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ARTICLE INFO ABSTRACT

Keywords: Objectives: The treatment for stage III non-small cell lung cancer (NSCLC) is quite variable because stage III
PD-L1 NSCLC is a heterogenous disease. Programmed death ligand 1 (PD-L1) and CD8* tumor infiltrating lymphocytes
CD8" tumor infiltrating lymphocyte (TILs) are thought to be related to treatment outcome in many tumors. To improve treatment outcome in stage
CCRT

11T NSCLG, it is necessary to obtain data on PD-L1 expression and CD8* TIL counts following CCRT and their
relationship to treatment outcome.

Materials and methods: We retrospectively enrolled 43 patients with stage III NSCLC treated with neoadjuvant
CCRT followed by surgery at Yonsei Cancer Center Severance Hospital in Korea between June 2008 and October
2010. PD-L1 level and CD8™ TIL numbers in tumors following CCRT were analyzed by immunohistochemistry,
and their association with patient survival was evaluated with Kaplan-Meier method.

Results: More than half patients (52%) showed up- or downregulation of PD-L1 expression, and most patients
(81%) showed change in CD8™" TIL counts by CCRT. Patients with PD-L1 expression following CCRT tended to
have shorter recurrence free survival (RFS) (P = 0.182) or overall survival (OS) (P = 0.215) compared to the
ones without PD-L1 expression. In the survival analysis with pre-CCRT specimens, neither RFS nor OS showed
statistically significant differences. Patients with increased CD8 " TIL counts following CCRT regardless of pa-
thological response strongly showed longer OS (median: not reached vs. 14.2 months for others; P = 0.017).
Conclusions: CCRT dynamically alters PD-L1 expression and CD8* TIL numbers in stage III NSCLC. Our data
provide a rationale for combining CCRT and immunotherapy for the treatment of potentially resectable NSCLC.

Resectable NSCLC

1. Introduction NSCLC patients are diagnosed at a locally advanced stage such as stage
III [3], for which the standard treatment is concurrent chemoradiation

Lung cancer is the leading cause of death from cancer worldwide therapy (CCRT) and surgery with or without adjuvant therapy [4].
[1]. Non-small cell lung cancer (NSCLC) accounts for approximately Despite many efforts to improve treatment outcome, the 5-year survival

85% of all cases and has a 5-year survival rate of 15% [2]. Over 30% of rate for stage III NSCLC remains between 14%-24% [5].

Abbreviations: AUC, area under the curve; CCRT, concurrent chemoradiation therapy; CD8, cluster of differentiation 8; CR, complete response; DAMP, damage-
associated molecular pattern; IC, immune cell; MHC I, class I major histocompatibility complex; NSCLC, non-small cell lung cancer; OS, overall survival; pCR,
pathologic complete response; PD-1, programmed death 1; PD-L1, programmed death ligand 1; PR, partial response; RFS, recurrence-free survival; TC, tumor cell;
TIL, tumor-infiltrating lymphocyte
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Programmed death (PD)-1/PD ligand (PD-L1) inhibitors have shown
anti-tumor activity in stage IV NSCLC and are approved as standard
therapy [6-10]. The PD-L1 inhibitor durvalumab was shown to sup-
press tumor progression following completion of CCRT in patients with
locally advanced and unresectable stage III NSCLC [11,12]. Based on
the results of the phase III PACIFIC trial [11], the U.S. Food and Drug
Administration approved durvalumab for the treatment of patients with
locally advanced, unresectable NSCLC, where disease had not pro-
gressed following platinum-based CRT. Although the mechanisms un-
derlying the interaction between immunotherapy and CRT are not fully
understood [11], it has been suggested that combining these ap-
proaches can have beneficial synergistic effects [13-15].

The available information on changes in PD-L1 expression following
chemotherapy is inconsistent [16-18], and data on the effects of CCRT
on the tumor microenvironment in NSCLC patients are lacking [19-31].
The T cell phenotype of NSCLC—which includes high PD-L1 expression
and CD8" tumor infiltrating lymphocytes (TILs)—favors immune es-
cape and has been known for favorable predictive factor for PD-1
blockade [32]. To improve treatment outcome in stage III NSCLC, more
detailed data on PD-L1 expression and TIL numbers after CCRT and
their relationship to treatment outcome are needed. To this end, the
current study investigated the dynamics of PD-L1 expression and CD8*
T cell infiltration into lung tumors following CCRT in patients with
stage III NSCLC, and how these are correlated with patient survival.

2. Materials and methods
2.1. Patients

We retrospectively analyzed patients who were diagnosed with
stage III NSCLC and who underwent neoadjuvant CCRT followed by
curative surgery at Yonsei Cancer Center, Severance Hospital, between
June 2008 and October 2010. Patients were classified based on clinical
stage according to the 7th edition TNM classification [33]. Detailed
information on patient characteristics was obtained from an electronic
medical database. Those who reported never having smoked were de-
fined as never smokers, and the rest were considered smokers including
ex- and current smokers. Pre-CCRT specimens were obtained by biopsy
at the time of initial diagnosis, and post-CCRT specimens were obtained
at the time of surgery. Recurrence-free survival (RFS) was defined as
the period from the day of surgery until any recurrence of lung cancer,
death from any cause, or the end of the follow-up. Overall survival (OS)
was defined as the period from the day of surgery until death from any
cause or the end of the follow-up. The observation period lasted until
January 2017. This study was approved by the Institutional Review
Board of Severance Hospital.

2.2. Treatment

A total of 43 patients with stage III NSCLC were included in the
analysis. Weekly standard chemotherapy with five or six cycles of CCRT
included docetaxel (40 mg/m?) plus cisplatin (40 mg/m?) or paclitaxel
(45 mg/mz) plus carboplatin (area under the curve [AUC] 2). The ra-
diation dose was between 40 and 50 Gy. One patient underwent lo-
bectomy before completing CCRT due to a lung abscess requiring sur-
gery, and was included in all analyses except response to CCRT. The
total radiation dose for the patient was 10 Gy. Computed tomography
scans were performed every 3-4 months. Response to CCRT was eval-
uated based on the Response Evaluation Criteria in Solid Tumors
Guideline v.1.1 [34] prior to surgery and after completion of CCRT.
Patients who showed partial response (PR) or complete response (CR)
to CCRT were defined as responders.
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2.3. Immunohistochemistry analysis of PD-L1 expression in tumor cells
(TCs), immune cells (ICs) and CD8* TILs

Formalin-fixed paraffin-embedded tissue sections were cut at a
thickness of 4pum and stained with hematoxylin and eosin.
Immunohistochemistry was performed according to the 22C3 pharmDx
protocol using the Dako Automated Link 46 platform (Agilent
Technologies, Santa Clara, CA, USA) [35] or Ventana Bench Mark XT
Autostainer (Ventana Medical Systems, Tucson, AZ, USA) and SP263
antibody (Ventana; 1:100 dilution) [36]. Thirty-three patients (77%)
were tested with 22C3, and 10 patients were tested with SP263, and
same assay was used to the paired samples. PD-L1 positivity was de-
fined as membranous staining intensity = 1%, when the number of
tumor cells was at least one hundred. Unchanged expression of PD-L1
was defined as the same percentage of stained TCs in specimens col-
lected before and after CCRT from the same patient. The change in PD-
L1 expression after as compared to before CCRT was evaluated in each
patient.

The presence of CD8" TILs in NSCLC specimens was assessed by
immunohistochemistry using pre-diluted primary CD8 " antibody from
Dako (C8/144B). The percentage of CD8* lymphocytes compared to
the total number of nucleated cells in stromal compartments was as-
sessed using the following cutoff values: low density, < 25%; inter-
mediate density, > 25% to 50%; and high density, > 50%. An increase
or decrease in the number of CD8* lymphocytes was defined as an
increased or decreased percentage of labeled cells in post- as compared
to pre-CCRT specimens from the same patient.

Appropriate  positive and negative controls  for
munohistochemistry were included. Formalin-fixed, Paraffin-embedded
tissue of tonsil was used for control specimen. For PD-L1, positive
control was strong membrane staining in proportions of the crypt epi-
thelium and weak to moderate membranous staining of the germinal
center macrophages. For CD8, cytoplasmic staining in the paracortical
T-cells was considered as appropriate positive staining. Endothelium,
fibroblasts, and the surface epithelium of tonsil were used as negative
control for both PD-L1 and CD8 ™" TILs. Two pathologists independently
reviewed all hematoxylin and eosin and immunohistochemistry slides.
After independent review, discordant results were resolved by con-
sensus.

im-

2.4. Statistical analysis

Association was analyzed with the %2 test or Fisher’s exact test for
categorical variables. The Wilcoxon signed-rank test was used to com-
pare CD8" TILs and PD-L1 expression on TCs between matched pre-
and post-CCRT specimens, and the sign test was used to determine the
trend of changes in PD-L1 expression on TCs or CD8* TIL abundance
induced by CCRT (e.g., decrease or increase). CD8* TILs or tumor
cellularity according to changes in PD-L1 expression on ICs (no change,
decrease, and increase) was analyzed by one-way ANOVA. The Kaplan-
Meier method was used to estimate survival outcome and inter-group
comparisons were performed with the log-rank test. The correlation
between PD-1 expression and CD8* TIL infiltration was analyzed with
Spearman’s rank-order correlation test. The correlation between the
residual tumor cellularity and CD8 " TILs after CCRT was analyzed by
linear regression. The comparison of the residual tumor cellularity after
CCRT was performed by two-sample t-test. A P value < 0.05 was con-
sidered statistically significant. Statistical analyses were performed
using SPSS v.20.0 for Windows (SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Patient characteristics and CCRT outcome

A total of 43 patients with stage III (IIIA: 37; IIIB: 6) NSCLC were
included in this study. The enrolled patients received neoadjuvant
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CCRT followed by surgery with curative intent. The median follow up
time was 31 months (range: 3-105.5 months), and the median period
from the end date of CCRT to the date of surgery was 45 days (inter-
quartile range: 34-56 days). Patient characteristics are summarized in
Table S1. The median age of patients at diagnosis was 62 years (range:
42-73 years); 30 (70%) were men and 13 (30%) were women. There
were 17 nonsmokers (40%), and the remaining 26 patients (60%) were
smokers. Over half of patients (n = 26, 60%) had squamous cell car-
cinoma. Among the 17 adenocarcinoma patients (n = 17, 40%), eight
harbored epidermal growth factor receptor (EGFR) mutations including
exon 19 deletion (n =5) and L858R (n = 3). All patients received
standard weekly platinum-based chemotherapy (n = 43); 27 showed
PR (64%) to CCRT, 18 experienced down-staging (42%), and no radi-
ological CR was observed. Association between PD-L1 expression/
CD8* TIL infiltration and baseline T and N status was not significant
(Table S2).

3.2. PD-L1 expression on TCs and ICs and CD8* TILs before and after
CCRT

Representative images of PD-L1 expression on the membrane of TCs
and CD8™" TILs are shown in Fig. 1A and B. After CCRT, seven patients
achieved pathologic pCR (16%, 7/43). Baseline PD-L1 and pCR was not
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associated (P = 0.6889). We intended to evaluate to what extent the
pathological response is correlated to the amount and morphology of
immune infiltrate found after CCRT as well. There was no correlation
between residual tumor cellularity and CD8* TIL infiltration when
analyzed by linear regression. Moreover, we divided patients into two
groups based on the residual tumor cellularity after CCRT: pCR/ < 5%
(n = 18) cellularity vs > 5% cellularity (n = 19). However, no differ-
ence was found in CD8 + TIL infiltration between the two groups (pCR/
< 5%: 23.39% vs. > 5%: 23.42%; P = 0.996).

We were unable to evaluate post-CCRT PD-L1 expression on TCs in
three of the patients due to a lack of specimens (7%, 3/43). These 10
patients were excluded from the calculation of percent PD-L1 expres-
sion or PD-L1 positivity in post-CCRT specimens. A total of 16 patients
(48%, 16/33) were positive for PD-L1 expression on TCs and the other
17 were negative on TCs (52%, 17/33) (Table 1). Thus, PD-L1 positivity
was unchanged by CCRT (49% vs. 48%, P = 0.155; Table 1). There was
no association between PD-L1 positivity on TCs after CCRT and any
patient characteristic (Table 1).

Changes in PD-L1 expression after CCRT were assessed based on the
percentage of PD-L1 expression on TCs in matched specimens from the
same patient before and after CCRT. Of the 33 patients, 16 (48%, 16/
33), 7 (21%, 7/33), and 10 (30%, 10/33) showed no change in PD-L1
expression or up- or downregulation, respectively, after CCRT (P =

L
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Fig. 1. Representative images of PD-L1 expression on TCs and CD8 " TILs following CCRT in patients with NSCLC, as determined by immunohistochemistry. (A, B)
The number of patients, dynamics of PD-L1 expression (increase, no change, or decrease) (A), and density of infiltrating CD8* TILs (B) before and after CCRT are
shown. (C, D) Changes in PD-L1 expression (C) and density of CD8* TILs (D) were assessed based on the percentage of PD-L1 expression on TCs and CD8 " TIL count
in matched specimens from the same patient before and after CCRT. Each scale bar is 50 pm.
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Table 1
PD-L1 positivity status on TCs pre and post-CCRT.

Characteristics N (%) Cases with positive PD-L1 on TCs
Pre-CCRT Post-CCRT p-value

Total 43 21 (49) 16 (48) 0.155
Age

<62 21 (49) 11 (52) 10 (63) 0.138

=62 22 (51) 10 (45) 6 (38) 0.522
Sex

Male 30 (70) 16 (53) 11 (50) 0.266

Female 13 (30) 5(38) 5 (45) 0.729
Smoking

No 17 (40) 7 (41) 7 (50) 0.494

Yes 26 (60) 14 (54) 9 (47) 0.47
Histologic diagnosis

Squamous 26 (60) 15 (58) 8 (44) 0.343

Non-squamous 17 (40) 6 (35) 8 (53) 0.342
Types of EGFR mutation

Mutant 8 (19) 3(38) 2 (29) 1

Wild-type 9 (21) 5 (56) 6 (86) 1
Concurrent chemotherapy regimen

Docetaxel/cisplatin 19 (44) 9 (47) 6 (33) 0.274

Paclitaxel/carboplatin 24 (56) 12 (50) 10 (67) 0.914
Down-staging

Yes 18 (42) 12 (67) 6 (46) 0.47

No 25 (58) 9 (36) 8 (40) 0.253
Response to CCRT

Partial response 27 (64) 15 (56) 7 (37) 0.432

Stable 15 (36) 5(33) 6 (46) 0.454

* For PD-L1 positivity, cases of pathologic CR and insufficient tissue were
excluded (10 cases).

0.887, Wilcoxon signed-rank test; P = 0.629, sign test). Among the 16
patients with no change in PD-L1 expression, 13 (81%) did not express
PD-L1 on TCs (0% PD-L1) either pre- or post-CCRT, whereas the other
three (19%) had 10%, 90%, and 100% PD-L1 expression after as well as
before CCRT (Fig. 1C).

We also reviewed the PD-L1 expression on ICs. Comparison between
matched IHC slides was available in 25 cases. We divided patients into
three groups according to the APD-L1 on ICs after CCRT: increase, de-
crease, no change. Although statistical significance was not found, the
PD-L1 decrease group showed lower tumor cellularity (P = 0.560). The
same group showed highest CD8* TIL abundance (P = 0.041).

We analyzed the density of CD8" TILs in matched pre- and post-
CCRT specimens, which were available for 21/43 patients. After CCRT,
the number of CD8* TILs was increased in 13 (62%, 13/21), decreased
in four (19%, 4/21), and unchanged in four (19%, 4/21) patients
(P = 0.134, Wilcoxon signed-rank test; P = 0.049, sign test) (Fig. 1D).
These results suggest that CCRT increased the density of CD8* TILs.

The relationship between PD-L1 expression and CD8 " TIL infiltra-
tion was analyzed in pre- and post-CCRT specimens. In the former, PD-
L1 expression and CD8* TIL infiltration were positively correlated
(r = 0.459, P = 0.036; Fig. S1A). The correlation between the two
parameters was also positive in post-CCRT specimens, but this was not
statistically significant (r = 0.335, P = 0.137; Fig. S1B). The change in
density of infiltrating CD8 * TILs and PD-L1 expression following CCRT
was negatively correlated, but without statistical significance
(r = —0.115, P = 0.618, data not shown). Regardless of the change in
PD-L1 expression (increase, decrease, or no change), most patients
showed increased CD8 " TIL density after CCRT (71% of patients with
decreased PD-L1, 75% of those with increased PD-L1, and 50% of those
with no change in PD-L1).
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3.3. Association between PD-L1 expression and survival outcome

We evaluated treatment outcome according to PD-L1 expression in
greater detail and found that the post-CCRT PD-L1-positive group
showed a trend of shorter RFS compared to the PD-L1-negative group,
although the difference was not statistically significant (median: 15.5
months for PD-L1-positive vs. not reached for PD-L1-negative, P =
0.182; Fig. 2A). The median OS was not reached after CCRT, and the
post-CCRT PD-L1-positive group showed a trend of shorter OS with no
statistical significance (not reached for both PD-L1-positive and -ne-
gative groups, P = 0.215; Fig. 2B).

In the survival analysis based on PD-L1 expression in pre-CCRT
specimens, the median RFS was not reached, and there was no statis-
tically significant difference in RFS between pre-CCRT PD-L1-positive
and -negative groups (P = 0.423; Fig. 2C). The median OS was not
reached, and there was no difference in OS between PD-L1-positive and
-negative groups (P = 0.973; Fig. 2D).

We examined the association between survival outcome and
changes in PD-L1 expression following CCRT. There was no obvious
trend in RFS; the median RFS was not reached by patients showing no
change or increased PD-L1 expression and was 16.1 months for patients
with decreased expression (P = 0.817; Fig. 2E). None of the three
groups reached the median OS (P = 0.220), while the group with in-
creased PD-L1 expression after CCRT showed the steepest survival
curve in the OS analysis (Fig. 2F).

3.4. Association between CD8+ TIL density and survival outcome

Patients were categorized based on the change in CD8 " TIL density
after CCRT, and the association between this parameter and patient
survival was analyzed. The median value of RFS was 27.0 months.
Patients who had increased CD8* TIL density after CCRT showed a
tendency for longer RFS as compared to those with no change or de-
creased CD8™" TIL density (median: 36.1 vs. 11.9 months, P = 0.088)
(Fig. 3A). Although the median value of OS was not attained, increased
CD8™ TIL density after CCRT was significantly associated with longer
OS (median: not reached for increase vs. 14.2 months for others;
P = 0.017) (Fig. 3B). The increase of CD8" TILs regardless of patho-
logical response strongly correlated with improved OS.

4. Discussion

This study reports on dynamic changes in PD-L1 expression and
CD8" T cell infiltration into the tumor microenvironment after
neoadjuvant CCRT and their prognostic significance in NSCLC patients.
We found that 21% of patients showed increased and 30% showed
decreased PD-L1 expression. Furthermore, RFS and OS were reduced to
a greater extent in the post-CCRT PD-L1-positive as compared to the
PD-L1 negative group. Notably, 62% of patients had increased CD8™*
TIL density after CCRT, which was associated with improved RFS and
OS. Their results suggest that CCRT modulates the tumor micro-
environment and thereby influences patient survival. The percentage of
PD-L1 positive tumor cells significantly decreased after CCRT in stage II
and III NSCLC patients [17]. The RFS of patients with decreased or
unchanged PD-L1 was superior to that of patients with increased PD-L1
expression. CD8" TIL density increased after CCRT, but change of
CD8™" TILs was not associated with survival time unlike our study [17].
Neoadjuvant chemotherapy in stage III NSCLC also resulted in incon-
sistency of PD-L1 expression, and the negative-to-positive switch of PD-
L1 status following chemotherapy was significantly associated with
impaired disease free survival, but no significant changes in tumor-in-
filtrating immune cells were observed [16]. We tested if there was any
difference in CD8* TIL abundance with different pathological response,
but CD8™* TIL abundance did not seem to vary depending on patholo-
gical response. In case of breast cancer, CD8* TILs were reported as an
independent predictive factor for pCR to primary systemic therapy
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Fig. 2. Kaplan-Meier analysis of RFS and OS based on PD-L1 expression. (A, C, E) RFS and (B, D, F) OS were determined according to post-CCRT or pre-CCRT PD-L1
expression or changes in PD-L1 expression following CCRT.
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[37]. We currently cannot explain why our data are different from those
in breast cancer.

Chemotherapeutic agents exert their effects by eliciting de novo
immune responses or reactivating pre-existing tumor-specific ones [38].
For example, cisplatin and gemcitabine broaden the range of tumor
antigens that induce cytotoxic T lymphocytes in vivo. Our patients were
treated with docetaxel/cisplatin or paclitaxel/carboplatin for CCRT,
and most showed an increase in the density of CD8 " TILs and longer
08, although the results were not statistically significant possibly due to
the small sample size. Nonetheless, these results suggest that CCRT
reduces the resistance of tumors in NSCLC to immune mechanisms that
target cancer cells.

Radiotherapy not only has direct cytotoxic effects on TCs but also
reprograms the tumor microenvironment to induce a potent antitumor
immune response [39]. It can also enhance the efficacy of im-
munotherapy by stimulating the expression of class I major histo-
compatibility complex (MHC I), which is downregulated in many tu-
mors as an immune evasion mechanism. Radiation also stimulates the
release of damage-associated molecular patterns (DAMPs) which are
essential for antigen-specific T cell responses in murine tumor models
[40]. In patients who were otherwise unresponsive to immune check-
point inhibitors, localized irradiation activated tumor-specific T cells to
enhance the response to these therapies [41]. The beneficial synergistic
effects of immune checkpoint inhibitors and anti-cancer therapies that
cause immunogenic cell death (e.g., radiotherapy and/or che-
motherapy) as first-line treatment for NSCLC were demonstrated by the
Keynote 189 trial [42]. In the PACIFIC trial, consolidation therapy with
durvalumab after CCRT improved survival in stage III, locally ad-
vanced, unresectable NSCLC [12,43]. There are currently over a dozen
clinical trials that are evaluating anti-PD-1 and -PD-L1 antibodies in
combination with radiation for cancer treatment [39]. In our study, PD-
L1 expression was dynamic, and post-CCRT PD-L1 expression or in-
creased PD-L1 expression following CCRT in the tumor microenviron-
ment was correlated with worse prognosis. Our hypothesis is that bal-
ance between stimulation and inhibition of antitumor immunity was
skewed towards inhibition and adaptive immune resistance was de-
veloped in that population during CCRT. The change in density of in-
filtrating CD8* TILs and PD-L1 expression following CCRT was nega-
tively correlated in our study in line with this hypothesis. We speculate
that CCRT converts non-T cell-inflamed into T cell-inflamed tumors and
that combination with a PD-1/PD-L1 axis inhibitor further enhances the
immune response to tumors. The adaptive resistance possibly brought
about during CCRT also might be overcome by a PD-1/PD-L1 axis in-
hibitor. We will soon be initiating a clinical trial combining neoadju-
vant CCRT with the PD-L1 inhibitor durvalumab in potentially re-
sectable NSCLC (NCT03694236).

This study had certain limitations such as a relatively small sample
size, the retrospective nature, differences in RT dose and chemotherapy
agents used for systemic therapy, heterogeneity in sampling tumor,
different PD-L1 assay, and selection bias since patients were recruited
from a single institution in Korea. Nonetheless, our data on stage III
NSCLC patients who received neoadjuvant CCRT and underwent sur-
gery provide a rationale for combining CCRT and immunotherapy in
the treatment of potentially resectable NSCLC.
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