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Background: Programmed death-ligand 1 (PD-L1) expression is a well-established positive predictive biomarker for
response to immunotherapy in advanced esophageal squamous-cell carcinoma (aESCC). However, the association
between PD-L1 and response to chemotherapy alone remains unclear. This study aims to determine the prognostic
significance of PD-L1 expression in patients treated with first-line chemotherapy alone in aESCC.

Materials and methods: First-line phase Ill randomized trials that included PD-L1 expression as a biomarker in aESCC
were extracted after a systematic search. A graphical reconstructive algorithm was used to estimate time-to-event
outcomes from reported Kaplan—Meier (KM) plots and, where unavailable, KMSubtraction was utilized to derive KM
plots of unreported PD-L1 subgroups. Thereafter, an individual patient data meta-analysis was conducted. Survival
analyses for overall survival (OS) and progression-free survival (PFS) were conducted with Cox proportional hazards
models with a shared-frailty term incorporated to account for interstudy differences.

Results: Chemotherapy arms from five randomized phase Il trials—CheckMate-648, ESCORT-1st, KEYNOTE-590,
RATIONALE-306 and ORIENT-15—comprising 1517 patients were included in the OS analysis. Compared with PD-L1-
low-expressing tumors, patients with PD-L1-high-expressing tumors were at a significantly higher risk of mortality
[hazard ratio (HR) 1.153, 95% confidence interval (Cl) 1.018-1.305, P = 0.025]. Three trials—CheckMate-648,
ESCORT-1st and ORIENT-15—comprising 949 patients treated with chemotherapy alone were included in the PFS
analysis. Patients with PD-L1-high-expressing tumors had a non-significant increased risk of tumor progression (HR
1.076, 95% CI 0.923 —1.253, P = 0.349).

Conclusions: Our study found PD-L1 expression is a negative predictor of OS in aESCC treated with first-line

chemotherapy.

INTRODUCTION

Despite recent advances in modern medicine, the prognosis
for advanced esophageal squamous-cell carcinoma (aESCC)
remains poor.® Historically, ESCC was studied in trials
alongside esophageal adenocarcinoma and gastric carci-
noma, rather than being investigated as a separate disease
subtype. However, with the advent of immunotherapy the

*Correspondence to: Prof. Raghav Sundar, Department of Haematology-
Oncology, National University Cancer Institute, National University Hospital,
Singapore; Cancer and Stem Cell Biology Program, Duke-NUS Medical School,
Singapore; The N.1 Institute for Health, National University of Singapore,
Singapore; Singapore Gastric Cancer Consortium, Yong Loo Lin School of
Medicine, National University of Singapore, Singapore, 1E Kent Ridge Road,
Singapore 119228, Singapore. Tel: +65-67795555

E-mail: raghav.sundar@yale.edu (R. Sundar).

Equal contributions.

2949-8198/© 2024 The Author(s). Published by Elsevier Ltd on behalf of
European Society for Medical Oncology. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Volume 7 m Issue C m 2025

treatment landscape has evolved significantly with land-
mark trials recruiting exclusively advanced ESCC patients. At
the outset, immune checkpoint inhibitors (ICls) targeting
the programmed cell death protein 1 (PD-1)/programmed
death-ligand 1 (PD-L1) were shown to improve survival
compared with chemotherapy in the second-line metastatic
ESCC setting, with KEYNOTE-1817 leading to the approval of
pembrolizumab in PD-L1 combined positive score (CPS) >
10 and ATTRACTION-3? leading to the approval of nivolu-
mab irrespective of PD-L1 status. Thereafter, ICls were
brought into the frontline setting for metastatic ESCC with
the results of the landmark KEYNOTE-590 trial® leading to
the approval of pembrolizumab in combination with
chemotherapy, and CheckMate-648> resulting in the
approval of nivolumab in combination with chemotherapy.
Immunotherapy is now the standard of care in first-line
ESCC with many studies demonstrating that ESCC with
higher levels of PD-L1 expression tend to derive greater
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benefit from treatment with anti-PD-1 blockade.® Thus,
evaluation of PD-L1 expression via immunohistochemistry
(IHC) has become an essential aspect to determining
optimal treatment for patients with metastatic ESCC.
However, different IHC PD-L1 antibody assays (e.g. Dako
22C3, Dako 28-8 and Ventana SP263)’ were used in
different clinical trials, with uncertainty regarding the
concordance of CPSs among different PD-L1 assays. More-
over, while CheckMate-648 demonstrated OS benefit in the
entire population and in those with PD-L1 tumor proportion
score (TPS) > 1, whether the addition of immunotherapy to
chemotherapy benefits individuals with low PD-L1 expres-
sion remains a controversial issue. This led to different
regulatory approvals, with the United States Food and Drug
Administration (FDA) approving nivolumab regardless of PD-
L1 expression® and the European Medicines Agency
restricting approval of nivolumab to PD-L1 expression with
TPS > 1.

PD-L1 expression is a well-established positive predic-
tive biomarker for response to immunotherapy in aESCC.
However, the association between PD-L1 and response to
chemotherapy alone, without the concurrent use of
immunotherapy, remains unclear. Intuitively, given that
PD-L1 was developed as a biomarker to select patients
deriving most benefit from immunotherapy, one would
not expect it to affect response to chemotherapy. How-
ever, this has not been studied before and hence we seek
to provide a more nuanced exploration of PD-L1 as a
biomarker, as its significance in the context of traditional
chemotherapy remains unknown. This study aims to
determine the prognostic significance of PD-L1 expression
in patients treated with first-line chemotherapy alone in
aESCC.

MATERIALS AND METHODS

This study was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
and Cochrane Guidelines (PRISMA) for individual patient
data.™

Study selection

An electronic literature search was conducted on PubMed
for randomized controlled trials (RCTs) from inception until
24 September 2022. Eligibility criteria included the
following: (i) phase Il RCTs, which included PD-L1
expression as a biomarker and reported the use of
chemotherapy alone or in combination with immuno-
therapy regimens for the first-line treatment of aESCC, (ii)
trials with manuscripts published in peer-reviewed jour-
nals, (iii) trials that reported PD-L1-stratified Kaplan—
Meier (KM) curves of chemotherapy arms. All relevant
publications and the data supplements will be screened to
capture any KM plots, which might have been published
in abstract form, but subsequently removed from the
primary trial manuscript. If multiple publications of the
same trial were found, the latest and most complete
publication as of 24 September 2022 will be used. We
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excluded trials with data only presented in conference
abstract form. The full search string is detailed in Table 1.
Articles were reviewed by JJZ and DTWY and any differ-
ences were resolved by MS.

Reconstruction of time-to-event outcomes

A graphical reconstructive algorithm was used to estimate
time-to-event outcomes from reported KM plots in all
overall and reported subgroup cohorts. Where unavailable,
KMSubtraction was utilized to derive KM plots of unre-
ported PD-L1 subgroups.’* Thereafter, an individual pa-
tient data meta-analysis was conducted. Survival analyses
for overall survival (OS) and progression-free survival (PFS)
were conducted with Cox proportional hazards models
with a shared-frailty term incorporated to account for
interstudy differences, with OS as our primary endpoint
and PFS as our secondary endpoint. As part of our
sensitivity analysis, we employed stratified Cox models.
These models account for differences between studies by
allowing patients within each study to have a unique
baseline hazard specific to that study while constraining
partial likelihood estimates of the Cox coefficients to be
equal across strata.’” 12 values were retrieved using the
DerSimonian-Laird estimation to evaluate for between-
study heterogeneity.®

Matching of patients and derivation of unreported
subgroups—KMSubtraction

All analyses were conducted in R-4.1.0 using packages
KMSubtraction, IPDfromKM, Matchlt, RcppHungarian,
blandr, powerSurvEpi, survRM2 and survival, and a two-
sided P < 0.05 was regarded to indicate statistical
significance.

RESULTS

Study selection

The electronic search identified 279 articles. After de-
duplication and screening, five studies comprising 1517
patients were eligible and included in the final analysis
(Figure 1).

Baseline characteristics of trials included

Five trials, CheckMate-648,” ESCORT-1st,"* KEYNOTE-590,"
RATIONALE-306"° and ORIENT-15,'® were included in this
analysis. The characteristics of the five studies are summa-
rized in Table 2. Importantly, all trials were conducted in the
first-line metastatic or unresectable esophageal cancer
setting, with all specifically focused on squamous-cell his-
tology apart from KEYNOTE-590," which recruited both
adenocarcinoma and squamous histology. We only analyzed
the data for squamous histology from KEYNOTE-590.
RATIONALE-306,"> ORIENT-15'° and ESCORT-1st** predom-
inantly recruited patients from China while KEYNOTE-590"
and CheckMate-648° recruited a more diverse patient
population. All trials compared chemotherapy as the stan-
dard arm versus chemoimmunotherapy as the intervention
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Table 1. Search details

Date of search

24 September 2022

Databases
Search string

Search string exploded

PubMed

(esophageal) AND (checkpoint inhibitors OR ICI OR pembrolizumab OR ipilimumab OR nivolumab OR avelumab OR
camrelizumab OR durvalumab OR sintilimab OR programmed death ligand OR “PD-L1” OR “PD-1” OR immunotherapy
OR Tislelizumab) AND (random* AND trial)

(“esophageal”[All Fields] OR “esophagic”[All Fields] OR “esophagitis”[MeSH Terms] OR “esophagitis”[All Fields] OR
“esophagitides”[All Fields] OR “oesophagal”[All Fields] OR “oesophageal”[All Fields] OR “oesophagic”[All Fields] OR
“oesophagitis”[All Fields]) AND (((“cell cycle checkpoints”[MeSH Terms] OR (“cell”[All Fields] AND “cycle”[All Fields]
AND “checkpoints”[All Fields]) OR “cell cycle checkpoints”[All Fields] OR “checkpoint”[All Fields] OR “checkpoints”[All
Fields]) AND (“antagonists and inhibitors”[MeSH Subheading] OR (“antagonists”[All Fields] AND “inhibitors”[All Fields])
OR “antagonists and inhibitors”[All Fields] OR “inhibitors”[All Fields] OR “inhibitor”[All Fields] OR “inhibitor s”[All
Fields])) OR “ICI”[All Fields] OR (“pembrolizumab”[Supplementary Concept] OR “pembrolizumab”[All Fields]) OR
(“ipilimumab”[MeSH Terms] OR “ipilimumab”[All Fields]) OR (“nivolumab”[MeSH Terms] OR “nivolumab”[All Fields]
OR “nivolumab s”[All Fields]) OR (“avelumab”[Supplementary Concept] OR “avelumab”[All Fields]) OR
(“camrelizumab”[Supplementary Concept] OR “camrelizumab”[All Fields]) OR (“durvalumab”[Supplementary Concept]
OR “durvalumab”[All Fields]) OR (“sintilimab”[Supplementary Concept] OR “sintilimab”[All Fields]) OR ((“program”[All
Fields] OR “program s”[All Fields] OR “programe”[All Fields] OR “programmed”[All Fields] OR “programes”[All Fields]
OR “programing”[All Fields] OR “programmability”[All Fields] OR “programmable”[All Fields] OR “programmably”[All
Fields] OR “programme”[All Fields] OR “programme s”[All Fields] OR “programmed”[All Fields] OR “programmer”[All
Fields] OR “programmer s”[All Fields] OR “programmers”[All Fields] OR “programmes”[All Fields] OR
“programming”[All Fields] OR “programmings”[All Fields] OR “programs”[All Fields]) AND (“death”[MeSH Terms] OR
“death”[All Fields] OR “deaths”[All Fields]) AND (“ligand s”[All Fields] OR “liganded”[All Fields] OR “liganding”[All
Fields] OR “ligands”[MeSH Terms] OR “ligands”[All Fields] OR “ligand”[All Fields])) OR “PD-L1”[All Fields] OR “PD-1"[All
Fields] OR (“immunotherapy”[MeSH Terms] OR “immunotherapy”[All Fields] OR “immunotherapies”[All Fields] OR
“immunotherapy s”[All Fields]) OR (“tislelizumab”[Supplementary Concept] OR “tislelizumab”[All Fields])) AND
(“random*”[All Fields] AND (“clinical trials as topic”[MeSH Terms] OR (“clinical”[All Fields] AND “trials”[All Fields] AND
“topic”[All Fields]) OR “clinical trials as topic”[All Fields] OR “trial”[All Fields] OR “trial s”[All Fields] OR “trialed”[All
Fields] OR “trialing”[All Fields] OR “trials”[All Fields]))

Translations

esophageal: “esophageal”[All Fields] OR “esophagic”[All Fields] OR “esophagitis”[MeSH Terms] OR “esophagitis”[All
Fields] OR “esophagitides”[All Fields] OR “oesophagal”[All Fields] OR “oesophageal”[All Fields] OR “oesophagic”[All
Fields] OR “oesophagitis”[All Fields]

checkpoint: “cell cycle checkpoints”[MeSH Terms] OR (“cell”[All Fields] AND “cycle”[All Fields] AND “checkpoints”[All
Fields]) OR “cell cycle checkpoints”[All Fields] OR “checkpoint”[All Fields] OR “checkpoints”[All Fields]

inhibitors: “antagonists and inhibitors”[Subheading] OR (“antagonists”[All Fields] AND “inhibitors”[All Fields]) OR
“antagonists and inhibitors”[All Fields] OR “inhibitors”[All Fields] OR “inhibitor”[All Fields] OR “inhibitor’s”[All Fields]
pembrolizumab: “pembrolizumab”[Supplementary Concept] OR “pembrolizumab”[All Fields]

ipilimumab: “ipilimumab”[MeSH Terms] OR “ipilimumab”[All Fields]

nivolumab: “nivolumab”[MeSH Terms] OR “nivolumab”[All Fields] OR “nivolumab’s”[All Fields]

avelumab: “avelumab”[Supplementary Concept] OR “avelumab”[All Fields]

camrelizumab: “camrelizumab”[Supplementary Concept] OR “camrelizumab”[All Fields]

durvalumab: “durvalumab”[Supplementary Concept] OR “durvalumab”[All Fields]

sintilimab: “sintilimab”[Supplementary Concept] OR “sintilimab”[All Fields]

programmed: “program”[All Fields] OR “program’s”[All Fields] OR “programe”[All Fields] OR “programmed”[All Fields]
OR “programes”[All Fields] OR “programing”[All Fields] OR “programmability”[All Fields] OR “programmable”[All
Fields] OR “programmably”[All Fields] OR “programme”[All Fields] OR “programme’s”[All Fields] OR “programmed”[All
Fields] OR “programmer”[All Fields] OR “programmer’s”[All Fields] OR “programmers”[All Fields] OR “programmes”[All
Fields] OR “programming”[All Fields] OR “programmings”[All Fields] OR “programs”[All Fields]

death: “death”[MeSH Terms] OR “death”[All Fields] OR “deaths”[All Fields]

ligand: “ligand’s”[All Fields] OR “liganded”[All Fields] OR “liganding”[All Fields] OR “ligands”[MeSH Terms] OR
“ligands”[All Fields] OR “ligand”[All Fields]

immunotherapy: “immunotherapy”[MeSH Terms] OR “immunotherapy”[All Fields] OR “immunotherapies”[All Fields]
OR “immunotherapy’s”[All Fields]

Tislelizumab: “tislelizumab”[Supplementary Concept] OR “tislelizumab”[All Fields] trial: “clinical trials as topic”[MeSH
Terms] OR (“clinical”[All Fields] AND “trials”[All Fields] AND “topic”[All Fields]) OR “clinical trials as topic”[All Fields] OR
“trial”[All Fields] OR “trial’s”[All Fields] OR “trialed”[All Fields] OR “trialing”[All Fields] OR “trials”[All Fields]

arm; CheckMate-648> had an additional dual immuno-
therapy intervention arm. PD-L1-low was defined as: TPS <
1 for CheckMate-648 and ESCORT-first; TPS < 10 for
RATIONALE-306; and CPS < 10 for KEYNOTE-590 and
ORIENT-15. We used different thresholds as the different
trials reported PD-L1-stratified KM curves of chemotherapy
arms with different PD-L1 cut-offs. We also assessed pub-
lication bias qualitatively through visual inspection of funnel
plot asymmetry which were both grossly symmetrical, as
shown in Supplementary Figure S1, available at https://doi.
org/10.1016/j.esmogo.2024.100109. Egger’s test was not
conducted as the number of studies included was <10.
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Chemotherapy arms from five randomized phase Il trials
comprising 1517 patients were included in the OS analysis.
Compared with PD-L1-low-expressing tumors, patients with
PD-L1-high-expressing tumors were at a significantly higher
risk of mortality [PD-L1-high (n = 769) versus PD-L1-low
(n = 748), HR 1.153, 95% CI 1.018-1.305, P = 0.025;
stratified HR 1.158, 95% Cl 1.021-1.313, P = 0.020; 12 =
0.0350] (Figure 2). This result was consistent in all of the
included RCTs when analyzed individually (Supplementary
Figures S2-S6, available at https://doi.org/10.1016/].
esmogo.2024.100109), with the exception of ORIENT-15,
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Publications identified from:
Databases (n = 279)

Publications screened
(n=97)

Publications assessed for eligibility
(n=9)

Publications included in review
(n=23)

Publications removed before
screening:
Records marked as ineligible by
automation tools (n = 182)

Publications excluded after title and
abstract review
(n=88)

Publications excluded:
Non-first-line (n = 1)

Trial still in progress (n = 1)
Abstract without KM plots (n = 1)
Did not use PD-L1 score
Stratification (n = 1)

Figure 1. PRISMA flowchart.
KM, Kaplan—Meier; PD-L1, programmed death-ligand 1.

which found that PD-L1-low patients had a non-significant
increase in the risk of mortality (HR 1.251, 95% ClI
0.946—1.653, P = 0.115). Cohort analyses of the three trials
that reported PD-L1 measurement as TPS (CheckMate-648,
ESCORT-1st and RATIONALE-306) reiterated these findings
[PD-L1-high (n = 433) versus PD-Ll-low (n = 478), HR
1.243, 95% Cl 1.057-1.462, P = 0.009] with PD-L1 TPS-high-
expressing tumors at significantly higher risk of mortality.
However, cohort analyses of the studies that reported PD-L1
measurement as CPS (KEYNOTE-590 and ORIENT-158) did
not find an increased risk of mortality in PD-L1-CPS-high
tumors [PD-L1-high (n = 336) versus PD-L1-low (n = 270),
HR 1.037, 95% Cl 0.855-1.258, P = 0.711].

PFs

Three trials—CheckMate-648,” ESCORT-1st'* and ORIENT-
15."°*—comprising 949 patients treated with chemotherapy
alone were included in the PFS analysis. KEYNOTE-590 and

4 https://doi.org/10.1016/j.esmogo.2024.100109

RATIONALE-306 did not report PD-L1 subgroup analysis for
PFS and hence were not included in our analysis. Patients
with PD-L1-high-expressing tumors were at a higher risk of
tumor progression, although this was not significant [PD-L1-
high (n = 513) versus PD-L1-low (n = 436), HR 1.076, 95%
Cl1 0.923-1.253, P = 0.349; stratified HR 1.082, 95% Cl 0.928-
1.262, P = 0.300; 12 = 0.0455] (Figure 3). Again, similar to
the OS data, this result was consistent in all of the included
RCTs when analyzed individually with the exception of
ORIENT-15 (Supplementary Figures S7-S9, available at
https://doi.org/10.1016/j.esmogo.2024.100109), which
found that PD-L1-low patients had a non-significant in-
crease in the risk of tumor progression (HR 1.200, 95% ClI
0.932-1.547, P = 0.157).

DISCUSSION

Our study found PD-L1 expression is a negative predictor of
OS in aESCC treated with first-line chemotherapy. There are

Volume 7 m Issue C m 2025
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Table 2. Study information and characteristics of trials

Trial, year, No. of countries Main eligibility criteria Intervention groups, dosing PD-L1 assay and Reported outcomes Derived outcomes of No of
ClinicalTrials.gov reporting method (as KM plots) interest unreported as patients
identifier KM plots in the enrolled
original study
CheckMate-648 26 (North America, 1. Age >18 years Chemotherapy FU 800 mg/m’ IHC 28-8 pharmDx 0s oS 970
Doki et al. (2022)° South America, 2. Previously untreated, once daily (days 1-5) plus assay (Dako, Santa 1. All patients 1. Tumor PD-L1
Europe, Asia and histologically or cytologically cisplatin 80 mg/m? once daily Clara, CA) 2. PD-L1TPS > 1 TPS < 1
Oceania) confirmed, locally advanced, (day 1) once every 4 weeks PFS PFS
unresectable or metastatic versus Immunochemotherapy 1. All patients 2. Tumor PD-L1
esophageal squamous-cell Nivolumab 240 mg once every 2. PD-L1TPS > 1 TPS < 1
carcinoma 2 weeks plus chemotherapy (as
3. ECOG PS 0-1 above)
4. Measurable disease versus Dual immunotherapy
(RECIST v1.1) Nivolumab 3 mg/kg once every
5. Adequate organ function 2 weeks plus ipilimumab 1 mg/
kg every 6 weeks
KEYNOTE-590 26 (North America, 1. Age >18 years Chemotherapy IHC 22C3 (Agilent oS oS 749
Sun et al. (2021)** South America, 2. Previously untreated, FU 800 mg/m? once daily (days Technologies, 1. All patients 1. Tumor PD-L1
Europe, Asia and histologically or cytologically 1-5) plus cisplatin 80 mg/m? Carpinteria, CA) 2. PD-L1 CPS > 10 CPS < 10
Oceania) confirmed, locally advanced, once daily (day 1) once every 3. ESCC tumor type
unresectable or metastatic 3 weeks 4. ESCC PD-L1 CPS > 10
adenocarcinoma or versus Immunochemotherapy PFS
squamous-cell carcinoma of Pembrolizumab 200 mg once 1. All patients
the esophagus or Siewart every 3 weeks plus 2. PD-L1 CPS > 10
type 1 gastroesophageal chemotherapy (as above) 3. ESCC tumor typePD-L1 data
junction adenocarcinoma indeterminate, not evaluable
3. ECOG PS 0-1 or missing from 19 patients
4. Measurable disease
(RECIST v1.1)
5. Adequate organ function
ESCORT-1st 1 (China) 1. Age 18-75 years Chemotherapy 6E8 antibody oS = 596
Luo et al. (2021)** 2. Previously untreated, Paclitaxel 175 mg/m? plus (Shuwen Biotech, 1. All patients
histologically or cytologically cisplatin 75 mg/m? Deqing, Zhejiang, 2. PD-L1TPS > 1
confirmed, locally advanced, versus Immunochemotherapy China) 3. PD-L1TPS < 1
unresectable or metastatic Camrelizumab 200 mg once PFS
esophageal squamous-cell every 3 weeks plus 1. All patients
carcinoma chemotherapy (as above) 2. PD-L1TPS > 1
3. ECOG PS 0-1 3. PD-LITPS < 1
4. Measurable disease
(RECIST v1.1)
5. Adequate organ function
6. Newly obtained or archival
tumor sample for PD-L1
analysis
Continued
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Table 2. Continued

tumor sample for PD-L1
analysis

every 3 weeks plus
chemotherapy (as above)

Trial, year, No. of countries Main eligibility criteria Intervention groups, dosing PD-L1 assay and Reported outcomes Derived outcomes of No of
ClinicalTrials.gov reporting method (as KM plots) interest unreported as patients
identifier KM plots in the enrolled
original study
ORIENT-15 5 (Asia, Europe, 1. Age >18 years Chemotherapy IHC 22C3 (Agilent oS (o 659
Lu (2022)*° North America and 2. Previously untreated, Investigators choice of cisplatin Technologies, 1. All patients 1. PD-L1 CPS < 10PFS
Oceania) histologically or cytologically 75 mg/m? once daily (day 1) Carpinteria, CA) 2. PD-L1 CPS > 10 1. PD-L1 CPS < 10
confirmed, locally advanced, plus paclitaxel 175 mg/m? once PFS
unresectable or metastatic daily (day 1) or FU 800 mg/m? 1. All patients
esophageal squamous-cell once daily (days 1-5) 2. PD-L1 CPS > 10
carcinoma versus Immunochemotherapy
3. ECOG PS 0-1 Sintilimab 3 mg/kg in patients
4. Measurable disease weighing <60 kg or 200 mg in
(RECIST v1.1) patients weighing >60 kg once
5. Adequate organ function every 3 weeks plus
6. Newly obtained or archival chemotherapy (as above)
tumor sample for PD-L1
analysis
RATIONALE-306 16 (Asia, Europe, 1. Age >18 years Chemotherapy IHC SP263 (VENTANA, oS = 649
Xu et al. (2023)* North America and 2. Previously untreated, Investigators choice of cisplatin Tucson, AZ) 1. All patients
Oceania) histologically or cytologically 60-80 mg/m? once daily (day 1) 2. PD-L1 TPS > 10
confirmed, locally advanced, or oxaliplatin 130 mg/m2 once 3. PD-L1 TPS < 10
unresectable or metastatic daily (day 1) plus paclitaxel 175 PFS
esophageal squamous-cell mg/m? once daily (day 1) or FU 1. All patients
carcinoma 750-800 mg/m? once daily
3. ECOG PS 0-1 (days 1-5) or capecitabine
4. Measurable disease (RECIST 1000 mg/m? orally twice daily
v1.1) (days 1-14)
5. Adequate organ function versus Immunochemotherapy
6. Newly obtained or archival Tislelizumab 200 mg once

CPS, combined positive score; ECOG PS, Eastern Cooperative Oncology Group performance status; ESCC, esophageal squamous-cell carcinoma; FOLFOX, folinic acid, fluorouracil, and oxaliplatin; FU, fluorouracil; HER2, human epidermal growth
factor receptor 2; IHC, immunohistochemistry; KM, Kaplan—Meier; OS, overall survival; PD-L1, programmed death-ligand 1; PFS, progression-free survival; TC, tumor cells; XELOX, capecitabine and oxaliplatin.
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Figure 2. Kaplan—Meier curve for overall survival in PD-L1-high versus PD-L1-low subgroups derived with KMSubtraction: CheckMate-648, ESCORT-first, KEYNOTE-

590, ORIENT-15, RATIONALE-306.

Cl, confidence interval; OS, overall survival; PD-L1, programmed death-ligand 1.

several clinical implications of our study. Our findings
strengthen the argument for combination chemo-
immunotherapy in the first-line setting in patients with
PD-L1-high status, as we have shown that with chemo-
therapy alone these patients have worse outcomes
compared with patients with low PD-L1 status. Access to
immunotherapy remains challenging in many parts of the

world, and our findings highlight the importance of patients
being able to receive immunotherapy in a timely fashion,
especially so, for PD-L1-high status. For example, even
within the United States, adoption of immunotherapy
within 2 years after FDA approvals for new indications is
significantly lower in rural, non-academic practices
compared with urban, academic centers.”” Moreover, this

Strata — PD-L1-high —— PD-L1-low

1.00
HR (95% Cl) = 1.076 (0.923-1.253), P = 0.349
- Median PFS (95% Cl)
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e PD-L1-low: 5.690 (5.569-6.145) months
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[
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©
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Figure 3. Kaplan—Meier curve for progression-free survival in PD-L1-high versus PD-L1-low subgroups derived with KMSubtraction: CheckMate-648, ESCORT-first,

ORIENT-15.

Cl, confidence interval; OS, overall survival; PD-L1, programmed death-ligand 1.
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prognostic information can assist clinicians in counselling
patients with known PD-L1 status who may have concerns
about treatment toxicity or who may indeed develop low-
grade immune-related adverse events, and hence opt to
continue chemotherapy alone. Treatment-related adverse
events caused by chemoimmunotherapy led to treatment
discontinuation in 3%-15% of ESCC patients.*® For example,
in the ESCORT-1st trial** there was a higher rate of treat-
ment discontinuation with camrelizumab-chemotherapy
than with chemotherapy alone (45.3% versus 23.9%).
Immune-related adverse events were also higher with
chemoimmunotherapy compared with chemotherapy alone
(84.6% versus 33%); however, severe immune-related
adverse events remained rare. Hence, while it is impor-
tant to counsel patients on ICl-related toxicity, it is also
necessary to contextualize this information to ensure pa-
tients and clinicians understand that without ICl, PD-L1-high
patients may have worse outcomes. Our findings further
strengthen the argument for early and appropriate man-
agement of immune-related adverse events as we now
demonstrate that without immunotherapy, PD-L1-high ESCC
patients will have a poorer prognosis.

The observed association between PD-L1-high expres-
sion and an increased risk of mortality in aESCC patients
undergoing chemotherapy alone adds a layer of
complexity to the understanding of PD-L1 as a predictive
biomarker. While PD-L1 has been extensively studied in
the context of immunotherapy, our study underscores its
potential relevance in the realm of traditional chemo-
therapy. This finding prompts a re-evaluation of the role of
immune checkpoint molecules, such as PD-L1, beyond the
scope of immunotherapeutic interventions. The inclusion
of five randomized phase Il trials in our analysis,
encompassing a substantial cohort of 1517 patients, lends
robustness to our results. While PD-L1-high expression
was significantly associated with poorer OS on chemo-
therapy alone, our PFS results were not statistically sig-
nificant (though trending towards poorer PFS as well). This
phenomenon of discordance between PFS and OS is re-
ported in many other trials, and may potentially indicate a
link between higher PD-L1 expression and poorer post-
progression survival."> Nonetheless, we would focus on
our significant OS results as our gold-standard primary
endpoint, as arguably PFS remains a poor surrogate for
0s.”°

While the exact mechanisms remain unclear, higher PD-
L1 levels have been linked to poorer responses or survival
following chemotherapy alone in prior studies. For example,
a study using RNA sequencing data from The Cancer
Genome Atlas along with a validation cohort of IHC tumor
samples from the local population, also found that higher
PD-L1 score correlated with poorer OS in a population
treated with chemotherapy or radiotherapy alone.*!
Furthermore, in the locally advanced ESCC setting, pa-
tients who received neoadjuvant paclitaxel and cisplatin-
based chemoradiotherapy in three prospective phase Il
trials were observed to have a poorer OS if PD-L1 expres-
sion on tumor cells was >1%.%> Hence, our findings may
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extend across tumor stage, although small sample size in
these studies remains a limitation.

The main limitations of the study include the retrospec-
tive nature of the analysis and heterogeneity across the
included trials which may introduce confounding factors.
The trials used different assays for determining PD-L1 status
and used different thresholds for defining PD-L1-high
expression. In particular, there are a lack of data regarding
the unique antibody 6E8 used in the ESCORT-1st trial. While
overall concordance rates of CPS scores of 22C3, SP263 and
SP142 in a multicenter concordance study were reasonable
with overall agreement rates of 0.78, 0.79 and 0.76,
respectively,”® they are still not considered completely
interchangeable and guidelines for cross-platform and
antibody validation are lacking. Additionally, the trials we
have included in our study differ in how they measure PD-
L1, with CheckMate-678,” ESCORT-1st'* and RATIONALE-
306" reporting PD-L1 as TPS while KEYNOTE-590" and
ORIENT-15"° used CPS, further complicating cross-study
comparisons. Furthermore, our definition of PD-L1-low
and -high had to use different thresholds for different tri-
als as detailed in our results section, and hence collating
results from different assays with different cut-offs may not
be as robust.

Additionally, as described in Table 2, the various trials we
included have differing characteristics, including study pop-
ulation and chemotherapy backbone. For example, ESCORT-
1st and ORIENT-15 enrolled almost exclusively Chinese pa-
tients, while RATIONALE-306, CheckMate-658 and KEYNOTE-
590 had a more diverse population enrolled. Of note,
KEYNOTE-590, which enrolled an almost equal population
from Asian and non-Asian regions, demonstrated more sur-
vival benefit from pembrolizumab in the Asian subgroup,
though this is only hypothesis-generating subgroup analysis
(HR of Asian versus non-Asian: 0.64 versus 0.83).”* These
differences may be related to the differing etiologies of ESCC
between Asian and non-Asian populations (with pickled
vegetables, hot drinks and betel nut as significant risk factors
in Asia compared with alcohol and tobacco in Western
countries®), as well as their distinct genetic features.”®
Chemotherapy backbones differed between our included
studies, with KEYNOTE-590 and CheckMate-648 using a
backbone of cisplatin and fluorouracil, ESCORT-1st using
cisplatin and paclitaxel and ORIENT-15 and RATIONALE-306
allowing investigator’s choice of chemotherapy (with op-
tions detailed in Table 2). There is retrospective evidence
demonstrating that cisplatin and paclitaxel has superior PFS
over cisplatin and 5-fluorouracil,?” with paclitaxel able to
promote greater synergy with ICl.>® Hence, ESCORT-1st,
which was the only trial to mandate use of this chemo-
therapy backbone, may be exerting a stronger influence on
our overall results.

In conclusion, our study provides compelling evidence
that PD-L1 expression serves as a negative predictor of OS
in aESCC patients treated with first-line chemotherapy
alone. This novel insight prompts a paradigm shift in
considering the role of PD-L1 beyond immunotherapy,
highlighting its potential as a biomarker in the context of
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traditional chemotherapy too. It also strengthens the
argument for patients with aESCC with PD-L1-high to have
early access to combination chemotherapy and immuno-
therapy in the first-line setting, as they have poorer out-
comes with chemotherapy alone.
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