

In the present study, we exploratorily evaluated how the
presence of a smoking habit affects the density of CD8*
TILs, which was a predictive biomarker of a response to PD-
1 blockade therapy in PD-L1 expression-negative tumors.
Indeed, an immune-inflamed phenotype was significantly
associated with the SI in PD-L1 negative tumors. Schalper
et al. reported that the CD8* TIL status, but not CD3* or
CD20* TIL status, was significantly associated with smoking
history and the prognosis of NSCLC patients, regardless of
PD-L1 expression (7). Additionally, in our study, the
multivariate analysis showed that the CD8" TIL status was
the best predictive factors of PFS in patients with PD-L1
negative tumors (Table III). On the other hand, the size of
biopsy samples in patients with advanced lung cancer is
small, and it was difficult to evaluate the status of TILs in
all NSCLC patients. Thus, we analyzed the association
between the clinical factors and the status of CD8* TILs, and
found that high density of CD8* TILs was significantly
associated with a heavy smoking history.

The present study has several limitations. First, it is
retrospective, and the number of patients was limited. Since
the tissue size differed depending on the method used for
tissue collection, we could not take into account the
heterogeneity of PD-L1 expression. Second, a standardized
method of evaluating CD8" TILs to identify the immune-
inflamed phenotype has not yet been established. Also, it

5743



ANTICANCER RESEARCH 41: 5739-5747 (2021)

A B _
p=0.03 =
1500 =
= —— High CD8*TILs (n= 11) median: 13.2 months
—~— 2 100+ —— | ow CD8"TILs (n=32) median: 1.9 months
7
— 3
£ 1000 = 75—
S c
= Rel
4 7
4'-: GSJ) 50—
a8 500 o
o o
5 25
>
E
0 g 0 T T T T
& & De_ 0 12 24 36 48
@Q"Q %Q"Q Months
@ o .
éoo' Number at risk
High CD8*TILs 11 6 3 2 0
Low CD8*TILs 32 3 1 0 0
C
4000 — po.04
X ——  High CD8"TILs (n= 11) median: 29.2 months
= 100 ——  Low CD8"TILs (n=32) median: 10.0 months
=
3000 b
% 7 754
E T
D 2000 Q
£ 3 50-
2 ks
7] Py
1000 3 25—
@®
QO
o
o a0 T T T T 1
0 12 24 36 48 60
\/"o \/"o
A A Months
o ®
N © Number at risk
NY \é\\% .
High CD8*TILs 11 8 6 3 1 0
Low CD8*TILs 32 13 6 1 0 0

Figure 4. Evaluation of CD8% tumor infiltrating lymphocytes (TILs). (A) Difference in CD8% TILs according to the response to nivolumab. (B)
Progression-free survival after nivolumab treatment and overall survival according to the CD8* TIL status. (C) Difference in smoking history
according to the CD8* TIL status.

remains unclear whether the cutoff value of SI 600 is relevant. ~ such as TMB and the mutation profiles for STK11 and
ST 600 is defined as heavy smoking history, and assumed asa ~ KEAPI1, were not analyzed. Therefore, further investigations
high risk of lung cancer (21). Additionally, seven of 8  of the associations between TMB, mutation profiles, and the
responders had heavy smoking history (SI =600), while none  clinical outcomes of PD-1 blockade therapy are needed.

of the responders were non-smokers. Third, other biomarkers In conclusion, our data suggest a correlation between
known to be associated with the efficacy of PD-1 inhibitors, heavy smoking history and the efficacy of PD-1 blockade in
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Table III. Univariate and multivariate analyses including CD8+ TILs status for PFS of nivolumab.

Univariate analysis

Multivariate analysis

HR 95%Cl1 p-Value HR 95%CI1 p-Value
Age (<75 vs. =75) 0.83 0.20-3.43 0.80 - - -
Sex (male vs. female) 0.82 0.49-1.36 043 - - -
PS (0-1 vs. =2) 0.45 0.22-0.93 0.03 0.45 0.17-1.19 0.11
Smoking index (<600 vs. =600) 0.59 0.36-0.99 0.04 1.09 0.51-2.36 0.82
Tissue (Sq vs. non-Sq) 0.87 0.47-1.60 0.65 - - -
Brain metastasis (yes vs. no) 0.85 0.48-1.51 0.58 - - -
LDH (<222 vs. =222) 0.75 0.45-1.23 0.25 - - -
CDS8+TILs (<110 vs. =110) 0.33 0.14-0.74 <0.01 0.32 0.13-0.80 0.01

HR: Hazard ratio; CI: confidence interval; PS: performance status; Sq: squamous cell carcinoma; LDH: lactate dehydrogenase; TILs: tumor infiltrated

lymphocytes.
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Figure 5. Receiver operating characteristics curve. Receiver operating
characteristics curve for CD8* tumor infiltrating lymphocytes to predict
the response of nivolumab.

patients with PD-L1 expression-negative tumors. This is the
first study to focus on predictors of the efficacy of PD-1
blockade in patients with PD-L1 expression-negative tumors.
Even if PD-L1 expression is negative, PD-1 blockade can
produce a response in patients with advanced NSCLC who
have a heavy smoking history.

Conflicts of Interest

Dr. Yoshida has received grants and personal fees from AstraZeneca,
Bristol-Myers Squibb, grants from Abbvie, MSD, Ono Pharmaceutical,

Takeda Pharmaceutical, and personal fees from Chugai, Novartis. Dr.
Matsumoto has received grants from Grant-in-Aid for Scientific
Research on Innovative Areas, Hitachi High-Technologies, Hitachi,
Ltd., National Cancer Center Research and Development Fund, and
personal fees from AMCO INC., AstraZeneca, COOK, Olympus. Dr.
Okuma has received grants from Abbvie. Dr. Goto has received grants
and personal fees from Bristol-Myers Squibb, Daiichi- Sankyo, Eli
Lilly, Guardant Health, MSD, Novartis, Ono Pharmaceutical, Pfizer,
Taiho Pharmaceutical, grants from Kyorin, and personal fees from
AstraZeneca, Boehringer Ingelheim, Chugai, Illumina. Dr. Horinouchi
has received grants and personal fees from AstraZeneca, BMS,
Chugai, Eli Lilly, MSD, Taiho Pharmaceutical, Ono Pharmaceutical,
and grants from Astellas, Genomic Health, Merck Serono. Dr.
Yamamoto has received grants and personal fees from BMS,
Boehringer Ingelheim, Chugai, Eisai, Eli Lilly, Ono Pharmaceutical,
Pfizer, Takeda Pharmaceutical, grants from Astellas, Bayer, Chiome
Bioscience Inc., Daiichi-Sankyo, GSK, Janssen Pharma, Kyowa-
Hakko kirin, MSD, Merck, Novartis, Otsuka, Taiho Pharmaceutical,
Quintiles, Sumitomo Dainippon, and personal fees from AstraZeneca,
Otsuka, Cimic, Sysmex. Dr. Yatabe has received personal fees from
Archer, AstraZeneca, Chugai, Dako-Agilent, MSD, Novartis, Pfizer,
Thermo-Fisher Science, Ventana-Roche. Dr. Ohe has received grants
and personal fees from AstraZeneca, Bristol-Myers Squibb, Chugai,
Eli Lilly, Janssen Pharma, Kyorin, MSD, Nippon Kayaku, Novartis,
Ono Pharmaceutical, Pfizer, Taiho Pharmaceutical, Takeda
Pharmaceutical, grants from Kissei, personal fees from Boehringer
Ingelheim, Celtrion. Dr. Motoi has received grants and personal fees
from Ono Pharmaceutical, Roche Diagnostics, grants from NEC,
personal fees from AstraZeneca, Beckton Dickinson Japan, Covidien
Japan Inc, Miraca Life Sciences, MSD, Novartis, Taiho
Pharmaceutical. The remaining Authors declare no competing
interests.

Authors’ Contributions

YS and TY designed the study. YS, TM and HJ collected the
clinical data. YS performed statistical data analyses, interpretation
of the results and writing of the manuscript. YS, MS and NM
evaluated the pathological findings. YS and TY drafted the
manuscript. All Authors discussed the manuscript and approved the
final version.

5745



ANTICANCER RESEARCH 41: 5739-5747 (2021)

Acknowledgements

This work was supported by Grant funds JP18K07036 to MEXT
Kakenhi, JP20314944 to AMED, JP18980565 to AMED. The
Authors appreciate all the patients and investigators from the
Oncologic Department of the National Cancer Center Hospital for
their participation and contributions.

Funding

Grants-in-Aid for Scientific Research-MEXT Kakenhi, Japan (grant
number JP18K07036), and Japan Agency for Medical Research and
Development (AMED), Tokyo, Japan (grant numbers JP20314944,
JP18980565).

References

1 Reck M, Rodriguez-Abreu D, Robinson AG, Hui R, Csoszi T,
Fiilop A, Gottfried M, Peled N, Tafreshi A, Cuffe S, O’Brien M,
Rao S, Hotta K, Leiby MA, Lubiniecki GM, Shentu Y,
Rangwala R, Brahmer JR and KEYNOTE-024 Investigators:
Pembrolizumab versus chemotherapy for PD-L1-positive non-
small-cell lung cancer. N Engl J Med 375(19): 1823-1833,2016.
PMID: 27718847. DOI: 10.1056/NEJMoal606774

2 Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M, Ready
NE, Chow LQ, Vokes EE, Felip E, Holgado E, Barlesi F,
Kohlhdufl M, Arrieta O, Burgio MA, Fayette J, Lena H,
Poddubskaya E, Gerber DE, Gettinger SN, Rudin CM, Rizvi N,
Crino L, Blumenschein GR Jr, Antonia SJ, Dorange C, Harbison
CT, Graf Finckenstein F and Brahmer JR: Nivolumab versus
docetaxel in advanced nonsquamous non-small-cell lung cancer.
N Engl J Med 373(17): 1627-1639, 2015. PMID: 26412456.
DOI: 10.1056/NEJMoal507643

3 Rittmeyer A, Barlesi F, Waterkamp D, Park K, Ciardiello F, von
Pawel J, Gadgeel SM, Hida T, Kowalski DM, Dols MC,
Cortinovis DL, Leach J, Polikoff J, Barrios C, Kabbinavar F,
Frontera OA, De Marinis F, Turna H, Lee JS, Ballinger M,
Kowanetz M, He P, Chen DS, Sandler A, Gandara DR and OAK
Study Group: Atezolizumab versus docetaxel in patients with
previously treated non-small-cell lung cancer (OAK): a phase 3,
open-label, multicentre randomised controlled trial. Lancet
389(10066): 255-265, 2017. PMID: 27979383. DOI:
10.1016/S0140-6736(16)32517-X

4 Brahmer J, Reckamp KL, Baas P, Crino L, Eberhardt WE,
Poddubskaya E, Antonia S, Pluzanski A, Vokes EE, Holgado E,
Waterhouse D, Ready N, Gainor J, Arén Frontera O, Havel L,
Steins M, Garassino MC, Aerts JG, Domine M, Paz-Ares L,
Reck M, Baudelet C, Harbison CT, Lestini B and Spigel DR:
Nivolumab versus docetaxel in advanced squamous-cell non-
small-cell lung cancer. N Engl J Med 373(2): 123-135, 2015.
PMID: 26028407. DOI: 10.1056/NEJMoal504627

5 Taube JM, Klein A, Brahmer JR, Xu H, Pan X, Kim JH, Chen
L, Pardoll DM, Topalian SL and Anders RA: Association of PD-
1, PD-1 ligands, and other features of the tumor immune
microenvironment with response to anti-PD-1 therapy. Clin
Cancer Res 20(19): 5064-5074, 2014. PMID: 24714771. DOI:
10.1158/1078-0432.CCR-13-3271

6 Teng MW, Ngiow SF, Ribas A and Smyth MJ: Classifying
cancers based on T-cell infiltration and PD-L1. Cancer Res

5746

75(11): 2139-2145, 2015. PMID: 25977340. DOI: 10.1158/0008-
5472.CAN-15-0255

7 Schalper KA, Brown J, Carvajal-Hausdorf D, McLaughlin J,
Velcheti V, Syrigos KN, Herbst RS and Rimm DL: Objective
measurement and clinical significance of TILs in non-small cell
lung cancer. J Natl Cancer Inst /07(3): dju435, 2015. PMID:
25650315. DOI: 10.1093/jnci/dju435

8 Donnem T, Hald SM, Paulsen EE, Richardsen E, Al-Saad S,
Kilvaer TK, Brustugun OT, Helland A, Lund-Iversen M, Poehl
M, Olsen KE, Ditzel HJ, Hansen O, Al-Shibli K, Kiselev Y,
Sandanger TM, Andersen S, Pezzella F, Bremnes RM and
Busund LT: Stromal CD8+ T-cell density — a promising
supplement to TNM staging in non-small cell lung cancer. Clin
Cancer Res 2/(11): 2635-2643, 2015. PMID: 25680376. DOI:
10.1158/1078-0432.CCR-14-1905

9 Fumet JD, Richard C, Ledys F, Klopfenstein Q, Joubert P, Routy
B, Truntzer C, Gagné A, Hamel MA, Guimaraes CF, Coudert B,
Arnould L, Favier L, Lagrange A, Ladoire S, Saintigny P, Ortiz-
Cuaran S, Perol M, Foucher P, Hofman P, Ilie M, Chevrier S,
Boidot R, Derangere V and Ghiringhelli F: Prognostic and
predictive role of CD8 and PD-L1 determination in lung tumor
tissue of patients under anti-PD-1 therapy. Br J Cancer /79(8): 950-
960, 2018. PMID: 30318514. DOI: 10.1038/s41416-018-0220-9

10 Konishi J, Yamazaki K, Azuma M, Kinoshita I, Dosaka-Akita H

and Nishimura M: B7-H1 expression on non-small cell lung cancer

cells and its relationship with tumor-infiltrating lymphocytes and

their PD-1 expression. Clin Cancer Res /0(15): 5094-5100, 2004.

PMID: 15297412. DOI: 10.1158/1078-0432.CCR-04-0428

Lizotte PH, Ivanova EV, Awad MM, Jones RE, Keogh L, Liu H,

Dries R, Almonte C, Herter-Sprie GS, Santos A, Feeney NB,

Paweletz CP, Kulkarni MM, Bass AJ, Rustgi AK, Yuan GC,

Kufe DW, Jinne PA, Hammerman PS, Sholl LM, Hodi FS,

Richards WG, Bueno R, English JM, Bittinger MA and Wong

KK: Multiparametric profiling of non-small-cell lung cancers

reveals distinct immunophenotypes. JCI Insight /(14): e89014,

2016. PMID: 27699239. DOI: 10.1172/jci.insight.89014

12 Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D,
Ford R, Dancey J, Arbuck S, Gwyther S, Mooney M, Rubinstein
L, Shankar L, Dodd L, Kaplan R, Lacombe D and Verweij J: New
response evaluation criteria in solid tumours: revised RECIST
guideline (version 1.1). Eur J Cancer 45(2): 228-247, 2009.
PMID: 19097774. DOI: 10.1016/j.ejca.2008.10.026

13 Kanda Y: Investigation of the freely available easy-to-use software
‘EZR’ for medical statistics. Bone Marrow Transplant 48(3): 452-
458, 2013. PMID: 23208313. DOI: 10.1038/bmt.2012.244

14 Govindan R, Ding L, Griffith M, Subramanian J, Dees ND,
Kanchi KL, Maher CA, Fulton R, Fulton L, Wallis J, Chen K,
Walker J, McDonald S, Bose R, Ornitz D, Xiong D, You M,
Dooling DJ, Watson M, Mardis ER and Wilson RK: Genomic
landscape of non-small cell lung cancer in smokers and never-
smokers. Cell 150(6): 1121-1134, 2012. PMID: 22980976. DOI:
10.1016/j.cell.2012.08.024

15 Alexandrov LB, Ju YS, Haase K, Van Loo P, Martincorena I,
Nik-Zainal S, Totoki Y, Fujimoto A, Nakagawa H, Shibata T,
Campbell PJ, Vineis P, Phillips DH and Stratton MR: Mutational
signatures associated with tobacco smoking in human cancer.
Science 354(6312): 618-622, 2016. PMID: 27811275. DOLI:
10.1126/science.aag0299

16 Norum J and Nieder C: Tobacco smoking and cessation and PD-
L1 inhibitors in non-small cell lung cancer (NSCLC): a review

1

—_



Shimoda et al: Smoking History Predicts the Efficacy of PD-1 Blockade in PD-L1 Negative NSCLC

of the literature. ESMO Open 3(6): 000406, 2018. PMID:
30305940. DOI: 10.1136/esmoopen-2018-000406

17 Desrichard A, Kuo F, Chowell D, Lee KW, Riaz N, Wong RJ,

Chan TA and Morris LGT: Tobacco smoking-associated
alterations in the immune microenvironment of squamous cell
carcinomas. J Natl Cancer Inst //0(12): 1386-1392, 2018.
PMID: 29659925. DOI: 10.1093/jnci/djy060

18 Garon EB, Rizvi NA, Hui R, Leighl N, Balmanoukian AS, Eder

JP, Patnaik A, Aggarwal C, Gubens M, Horn L, Carcereny E,
Ahn MJ, Felip E, Lee JS, Hellmann MD, Hamid O, Goldman
JW, Soria JC, Dolled-Filhart M, Rutledge RZ, Zhang J,
Lunceford JK, Rangwala R, Lubiniecki GM, Roach C,
Emancipator K, Gandhi L and KEYNOTE-001 Investigators:
Pembrolizumab for the treatment of non-small-cell lung cancer.
N Engl J Med 372(21): 2018-2028, 2015. PMID: 25891174.
DOI: 10.1056/NEJMoal501824

19 Li JIN, Karim K, Sung M, Le LW, Lau SCM, Sacher A and

Leighl NB: Tobacco exposure and immunotherapy response in
PD-L1 positive lung cancer patients. Lung Cancer /50: 159-163,
2020. PMID: 33171404. DOI: 10.1016/j.lungcan.2020.10.023

20 Rizvi NA, Hellmann MD, Snyder A, Kvistborg P, Makarov V,

21

Havel JJ, Lee W, Yuan J, Wong P, Ho TS, Miller ML, Rekhtman
N, Moreira AL, Ibrahim F, Bruggeman C, Gasmi B, Zappasodi
R, Maeda Y, Sander C, Garon EB, Merghoub T, Wolchok JD,
Schumacher TN and Chan TA: Cancer immunology. Mutational
landscape determines sensitivity to PD-1 blockade in non-small
cell lung cancer. Science 348(6230): 124-128, 2015. PMID:
25765070. DOI: 10.1126/science.aaal348

Brinkman GL and Coates EO Jr: The effect of bronchitis, smoking,
and occupation on ventilation. Am Rev Respir Dis 87: 684-693,
1963. PMID: 14015517. DOI: 10.1164/arrd.1963.87.5.684

Received September 7, 2021
Revised October 10, 2021
Accepted October 11, 2021

5747



