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Background: The inclusion of immune checkpoint inhibitors (ICIs) in the treatment of operable stage III non-small-cell
lung cancer is becoming a new standard. Programmed death-ligand 1 (PD-L1) protein expression on tumor cells has
emerged as the most important biomarker for sensitivity to ICIs targeting the programmed cell death protein 1 (PD-
1)ePD-L1 axis. Little is known about the impact of neoadjuvant treatment on PD-L1 expression.
Patients and methods: We assessed PD-L1 expression by immunohistochemistry (Ventana SP263 assay) on tumor cells
in treatment-naive diagnostic tumor samples and matched lung resections from patients with stage III non-small-cell
lung cancer included in the Swiss Group for Clinical Cancer Research (SAKK) trials 16/96, 16/00, 16/01, and 16/14.
All patients received neoadjuvant chemotherapy (CT) with cisplatin/docetaxel, either as single modality (CT), with
sequential radiotherapy [chemoradiation therapy (CRT)] or with the PD-L1 inhibitor durvalumab (CT þ ICI).
Results: Overall, 132 paired tumor samples were analyzed from patients with neoadjuvant CT (n ¼ 69), CRT (n ¼ 33)
and CT þ ICI (n ¼ 30). For CT and CRT, PD-L1 expression before and after neoadjuvant treatment did not differ
significantly (Wilcoxon test, P ¼ 0.94). Likewise, no statistically significant difference was observed between CT and
CRT for PD-L1 expression after neoadjuvant treatment (P ¼ 0.97). For CT þ ICI, PD-L1 expression before and after
neoadjuvant treatment also did not differ significantly (Wilcoxon test, P > 0.99). Event-free survival and overall
survival for patients with downregulation or upregulation of PD-L1 expression after neoadjuvant treatment were
similar.
Conclusions: In our cohort of patients neoadjuvant treatment did not influence PD-L1 expression, irrespective of the
specific neoadjuvant treatment protocol. Dynamic change of PD-L1 expression did not correlate with event-free
survival or overall survival.
Key words: non-small-cell lung cancer, chemoradiation, immune checkpoint inhibitor, PD-L1 expression, predictive
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INTRODUCTION

Immune checkpoint inhibitors (ICIs) targeting the pro-
grammed cell death protein 1 (PD-1)eprogrammed death-
ligand 1 (PD-L1) axis have become standard of care in
both the treatment of the advanced/metastatic and the
adjuvant/neoadjuvant setting for patients with non-small-
cell lung cancer (NSCLC).1-5 In patients with operable
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stage III NSCLC, various clinical trials have investigated
multimodal treatment strategies incorporating ICIs in the
perioperative setting and many trials are still ongoing. We
and others have reported promising results when PD-1/PD-
L1 inhibitors were added to neoadjuvant chemotherapy
(CT).6,7 The recently published phase III CheckMate 816 trial
combined neoadjuvant chemotherapy with the PD-1 in-
hibitor nivolumab and demonstrated a significantly pro-
longed event-free survival (EFS) and time to death or distant
metastases.5 Although a significant overall survival (OS)
benefit has not yet been reported, combined immunoche-
motherapy will likely become a new treatment standard for
patients with operable stage III NSCLC.

While PD-L1 expression detected by immunohistochem-
istry (IHC) is a required predictive biomarker in metastatic
NSCLC for the selection of first-line PD-1 targeted mono-
therapy, the predictive role of PD-L1 in the neoadjuvant and
adjuvant settings needs to be further defined. In the adju-
vant treatment of patients with early-stage NSCLC, PD-L1
expression of �50% on tumor cells (TCs) predicts an OS
benefit from treatment with the PD-L1 inhibitor atezolizu-
mab.8 In the CheckMate 816 trial, PD-L1 expression was
examined on baseline/pretreatment tumor tissue and a
correlation with improved EFS was observed in patients
across all PD-L1 expression subgroups, although the
magnitude of benefit was higher in patients whose tumors
had PD-L1 expression in �1% of TCs,5 indicating some de-
gree of predictive potential of PD-L1 expression.

While different trials have demonstrated important
changes in the tumor microenvironment as a result of
neoadjuvant treatments, little is known about the impact of
treatment modalities such as CT, radiotherapy (RT), and
chemoradiation therapy (CRT) on PD-L1 expression, espe-
cially in the absence of an ICI. Preclinical studies provide the
rationale for changes induced on PD-L1 expression,
including activation of the Janus kinase/signal transducers
and activators of transcription (JAKeSTAT) pathway.9-11

However, published results from clinical trials have not
yielded consistent results regarding the impact of different
treatment modalities on PD-L1 expression. In patients with
NSCLC, some studies reported that PD-L1 is upregulated by
CT (upregulation),12,13 while others found that PD-L1 is
downregulated by CT (downregulation).14,15 Likewise for
CRT, downregulation of PD-L1 expression has been reported
in one study,16 while another study reported upregulation
of PD-L1 expression.17 Furthermore, results from preclinical
studies indicate that RT might improve the sensitivity to
subsequent PD-1/PD-L1 blockade.18-20 It is, however, not
known whether this potential effect is mediated by changes
in the PD-L1 expression.

In this study, we aimed to investigate whether PD-L1
expression is modified by the specific neoadjuvant treat-
ment modality and whether alterations of PD-L1 expression
predict response to neoadjuvant treatment and correlate
with treatment outcomes. We therefore assessed PD-L1
expression by IHC on TCs in treatment-naive diagnostic
tumor samples and matched lung resections from patients
with operable stage III NSCLC who were treated in the Swiss
2 https://doi.org/10.1016/j.esmoop.2023.101595
Group for Clinical Cancer Research (SAKK) trials 16/96, 16/00,
16/01, and 16/14.7,21-24 The SAKK trials investigated different
neoadjuvant treatment strategies, including neoadjuvant CT,
CRT, and CT followed by PD-L1 blockade.

PATIENTS AND METHODS

Patient cohort

Patients with operable stage III NSCLC enrolled in the four
SAKK trials (i.e. 16/96, 16/00, 16/01, and 16/14) were
included in this analysis. The detailed study designs, eligi-
bility criteria, and methods of these trials have previously
been published.7,21,23,24 In brief, all studies were designed
for operable stage III NSCLC, both stage IIIA N2 and IIIB that
could be encompassed in a single radiation port. The trials
investigated different neoadjuvant treatments on a back-
bone of cisplatin/docetaxel CT (Supplementary Figure S1,
available at https://doi.org/10.1016/j.esmoop.2023.
101595). Patients in all trials received three cycles of neo-
adjuvant CT with cisplatin 100 mg/m2 and docetaxel 85 mg/
m2, given once every 3 weeks. In the trials SAKK 16/00 (arm
A) and 16/01, patients underwent a short course of pre-
operative accelerated RT (44 Gy in 22 fractions over 3
weeks) after completion of CT and prior to surgery. Patients
in the trial SAKK 16/14 received two doses of the PD-L1
inhibitor durvalumab (750 mg/dose) 3 weeks after the
last neoadjuvant CT (no RT). Surgery included an anatomical
tumor resection with mediastinal lymph node dissection as
previously described.25,26 The trials were conducted within
the multicentric Swiss SAKK network. SAKK 16/00 addi-
tionally included participants from two European partner
institutions. The studies were conducted sequentially: pa-
tients were enrolled from 1997 to 2000 (SAKK 16/96), from
2001 to 2012 (SAKK 16/00 and 16/01), and from 2016 to
2019 (SAKK 16/14). All studies were carried out in accor-
dance with the principles of the Declaration of Helsinki and
the guidelines on Good Clinical Practice. The protocols were
approved by local ethics committees. Written informed
consent was obtained from all patients.
Study design

For the present retrospective translational analysis, we
assessed PD-L1 tumor proportion score (TPS) expression by
IHC on TCs in treatment-naive diagnostic tumor samples
(preneoadjuvant treatment samples) and matched lung re-
sections after neoadjuvant treatment (postneoadjuvant
treatment samples) from patients enrolled in the afore-
mentioned trials. Accordingly, we analyzed the impact of
three different treatment modalities on PD-L1 expression:
CT, CRT, and CT plus durvalumab (CT þ ICI). Approval for
this retrospective translational study was obtained by the
local ethics committee (Zurich, Switzerland, BASEC-Nr.
2018-01441).
Tumor samples and PD-L1 assessment

Hematoxylin and eosin slides and formalin-fixed, paraffin-
embedded NSCLC tumor samples from preneoadjuvant
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treatment and matched postneoadjuvant treatment tumor
samples were retrospectively collected from 18 Swiss cen-
ters involved in the aforementioned SAKK trials, where the
probes had been stored between 8 and 23 years. From the
362 patients enrolled in the trials SAKK 16/96, 16/00, and
16/01, we obtained paired pre- and postneoadjuvant
treatment samples from 102 patients, including 18 from
SAKK 16/96, 73 from SAKK 16/00, and 11 from SAKK 16/01
(Supplementary Table S1, available at https://doi.org/10.
1016/j.esmoop.2023.101595). For the more recent trial
SAKK 16/14, PD-L1 results from matched pre- and post-
neoadjuvant treatment tumor samples were already avail-
able from 30 out of 67 patients (Supplementary Table S2,
available at https://doi.org/10.1016/j.esmoop.2023.
101595). From the other trials, hematoxylin and eosin
slides were reviewed, and the appropriate corresponding
formalin-fixed, paraffin-embedded tumor blocks were
selected for PD-L1 IHC. At least 100 TCs were required for a
specimen to be eligible for the study. Tumor sample pro-
cessing and PD-L1 staining were carried out at the Institute
of Pathology and Medical Genetics of the University Hos-
pital Basel, Switzerland. The Ventana SP263 assay (Ventana,
Tucson, AZ, USA) was used on the Ventana BenchMark
immunostainer (Ventana) according to the manufacturer’s
recommendations. PD-L1 testing in the trial SAKK 16/14 was
carried out accordingly, with the exception of two pre-
treatment samples that were Papanicolaou-stained cytology
specimens, fixed in Delaunay solution. PD-L1 testing on
these cytology specimens was carried out by a laboratory-
developed test using the SP142 antibody (Ventana; dilu-
tion 1/100) on the Leica Bond platform (Leica Biosystems,
Wetzlar, Germany). The SP142 laboratory-developed test
was validated against the SP263 assay with a high overall
percent agreement between the two assays (data not
shown).7 The PD-L1 testing was carried out and evaluated in
29 tumor samples at the Institute of Pathology, University of
Bern, Switzerland. As the same assay (SP262) was used, we
abstained from repeating PD-L1 staining in these samples
for tissue preservation. Scoring of PD-L1 expression was
based on the TPS and carried out by expert lung patholo-
gists (SSP at the University Hospital of Basel and SB at the
University of Bern). The TPS represents the estimated per-
centage (0%-100%) of TCs showing partial or complete
membranous PD-L1 staining.27 PD-L1 expression levels were
scored as continuous variable in <1%, 1%-4%, and 5% in-
crements in tumors showing >5% staining. In addition, TPS
values were subgrouped into the clinically relevant cut-offs
(<1%, 1%-49%, and �50%; and <1%; and �1%).
Outcomes

We correlated PD-L1 TPS (pre- and postneoadjuvant treat-
ment expression levels and dynamic alterations after neo-
adjuvant treatment) with patient outcomes, including EFS,
OS, nodal downstaging, and pathological complete remis-
sion (pCR) to neoadjuvant treatment. Definitions were
consistent with the corresponding trials: EFS was the time
from registration or randomization to objective tumor
Volume 8 - Issue 4 - 2023
progression or relapse, secondary tumor (SAKK 16/00 and
16/14), or death due to any cause, whichever occurred first.
OS was the interval from the date of registration or
randomization to the date of death from any cause. Patients
who did not experience an event were censored at the time
of last known survival. pCR was �95% necrosis or fibrosis in
the trial SAKK 16/96 and absence of TCs (0%) in all other
SAKK trials.
Statistical analyses

Patients’ characteristics were summarized by median and
range for continuous variables and by frequency and pro-
portion for categorical variables. For the comparison of
PD-L1 values pre- to postneoadjuvant treatment Wilcoxon
signed rank tests and for comparisons between groups,
Wilcoxon rank sum tests were used. PD-L1 values were also
categorized into PD-L1 <1% versus �1% and compared pre-
to postneoadjuvant therapy using McNemar tests. Time-to-
event endpoints were analyzed using the KaplaneMeier
method along with its corresponding 95% confidence in-
terval (CI) based on the logelog approach. Between-group
survival curves and rates were compared using the log-
rank test and the KaplaneMeier method at a specific
time point, respectively.

Two-tailed tests with a significance level of 0.05 were
used for all analyses. All statistical analyses were carried out
using SAS version 9.4 (SAS Institute Inc., Cary, NC) and R
version 4.1.0 (R Foundation for Statistical Computing,
Vienna, Austria).

RESULTS

Study population

Demographics, disease characteristics, and outcome pa-
rameters of the patients with matched tumor samples from
the trials SAKK 16/96, 16/00, 16/01, and 16/14 are sum-
marized in Table 1, respectively. The parameters of the
patient cohort were comparable to the corresponding
overall trial population. The cohort of patients with
matched tumor samples included 60 patients assigned to
neoadjuvant CT (SAKK 16/96, 16/00 and 16/01) and 42
patients assigned to neoadjuvant CRT (SAKK 16/00 and 16/
01). While all 102 patients had received at least one cycle of
neoadjuvant CT, only 33 of the 42 patients assigned to CRT
underwent RT within the study treatment protocol (median
dose of 44 Gy). The cohorts of patients were therefore
adapted: the CT cohort with 69 patients and the CRT cohort
with 33 patients. All 30 patients in the CT þ ICI cohort
received the assigned treatment (Figure 1).
PD-L1 expression

Of the 102 samples, the median PD-L1 TPS in the both
pre-and postneoadjuvant treatment samples was 1%
(<1%-100%; Supplementary Tables S3 and S4, available at
https://doi.org/10.1016/j.esmoop.2023.101595). The pre-
neoadjuvant treatment PD-L1 TPS was <1% in 47 samples
(46%), 1%-49% in 36 samples (35%), and �50% in 19
https://doi.org/10.1016/j.esmoop.2023.101595 3
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Table 1. Demographics, disease characteristics, and outcome parameters
of patients in the trials SAKK 16/96, SAKK 16/00, SAKK 16/01, and SAKK
16/14

CT D CRT cohort
(n [ 102)

Overall trial
population
(n [ 362)

Trial, n (%)
� SAKK 16/96 18 (17.6) 88 (24.3)
� SAKK 16/00 73 (71.6) 231 (63.8)
� SAKK 16/01 11 (10.8) 43 (11.9)

Neoadjuvant treatment strategy,
n (%)
� Neoadjuvant CT 69 (67.6) 202 (55.8)
� Neoadjuvant CRT 33 (32.4) 160 (44.2)

Eastern Cooperative Oncology
Group performance status, n (%)
� 0 70 (68.6) 239 (66.0)
� 1 31 (30.4) 122 (33.7)
� 2 1 (1.0) 1 (0.3)

Age (years)
� Median (range) 59 (39-74) 60 (28-76)

Gender, n (%)
� Female 32 (31.4) 110 (30.4)
� Male 70 (68.6) 252 (69.6)

Smoking status, n (%)
� Current 43 (42.2) 126 (34.8)
� Former 54 (52.9) 208 (57.5)
� Never 5 (4.9) 27 (7.5)
� Missing data 0 (0) 1 (0.3)

Histological subtype, n (%)
� Adenocarcinoma 36 (35.3) 132 (36.5)
� Squamous cell carcinoma 37 (36.3) 130 (35.9)
� Large cell carcinoma 9 (8.8) 33 (9.1)
� Poorly differentiated

NSCLC
19 (18.6) 66 (18.2)

� NSCLC NOS 1 (1.0) 1 (0.3)
PD-L1 TPS expression on tumor
cellsa, n (%)
� PD-L1 TPS <1% 47 (46.1) NA
� PD-L1 TPS 1%-49% 36 (35.3) NA
� PD-L1 TPS �50% 19 (18.6) NA

Outcome parameters
� Complete (R0) resection,

n (%)
68/93b (73.1) 230/286b (80.4)

� Pathological complete
remission, n (%)

0/93b (0) 46/286b (16.1)

� Event-free survival
(months), median (95% CI)

12.7 (9.9-16.0) 12.3 (10.0-14.9)

� Overall survival (months),
median (95% CI)

29.9 (21.7-40.3) 30.8 (24.4-40.3)

CT D ICI
cohort
(n [ 30)

Overall trial
population
(n [ 67)

Eastern Cooperative Oncology Group
performance status, n (%)
� 0 20 (66.7) 52 (78)
� 1 10 (33.3) 15 (22)

Age (years)
� Median (range) 60 (41-73) 61 (41-74)

Gender, n (%)
� Female 15 (50.0) 32 (48)
� Male 15 (50.0) 35 (52)

Smoking status, n (%)
� Current 13 (43.3) 28 (42)
� Former 16 (53.3) 36 (54)
� Never 1 (3.3) 3 (5)

Histological subtype, n (%)
� Adenocarcinoma 19 (63.3) 37 (55)
� Squamous cell carcinoma 10 (33.3) 22 (33)
� NSCLC NOS 1 (3.3) 7 (10)
� Large cell carcinoma 0 (0) 1 (2)

Table 1. Continued

CT D ICI
cohort
(n [ 30)

Overall trial
population
(n [ 67)

PD-L1 TPS expression on tumor cellsc,d,
n (%)
� PD-L1 TPS <1% 12 (40.0) 13 (19.4)
� PD-L1 TPS 1%-49% 13 (43.3) 26 (38.8)
� PD-L1 TPS �50% 5 (16.7) 20 (29.9)
� Missing 0 (0) 8 (11.9)

Outcome parameters
� Complete (R0) resection, n (%) 28 (93.3) 51/55e (92.7)
� Pathological complete

remission, n (%)
0/30 (0) 10/55e (18.2)

� Event-free survival (months),
median (95% CI)

29.1 (13.6-NR) NR (27.6-NR)

� Overall survival (months),
median (95% CI)

NR (29.1-NR) NR (NR-NR)

Patients with matched tumor samples (left) and the overall trial population (right).
CI, confidence interval; CRT, chemoradiation therapy; CT, chemotherapy; ICI, immune
checkpoint inhibitor; NA, not applicable; NOS, not otherwise specified; NR, not
reached; NSCLC, non-small-cell lung cancer; PD-L1, programmed death-ligand 1;
SAKK, Swiss Group for Clinical Cancer Research; TPS, tumor proportion score.
aAssessment in the preneoadjuvant samples.
bPatients with tumor resection.
cAssessment in the preneoadjuvant samples for the matched samples.
dAssessment in either the preneoadjuvant or the post-neoadjuvant samples for the
overall population (highest PD-L1 expression selected in patients with matched
samples).
ePatients with tumor resection.
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samples (19%). There was significant intertrial heterogene-
ity regarding preneoadjuvant treatment PD-L1 expression
from SAKK 16/00 versus 16/96 samples (P ¼ 0.0083). This
was not the case for the samples from SAKK 16/00 versus
16/01 (Supplementary Figure S2, available at https://doi.
org/10.1016/j.esmoop.2023.101595). For all matched tu-
mor samples, the PD-L1 TPS before and after neoadjuvant
treatment did not differ significantly (Wilcoxon test; P ¼
0.94; Figure 2A). An example of a pre- and postneoadjuvant
treatment sample is depicted in Figure 3. In the CRT cohort,
the median PD-L1 TPS in the preneoadjuvant and post-
neoadjuvant treatment samples was 1%-4%
(Supplementary Table S3, available at https://doi.org/10.
1016/j.esmoop.2023.101595). In the CT cohort, the me-
dian PD-L1 TPS in samples prior to neoadjuvant treatment
was <1% and thereafter 1%-4%. Statistically there was no
significant difference in either group (CT and CRT) for the
PD-L1 expression between the pre- and postneoadjuvant
samples (Figure 2B and C). In the comparison of the
treatment arms (CRT versus CT) there was no statistically
significant difference for PD-L1 TPS after neoadjuvant
treatment (P ¼ 0.97; Supplementary Figure S3, available at
https://doi.org/10.1016/j.esmoop.2023.101595), even with
exclusion of the samples from SAKK 16/96 (Supplementary
Figure S4, available at https://doi.org/10.1016/j.esmoop.
2023.101595). These results did not change when PD-L1
expression levels were analyzed categorically with PD-L1
subgroups <1%, 1%-49%, and �50% (Supplementary
Figure S5, available at https://doi.org/10.1016/j.esmoop.
2023.101595). When categorized into PD-L1 TPS <1%
versus �1%, we found a trend in the CRT cohort for PD-L1
TPS of <1% after neoadjuvant treatment (33.3% versus
Volume 8 - Issue 4 - 2023
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362 patients enrolled in the trials SAKK 16/96, 16/00, and 16/01

19 patients from foreign study sites excluded

343 patients evaluable

PD-L1-evaluable tumor samples from 178 patients collected

Missing tumor samples from 165 patients

102 matched pre- and postneoadjuvant treatment tumor samples

48 preneoadjuvant tumor samples only

28 postneoadjuvant tumor samples only

73 samples from SAKK 16/00 11 samples from SAKK 16/0118 samples from SAKK 16/96

Neoadjuvant treatment:
chemotherapy

n = 69

Neoadjuvant treatment:
chemoradiation therapy

n = 33

67 patients enrolled in the trial SAKK 16/14

30 matched pre- and postneoadjuvant treatment tumor samples

Neoadjuvant treatment:
chemotherapy plus immune checkpoint inhibitor

n = 30

Figure 1. Study overview.
PD-L1, programmed death-ligand 1; SAKK, Swiss Group for Clinical Cancer Research.
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48.5% pre- versus postneoadjuvant, respectively, McNemar
test P ¼ 0.059), whereas in the CT cohort, this trend was
not observed (52.2% versus 43.5% pre- versus post-
neoadjuvant, respectively; McNemar test P ¼ 0.359).

Of the 30 samples, the median PD-L1 TPS in the pre-
neoadjuvant treatment samples was 5% (<1%-100%) and
1% (<1%-100%) in the postneoadjuvant treatment samples
(Supplementary Table S3, available at https://doi.org/10.
1016/j.esmoop.2023.101595). Preneoadjuvant treatment
PD-L1 TPS was <1%, 1%-49%, and �50% in 12 (40%), 13
(43%), and 5 (17%) tumor samples, respectively. For the
matched tumor samples, PD-L1 expression before and after
neoadjuvant treatment did not differ significantly (Wilcoxon
test; P > 0.99; Figure 2D). Categorized into PD-L1 TPS <1%
versus �1%, no significant difference in postneoadjuvant
treatment PD-L1 TPS <1% was observed (25.4% versus
17.9% pre- versus postneoadjuvant, respectively, McNemar
test P ¼ 0.20).

Correlation with outcome parameters

With a median follow-up time of 7.8 years (95% CI 7.1-8.6
years), the median EFS and median OS of the 102 patients
in the CT/CRT cohort was 12.7 months (95% CI 9.9-16)
and 29.9 months (95% CI 21.7-40.3), respectively
(Supplementary Figure S6, available at https://doi.org/10.
1016/j.esmoop.2023.101595). For both OS and EFS, upre-
gulation of PD-L1 TPS after neoadjuvant treatment corre-
lated with better patient outcomes, but the difference did
not reach statistical significance (Figure 4A and B). Pro-
longed EFS and OS were observed in the few patients (n ¼
14) whose tumors had a PD-L1 upregulation from pre-
neoadjuvant treatment TPS <1% to postneoadjuvant
treatment TPS �1% compared with all other patients
(median OS: 43.7 versus 27.1 months, P ¼ 0.177 and
Volume 8 - Issue 4 - 2023
median EFS: 22.3 versus 12.3 months, P ¼ 0.275;
Supplementary Figure S7, available at https://doi.org/10.
1016/j.esmoop.2023.101595). No correlation was found
for preneoadjuvant treatment PD-L1 TPS categorized into
<1%, 1%-49%, and �50% with tumor downstaging after
neoadjuvant therapy (TNM downstaging versus no down-
staging; Supplementary Table S5, available at https://doi.
org/10.1016/j.esmoop.2023.101595). Likewise, no correla-
tion of preoperative PD-L1 TPS with pCR was found
(Supplementary Figure S8, available at https://doi.org/10.
1016/j.esmoop.2023.101595).

For the patients in the CT þ ICI cohort, upregulation or
downregulation of PD-L1 after neoadjuvant treatment had
no significant impact on OS or EFS (Figure 4C and D).

DISCUSSION

We report the analysis of PD-L1 expression in matched
tumor samples from patients with stage III NSCLC who
underwent neoadjuvant CT, CRT, or CT þ ICI in the four
SAKK trials 16/96, 16/00, 16/01, and 16/14. Our analysis did
not show a significant difference of the PD-L1 expression
before or after neoadjuvant treatment, irrespective of the
specific neoadjuvant treatment modality. Even in patients
who had received a PD-L1 inhibitor during their induction
regimen, there was no significant difference in PD-L1
expression in the surgical samples. It is thus unlikely in
patients who did not achieve a pCR that there is a relevant
effect of the described neoadjuvant treatment modalities
on PD-L1 expression. Our results are in line with another
study in a comparable patient and treatment setting in a
single-center real-life cohort.28

Although the studied neoadjuvant treatments are
nowadays either outdated (CT), have never been widely
adopted in clinical practice (sequential CRT), or as for
https://doi.org/10.1016/j.esmoop.2023.101595 5

https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595


0

25

50

75

100

Preneoadjuvant Postneoadjuvant

PD
−L

1 
TP

S

Group Preneoadjuvant Postneoadjuvant

Wilcoxon test, V  = 1028, P = 0.94, n = 102
CT + CRTA

0

25

50

75

100

Preneoadjuvant Postneoadjuvant

PD
−L

1 
TP

S

Group Preneoadjuvant Postneoadjuvant

Wilcoxon test, V  = 575, P = 0.22, n = 69
CTB

0

25

50

75

100

Preneoadjuvant Postneoadjuvant

PD
−L

1 
TP

S

Group Preneoadjuvant Postneoadjuvant

Wilcoxon test, V  = 77, P = 0.19, n = 33
CRTC

0

25

50

75

100

Preneoadjuvant Postneoadjuvant

PD
−L

1 
TP

S

Group Preneoadjuvant Postneoadjuvant

Wilcoxon test, V  = 105, P = 1, n = 30
CT + ICID

Figure 2. Median programmed death-ligand 1 (PD-L1) expression [tumor proportion score (TPS)] in preneoadjuvant and postneoadjuvant treatment samples.
(A) Chemotherapy (CT) and chemoradiation therapy (CRT), (B) CT only, (C) CRT only, (D) CT þ immune checkpoint inhibitor.
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neoadjuvant immunochemotherapydin view of the results
from the phase III CheckMate 816 trial5 and the recently
presented AEGEAN trial29dwill likely be administered in a
combined, rather than a sequential approach, the analysis
of these specific neoadjuvant treatments allowed inter-
esting conclusions:

First, we have shown that neoadjuvant CT did not influence
PD-L1 expression. This finding is interesting in the context of
A

Figure 3. Example of a preneoadjuvant treatment sample [A; cell block, transbronc
L1) tumor proportion score (TPS) 100%] and a postneoadjuvant treatment sample

6 https://doi.org/10.1016/j.esmoop.2023.101595
the current adjuvant treatment landscape for stage III NSCLC.
The results of the KEYNOTE-091 (PEARLS) study showed that
patients who did not receive adjuvant CT had no benefit of
the addition of pembrolizumab, which might suggest that
there is some impact of CTon the biology of NSCLC or the host
immune system that renders adjuvant ICI more efficacious.30

Our findings indicate that this effect is not mediated by CT-
induced PD-L1 upregulation.
B

hial fine-needle aspiration from lymph node, programmed death-ligand 1 (PD-
(B; primary tumor/resection specimen, PD-L1 TPS 100%).

Volume 8 - Issue 4 - 2023

https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595


/
//

/ / /
/

/ // / / / /

/ /
/ /

/ ///
//

/ / /
/

/ // / / / /

// / /
/ //

Time from registration (months)

O
ve

ra
ll 

su
rv

iv
al

 (%
)

CT + CRT

/
////////////////

////
///////

/////// //////////////////////////////////////// /////// / /

//////////////// /////// /////////////// /// ///
/////// ////////////////////////////////////

////

///////
///////////////////////////////////////////

//// /////// //////////////////// ///////

/// ///////////////////

0 12 24 36 48 60 72 84 96 108 120

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

P = 0.18

Number at risk
Downregulation
Stability
Upregulation

32 26 17 14 12 9 8 5 3 1 0
38 31 19 13 8 8 7 6 3 2 1
32 26 19 17 14 13 13 10 7 4 4

Downregulation
Stability
Upregulation

A

/ /
/

// / /

/

/ / //
/ /

/
/ /

/// / /

/
/ / //

/ /

/

Time from registration (months)

Ev
en

t−
fre

e 
su

rv
iv

al
 (%

)

CT + CRT

////////////////////////// /////// ///

////////////////////////////////
//// ////

////////

///////
/////// /////// ///////////////

//// ////
/////// ///////

/////// ////

////

/

0 12 24 36 48 60 72 84 96 108 120

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

P = 0.15

Number at risk
Downregulation
Stability
Upregulation

32 17 9 9 5 4 3 1 1 0 0
38 17 10 5 5 2 2 1 1 0 0
32 19 13 10 8 7 5 4 3 2 1

Downregulation
Stability
Upregulation

B

/ / // / /

/ / / / / // / / /

/

/ / / /

/ //// /

/ / / / / // / / /

/

/ / / /

Time from registration (months)

O
ve

ra
ll 

su
rv

iv
al

 (%
)

CT + ICI

////

/////// /////// /////// ////

/// ///

/////// /////////////////////////////////////////////////////////////// ////

/ /

///////

0 6 12 18 24 30 36 42 48

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

P = 0.095

Number at risk
Downregulation
Stability
Upregulation

9 9 9 8 1 0 0 0 0
10 10 10 9 7 6 3 1 0
11 11 10 10 6 4 3 1 0

Downregulation
Stability
Upregulation

C

/

/ / / /

/ / /

/ / /
//

/ / /

/

/ / / /

/ / /

/ / /
//

/ //

Time from registration (months)

Ev
en

t−
fre

e 
su

rv
iv

al
 (%

)

CT + ICI

///////

////
////

/////// /////// ///

///////
/////// ///////
/////// ///////////

///////

////////// ////////// ////////// //////

/ / /

///////////////////////////////////////////

0 6 12 18 24 30 36 42 48

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

P = 0.63

Number at risk
Downregulation
Stability
Upregulation

9 8 6 5 1 0 0 0 0
10 10 9 6 5 4 1 1 0
11 11 6 6 4 3 2 0 0

Downregulation
Stability
Upregulation

D

Figure 4. Overall survival and event-free survival of patients in the (A, B) chemotherapy and chemoradiation therapy (CT D CRT) cohort and (C, D) CT D immune
checkpoint inhibitor (ICI) cohort (C, D) whose tumors had stability, upregulation, or downregulation of programmed death-ligand 1 expression after neoadjuvant
treatment.
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Second, our study suggests that the slightly increased
pCR rate of combined neoadjuvant immunochemotherapy
in patients with stage IIIA NSCLC with nodal involvement in
the CheckMate 816 trial (pCR 22%) compared with the
sequential approach in the SAKK 16/14 trial (pCR 18%) is
not due to the influence of CT on the PD-L1 expression. If CT
had induced a PD-L1 upregulation, the sequential combi-
nation of CT and durvalumab would have yielded a higher
pCR rate in the SAKK 16/14 trial. The results from the SAKK
16/14 study are more comparable to the recently presented
phase III AEGEAN trial that investigated perioperative
treatment in patients with operable stage IIA-III NSCLC and
includeddin contrary to the SAKK 16/14 trialda concur-
rent immunochemotherapy induction. pCR rate in both
trials were comparable (18% versus 19% in stage IIIA pa-
tients in the AEGEAN trial).

Regarding the addition of RT to CT (sequential CRT) we
did not observe an upregulation of PD-L1 expression
compared with platinum-based CT alone. Our analysis
seemed to indicate a downregulation of PD-L1 expression
after CRT, similar to the results of a retrospective study in
Volume 8 - Issue 4 - 2023
patients with stage II-III NSCLC who underwent neoadjuvant
CRT.16 While the RT dosing in both trials was comparable
(40-50 Gy versus 44 Gy in the SAKK trials), the SAKK trial
investigated a sequential CRT approach, while patients from
the study by Fujimoto et al.16 received concurrent CRT.
Another trial in Japanese patients with stage III NSCLC who
underwent concurrent CRT with a median RT dose of 60 Gy
found an upregulation of PD-L1 expression in >90% of
patients following neoadjuvant therapy.17 This study also
included an RT-free cohort, whose tumor samples showed a
trend for an upregulation of PD-L1 TPS after neoadjuvant
treatment. It remains speculative whether the higher RT
dose or the timing (sequential versus combined) influences
the PD-L1 upregulation.

Our study cannot answer whether combined neoadjuvant
procedures (CT with or without RT with or without ICI)
might have an impact on PD-L1 expression. Interesting re-
sults are expected from the ongoing SAKK 16/18 trial
(NCT04245514) that is investigating the addition of
immune-modulatory RT combined with immunochemo-
therapy in patients with stage III NSCLC.
https://doi.org/10.1016/j.esmoop.2023.101595 7
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In our study, wewere not able to demonstrate a prognostic
information based on the alteration of PD-L1 TPS after
neoadjuvant treatment. Neither upregulation nor down-
regulation of PD-L1 expression after neoadjuvant treatment
resulted in any significant differences in EFS or OS compared
with patients with stable PD-L1 expression, although we
observed a trend toward better EFS and OS for patients with
an upregulation of PD-L1 expression after neoadjuvant CT
and CRT. However, this finding was not reproducible in the
smaller cohort of patients with CTþ ICI. Our observation of a
trend for improved EFS and OS in patients with PD-L1 upre-
gulation contrasts to the results published by Fujimoto
et al.,16 who reported prolonged EFS and OS in patients with
PD-L1 downregulation after CRT.16 Compared with our anal-
ysis, this study analyzed fewer patient samples and the EFS/
OS results might have been influenced by the imbalance
among the PD-L1 up-/downregulation cohorts. No prognostic
information for change of PD-L1 TPSwas found in the analysis
of neoadjuvant CRT by Yoneda et al.17 The reason for these
discordant observations remains unknown, likely influenced
by the retrospective nature of all analyses, and possibly
influenced by the specific PD-L1 assay. Importantly, the
neoadjuvant regimen of the early SAKK trials did not include
ICIs.We assume that only few, if any, patients included in the
early SAKK trials received later-line ICIs. For the recent trial
SAKK 16/14, the limited number of patients and the short
follow-up make correlation of PD-L1 alterations with
outcome parameters difficult.

Our study has several strengths and limitations. The
strength arises from the standardized neoadjuvant treat-
ment in a large homogenous trial population with the same
CT backbone, allowing to draw conclusions about the
impact of the specific treatment modality on PD-L1
expression. The analysis of samples from patients who
had received additional RT (CRT) or durvalumab (CT þ ICI)
allowed interpatient and intertreatment comparison. To the
best of our knowledge there have been no prospective trials
addressing this issue, and most retrospective studies have
assessed a single treatment modality, lacking a comparator
arm. Our retrospective analysis included a high number of
matched tumor samples and the largest set from patients
with NSCLC. A limitation of our analysis is its retrospective
character. Retrospective collection yielded paired samples
of only 28% of all possible patients included in these series
of trials. Reasons for the lack of paired samples was, first,
failure to locate the samples of interest due to decentral-
ized (local) storage of tumor samples in all but one trial
(SAKK 16/14). In some patients the initial diagnosis had
been established by cytology only, making it impossible to
carry out adequate PD-L1 staining years later, or patients
who progressed under treatment did not undergo subse-
quent surgical tumor resection, and lastly some patients
achieved a complete or near-complete response to the
neoadjuvant treatment with scarce residual tumor not
allowing for further immunostaining procedures. Never-
theless, patient demographics, disease characteristics, and
outcome parameters of our selected cohort were compa-
rable to the corresponding overall trial population.
8 https://doi.org/10.1016/j.esmoop.2023.101595
Importantly, as there was no in-between biopsies during
neoadjuvant treatment in the SAKK trials, we are not able to
draw any conclusions regarding dynamic PD-L1 alteration
(up-/downregulation) in patients who had pCR and
thusdas we have shown previouslydprolonged EFS and
OS compared with non-pCR patients.31 To ensure homo-
geneity of PD-L1 IHC staining, all but a limited number of
samples (n ¼ 29, 22%) were centrally processed, stained,
and analyzed, and an internationally validated PD-L1 stain-
ing (Ventana SP263 assay) was used for all cases, apart from
two cytology samples that were analyzed with the Ventana
SP142 assay. We observed significant PD-L1 heterogeneity
between the samples from patients included in the trial
SAKK 16/96 compared with those from the more recent trial
SAKK 16/00, with a predominantly absent PD-L1 staining in
samples originating from the SAKK 16/96. This raised the
question of whether antigenicity is preserved in older
samples. Given the lack of data concerning PD-L1 stability in
archived tumor samples, we cannot exclude a loss of anti-
genicity in older, archived samples. However, an analysis of
the KEYNOTE-010 trial suggested that archival samples are
not associated with a loss of PD-L1 expression compared
with newly collected samples.32 Furthermore, PD-L1
expression grouped according to established cut-offs (PD-
L1 <1%, 1%-49%, and �50%) was comparable between the
older trials (SAKK 16/96, 16/00, and 16/01) and the most
recent trial SAKK 16/14. Our results did not change with
exclusion of the samples from the oldest study (SAKK 16/
96). An effect of intratumoral and intertumoral heteroge-
neity of PD-L1 expression on our results cannot be
excluded. Discordance of PD-L1 expression between the
preoperative samples (primary tumor) and the corre-
sponding resection specimens has been described,33 as well
as intratumoral heterogeneity for small tumor samples.34

Therefore our analysis included only representative probes
and excluded very small samples with low TC numbers
(<100).Whenever possible we analyzed PD-L1 expression in
corresponding probes from the primary tumor. However,
this was not always possible, and especially for the pre-
neoadjuvant treatment samples many were from lymph
nodes. Heterogeneity in PD-L1 expression between primary
tumor and corresponding lymph nodes has been re-
ported.28,35 In our analysis, we did not observe any signif-
icant differences when comparing corresponding samples
from the primary tumors only with those from mixed
samples (primary tumor/lymph node or vice versa). How-
ever, due to the low sample size these data must be
interpreted with caution. The different origin of the samples
ultimately reflects the situation in clinical practice.
Conclusion

In summary, the studied neoadjuvant treatments (CT,
sequential CRT, and sequential immunochemotherapy) had
no effect on PD-L1 expression. Potential ICI-sensitizing ef-
fects of RT, CT, and CRT are unlikely to be caused by the
upregulation of PD-L1 expression, at least in patients who
did not achieve a pCR. Our results indicate that assessment
Volume 8 - Issue 4 - 2023
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of PD-L1 expression may be carried out before or after
neoadjuvant treatment.

ACKNOWLEDGEMENTS

We thank the patients and their families for their partici-
pation in the studies, and the investigators and staff for
their contributions. We thank the staff of the participating
study centers and pathology institutes for their help in
collecting the tumor samples, in particular Giuseppina
Areniello (Cantonal Hospital Aarau, Aarau, Switzerland);
Beatrice Brinkers (Cantonal Hospital Winterthur,Winterthur,
Switzerland); Ruth Demmer (Cantonal Hospital St. Gallen,
St. Gallen, Switzerland); Susanne Dettwiler (University
Hospital Zurich, Zurich, Switzerland); Agnès Hiou Feige
(Centre Hospitalier Universitaire Vaudois, Lausanne,
Switzerland); Barbara Marongiu (Istituto Oncologico della
Svizzera Italiana, Bellinzona, Switzerland); Gabriela
Manetsch-Dalla Torre (Cantonal Hospital Graubünden, Chur,
Switzerland), and Céline Stäuble (Kantonsspital Olten, Olten,
Switzerland).

FUNDING

This work was supported by grants from the Swiss Cancer
Research Foundation [grant number KFS-4381-02-2018] and
the Peter Bockhoff Foundation (no grant number). This
work was conducted as a project of the Swiss Group for
Clinical Cancer Research (SAKK). The SAKK has research
agreements with the following institutions: Swiss State
Secretary for Education, Research, and Innovation, Swiss
Cancer Research Foundation, and Swiss Cancer League.

DISCLOSURE

DK reports honoraria and travel expenses covered by
Amgen and Sanofi; serves on the advisory board of Astra-
Zeneca, Merck, MSD; travel expenses funded by Roche (all
fees to institution). SSP is on the advisory board of and
provides expert testimony to Merck; reports receiving
consulting fees and Honoraria from Merck; and a grant from
MSD (all fees to institution). SB reports receiving honoraria
from Daiichi-Sankyo and Eli Lilly (all fees to institution). MM
serves on the advisory board of BMS, Janssen, Merck, MSD,
Roche, Sanofi, Takeda (all fees to institution). SS serves on
the advisory board of AstraZeneca, BMS, and MSD; reports
receiving a grant from Janssen; and travel expenses covered
by Takeda (all fees to institution). IO is on the speakers
bureau and reports receiving institutional grant from Roche
and AstraZeneca; serves on the advisory board of MSD and
BMS; reports institutional grant from Medtronic and proc-
torship from Intuitive (all fees to institution). MF serves on
the advisory board of AstraZeneca, BMS, Boehringer Ingel-
heim, MSD, Pfizer, Roche, and Takeda; reports travel fees
covered by Merck Serono; and reports receiving grants from
AstraZeneca and BMS (all fees to institution). SIR reports
grants from AbbVie, AstraZeneca, BMS, Boehringer Ingel-
heim, Merck Serono, and Roche; serves on the advisory
board of Amgen, AstraZeneca, BMS, Boehringer Ingelheim,
Eisei, Eli Lilly, Merck Serono, MSD, Novartis, Otsuka, Pfizer,
Volume 8 - Issue 4 - 2023
Roche, and Takeda; reports honoraria from Amgen, Astra-
Zeneca, Bayer, BMS, Boehringer Ingelheim, Eisei, Eli Lilly,
Janssen, Merck Serono, MSD, Novartis, Otsuka, PharmaMar,
Pfizer, Roche, Sanofi, and Takeda; travel expenses covered
by Amgen, AstraZeneca, BMS, Boehringer Ingelheim, MSD,
Roche, Sanofi, and Takeda (all fees to institution). LB serves
on the advisory board of AbbVie, AstraZeneca, Bayer, BMS,
Eli Lilly, MSD, and Takeda; reports consulting for Johnson &
Johnson; grants from Novartis and Systems Oncology;
honoraria from AstraZeneca, Bayer, Janssen, and Thermo
Fisher (all fees to institution); and shares in Novartis and
Roche. MP serves on the advisory board of AbbVie, Amgen,
AstraZeneca, Bayer, Boehringer Ingelheim, BMS, Eisei,
Janssen, Merck Serono, MSD, Nestlé, Novartis, Pfizer, Roche,
Sanofi, and Takeda (all fees to institution); reports travel
fees covered by AstraZeneca, Boehringer Ingelheim, BMS,
Roche, and Vifor; and honoraria from Bayer, Janssen, Nestlé,
and Takeda. All other authors have declared no conflicts of
interest.

DATA SHARING

Further data and the datasets supporting this study are
available from the corresponding author upon justified
demand.

CONSENT FOR PUBLICATION

All authors approved the final version of this manuscript.
REFERENCES

1. Reck M, Rodriguez-Abreu D, Robinson AG, et al. Pembrolizumab versus
chemotherapy for PD-L1-positive non-small-cell lung cancer. N Engl J
Med. 2016;375(19):1823-1833.

2. Gandhi L, Rodriguez-Abreu D, Gadgeel S, et al. Pembrolizumab plus
chemotherapy in metastatic non-small-cell lung cancer. N Engl J Med.
2018;378(22):2078-2092.

3. Paz-Ares L, Luft A, Vicente D, et al. Pembrolizumab plus chemotherapy
for squamous non-small-cell lung cancer. N Engl J Med. 2018;379(21):
2040-2051.

4. Felip E, Altorki N, Zhou C, et al. Adjuvant atezolizumab after adjuvant
chemotherapy in resected stage IB-IIIA non-small-cell lung cancer
(IMpower010): a randomised, multicentre, open-label, phase 3 trial.
Lancet. 2021;398(10308):1344-1357.

5. Forde PM, Spicer J, Lu S, et al. Neoadjuvant nivolumab plus chemo-
therapy in resectable lung cancer. N Engl J Med. 2022;386(21):1973-
1985.

6. Provencio M, Nadal E, Insa A, et al. Neoadjuvant chemotherapy and
nivolumab in resectable non-small-cell lung cancer (NADIM): an open-
label, multicentre, single-arm, phase 2 trial. Lancet Oncol. 2020;21(11):
1413-1422.

7. Rothschild SI, Zippelius A, Eboulet EI, et al. SAKK 16/14: durvalumab in
addition to neoadjuvant chemotherapy in patients with stage IIIA(N2)
non-small-cell lung cancerda multicenter single-arm phase II trial.
J Clin Oncol. 2021;39(26):2872-2880.

8. Felip E, Altorki N, Vallieres E, et al. IMpower010: overall survival
interim analysis of a phase III study of atezolizumab vs best supportive
care in resected NSCLC. Paper presented at the 2022 World Confer-
ence on Lung Cancer. August 6-9, 2022; Vienna, Austria.

9. Loke P, Allison JP. PD-L1 and PD-L2 are differentially regulated by Th1
and Th2 cells. Proc Natl Acad Sci U S A. 2003;100(9):5336-5341.

10. Sato H, Niimi A, Yasuhara T, et al. DNA double-strand break repair
pathway regulates PD-L1 expression in cancer cells. Nat Commun.
2017;8(1):1751.
https://doi.org/10.1016/j.esmoop.2023.101595 9

http://refhub.elsevier.com/S2059-7029(23)00829-3/sref1
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref1
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref1
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref2
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref2
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref2
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref3
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref3
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref3
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref4
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref4
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref4
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref4
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref5
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref5
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref5
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref6
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref6
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref6
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref6
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref7
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref7
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref7
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref7
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref7
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref9
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref9
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref10
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref10
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref10
https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595


ESMO Open D. König et al.
11. Garcia-Diaz A, Shin DS, Moreno BH, et al. Interferon receptor signaling
pathways regulating PD-L1 and PD-L2 expression. Cell Rep. 2017;19(6):
1189-1201.

12. Song Z, Yu X, Zhang Y. Altered expression of programmed death-ligand
1 after neo-adjuvant chemotherapy in patients with lung squamous
cell carcinoma. Lung Cancer. 2016;99:166-171.

13. Shin J, Chung JH, Kim SH, et al. Effect of platinum-based chemotherapy
on PD-L1 expression on tumor cells in non-small cell lung cancer.
Cancer Res Treat. 2019;51(3):1086-1097.

14. Sheng J, Fang W, Yu J, et al. Expression of programmed death ligand-1
on tumor cells varies pre and post chemotherapy in non-small cell lung
cancer. Sci Rep. 2016;6:20090.

15. Moldvay J, Rojkó L, Téglási V, et al. P2.04-08 platinum-based chemo-
therapy is associated with altered PD-L1 expression in lung cancer.
J Thorac Oncol. 2018;13(10):S733.

16. Fujimoto D, Uehara K, Sato Y, et al. Alteration of PD-L1 expression and
its prognostic impact after concurrent chemoradiation therapy in non-
small cell lung cancer patients. Sci Rep. 2017;7(1):11373.

17. Yoneda K, Kuwata T, Kanayama M, et al. Alteration in tumoural PD-L1
expression and stromal CD8-positive tumour-infiltrating lymphocytes
after concurrent chemo-radiotherapy for non-small cell lung cancer. Br
J Cancer. 2019;121(6):490-496.

18. Deng L, Liang H, Burnette B, et al. Irradiation and anti-PD-L1 treatment
synergistically promote antitumor immunity in mice. J Clin Invest.
2014;124(2):687-695.

19. Dovedi SJ, Cheadle EJ, Popple AL, et al. Fractionated radiation therapy
stimulates antitumor immunity mediated by both resident and infil-
trating polyclonal T-cell populations when combined with PD-1
blockade. Clin Cancer Res. 2017;23(18):5514-5526.

20. Herter-Sprie GS, Koyama S, Korideck H, et al. Synergy of radiotherapy
and PD-1 blockade in Kras-mutant lung cancer. JCI Insight. 2016;1(9):
e87415.

21. Betticher DC, Hsu Schmitz SF, Totsch M, et al. Mediastinal lymph node
clearance after docetaxel-cisplatin neoadjuvant chemotherapy is
prognostic of survival in patients with stage IIIA pN2 non-small-cell
lung cancer: a multicenter phase II trial. J Clin Oncol. 2003;21(9):
1752-1759.

22. Betticher DC, Hsu Schmitz SF, Totsch M, et al. Prognostic factors
affecting long-term outcomes in patients with resected stage IIIA pN2
non-small-cell lung cancer: 5-year follow-up of a phase II study. Br J
Cancer. 2006;94(8):1099-1106.

23. Pless M, Stupp R, Ris HB, et al. Induction chemoradiation in stage IIIA/
N2 non-small-cell lung cancer: a phase 3 randomised trial. Lancet.
2015;386(9998):1049-1056.
10 https://doi.org/10.1016/j.esmoop.2023.101595
24. Stupp R, Mayer M, Kann R, et al. Neoadjuvant chemotherapy and
radiotherapy followed by surgery in selected patients with stage IIIB
non-small-cell lung cancer: a multicentre phase II trial. Lancet Oncol.
2009;10(8):785-793.

25. Martini N. Mediastinal lymph node dissection for lung cancer. The
Memorial experience. Chest Surg Clin N Am. 1995;5(2):189-203.

26. Lardinois D, De Leyn P, Van Schil P, et al. ESTS guidelines for intra-
operative lymph node staging in non-small cell lung cancer. Eur J
Cardiothorac Surg. 2006;30(5):787-792.

27. Tsao MS, Kerr KM, Dacic S, Yatabe Y, Hirsch FR. IASLC Atlas of PD-L1
Immunohistochemistry Testing in Lung Cancer. Aurora, CO: Editorial Rx
Press; 2017.

28. Zens P, Bello C, Scherz A, et al. The effect of neoadjuvant therapy on
PD-L1 expression and CD8þ lymphocyte density in non-small cell lung
cancer. Mod Pathol. 2022;35(12):1848-1859.

29. Heymach JV, Harpole D, Mitsudomi T, et al. AEGEAN: a phase 3 trial of
neoadjuvant durvalumab þ chemotherapy followed by adjuvant dur-
valumab in patients with resectable NSCLC. Orlando, FL: AACR Annual
Meeting; April 16, 2023.

30. O’Brien M, Paz-Ares L, Marreaud S, et al. Pembrolizumab versus pla-
cebo as adjuvant therapy for completely resected stage IB-IIIA non-
small-cell lung cancer (PEARLS/KEYNOTE-091): an interim analysis of a
randomised, triple-blind, phase 3 trial. Lancet Oncol. 2022;23(10):
1274-1286.

31. Konig D, Schar S, Vuong D, et al. Long-term outcomes of operable stage
III NSCLC in the pre-immunotherapy era: results from a pooled analysis
of the SAKK 16/96, SAKK 16/00, SAKK 16/01, and SAKK 16/08 trials.
ESMO Open. 2022;7(2):100455.

32. Herbst RS, Baas P, Perez-Gracia JL, et al. Use of archival versus newly
collected tumor samples for assessing PD-L1 expression and overall
survival: an updated analysis of KEYNOTE-010 trial. Ann Oncol.
2019;30(2):281-289.

33. Ilie M, Long-Mira E, Bence C, et al. Comparative study of the PD-L1
status between surgically resected specimens and matched
biopsies of NSCLC patients reveal major discordances: a potential
issue for anti-PD-L1 therapeutic strategies. Ann Oncol. 2016;27(1):
147-153.

34. Gniadek TJ, Li QK, Tully E, Chatterjee S, Nimmagadda S, Gabrielson E.
Heterogeneous expression of PD-L1 in pulmonary squamous cell car-
cinoma and adenocarcinoma: implications for assessment by small
biopsy. Mod Pathol. 2017;30(4):530-538.

35. Saito Y, Horiuchi S, Morooka H, et al. Inter-tumor heterogeneity of PD-
L1 expression in non-small cell lung cancer. J Thorac Dis. 2019;11(12):
4982-4991.
Volume 8 - Issue 4 - 2023

http://refhub.elsevier.com/S2059-7029(23)00829-3/sref11
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref11
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref11
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref12
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref12
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref12
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref13
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref13
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref13
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref14
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref14
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref14
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref15
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref15
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref15
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref16
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref16
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref16
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref17
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref17
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref17
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref17
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref18
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref18
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref18
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref19
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref19
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref19
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref19
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref20
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref20
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref20
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref21
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref21
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref21
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref21
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref21
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref22
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref22
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref22
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref22
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref23
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref23
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref23
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref24
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref24
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref24
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref24
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref25
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref25
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref26
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref26
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref26
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref27
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref27
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref27
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref28
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref28
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref28
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref28
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref29
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref29
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref29
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref29
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref29
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref30
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref30
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref30
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref30
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref30
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref31
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref31
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref31
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref31
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref32
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref32
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref32
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref32
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref33
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref33
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref33
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref33
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref33
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref34
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref34
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref34
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref34
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref35
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref35
http://refhub.elsevier.com/S2059-7029(23)00829-3/sref35
https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595
https://doi.org/10.1016/j.esmoop.2023.101595

	Neoadjuvant treatment does not influence PD-L1 expression in stage III non-small-cell lung cancer: a retrospective analysis ...
	Introduction
	Patients and methods
	Patient cohort
	Study design
	Tumor samples and PD-L1 assessment
	Outcomes
	Statistical analyses

	Results
	Study population
	PD-L1 expression
	Correlation with outcome parameters

	Discussion
	Conclusion

	Acknowledgements
	Funding
	Disclosure
	Data sharing
	Consent for publication
	References


