Detection of programmed cell death-ligand 1 using 22C3
antibody in patients with unresectable stage III non-small
cell lung cancer receiving chemoradiotherapy
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Abstract

Background The expression of programmed cell death-ligand 1 (PD-L1) is a biomarker for administering immune check
point inhibitors in patients with advanced stage non-small cell lung cancer. Although the consolidation therapy of durvalumab
after definitive chemoradiotherapy has become the new standard of care for patients with unresectable stage III non-small
cell lung cancer, the prevalence and prognostic role of PD-L1 expression in this population remain unclear.

Methods We retrospectively reviewed data from patients with unresectable stage III non-small cell lung cancer who received
definitive chemoradiotherapy at our institution between 2012 and 2017. Levels of PD-L1 were assessed using 22C3 antibody,
and associations of progression-free and overall survival rates with PD-L1 statuses at a tumor proportion score cutoff of 1%
were analyzed.

Results Among the 104 patients enrolled, PD-L1 statuses were as follows: tumor proportion score < 1%, 73 (70.2%); 1-49%,
21 (20.2%); and > 50%, 10 (9.6%). The number of patients with stage III non-small cell lung cancer with pretreatment PD-L1
tumor proportion score > 1% was less than the number with advanced stage disease. There was no association between patient
characteristics and PD-L1 status, and no significant differences were observed in progression-free and overall survival rates
relative to PD-L1 status.

Conclusion Expression of PD-L1 in patients with stage III non-small cell cancer before chemoradiotherapy should be
assessed because of the low prevalence of tumors with tumor proportion scores > 1%. Further studies are needed to clarify
whether durvalumab improves survival after definitive chemoradiotherapy, irrespective of tumor PD-L1 expression.

Keywords Chemoradiotherapy - Immunohistochemistry - PD-L1 expression - Unresectable stage III non-small cell lung
cancer
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overall survival (OS) in patients with unresectable stage III
NSCLC who did not experience disease progression after 2
or more cycles of platinum-based CRT [6, 7]. Based on these
data, the consolidation therapy of durvalumab after defini-
tive CRT has become the new standard of care for patients
with unresectable stage III NSCLC.

PD-L1 status has emerged as a predictive biomarker for
administering immune checkpoint inhibitors (ICIs), such as
those targeting programmed cell death-1 (PD-1) or PD-L1,
to patients with stage IV NSCLC [8-10]. However, the
pretreatment expression status of PD-L1 was not an inclu-
sion criterion in the PACIFIC trial [6]. Nonetheless, post
hoc analyses of the PACIFIC trial reported that in patients
with PD-L1 expression less than 1%, durvalumab consoli-
dation therapy after definitive CRT did not improve OS
[11]. Therefore, it is still inconclusive whether pretreatment
tumor PD-L1 expression can be used as a biomarker for the
administration of consolidation therapy with durvalumab in
patients with unresectable stage III NSCLC. Furthermore,
to date, the expression of PD-L1 in these patients has not
been fully investigated.

Based on the above, we conducted this study to inves-
tigate the prevalence and prognostic role of pretreatment
PD-L1 protein expression using the 22C3 antibody in
patients with unresectable stage IIl NSCLC who underwent
definitive CRT without durvalumab as consolidation therapy.

Patients and methods
Study design

We retrospectively reviewed records from patients with his-
tologically confirmed unresectable stage III NSCLC who
received definitive CRT without durvalumab as consolida-
tion therapy at Shizuoka Cancer Center between April 2012
and March 2017. Unresectable stage III NSCLC was defined
according to the Union International for Cancer Control
(UICC)-TNM 8th edition [12]. Tumor PD-L1 expression
was measured in formalin-fixed paraffin-embedded (FFPE)
tumor tissue samples collected for initial diagnosis. We pre-
pared tumor tissue sections for PD-L1 immunostaining in
August 2017. To ensure PD-L1 stainability, we investigated
PD-L1 expression status in patients whose tumor tissue had
been collected and formalin-fixed after April 2012. Patients
whose tumor tissue samples were not stored at the institu-
tion were excluded, as were the patients who did not have
adequate tissue specimens for evaluating a minimum of 100
cancer cells on the tissue sections. The present study was
conducted in accordance with the guidelines of the Decla-
ration of Helsinki (as revised in Fortaleza, Brazil, October
2013), and was approved by the Institutional Review Board
of Shizuoka Cancer Center.
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Immunohistochemical analysis

Tumor tissue sections (4 pm) were mounted on glass slides
and PD-L1 expression was assessed by Dako’s companion
diagnostic test (PD-L1 THC 22C3 pharmDx; Dako North
America, Carpinteria, CA) on the Dako Autostainer Link 48
platform, which is commercially used for diagnostic tests.
All stained slides were evaluated for PD-L1 membrane stain-
ing by the commercial vendor’s pathologists (SRL, Inc.).
PD-L1 protein expression was determined using tumor
proportion score (TPS), the percentage of viable tumor
cells that showed partial or complete membrane staining
for PD-L1. Levels of PD-L1 expression were divided into
three categories: negative (TPS < 1%), weakly positive (TPS
1-49%), and strongly positive (TPS >50%).

Patient characteristics

Baseline patient characteristics data, including sex; age at
diagnosis; Eastern Cooperative Oncology Group-perfor-
mance status (ECOG-PS); smoking history; sampling meth-
ods; histology; driver mutation status; clinical stage accord-
ing to the UICC-TNM 8th edition; chemotherapy regimen;
best response to treatment; and blood tests were retrospec-
tively obtained from electronic medical records. Smoking
history was assessed as the cumulative amount of smoking
using the Brinkman Index (the number of cigarettes smoked
per day multiplied by the number of years of smoking) [13].
Treatment response was defined according to the ‘Response
Evaluation Criteria in Solid Tumors (RECIST)’ version 1.1
as assessed by computed tomography [14].

Statistical analyses

We examined the prevalence of PD-L1 protein expression
and compared clinical baseline characteristics according to
PD-L1 status using the Pearson chi-square test or Fisher’s
exact test for categorical variables and the Wilcoxon rank-
sum test for continuous variables. PFS was defined as the
interval between the date of the initial CRT and the date of
detection of disease progression, death, or the last follow-up
visit. OS was defined as the interval between the date of the
initial CRT and the date of death or the last follow-up visit.
Patients who remained alive were censored. We compared
PFS and OS according to PD-L1 protein expression status
at TPS cutoff of 1%. PFS and OS curves were constructed
using the Kaplan—-Meier method, and the groups were com-
pared according to their PD-L1 statuses using log-rank
tests. A multivariate logistic regression and Cox propor-
tional hazards model were used to assess potential associa-
tions between survival benefit and patient characteristics,
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including PD-L1 status. All p values are two-sided, and a
value of <0.05 was considered statistically significant. All
statistical analyses were performed using the statistical soft-
ware JMP® 13 (SAS Institute Inc., Cary, NC, USA).

Results
Patient characteristics

Figure 1 shows the flowchart for patient enrollment in this
retrospective study. Among all 147 screened patients with
stage III NSCLC who were scheduled to receive definitive
radiation therapy with or without chemotherapy, 43 were
excluded due to not having any preserved tissues at Shizuoka
Cancer Center (n=27); undergoing definitive radiotherapy
without chemotherapy because of old age at initial treat-
ment (n=>5), poor performance status (n = 3), or complicat-
ing comorbidities (n = 1); and inadequate tissue samples for
PD-L1 immunohistochemical staining (n=7). Finally, 104
patients were eligible and enrolled. All patients were treated
with at least two cycles of platinum-based chemotherapies
without durvalumab as a consolidation therapy. Thoracic
radiotherapy was delivered at 60 Gy in 30 daily fractions,
and was performed concurrently for all patients.

The baseline characteristics of the 104 unresectable stage
III NSCLC patients are summarized in Table 1. The study

All screened patients with stage IIl NSCLC
planed definitive radiation therapy with or without chemotherapy
(n=147)

population comprised 84 male and 20 female patients. The
median age of patients at diagnosis was 65 years (range
40-82 years). Fifty-eight percent of patients had ECOG-PS
0, 21% had ECOG-PS 1, and 1% had ECOG-PS 2. 96 (92%)
patients had a history of smoking, and 86 (83%) patients
were heavy smokers (Brinkman index >400). Patients were
diagnosed with stage IITA (38%), IIIB (48%), and ITIC (14%)
according to the UICC-TNM 8th edition. Overall, 82 (79%)
samples were obtained transbronchially and 21 (20%) percu-
taneously. The biopsy sites of these tissue samples were the
primary site in 83 (80%) cases and lymph nodes in 21(20%)
cases. The median storage time for the archived FFPE tumor
tissue samples was 42.0 months (range 5.4—68.4 months).
The lung cancer histological types included 61 adenocar-
cinomas, 34 squamous cell carcinomas, and 9 diagnosed as
other types. Seventy-two patients (69%) were examined for
driver mutations, which were positive in 7 (6 had EGFR
mutations and 1 showed ALK gene rearrangement).

Expression status of PD-L1

Representative PD-L1 staining patterns in the tumor speci-
mens according to TPS are shown in Fig. 2. Figure 3 shows
the prevalence of PD-L1 protein expression status in all
patients (a) and according to histology (b, c). Of the 104
lung tumor specimens analyzed, 73 (70%), 21 (20%), and 10
(10%) patients showed PD-L1 expression status at TPS < 1%,

| Excluded (n =27)
- No archived tissues available in Shizuoka Cancer
Center

A 4

Patients with stage IIl NSCLC whose diagnostic samples were available
(n=120)

Excluded (n=9)

- Received definitive radiotherapy without chemotherapy for the following reasons:
- Old age at initial treatment (n=5)
- Poor performance status (n =3)
- Complicating comorbidities (n=1)

'

Patients enrolled in this study
(n=104)

Excluded (n =7)
- Inadequate tissue samples not containing sufficient number of tumor cells

Fig. 1 Flow diagram of all screened patients with stage III NSCLC who received definitive radiotherapy. NSCLC non-small cell lung cancer
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Table 1 Patient characteristics

] All patients, n=104 TPS< 1%, n=73 TPS> 1%, n=31 p value
according to PD-L1 status at
TPS cutoff of 1% Age, years 0.71
Median (range) 65 (40-82) 65 (46-81) 66 (40-82)
Gender 0.60
Male 84 (81%) 58 26
Female 20 (19%) 15 5
Performance status 0.62
0 61 (59%) 41 20
1 42 (40%) 31 11
2 1(1%) 1 0
Smoking history 0.18
Smoker 96 (92%) 58 28
BI>400 86 (83%) 15 3
BI<400* 18 (17%)
Stage 0.18
IIIA 39 (38%) 24 15
1B 50 (48%) 36 14
IIIC 15 (14%) 13 2
Histology 0.37
Ad 61 (59%) 46 15
Sq 34 (33%) 21 13
Other 9 (9%) 6 3
Sampling method 0.76
Transbronchial biopsy 82 (79%) 58 24
Forceps 65 45 20
Needle aspiration 17 13 4
Percutaneous methods 21 (20%) 14 7
CT guided 14 10 4
Sonography-guided 4 3 1
Surgical resection 3 1 2
Other 1 (1%) 1 0
Biopsy site 0.89
Primary 83 (80%) 58 25
Lymph node 21 (20%) 15 6
Storage period, months 0.77
Median (range) 42.0 (5.4-68.4) 42.1 (5.4-66.1) 41.2 (5.5-68.4)
The driver mutation status 0.10
Positive 7(7%) 6 1
EGFR mutation 6 5 1
ALK rearrangement 1 1 0
Negative 65 (63%) 49 16
Unknown 32 (31%) 18 14
Chemotherapy regimens 0.19
CDDP based 71 (68%) 47 71
CBDCA based 33 (32%) 26 33
Pretreatment WBC, /pL 0.30
Median (IQR) 7435 (6262-8982) 7290 (6095-8840) 7580 (6610-9330)
Pretreatment Neut, /uL 0.27
Median (IQR) 4988 (3928-6196) 4704 (3873-6308) 5223 (4609-6009)
Pretreatment Alb, g/dL 0.16
Median (IQR) 3.9 3.64.2) 3.93.64.2) 4.03.744)
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Table 1 (continued) All patients, n=104 ~ TPS<1%,n=73  TPS>1% n=31  pvalue

Pretreatment LDH, U/L 0.86
Median (IQR) 189 (164-226) 192 (164-227) 183 (161-219)
Pretreatment CRP, mg/dL 0.94
Median (IQR) 0.8 (0.1-2.9) 0.7 (0.2-2.6) 0.9 (0.1-4.3)
Best response to treatment 0.29
CR 7 6 1
PR 66 42 24
SD 26 21 5
PD 5 4

PD-LI programmed cell death-ligand 1, TPS tumor proportion score, B/ Brinkman index, CT computed
tomography, EGFR epidermal growth factor receptor, ALK anaplastic lymphoma kinase, CDDP cisplatin,
CBDCA carboplatin, WBC white blood cell, IQR interquartile range, Neut neutrophils, Alb albumin, LDH
lactate dehydrogenase, CRP C-reactive protein, CR complete response, PR partial response, SD stable dis-
ease, PD progressive disease

*Eight never-smokers were included

a b C

TPS <1% TPS 1-49% TPS >50%

Fig.2 Representative PD-L1-staining patterns in a tumor specimen. PD-L] programmed cell death-ligand 1, TPS tumor proportion score

HTPS > 50%
CITPS 1-49%
FITPS <1%

All patients
(n=104) (n=61)

Fig.3 The prevalence of PD-L1 protein expression status in all patients (a) and according to histology (b, ¢). PD-LI programmed cell death-
ligand 1, pts patients, TPS tumor proportion score, Ad adenocarcinoma, Sq squamous cell carcinoma

1-49%, and > 50%, respectively (Fig. 3a). When categorized ~ and 4 (12%) of 34 squamous cell carcinomas (Fig. 3b, c).
by histological type, strongly positive PD-L1 expression  Table 1 shows patients’ characteristic in relation to PD-L1
(TPS >50%) was observed in 4 (7%) of 61 adenocarcinomas expression at TPS cutoff of 1%. No statistically significant
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differences were found between the TPS < 1% group and the
TPS > 1% group in any of the patient characteristics listed.
The median storage times for the archived FFPE tissue sam-
ples did not result in any statistically significant differences
between the TPS < 1% group and the TPS > 1% group (42.1
vs 41.2 months, p=0.77).

Treatment efficacy

Among the 104 patients, 63 (61%) had died by the study cut-
off date (December 27, 2019). The median follow-up period
for censored cases was 41.6 (range, 15.6-87.0) months.
The objective response rates were 64.9% and 80.6% in
patients with PD-L1 TPS < 1% and > 1%, respectively. The
Kaplan—Meier survival curves for PFS and OS are shown
in Fig. 4. The median PFS was 11.4 months (95% confi-
dence interval [CI], 8.9-15.4) in the TPS < 1% group and
10.9 months (95% CI, 8.3-17.3) in the TPS > 1% group.
No significant differences in PFS were observed relative
to PD-L1 expression at the TPS cutoff of 1% (hazard ratio
[HR] 1.17, 95% CI 0.74-1.81, log-rank p =0.49) (Fig. 4a).
Furthermore, the median OS was 36.8 (95% CI 31.0-50.7)
months in the TPS < 1% group and 32.8 (95% CI 20.0-50.2)
months in the TPS > 1% group, respectively, which was not
significantly different between the 2 groups (HR 1.26, 95%
CI 0.73-2.09, log-rank p =0.40) (Fig. 4b). Univariate and
multivariate Cox hazard model analyses for PFS and OS
are shown in Table 2. In the multivariate Cox hazard model
analysis for PFS, the HR for smoking status (Brinkman
index >400) was 0.53 (0.30-0.98, p=0.04), and only smok-
ing history, among patient characteristics, was associated
with PFS. The hazard ratio for PD-L1 expression (TPS > 1%)
was 1.22 (95% CI 0.75-1.93, p=0.41). In the multivariate
Cox hazard model analysis for OS, there was no apparent
predictor for OS among patient characteristics. The hazard

V]

— TPS>1% (n=31)

1.0
_ — TPS<1% (n=73)
<
>
B 0.8
Z
2 = Log-rank p = 0.49
8.2 0.6 HR =1.17 (95%C1 0.74 - 1.81)
<8
g
S 9
28 0.4
g
%D 0111 111
£ 0.2
0.0

0 12 24 36 48 60 72
Time (months)

ratio for the PD-L1 expression (TPS > 1%) was 1.07 (95%CI
0.60-1.87, p=0.81).

Treatment after relapse

Eighty-one (78%) patients experienced disease progression
at the cutoff date (December 27, 2019). Of the 73 patients
in the TPS < 1% group, 55 patients (75%) had tumor recur-
rence, whereas 26 of the 31 patients (84%) in the TPS > 1%
group experienced tumor recurrence. Among the 81 patients
with relapse, the first recurrence site presented as distant
metastasis in 45, locoregional relapse in 30, both distant
and locoregional involvement in 6 patients. In the TPS < 1%
group, distant relapse was observed in 36 patients (49%),
whereas 15 patients (48%) demonstrated distant relapse in
the TPS > 1% group.

Fifty-seven (70%) of 81 patients with relapse received
second-line chemotherapy. Four (67%) of 6 patients with
EGFR mutation, who experienced relapse, received EGFR
inhibitors, and 1 patient with ALK rearrangement received
ALK inhibitors. Twenty (25%) of 81 relapsed cases received
ICIs at any subsequent lines. Of the 73 patients in the
TPS < 1% group, 12 patients (16%) were treated with IClIs,
whereas 8 of the 31 patients (26%) in the TPS > 1% group
were treated with ICIs.

Discussion

In this retrospective study, we evaluated the prevalence of
pretreatment PD-L1 expression in tumors from patients
with unresectable stage III NSCLC who underwent defini-
tive CRT without durvalumab as consolidation therapy, and
observed a high frequency of the tumors in these patients
had a TPS of < 1% compared to the levels found in patients

b — TPS>1% (n=31)
1.0 — TPS<1% (n=73)
0.8

T; — Log-rank p = 0.40

25 06 HR = 1.26 (95%CI 0.73 - 2.09)

5 E

NS

= &

£S04

25

o
0.2
0.0

0 12 24 36 48 60 72 84
Time (months)

Fig.4 Kaplan—Meier curves showing progression-free survival (a) and overall survival (b) according to PD-L1 protein expression status at the
TPS cutoff of 1%. PFS progression-free survival, PD-LI programmed cell death-ligand 1, TPS tumor proportion score, HR hazard ratio
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Table 2 Univariate and multivariate analysis for PFS and OS according to characteristics

Characteristics

PFS

(O]

Univariate analysis

Multivariate analysis

Univariate analysis

Multivariate analysis

HR (95% CI) pvalue  HR (95% CI) pvalue  HR (95% CI) pvalue HR (95% CI) p value
Age at diagnosis
<70 1.00 (Reference)  0.75 1.00 (Reference)  0.98 1.00 (Reference)  0.72 1.00 (Reference)  0.54
>70 1.08 (0.68-1.67) 0.99 (0.61-1.58) 1.10 (0.64-1.86) 1.19 (0.67-2.04)
Gender
Male 1.00 (Reference)  0.97 1.00 (Reference)  0.56
Female 0.98 (0.56-1.64) 1.20 (0.63-2.15)
Performance status
0 1.00 (Reference)  0.46 1.00 (Reference)  0.32 1.00 (Reference)  0.93 1.00 (Reference)  0.85
1-2 0.85 (0.55-1.30) 0.79 (0.49-1.25) 0.98 (0.59-1.61) 1.05 (0.60-1.80)
Smoking history
BI<400 1.00 (Reference)  0.046 1.00 (Reference)  0.04 1.00 (Reference)  0.54 1.00 (Reference)  0.35
BI>400 0.56 (0.34-0.99) 0.53 (0.30-0.98) 0.81 (0.44-1.64) 0.71 (0.37-1.49)
Histology
Non-squamous 1.00 (Reference) 0.44 1.00 (Reference) 0.34 1.00 (Reference)  0.04 1.00 (Reference)  0.06
Squamous 1.19 (0.76-1.85) 1.27 (0.77-2.08) 1.72 (1.02-2.88) 1.75 (0.98-3.08)
Stage
IITA 1.00 (Reference)  0.33 1.00 (Reference)  0.37 1.00 (Reference)  0.47 1.00 (Reference)  0.58
1B 1.41 (0.89-2.26) 1.35 (0.84-2.20) 1.21 (0.71-2.07) 1.15 (0.66-2.00)
1IC 1.30 (0.67-2.39) 1.49 (0.72-2.96) 0.74 (0.29-1.63) 0.73 (0.27-1.77)
PD-L1 status
<1% 1.00 (Reference)  0.49 1.00 (Reference)  0.41 1.00 (Reference)  0.40 1.00 (Reference)  0.81
>1% 1.17 (0.74-1.81) 1.22 (0.75-1.93) 1.26 (0.73-2.09) 1.07 (0.60-1.87)
WBC
<7470 1.00 (Reference)  0.98 1.00 (Reference)  0.69
>7470 1.00 (0.65-1.52) 1.11 (0.67-1.82)
LDH
<189 1.00 (Reference)  0.46 1.00 (Reference)  0.93
>189 0.85 (0.56-1.30) 1.02 (0.62-1.69)
Alb
<3.9 1.00 (Reference)  0.50 1.00 (Reference)  0.37
>39 0.86 (0.57-1.32) 0.80 (0.48-1.31)

PFS progression-free survival, OS overall survival, HR hazard ratio, CI confidence interval, B/ Brinkman index, PD-LI programmed cell death-

ligand 1, WBC white blood cell, LDH lactate dehydrogenase

with advanced stage disease. Furthermore, we also demon-
strated that pretreatment PD-L1 expression status had no
prognostic role in these patients.

The pivotal studies, KEYNOTE-189 [15] and 407 [16],
in patients with previously untreated metastatic NSCLC
demonstrated that 30.6-35.2% of patients had a PD-L1
TPS of < 1%. In contrast, 70% of patients with unresect-
able stage III NSCLC had tumors with TPS < 1% in this
study. Several studies have reported the PD-L1 expres-
sion in early-stage NSCLC, including stage III (Table 3)
[17-26]. As listed in Table 3, PD-L1 expression in tumors
tended to be less frequent in early-stage NSCLC includ-
ing stage III than in metastatic stage IV disease. A large

retrospective cohort study investigating PD-L1 expression
in surgically resected, stage I-III NSCLC showed PD-L1
positivity was more frequent in higher stages [24]. Most
data of PD-L1 expression in Table 3 were obtained from
surgically resected specimens, which are reportedly reli-
able in spite of tumor heterogeneity [27-29]. Moreover,
there are two large studies that use the 22C3 antibody to
evaluate tumor PD-L1 status in patients with early-stage
operable NSCLC who have undergone surgical resection
[25, 26]. The results of these two studies were similar to
our study in the proportion of tumors with TPS > 1% [25,
26]. While, in the PACIFIC trial, the PD-L1 negative rate
assessed by SP263 antibody was reported to be 33% of
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Table 3 Previous studies on tumor PD-L1 protein expression in early-stage NSCLC, including stage III

Author Year Histology Stage Sampleresource Sample size  PD-L1 positive, N (%) PD-L1 Antibody IHC evaluation
All (stage III)
Tokito [17] 2015 NSCLC 1II Biopsy 74 (74) 55 (74.3) EPR1161 (Abcam) >5%
Schmidt [18] 2015 NSCLC I-III  Surgical resection 321 (51) 77 (24.0) E1L3N (CST) >5%
Tsao [19] 2017 NSCLC I-IV  Surgical resection 982 (170) 314 (32.0) E1L3N (CST) >1%
204 (20.8) >25%
141 (14.3) >50%
Huynh [20] 2016 Ad I-IV  Surgical resection 261 (22) 129 (49.4) E1L3N (CST) >1%
95 (36.5) >5%
62 (23.8) >50%
Inamura [21] 2016 Ad I-IV  Surgical resection 268 (78) 43 (16.0) E1L3N (CST) >5%
Takada [22] 2017 NSCLC  I-III  Surgical resection 499 (63) 189 (37.9) SP142 (Ventana) >1%
119 (23.8) >5%
71 (14.2) >10%
39 (7.8) >50%
Wu [23] 2017 Ad I-IV  Surgical resection 133 (42) 18 (13.5) SP263 (Ventana) >25%
Keith [24] 2020 NSCLC  I-III  Surgical resection 2008 (447) 871 (43.4) 28-8 (Abcam) >1%
454 (22.6) >25%
334 (16.6) >50%
Cooper [25] 2015 NSCLC  I-III  Surgical resection 678 (NA) 191 (28.2) 22C3 (Merck) >1%
50(7.4) >50%
Sun [26] 2016 NSCLC I-IV  Surgical resection 1070 (201) 478 (44.7) 22C3 (Merck) >1%
64 (6) >50%
The present study 2020 NSCLC 1III Biopsy 104 (104) 31 (29.8) 22C3 (Merck) >1%
10 (9.6) >50%

NSCLC non-small cell lung cancer, Sg squamous cell carcinoma, Ad adenocarcinoma, PD-LI programmed cell death-ligand 1, /HC immunohis-

tochemistry, CST cell signaling technology, NA not available

the evaluable population, which was different from our
results [11]. These discrepancy in the prevalence of PD-L1
expression between studies, which may be due to differ-
ences in anti-PD-L1 antibodies, assays, platforms, and
cutoff points. However, the Blueprint PD-L1 THC Assay
Comparison Project found that the extent and intensity of
tumors stained for PD-L1 using 22C3, 28-8, and SP263
IHC assays were comparable [30]. So, we consider that the
difference of PD-L1 antibodies may not be a main reason
for the discrepancy in the prevalence of PD-L1 expression
between the PACIFIC trial and our study. Notably, the
time-related deterioration of PD-L1 staining is a major
concern in our study [31], which may have been the cause
of the differences between studies. To avoid this, only
patients who had received CRT within 5 years prior to
the time of examining the specimens for this study were
included. Reanalyzing the data to include 35 patients
whose specimens had been taken within three years of
the study, did not change the proportion of patients with
PD-L1 TPS >50% and TPS 1-49% tumor, both of which
were still low (9% and 31%, respectively). Furthermore,
a reanalysis of data containing 19 patients whose sam-
ples were taken within 1 year showed the same trend
(TPS >50%, n=2, 11% and TPS 1-49%, n=35, 26%).
Thus, we also consider that the difference in the prevalence
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of PD-L1 expression between the PACIFIC trial and our
study may not be due to the time-related deterioration of
PD-L1 staining.

We also showed that there was no association between
PD-L1 expression status and therapeutic efficacy in
patients with unresectable stage III NSCLC who under-
went definitive CRT without durvalumab as consolida-
tion therapy. Notably, PFS was significantly better for
heavy smokers, but OS was not significantly different in
our study. Contrary to our findings, smoking habits were
reported to be an independent prognostic factor in patients
with lung cancer [32]. It is unclear why our study results
were favorable for PFS in heavy smokers. On the other
hand, it has been reported that smoking status in NSCLC
patients is not a prognostic factor for OS in Asian races,
which might explain our results [33].

Regarding whether PD-L1 expression is a prognostic fac-
tor in patients with inoperable stage IIIl NSCLC who receive
concurrent CRT, only a couple of studies have been pub-
lished. In one report, PD-L1 expression assessed by SP142
at the cutoff point of >5% was a negative prognostic fac-
tor for PFS and OS [34]. On the other hand, another study
reported that PD-L1 expression assessed by anti-rabbit mon-
oclonal antibody against PD-L1 (clone EPR1161) is not a
prognostic factor [17], and this result supports our findings.
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Recently, the PACIFIC trial demonstrates that dur-
valumab has a superior PFS advantage over placebo after
CRT in patients with unresectable stage III NSCLC,
regardless of their pretreatment PD-L1 expression lev-
els [6]. The reason of this efficacy was explained by the
hypothesis that radiation therapy could induce immu-
nomodulatory changes in the tumor microenvironment
which could affect the efficacy of immunotherapy [35-37].
Currently, the update results for the second primary end-
point of OS in PACIFIC trial were available [7]. Update
analysis shows that the PFS benefit has translated to a
significant OS prolongation. Moreover, the OS benefit of
durvalumab was also observed in all the prespecified sub-
groups including pretreatment PD-L1 status assessed by
SP263 at the cutoff point of 25%. However, exploratory
post hoc subgroup analysis suggested that patients with
tumor PD-L1 expression levels less than 1% would not
benefit from OS due to durvalumab [7, 11]. However, no
conclusion can be drawn, because the result was an explor-
atory post hoc analysis that excluded 36.7% of patients
with unknown tumor PD-L1 expression. In addition, there
is a lack of discussion about whether pretreatment PD-L1
expression status is a prognostic factor for definitive CRT
without durvalumab as consolidation therapy.

Therefore, we believe our findings provide clues to the
interpretation of the PACIFIC trial results as follows. In
our study, the proportion of patients with PD-L.1 TPS> 1%
tumors was low (30%), and there was no association between
PD-L1 expression status at the cutoff of TPS 1% and patient
characteristics of stage III NSCLC patients undergoing
definitive CRT. In addition, there were no significant differ-
ences in PFS and OS according to PD-L1 expression status
at the cutoff of TPS 1%. In other words, the baseline thera-
peutic effect of definitive CRT without durvalumab does not
change significantly by pretreatment PD-L1 expression lev-
els. Therefore, considering the results of the PACIFIC trial
and our study, we should routinely evaluate PD-L1 expres-
sion in stage III NSCLC patients before CRT and accumu-
late clinical data whether durvalumab adds survival benefits
after definitive CRT irrespective of tumor PD-L1 expression.

In this study, we focused on the potential importance of
PD-L1 expression in pre-CRT as a biomarker for predicting
the efficacy of durvalumab in patients receiving the current
standard of care, durvalumab consolidation therapy. This
is because data from the PACIFIC trial post hoc analysis
showed that durvalumab did not affect OS prolongation in
patients with PD-L1 TPS < 1%. A recent study has dem-
onstrated that PD-L1 expression on tumor cells was sig-
nificantly increased after CRT and there was no significant
correlation between pre-CRT and post-CRT tumoral PD-L1
expression [38]. Because PD-L1 expression status is as a
predictive biomarker for administering ICIs, further studies
are warranted to evaluate whether pre- and post-CRT PD-L1

expression may be a biomarker for durvalumab consolida-
tion therapy.

Our study had several limitations. First, it was a sin-
gle-institution retrospective study. However, as shown in
Table 3, we had a relatively large study population, despite
focusing exclusively on patients with stage III NSCLC. Sec-
ond, the tumor samples were small biopsy specimens and not
surgically resected specimens, which can result in PD-L1
status mismatch among the samples [27, 29]. However, sev-
eral prospective studies have shown that PD-L1 expression
assessed by the 22C3 antibody is a useful predictive bio-
marker, even when assessed in small tissue biopsy speci-
mens [8, 9, 39]. In addition, surgically resected samples are
usually unavailable in this population during the diagnostic
process, and so our study procedures are based on real-world
settings. In spite of all the limitations, to the best of our
knowledge, our study is the first to investigate the prognostic
value of PD-L1 using 22C3 antibody in patients with inoper-
able stage III NSCLC who are receiving concurrent CRT.

In conclusion, the proportion of pretreatment PD-L1
TPS > 1% in our samples was low, and we observed that
pretreatment PD-L1 TPS > 1%, as assessed by 22C3 anti-
body, is not a prognostic factor in patients with locally
advanced unresectable stage IIl NSCLC receiving definitive
CRT without durvalumab as consolidation therapy. PD-L1
expression in stage III NSCLC patients should be assessed
prior to CRT, because it still remains inconclusive whether
pretreatment expression of PD-L1 in tumor is a biomarker
for durvalumab consolidation therapy. Further studies are
needed to clarify whether or not durvalumab adds survival
benefits after definitive CRT, irrespective of tumor PD-L1
expression in clinical settings.
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77

(\‘Qu

BREZOER

J1y MATZ7H (2019412 A 27 H) OKET, 8L (78%) DBEMNRBMEITEZFEO T, TPS<

1%HED T3 D 5 B, 55 41 (75%) DIEEOFIREZRBOH TWIZDIZRL | TPSZ1%HED 31 fld 5 5

26 5 (84%) MIEBEOFREZRD TNz, FIE L7 8L FID 95 b, IO FIRENLIL, EIFE ) 45

B, JRFTEED 30 B, mIREERE & AT O 523 6 Bl TH -7, TPS<I%EETIE 36 il (49%) 12
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EIREEE 2GE80 DAL, TPS=1%HE TI 15 # (48%) ITERIEE LR b vz, ¥ L7z 81 fid 57
Bl (10%) M AL EZZ 7=, HHR %5 L7 EGFR (Epidermal growth factor receptor) i&
P EREZETLEE6HOHH 445 (67%) 73, EGFR FLEHKIZ 5 X4, ALK (Anaplastic lymphoma
kinase) MEUn TR A AT 2 EHE 1 F125 ALK BHEA 2 &G S vz, #58 L7z 81 il 20 6 (25%)
N, ZOHEDOWTININOIERT A THRIET = v 7 RA o MEFEERERG S, TPS<1%#E 73 fild
Db, 12 B (16%) BHRIETF = v 7 ARA » MLFEERIZ K D022 T. TPS=1%HE 31 il 5 5 8 fi
(26%) MEFEF = v 7 KA v MNLEEKIZ L DIBEEZIT T\,

[Z£]

AWFFETIX, YIBRAHE 11T HINSCLC IZBWT, 7 2 /b b~ 7 Z0F L 72 W ARIE OS2 R e v
T T BE ORISR DIREATO PD-L1 FEHLRDLAFHAM L. TPS 23 1%A T b 2 BEDEIEGD,
AT NSCLC BEICRBIT 20ME 0V b, JVEWHETHL ZENmhoTe, SIS, RHRATOMEL
281 5 PD-L1 EEBURIUL, 25 OBE ORIGILF RGO T %2 TRIT 2 b O TIERWZ
EDRENT, HNAWRIED 72 RS NSCLC FE 2 kf 5 & L7 EHEE 23k T % KEYNOTE189 #kER [9]
& 407 FBR[10] TlE, 30.6~35. 2%DHEE 23 PD-L1 TPS N 1%KRIETH D Z L AVREN TV, —F |
ARFFETIX, BIFRAEE 111 # NSCLC B IZB W TIE, T0%DHBEN TPS<1% %R L1z, W< DO
JEC. 1T &3¢0 B4 NSCLC (2361F % PD-L1 BELRIUIZ OV THE SN TV D (R 3 JRASR) [11-

0 RATIZ17-26) 1, R3IWIFT LI, EHREBELAET D IVHINSCLC K0 b 111 #1455 i
NSCLC FB#F IR Tlid, BT I T 2 PD-L1 FHMHEL 1T, ARVMEA 2D D, SARYICEIBR S 7z T-111
Ho> NSCLC IZH1F % PD-L1 FEBL &G AL L 722 T HAY = A8 — BAFJE T, PD-L1 OFEHLIZL, WA AT
LR, FBEIEN ERT 52 LRI NZ018] o &3 D PD-LL BEOT —HX DT & A EI3SEHIBIER
EANOH/EONTZ DO THY | EEOARE OB RN LEEENEVIE TH L [21-23], 51T
SNEHOEIBR % 521 72 T4l T RE 72 FLH] NSCLC FRFE 123\ T, B O PD-L1 OFBLIRI A -4~ 5 72
22C3 PURZAE L7z 2 DO KBAEHFFED 3 5 23, TPS > 1% D EB DEIA IRV T, Fox OAFFE L [FRET
&Ho7-[19, 20], —J7, PACIFIC #ERTlL, SP263 HUIATHMM L 7= PD-L1 fRMEDOHIG1E 33% L5 S
TRV, xR EITHRR> TV 8], T b DAFFER O PD-L1 B DO/ O AR —Hx, Yl
WéHHJﬁW\TV?4\77y%7¢—b\ﬁybﬁ7$4yb@@w:tlbfwéﬂ%%ﬁ
»H5H, LML, Blueprint PD-L1 IHC Assay Comparison Project TlX. 22C3. 28-8., SP263 IHC 7 v
A ZHWZ PD-L1 I X DO YA & REIXFRE TH LI LRI TV [24], Lienio
T, PD-L1 HLIRDiE N E, PACIFIC 7R & Tk 4 OAFFED M D PD-L1 FEHL O 4340 DAHEIC K & 72 B 52372
WEEZ L, AT ANEIE, PD-L1 oY@l L TR 22 B TH 0 [25], ZHAFZERI 025D iR
L:iﬁofk\éﬂﬁ%‘f@i%éo CNEBET DT, AT, b FELNITAL U BRI &2 = ) 7
BEOHREXIG L Lic, EHIT, MRIEEZEEL 7RIS 3 FELLN O RFE 35 1 0D F & B INFEHT 24T - 72
& Z A PD-L1 TPS=50%43 LN TPS 1-49% D FEHE OFIA X, 1L WITN IR - 70 (11 9%,
31%), BT, 1 FLINICEE S L7z 19 Bl o BE OBINENTC 6 | [6 TR R 57 (TPS=Z50 %,
n=2, 11%. TPS1-49%. n=5, 26%), L7223-> T, PACIFIC 3Bk &~ OWFFED MR PD-L1 FELD

SAADENZOWTOREK E LT, R L 5RO EMEDEALIZ L D b O TIXR W ATRENED
bD, Filo, AT TITUIERAGE 111 #] NSCLC FBFIZHBWT, 7 2/479b~ 7 &0 L 72 RIGHIE
FHEBIER DGR EIR L PD-L1 OFBURBIC BN 2N & b 6T Lz, FiliReE 111 #
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NSCLC T, [AIRFICARTEHI L P U SRR 5 2 52 T T2 R 128V L PD-LL BN FHRR - CTH L0 E 5
[ZOWTIE, DPEDOWIETHEELIN TN D, HLWMETIL,  SP142 Uik THHE L 72 PD-L1 38 &2, &
v bATZME 5%LLEE LT, PFS & 0S O P& zak il LA EE2 R Liz[26], —J7. BIOATETIE,
PD-L1IZRkIT BP0 VX% 7 o —F Pk (7 m—> EPR1161) TaEAfi L7= PD-L1 BEHAMF L TV
LM, THREFTERVWERELTEY [11]. ZoMRIEIHRL OMAEZZFT 260 TH o7,

B, PACIFIC BRERICIH\NT, 1BHEATO PD-L1 FBLRPLUZ b 63, BIBRREE 111 # NSCLC 3
TT 2V~ 7 M OFHEDPRIGRU L F BB IER I C 77 2RIk L TER . PFS DIER 27~
ZEDFEHI E N3], T OANMEDBRRIZ, BUR BRSO NR BRI W\ THRIEFHEIME D2 Mk
B L, TR RERIEORICEEL 5 X 5 ARER S D LWV GEIZ L > TS TS
[27-29], BIfETIE, PACIFIC SBROH DO FHFEHEHA TH D 0S D7 v 77— MERDP /R E 4L, PFS
DEIER I 0S OFBERIEE b REINZ[4], S6IZ, TaAUb~T7 0 08 IEEZRIL, 25%% 5
v bATEE LT SP263 TREAM L7269 ATD PD-L1 BBLRMA 2 G L EAICHE ST _XToV 7
TN—TRT TS S Te, L L, SRR ZR RN Tld. JEBFO PD-L1 FEILRVLAY 1% A D BH
X, T2l = I LD 0S DIEREZNENRBED RN EARBENT-[4, 8], LrL., ZOfEHRIL,
fEEE D PD-L1 FEH AR 72 BB 36. T% & FRAN LI RBN 2T BN ThH D720, fma i Z L1xT
7o, F7o. TRIERTO PD-L1 EEBRMA, F 2~ 7 2 0EH U WARIE B LR HUR B O T
BRTF-LRDMEIMDIZHONTIE, TRETT AN RRE LTV, Lo T, SRIOE X O
FEHLCIX, PACIFIC RBRAE RO 2 fHIH T 270D FRN D 252 T< Db D EE XD, Fer OHF
JECIE, PD-L1 TPS 1%LA EDBEERIG 1T 30% LK<, TPS 1%DF v F A 7MHIZIS 1T 2 PD-L1 FEBLRI &
FRIBEE FZ I RRIRIR & 5% 1 7= 111 1 NSCLC B O BE R E O IS IXBIEME IO b o7z, &
7o, TPS 1%DH v M A ZEIZIIT 5 PD-L1 FEBURDUT LV . PFS B LN 0S IZAHEZEITRD Hivigi-o
T2 DEV . T a2l T OHIE DL Z AT /2 ORI E U SR E O TR R IX . TRIERTO
PD-L1 ZBLRIUC LV RELSEDD I &RV L& /R LT, L7aR-> T, 111 # NSCLC B2\ T
IIRHI B BFERTOREE O PD-L1 FEUZ AR < 7 =2 b~ 7 BIRIGRI LA BUR B O &
FFRIZE 2809 500 E 9 Did, PACIFIC BBRDOFE R & Fex DIFFE A2 BB, WIRT — 2 O X b7 5 EE
MRS D & Bbivd, OB T, SN Eo PD-L1 HEMEF U IER IR/ BT
M2 Z & AR ENT2[38], PD-L1 OFBURILIZHRIET = v 7 KA v MREEE GO TRIANL F~—h
— LR D EREMEN S U | AL IRERT% O PD-L1 BB OEWEZFET 27200 & 572 HHF5E 4
BEThD,

AMFFENNTN LS ODDRANR D o7z, HFH—IZ, B OB GTHNETH -T2 L ThHDH, L
L. 3R T L HIT, 11T HINSCLC FRFEDAITHE A A Y TR L LCid, R R & 2L %
7z, 61T, EEIERIIAEBOIBREAR T3 SBUNRERBRIK CTh - 72 T2 DIZEZN O PD-L1 3§
BURRB DO A —MEA SR T & TWRWAEEMED & 5 (21, 23], — 5T, WL O ORTm EAFFEIC LV |
22C3 PUARTHM L7z PD-L1 Z8BLIZ, 72 & /0 S Ao BB AR A A TRl L 7= 3A T AR Tl
NAF=—H—ThHDHILIRENTWAI5 6, 31], 52, ZOEMATIE., ZHOER THER
IBRRIARITIEE AT CE RN, Fix O REFITEREOBRKZEFIHICE S boTH D, =
LORRFITH D3, Fox ORFFEIZ. [FIRFHREBIEH A 52 72 FHiAARe 111 8 NSCLC BT\ T, 22
C3 fuikz Hv 7z PD-L1 HBLE THZ T2 EA O TH 5,
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[FEaa]
Fex OBFFETIL, 22C3 PR TR L 7215%ER1D PD-L1 TPS= 1%DHISITAL < . JE#ERTO PD-L1 TPS
=1%23 R PTEITUIBRANEE 111 #] NSCLC A 1236 1T DARTEHU LA BB E O T2 R Tl o 72,
TREATOIEECIIT D PD-L1 BENT 2 L b~ T HIEDIRIEDO N, A~ —h— L2 D00 E 9 hidE
TERERR ST RS, TTT 8 NSCLC S 12881 D PD-L1 R BT, (LB EHRRIERTICRHE S b~ &
Th b, FEHEERIZIBWT, SO PD-L1 BBURIRR <. T 247 < 7 RIS b FHUR SR
BOAEFRRREZBMT DN E I DEHLNIT 7201213, S OLRIMEBMLETHD,

(R&&E
NSCLC : Non-small cell lung cancer
PFS : Progression—free survival
0S : Overall survival
PD-L1 : Programmed cell death-ligand 1
FFPE : Formalin—fixed paraffin—embedded
TPS : Tumor proportion score
ECOG-PS : Eastern Cooperative Oncology Group—performance status
UICC : Union International for Cancer Control
EGFR : Epidermal growth factor receptor,

ALK : Anaplastic lymphoma kinase
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