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Background: Programmed death-ligand-1 (PD-L1) molecule is a well-known
predictive biomarker for the efficacy of immune checkpoint inhibitors (ICls) in
several cancers. Present systematic review and meta-analysis aimed at
investigating the role of PD-L1 in predicting the effectiveness of programmed
death-1 (PD-1)/PD-L1 inhibitors in patients suffering from esophageal cancer.

Methods: We searched PubMed, Scopus, Web of Science, and EMBASE
databases as of March 25, 2022, for retrieving the potential relevant
randomized controlled trials (RCTs). The pooled hazard ratios (HR) and
the corresponding 95% confidence intervals (95%Cls) were calculated for the
outcomes of overall survival (OS) and progression-free survival (PFS). The
primary objective was to investigate the association between PD-1/PD-L1
inhibitors vs. control agents and treatment efficacy in terms of OS in patients
with esophageal tumor expressing different values of PD-L1 based on
combined-positive score (CPS) and tumor proportion score (TPS). The
secondary outcome was the pooled risk of PFS.

Results: Eleven studies with a total of 5,418 participants were included. While there
was no difference in the OS of CPS<1 patients in the intervention and the control
group, patients bearing esophageal tumors with a CPS>1 (HR 0.65, 0.56-0.74)
treated by ICls showed a significant improvement in OS relative to the control
agents. Accordingly, patients with CPS<5 (HR 0.75, 0.58-0.98), CPS>5 (HR 0.64,
0.53-0.77), CPS<10 (HR 0.86, 0.76-0.98), and CPS>10 (HR 0.65, 0.56-0.75) had
improved OS; however, a significant longer OS was observed in cases who
expressed higher values of CPS=10 (p=0.018). In terms of TPS, a significant
greater benefit in prolonging the OS came from TPS>1% PD-L1 expressing
tumors in comparison to TPS<1% tumors, suggesting this cut-off as another
predictor of PD-1/PD-L1 inhibitors efficacy. Notably, in the subgroup analysis
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when the cut-off value of CPS=10 or TPS=1% was selected, Nivolumab was the
best ICI that improved the survival of PD-L1 positive patients. In patients with
negative PD-L1 expression, Toripalimib is the only ICI which could prolong the OS
of patients with the cut-off value of CPS=10.

Conclusion: Among patients suffering from esophageal cancer, PD-L1 CPS=10
and TPS=1% expression thresholds seem to be predictive of a lower rate of
mortality when PD-1/PD-L1 inhibitors are administrated; however, further
large-scale trials are required for confirming the findings of the present study.
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Highlights

* Patients expressing PD-L1 as CPS>10 significantly take
more advantage of ICIs than those with CPS<10.
+  With the cut-off value of CPS=10:

Nivolumab and Pembrolizumab were the only ICIs that
improved OS of patients with CPS>10 tumors.

Toripalimib was the only ICI that improved OS of patients
with CPS<10 tumors.

* TPS=21% PD-L1 expressing tumors showed a significant
longer OS in comparison to TPS<1% tumors.
*  With the cut-off value of TPS=1%:

Nivolumab and Camrelizumab could significantly improve
the OS in patients with TPS>1% tumors.

None of the ICIs were able to longer the OS in patients with
TPS<1% tumors.

* Anti-PD-1 therapies are significantly more beneficial for
increasing OS than PD-L1 inhibitors.

1 Introduction

Esophageal cancer is the seventh most common malignancy in
the world and the sixth leading cause of cancer-related death.
Currently, chemotherapy remains the standard treatment for first-
and second-line management of this malignancy (1-3). In more
recent years, immune checkpoint inhibitors (ICIs) have also been
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actively tested with some encouraging results, especially for patients
with tumors that are characterized by a deficiency in mismatch
repair enzymes and high microsatellite instability (4-6). However,
one of the most important challenges in this area is identifying the
patients who would benefit from immunotherapy modalities.

Several predictive biomarkers can be used to identify the
patients which clinically respond better to ICIs (7). Since most
gastrointestinal cancers overexpress programmed death-ligand 1
(PD-L1), immunohistochemistry (IHC) analysis of this molecule
seems to be the most widely validated method for selecting
patients for ICI therapy (8); however, the main challenge facing
the application of PD-L1 expression as a biomarker is the
ambiguity of the relationship between PD-LI expression and
the clinical efficacy of ICIs relative to routine therapies (9).
Furthermore, defining a borderline for PD-L1 positivity is still
evolving, and the emerging trials have used various PD-L1
expression cut-offs based on combined-positive score (CPS)
and tumor proportion score (TPS) (10). Additionally, an
optimal setting for immunotherapy of esophageal cancer based
on PD-L1 expression status remained unanswered (11).

In the present systematic review and meta-analysis, we
sought for identifying the randomized control trials (RCTs)
investigating the role of PD-L1 expression in responding to
ICIs. In addition, we performed the meta-analysis with the aim
of finding a suitable PD-L1 cut-off for improving the clinical
efficacy of ICIs based on TPS and CPS.

2 Methods

Present systematic review and meta-analysis was conducted
in line with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (12).
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2.1 Search strategy

Eligible RCT's that compared the efficacy of ICIs with control
agents based on the expression of PD-L1 were identified through
a comprehensive literature search in PubMed, Scopus, Web of
Science, and EMBASE databases. We searched the RCTs that
were published in English as of March 25, 2022, using the key
terms including (“Esophageal Squamous Cell Carcinoma” OR
“Esophageal Tumor” OR “Esophageal Cancer” OR
“Gastroesophageal Junction Adenocarcinoma”) AND (“PD-L1
Inhibitor” OR “PD-1 Inhibitor” OR “Pembrolizumab” OR
“Nivolumab” OR “Durvalumab” OR “Camrelizumab” OR
“Atezolizumab”) AND (“Randomised Trial” OR “Clinical
Trial” OR “Controlled Clinical Trial”). The detailed
information on search strategy is represented in Table S1. We
also reviewed the published abstracts from annual conferences of
the American Society of Clinical Oncology (ASCO), the
European Society of Medical Oncology (ESMO), and the
American Association for Cancer Research (AACR). In
the case where duplicate studies were identified, the most
recent and complete version of the data was included.

2.2 Study selection

The yield of the search was exported to EndNote software
(Clarivate Analytics, Philadelphia, PA, USA). After removing the
duplicate records, two authors independently reviewed the title/
abstract of the publications according to the inclusion and
exclusion criteria. Afterward, the same two authors screened
the full-texts of the selected records, independently.
Discrepancies were resolved by consulting a third author.

2.3 Eligibility criteria

We included RCTs if the following criteria were met: (1)
patients with esophageal cancer or gastroesophageal junction
adenocarcinoma aged 18 years or older were enrolled; (2) a PD-1/
PD-L1 inhibitor was given to the intervention group; (3) placebo,
chemotherapy, radiotherapy was given to the control group; and (4)
the outcomes of interest (i.e. overall survival [OS] and progression-
free survival [PFS]) were reported based on the expression of PD-LI.

The exclusion criteria were as follows: (1) trials including
only patients with gastric cancer; (2) trials that administrated
ICIs targeting CTLA-4 or other types of ICls targeting innate
immune system to all cohorts of patients in the experimental
group; and (3) other types of studies such as editorials, letters to
the editor, commentaries, case reports, case series, case-controls,
cohorts, cross-sectionals, re-analysis of previously published
articles, and any types of review articles.
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2.4 Data extraction

Two authors independently extracted the following data
from included trials using a predefined information sheet.
Disagreements were addressed by consensus. We extracted the
following items for each included trial: (1) study characteristics
including the name of the first author, year of publication or
conference presentation, study title, clinical trial identification
number, the acronym of the trial, country of origin, and phase of
the trial; (2) characteristics of participants including the total
number of patients, inclusion and exclusion criteria, age, sex,
and type of tumor in both intervention and control groups; (3)
intervention and comparison characteristics including type,
dose, and schedule of intervention and control medication(s);
(4) PD-L1 expression characteristics including the threshold,
type of PD-LI antibody clone, and PD-L1 THC scoring method;
and (5) efficacy measures including OS and PFS.

2.5 Quality assessment

Using the Cochrane Collaboration’s risk of bias tool (RoB 2),
two independent reviewers assessed the quality of the included
papers. This tool examines the risk of bias of RCTs in five
domains: randomization process, deviation from intended
interventions, missing outcome data, measurement of the
outcome, and selection of the reported result. Eventually, the
methodological quality of included trials was rated as low risk of
bias, some concerns, and high risk of bias.

2.6 Data synthesis

The primary objective was to investigate the association
between PD-1/PD-L1 inhibitors vs. control agents and
treatment efficacy in terms of OS in patients with esophageal
tumors expressing different values of PD-L1. The secondary
outcome was the pooled risk of PES. The OS and PFS outcomes
were measured with hazard ratios (HRs) and the corresponding
95% confidence intervals (ClIs) which were extracted from each
study. We used Cochrane’s Q statistic to assess between-study
heterogeneity and calculated the I-square statistic. A random-
effect model was applied if obvious heterogeneity was present (I*
>50%), otherwise, a fixed-effect model was chosen (13). The
subgroup analysis was conducted according to the type of ICI
medication and the molecular target of the ICI agents. The
variations in treatment effect between subgroups were assessed
using interaction tests. As was recommended by Sterne et al,
examination of publication bias using funnel plots was only
evaluated if at least ten articles were included in the systematic
review (14).

frontiersin.org


https://doi.org/10.3389/fonc.2022.1021859
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Noori et al.

We used STATA version 17.0 (Stata Corporation, College
Station, TX, USA) to perform all of the analyses. The risk of bias
summary was illustrated using the Risk-of-bias VISualization
(robvis), a web application designed to visualize the results of
quality assessment of systematic reviews (15). A p-value less
than 0.05 would be treated as statistically significant.

3 Results

A total of 1,962 studies were retrieved from PubMed
(n=282), Scopus (n=385), Web of Science (n=488), and
EMBASE (n=807). Of these results, 469 duplicated records
were excluded. After title and abstract screening, 1450 studies
were not eligible, leaving 43 records for full-texts reviewing.
Thereafter, 32 studies did not meet the inclusion and exclusion
criteria as a consequence of the following reasons: 1) not
provided data regarding outcomes of interest (16-20); 2)
reported insufficient data (21-26); 3) former versions of the
included trials (27-39); 4) sub-analysis of the main trial (40-43);
and 5) re-analysis of previously published trials (44-47).
Eventually, 11 potential studies with a total of 5,418
participants were included to the present systematic review
and meta-analysis (48-58) (Figure 1).

10.3389/fonc.2022.1021859

3.1 Study characteristics

The detailed characteristics of the included publications are
summarized in Table 1. All eligible trials were published between
2019 and 2022. Nine studies were in phase III (48-54, 56, 57) and
two studies were in phase II (55, 58). Of the eligible trials, six were
conducted as double-blinded (52, 54-58) and five as open-label
(48-51, 53) fashions. Four trials administered ICIs for the first-
line therapy (49, 54, 56, 57), five trials as the second line or more
(48,50, 51, 53, 58), and two trials as the adjuvant therapy (52, 55).
Patients with esophageal cancer in the experimental groups were
given Nivolumab in three trials (49, 51, 52), Pemberlizumab in
three trials (48, 53, 56), Camrelizumab in two trials (50, 54), as
well as Durvalumab (55), Toripalimab (57), and Sintilimab (58)
each in one trial. Furthermore, ICIs were administrated along
with chemotherapy agents for the control group in four studies
(49, 54, 56, 57). Regarding PD-L1 immunohistochemistry (IHC)
scoring method, four trials used the IHC antibody clone 22C3 (48,
53, 56, 58), three trials used a clone 28-8 antibody (49, 51, 52), two
trials used 6E8 clone (50, 54), one trial used SP263 clone (55), and
the other trial used JS311 clone (57). Expression of PD-L1 for
esophageal tumor was measured based on TPS and CPS which are
defined as the ratio of PD-L1 stained tumor cells to the total
number of viable tumor cells and the ratio of PD-L1 stained tumor

Identification of studies via databases and registers ]

Records identified from:
PubMed (n = 282) >
Scopus (n = 385)

Web of Science (n = 488)

Records removed before screening:

Duplicate records removed (n = 469)

EMBASE (n = 807)

!

Records screened (n = 1493)

!

Reports sought for retrieval

[ Identification ]

>

Records excluded (n = 1450)

v

(n=43)

Screening

Reports not retrieved (n = 0)

[

|

Reports assessed for eligibility
(n=43)

[ ncluded |

FIGURE 1

Studies included in review (n = 11)
Reports of included studies (n = 11)

Study selection process of the meta-analysis.
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Reports excluded (n = 32):

1) not provided data regarding outcomes of interest (n = 5)
2) reported insufficient data (n = 6)

3) former versions of the included trials (n = 13)

4) sub-analysis of the main trial (n = 4)

5) re-analysis of previously published trials (n = 4)
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TABLE 1

First
author

Doki
et al.

Huang
et al.

Kato
et al.

Kelly

et al.

Sun
et al.

et al.

Kojima
et al.

et al.

Characteristics of the included studies.

Year

2022

2020

2019

2021

2021

2022

2020

2021

NCT
identifier

NCT03143153

NCT03099382

NCT02569242

NCT02743494

NCT03189719

NCT02564263

NCT02564263

NCT03691090

Trial
design

randomized,
open-label

randomized,
open-label

randomized,
open-label

randomized,
double-blind

randomized,
double-blind

randomized,
open-label

randomized,
open-label

randomized,
double-blind

Histology of Total
No. of

tumor

SCC

SCC

SCC

SCC and
adenocarcinoma

SCC and
adenocarcinoma

SCC and
adenocarcinoma

SCC and
adenocarcinoma

SCC

Pts

457

419

794

749

340

628

596

Line of Treatment regimen intervention
therapy
Type of ICI  Dose and schedule  Additional
medication
1st Nivolumab 240 mg Q2W Chemotherapy
2nd or Camrelizumab 200 mg Q2W _
more
2nd or Nivolumab 240 mg Q2W _
more
Adjuvant  Nivolumab 240 mg Q2W for 16 weeks,
followed by a dose of 480
mg Q4W
1st Pembrolizumab 200 Q3W Chemotherapy
2nd or Pembrolizumab 200 Q3W _
more
2nd or Pembrolizumab 200 Q3W _
more
1st Camrelizumab 200 Q3W Chemotherapy

Treatment regimen control

Type of
control
medication

Cisplatin/
Fluorouracil

Docetaxel/
Irinotecan

Paclitaxel/
Docetaxel

Placebo

Fluorouracil/
Cisplatin

Paclitaxel/
Docetaxel/
Irinotecan

Paclitaxel/
Docetaxel/
Irinotecan

Paclitaxel/
Cisplatin

Dose and schedule

Fluorouracil: 800 mg/m*
on days 1 through 5
Cisplatin: 80 mg/m? on
day 1

Docetaxel: 75 mg/m* on
day 1 of each 3-week
cycle

Irinotecan: 180 mg/m?*
on day 1 of each 2-week
cycle

Paclitaxel: 100 mg/m?*
QW

Docetaxel: 75 mg/m*
Q3w

Fluorouracil: 800 mg/m?
on days 1-5

Cisplatin: 80 mg/m? on
day 1

Paclitaxel: 80-100 mg/
m?® on days 1, 8, and 15
of Q4W

Docetaxel: 75 mg/m* on
day 1 of Q3W
Irinotecan: 180 mg/m*
on day 1 of Q2W

Paclitaxel: 80-100 mg/
m?” on days 1, 8, and 15
of Q4W

Docetaxel: 75 mg/m?* on
day 1 of Q3W
Irinotecan: 180 mg/m*
on day 1 of Q2W

Paclitaxel: 175 mg/m*
on day 1 of Q3W

PD-L1 IHC
scoring
method

PD-L1 IHC 28-8
pharmDx assay

PD-L1 IHC 6E8
pharmDx assay

PD-L1 IHC 28-8
pharmDx assay

PD-L1 IHC 28-8
pharmDx assay

PD-L1 IHC
22C3 pharmDx
assay

PD-L1 THC
22C3 pharmDx
assay

PD-L1 IHC
22C3 pharmDx
assay

PD-L1 THC 6E8
pharmDx assay

(Continued)
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TABLE 2 PD-L1 cut-off values employed by included studies.

First author

Doki et al.

Huang et al.
Kato et al.
Kelly et al.

Sun et al.
Cao et al.
Kojima et al.
Luo et al.
Park et al.
Wang et al.

Xu et al.

FIGURE 2

(0N

CPS=1, 5, 10
TPS= 1%, 5%, 10%

TPS= 1%, 5%, 10%
TPS= 1%, 5%, 10%

CPS=10
CPS=1, 5
CPS=10
TPS= 1%, 5%, 10%
TPS= 1%
CPS=1, 10

CPS=1, 10
TPS= 1%, 10%

No.of patients  No. of patients

Firstauthor  Year icl Intervention Control HR (95% CI) Weight(%)
cps21

Doki etal. 2022 Nivolumab NA NA —— 069(0.56,0.84) 46
Caoetal. 2022 Pembrolizumab 139 141 — 057(0.44,075) 27
Wang ot al. 2022 Toripalimab 201 200 S 061(044,087) 16
Xuetal. 2022 Sintiimab 63 50 —_— 073(047,112) 10
Overall (fixed-effect model) <> 065(056,074) 100
F=00%, p=0646

cPs<t

Doki etal, 2022 Nivolumab NA NA E— 098(050,195) 26
Caoetal. 2022 Pembrolizumab 27 2 — 099(056,172) 38
Wang et al. 2022 Toripalimab 43 44 B 061(030,125) 23
Xuetal. 2022 Sintiimab 1 17 130(051,327) 14
Overall (fixed-effect model) 092(065,129) 100
F =0.0%, p = 0590

cps25

Dokietal, 2022 Nivolumab NA NA —le— 069(055,087) 64
Caoetal. 2022 Pembrolizumab 103 109 —_— 056(041,0.76) 36
Overall (fixed-effect model) <> 064(053,077) 100
F=11.7%,p=0287

cPs<s

Doki etal. 2022 Nivolumab NA NA [ 074(052,1.04) 56
Caoetal. 2022 Pembrolizumab NA NA 077(052,113) 44
Overall (fixed-effect model) 075(058,098) 100
7=00%,p=0881

cps210

Dokietal, 2022 Nivolumab NA NA —_— 063(047,084) 24
Sunetal 2021 Pembrolizumab 186 197 —- 062(049,078) 38
Kojmaetal 2020 Pembrolizumab 107 115 —l— 070(052,094) 23
Wang et al. 2022 Toripalimab 115 o7 — 064(040,103) 9
Xuetal. 2022 Sintiimab 4 20 _——t 074(040,141) 5
Overall (fixed-effect model) <> 065(056,075) 100
F=0.0%, p=0963

cps<io

Doki etal. 2022 Nivolumab NA NA — 078(060,101) 23
Sunetal, 2021 Pembrolizumab 175 172 086(068,1.10) 27
Kojmaetal. 2020 Pembrolizumab NA NA 100(081,124) 35
Wang et al. 2022 Toripalimab 129 147 ———— 1 061(040,093) 9
Xuetal 2022 Sintiimab 34 & — o 095(056,158) 6
Overall (fixed-effect model) 086(076,098) 100

F=223%,p=0272

Favours intervention

Favours control
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PFS

TPS= 1%

TPS= 1%, 5%, 10%

CPS=5
TPS= 1%
CPS= 10

CPs=1, 5, 10
CPS= 10

TPS= 1%, 5%, 10%
TPS= 1%
CPs=1, 10
CPs=1, 10

TPS= 1%, 10%

Forest plots of overall survival (OS) in PD-L1 high expression group vs. PD-L1 low expression group for the thresholds of combined positive
score (CPS)=1 (upper panel), CPS=5 (middle panel), and CPS=10 (lower panel). The squares indicate weight of each study based on the fixed or
random-effect model. The vertical dashed line indicates the overall pooled estimate and the diamond the 95% confidence interval around that

pooled estimate. The forest plot was generated using STATA 17.0 (STATA Corp, LLC, TX).
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3.3.2 PFS

In the next step, we evaluated the predictive effect of PD-L1
expression by CPS over the efficacy of PD-1/PD-L1 inhibitors in
terms of PFS. Overall, three, two, and four trials estimating the
PFS were included for CPS threshold of 1, 5, and 10, respectively.
When comparing the efficacy of PD-1/PD-L1 inhibitors with the
agents prescribed for the control group, patients who had
CPSz1, CPS25, and CPS210 represented substantially longer
PFS (HR 0.73, 95% CI 0.55-0.96; HR 0.65, 95% CI 0.52-0.79; and
HR 0.65, 95% CI 0.51-0.82, respectively). On the other hand,
patients with PD-L1 expression values of CPS<1, CPS<5, and
CPS<10 could not benefit from ICIs relative to the control agents
(HR 0.95, 95% CI 0.65-1.37; HR 0.97, 95% CI 0.77-1.24; and HR
0.81, 95% CI 0.62-1.06, respectively). Moreover, none of the CPS
thresholds were considered predictive for PFS of patients
receiving ICIs as compared to the controls, since tumors with
higher PD-L1 expression did not decrease the risk of disease
progression significantly as compared to the lower values
(Pinteraction=0-392, Pinteraction=0.125, and Pinieraction=0.283 for
CPS thresholds of 1, 5, and 10, respectively). Evidence of

No. of patients.

First author Year icl Intervention Control
cPs21
Caoetal 2022
2022
2022
Overall (random-effect model)

=61.8%,p=0073

Pembrolizumab. 139

Wang et al. Toripalimab

Xuetal Sintilimab. 63 50

cPs<t

Caoetal 2022 Pembrolizumab. 27 2
Wang et al. 2022 Toripalimab 43 44
Xuetal 2022 Sintlimab, " 17
Overall (fixed-effect model)

F=18.6%,p=0293

cPs25

Kelly e al 2021 Nivolumab NA NA
Caoetal 2022 Pembrolizumab. 103 109
Overall (fixed-effect mode))

F=00%,p=0713

CPS<s

Kelly e al. 2021 Nivolumab NA NA
Caoetal 2022 Pembrolizumab. NA NA
Overall (fixed-effect mode))

7=0.0%,p =0.390

cPs210

Sunetal 2021 Pembrolizumab. 186 197
Kojima et al. 2020 Pembrolizumab. 107 115
Wang et al. 2022 Toripalimab 115 o7
Xuetal 2022 Sintlimab, 40 20
Overall (random-effect model)

'=50,0%, p=0.112

CPs<10

Sunetal 2021 Pembrolizumab. 175 172
Caoetal 2022 Pembrolizumab. NA NA
Wang et al. 2022 Toripalimab 129 147
Xuetal 2022 Sintlimab, 3 a7

Overall (random-effect model)
= 63.1%, p=0.043

FIGURE 3

No. of patients

10.3389/fonc.2022.1021859

considerable heterogeneity was noted among trials included to
the efficacy analysis for CPS21 (I” ~ 61.8%), CPS=10 (I* ~ 50.0%),
and CPS<10 (I* = 63.1%) (Figure 3).

3.4 Efficacy of PD-1/PD-L1 inhibitors
based on PD-L1 expression status by TPS

3.4.10S

Three thresholds of TPS, known as 1%, 5%, and 10% were
evaluated as predictive PD-L1 expression cut-offs among our
included trials. Six trials examined the OS of patients with
esophageal cancer receiving PD-1 or PD-L1 inhibitors versus
control agents in two subgroups of patients expressing PD-L1 as
TPS21% and TPS<1%. Both categories of tumors with TPS>1%
and TPS<1% showed significantly better OS favored ICI (HR
0.61,95% CI 0.52-0.70 and HR 0.87, 95% CI 0.75-0.99); however,
a greater benefit in prolonging the OS came from TPS>1% PD-
L1 expressing tumors. Excitingly, the TPS=1% was another
predictor of improved efficacy for PD-1/PD-L1 inhibitors as

HR(95%Cl)  Weight(%)

0.72(0.56,0.92)
058 (0.44,075)
1.03 (068, 1.57)
0.73(0.55,0.96)

38.00
37.00
25.00
100.00

1.21(0.70,2.08)
0,66 (0.37, 1.19)
121(043,352)
095 (065, 1.37)

47.00
41.00
12,00

100.00

062 (0.46,0.83)
067 (0.50,0.89)
065 (0.52,0.79)

49.00
51.00
100.00

0.89(0.65, 1.22)
1.10(0.76, 1.58)
097 (0.77,1.24)

57.00
43.00
100.00

051(0.41,065)
0.73(0.54,097)
065 (0.45,092)
0.98(0.53, 1.87)
065 (0.51,082)

35.00
29.00
24.00
11.00
100.00

080 (0.64, 1.01)
0.98(0.72,1.33)
056 (0.41,0.78)
113 (067, 1.88)
0.81(0.62,1.06)

3200
27.00
26.00
16.00
100.00

6 1 16 27

Favours intervention Favours control

Forest plots of progression-free survival (PFS) in PD-L1 high expression group vs. PD-L1 low expression group for the thresholds of combined
positive score (CPS)=1 (upper panel), CPS=5 (middle panel), and CPS=10 (lower panel). The squares indicate weight of each study based on the
fixed or random-effect model. The vertical dashed line indicates the overall pooled estimate and the diamond the 95% confidence interval
around that pooled estimate. The forest plot was generated using STATA 17.0 (STATA Corp, LLC, TX).
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compared to the control group, where the TPS>1% tumors
versus TPS<1% tumors represented a significantly reduced risk
of mortality (Pinteraction=0.006) (Figure 4, upper panel).

Considering the TPS=5% cut-off, four RCTs were included.
Again the upper (i.e. TPS=5%) and lower (i.e. TPS<5%) values had
a remarkable impact toward increasing the OS of patients receiving
IClIs relative to the control group (HR 0.62, 95% CI 0.52-0.74 and
HR 0.78, 95% CI 0.68-0.89, respectively), with TPS>5% indicated
larger effect. Of note, the difference between the effect sizes of the
two groups did not reach statistically significance, implying that this
threshold could not be accounted as a predictive marker for OS
(Pinteraction=0.092) (Figure 4, middle panel).

10.3389/fonc.2022.1021859

Lastly, five trials reported the efficacy of ICIs compared to
the control agents base on PD-L1 expressing threshold of
TPS=10%. Regarding the OS efficacy analysis, the same pattern
followed the estimation of TPS=10%, suggesting that PD-1/PD-
L1 inhibitors had a significant impact on improving OS of
patients with esophageal cancer for both TPS>10% (HR 0.62,
95% CI 0.51-0.76) and TPS<10% (HR 0.77, 95% CI 0.68-0.86)
tumors; such that the superior impact of TPS210% group in
reducing the mortality rate did not reveal a substantial difference
with TPS<10% group (Pinteraction=0.121) (Figure 4, lower panel).
Furthermore, none of our analyses had a remarkable between
study heterogeneity (Figure 4).

No. of patients  No. of patients
Firstauthor  Year icl Intervention Control HR(95%Cl)  Weight(%)
Ps21
Doki et al, 2022 Nivolumab 158 157 — 0.55(0.42,0.72) 2900
Huang et al. 2020 Camrelizumab. 93 98 —-Q,— 0.58 (0.42,0.81) 20.00
Kato et al. 2019 Nivolumab 101 102 —]1— 069 (0.51,094) 2300
Luo etal. 2021 Camrelizumab 166 163 —_— 0.59(0.43,080) 2200
Park et al. 2022 Durvalumab NA NA * T 042(0.10,176) 1.00
Xuetal 2022 Sintiimab 30 2 —_—T 088 (045,1.71) 500
Overall (fixed-effect model) <> 0.61(0.52,070) 100.00
'=0.0%, p=0743
TPS<t
Dok et al. 2022 Nivolumab 163 166 ﬂk_ 0.98(0.76,1.28) 2800
Huang et al. 2020 Camrelizumab 129 118 —— 0.82(0.62,1.09) 2400
Kato et al. 2019 Nivolumab 109 107 —1 0.84(062,1.14) 2100
Luoetal. 2021 Camrelizumab 126 130 — 0.79(057,1.11)  17.00
Park et al. 2022 Durvalumab NA NA T * 153 (048,4.83) 1.00
Xuetal. 2022 sintiimab 44 43 —_— 1 0.79(049,128) 8.00
Overall (fixed-effect model) <> 0.87(0.75,099) 100.00
F=0.0%,p=0.791
TPS25
Doki et al, 2022 Nivolumab NA NA + 0.61(0.45,083) 35.00
Huang et al. 2020 Camrelizumab 38 45 <1 0.51(0.30,084) 1200
Kato etal. 2019 Nivolumab 74 72 —|—0—— 0.73(0.51,1.06) 24.00
Luo etal. 2021 Camrelizumab NA NA 0.60(0.43,084) 29.00
Overall (fixed-effect model) X 0.62(0.52,0.74) 100.00
£=00%,p=0713
TPS<5
Doki et al, 2022 Nivolumab NA NA +- 0.82(0.65,1.04) 3000
Huang et al 2020 Camrelizumab 184 7 —— 0.74(0.58,094) 29.00
Kato et al. 2019 Nivolumab 136 137 —— 0.78(0.60,1.03) 23.00
Luoetal. 2021 Camrelizumab NA NA — 0.77(0.56,1.04) 1800
Overall (fixed-effect model) <> 0.78(068,089) 100.00
F'=0.0%, p=0948
TPS210
Doki et al, 2022 Nivolumab NA NA — 062(0.44,087) 3500
Huang et al. 2020 Camrelizumab 2 35 o 060(0.32,1.08) 11.00
Kato et al. 2019 Nivolumab 64 57 —T— 0.69(0.46,1.04) 2500
Luoetal. 2021 Camrelizumab NA NA —_—T 052(0.35,079) 2500
Xuetal. 2022 Sintiimab 14 14 *> 107 (041,2.76)  5.00
Overall (fixed-effect model) ¢ 062 (051,0.76) 100.00
= 0.0%,p=0690
TPS<10
Dok et al. 2022 Nivolumab NA NA + 0.79(0.63,099) 27.00
Huang et al 2020 Camrelizumab 196 181 —— 0.71(057,089) 27.00
Kato et al. 2019 Nivolumab 146 152 —— 0.80(0.62,1.04) 2000
Luoetal. 2021 Camrelizumab NA NA — 078(0.59,1.02) 1800
Xuetal 2022 sintiimab 60 53 —_— 0.76 0,50, 1.17)  8.00
Overall (fixed-effect model) <> 0.77(0:68,086) 100.00
= 0.0%,p=0958

[ I I 1

35 5 1 16 27

FIGURE 4

Favours intervention

Favours control

Forest plots of overall survival (OS) in PD-L1 high expression group vs. PD-L1 low expression group for the thresholds of tumor proportion score
(TPS)=1% (upper panel), TPS=5% (middle panel), and TPS=10% (lower panel). The squares indicate weight of each study based on the fixed or
random-effect model. The vertical dashed line indicates the overall pooled estimate and the diamond the 95% confidence interval around that
pooled estimate. The forest plot was generated using STATA 17.0 (STATA Corp, LLC, TX).
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3.4.2 PFS

In terms of PFS, six, two, and three RCTs assessed the efficacy of
PD-1/PD-L1 inhibitors versus control agents according to the PD-
L1 expression status by TPS. The pooled estimates showed that the
immunotherapeutic modalities targeting PD-1 or PD-L1, reduced
the rate of disease progression for higher and lower values of
TPS=1% and TPS=5% thresholds (TPS>1%: HR 0.62, 95% CI 0.53-
0.73; TPS<1%: HR 0.79, 95% CI 0.70-0.90; TPS>5%: HR 0.50, 95%
CI 0.39-0.65; TPS<5%: HR 0.69, 95% CI 0.53-0.89). However, the
tumors with TPS>10% demonstrated a significant improvement in
PFS (HR 0.53, 95% CI 0.40-0.71) in contrast to the tumors with
TPS<10% (HR 0.76, 95% CI 0.56-1.03) that showed no taking
advantage from ICIs. Comparing the higher and lower values of
each threshold, none of the TPS=1%, TPS=5%, and TPS=10% were
able to predict the impact of ICIs on PFS as compared to the control
agents (Pinteraction=0-100; Pinteraction=0-224, and Pinceraction=0.283,
respectively). The only analyses with a high degree of
heterogeneity were TPS<5% (P = 50.2%) and TPS<10% (I*
70.6%) (Figure 5).

10.3389/fonc.2022.1021859

3.5 Subgroup analysis

3.51 CPS=10

We selected the cut-off value of CPS=10 in order to examine
whether the type of ICIs is responsible for better response in PD-
L1 positive (i.e. CPS210) or negative (i.e. CPS<10) tumors.
Among PD-L1 positive tumors, Nivolumab (HR 0.63, 95% CI
0.47-0.84) and Pembrolizumab (HR 0.65, 95% CI 0.54-0.78)
were the only ICIs that improved the survival of the affected
patients considerably, as compared to the control group. On the
other hand, patients with PD-L1 negative tumors could only take
advantage of Taripalimib (HR 0.61, 95% CI 0.40-0.93) in
prolonging the survival time relative to the control
medications (Figure S2).

3.5.2 TPS=1%

Next, we examined the effect of different ICIs in OS of
patients affected by esophageal PD-L1 positive (i.e. TPS>1%)
and PD-L1 negative (i.e. TPS<1) tumors with the cut-off value of

No. of patients o of patients

Firstauthor  Year ict Intervention Control HR (95% CI) Weight(%)
TPs21
Dokietal, 2022 Nivolumab 158 157 —_—— 065(0.49,0.86) 30
Huang et al. 2020 Camrelizumab 93 9 —_———— 060(043,084) 21
Kelly o al 2021 Nivolumab 89 40 —_—— 075(045,124) 9
Luoetal. 2021 Camrelizumab 166 163 — 051(039,067) 32
Park et . 2022 Durvalumab NA NA L * 085(031,234) 2
Xuetal 2022 Sintimab 30 2 ! ro———— 108(059,202) 6
Overall (fixed-effect model) <> 062(053,073) 100
F=19.7%,p=0285
TPS<t
Dok et al. 2022 Nivolumab 163 166 e 095(073,1.24) 24
Huang etal. 2020 Camrelizumab 129 118 — 079(059,1.08) 20
Kelly e al 2021 Nivolumab 374 196 —— 073(057,092) 29
Luoetal. 2021 Camrelizumab 126 130 —— 062(0.46,083) 19
Park et a. 2022 Durvalumab NA NA L > 142(045,450) 1
Xuetal 2022 Sintilimab, 44 43 '——0— 1.10(067,182) 7
Overall (fixed-effect model) <> 079(070,090) 100
F=34.4%,p =079
PS25
Huang et al. 2020 Camvelizumab 38 45 < e 045(026,076) 22
Luoetal. 2021 Camrelizumab NA NA — = 052(039,069) 78
Overall (fixed-effect model) <> 050 (0.39,0.65) 100
F=0.0%, p=0641
PS<s
Huang et al. 2020 Camvelizumab 184 171 —| 078(061,099) 53
Luoetal. 2021 Camrelizumab NA NA — 060(0.46,079) 47
Overall (random-effect model) <:> 0.69(053,0.89) 100
F=50.2%, p = 0.157
Ps210
Huang et al 2020 Camrelizumab 2 35 < 047(0.24,0.88) 20
Luoetal, 2021 Camvrelizumab NA NA — 051(036,072) 70
Xuetal 2022 Sintimab 14 14 ! * 092(037,225) 10
Overall (fixed-effect model) <> 0.53(0.40,0.71) 100
F= 0.0% p=0448
TPS<10
Huang et al. 2020 Camrelizumab 196 181 —— 074(059,094) 38
Luo etal. 2021 Camrelizumab NA NA e 0.59(0.46,075) 37
Xuetal 2022 Sintilimab, 60 53 '——0— 1.12(0.74,1.72) 25
Overall (random-effect model) <> 076 (0.56,1.03) 100
7= 706%,p=0033

[ ! I 1
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FIGURE 5

Favours intervention Favours control

Forest plots of progression-free survival (PFS) in PD-L1 high expression group vs. PD-L1 low expression group for the thresholds of tumor
proportion score (TPS)=1% (upper panel), TPS=5% (middle panel), and TPS=10% (lower panel). The squares indicate weight of each study based
on the fixed or random-effect model. The vertical dashed line indicates the overall pooled estimate and the diamond the 95% confidence
interval around that pooled estimate. The forest plot was generated using STATA 17.0 (STATA Corp, LLC, TX)
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TPS=1%. The pooled estimate revealed that in PD-L1 positive
patients, Nivolumab (HR 0.61, 95% CI 0.50-0.74) and
Camrelizumab (HR 0.59, 95% CI 0.47-0.73) could significantly
improve the OS as compared to the control group. However,
none of the ICIs were able to longer the OS in PD-L1 negative
patients suffering from the esophageal cancer. Regarding the
cellular target of ICIs, both PD-L1 positive and negative patients
receiving PD-1 blockade therapies showed a decreased risk of
mortality (HR 0.61, 95% CI 0.53-0.70 and HR 0.89, 95% CI 0.75-
0.99, respectively), while PD-L1 blockade therapies had no effect
on OS versus the control agents for both groups of PD-LI
expression (Figure S3).

4 Discussion

Immunotherapy has revolutionized the treatment of multiple
cancers in recent years. ICIs are among these promising treatments
that have potentially improved the survival of patients with different
types of malignancies. However, it is still a major question for
clinicians that which patients may benefit more from prescription of
ICIs. Regarding the high rate of immune-related adverse events as
well as the high price of these kinds of medications, finding patients
who are more likely to respond to ICIs would be an important issue.
According to several publications, PD-L1 expression may become a
potential candidate for predicting the subsequent clinical response
to ICIs (7, 8, 59, 60); however, a number of challenges have been
found in this way. For instance, while most of the studies found a
positive correlation between the expression of PD-L1 and response
to ICIs and it has been proved that PD-L1 positive tumors are more
likely to respond to immunotherapy, some investigations reported a
considerable number of patients with PD-L1 negative tumors which
may also respond to ICIs (61, 62). Accordingly, a recent meta-
analysis of six RCT's has demonstrated that PD-L1 expression did
not affect the OS and PFS of patients with non-small cell lung cancer
(NSCLC) receiving ICIs as compared to the control agents,
implying a constant positive effect of ICIs over control group
regardless of PD-L1 expression level (60). It could be assumed
that the type of tumor or in part the outcome measure may also play
arole in the predictive accuracy of PD-L1 expression. In this case, it
has been reported that PD-L1 expression was predictive of response
for patients with non-squamous NSCLC (63); however, the
response benefit of ICIs was independent of PD-L1 expression for
squamous NSCLC (64). As another challenge, several studies
reported that PD-L1 is an unreliable biomarker owing to its
dynamic changes and the expression of this biomarker can be
increased by several factors such as exposure to immunotherapy
(65). Furthermore, there is still no general consensus regarding the
diagnostic assays for measuring PD-L1 expression, with main
inconsistencies about which antibody to use, which cells to stain,
and what cut-off value to choose (8, 59).

Based on our results, although patients suffering from
esophageal cancer with a CPS<1 could not benefit from ICIs
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compared to the control agents, those who had CPS>1, CPS<5,
CPS25, CPS<10, and CPS>10 showed a significant improvement
in OS. Notably, while no significant difference was detected in
reducing the risk of death according to the CPS threshold of 1 and
5, patients expressing PD-L1 as CPS>10 have significantly taken
more advantage of PD-1/PD-L1 blockade therapies than patients
bearing esophageal tumors with CPS<10. In accordance with our
results, Shieh et al. reported that advanced cervical cancer patients
with PD-L1 CPS210 demonstrated a statistically higher response
rate to ICIs than those with CPS<10 (66). Moreover, analyses of
recent clinical trials in patients with gastric or gastroesophageal
junction cancer showed that patients with CPS>10 may derive
greater benefit from pembrolizumab in terms of OS (37, 67).

As a result, we selected the cut-off value of CPS=10 in order to
examine whether the type of ICIs is responsible for better response
in PD-L1 positive (i.e. CPS>10) or negative (i.e. CPS<10) tumors.
Among PD-L1 positive tumors, two well-known anti-PD1
inhibitors, Nivolumab and Pembrolizumab, were the only ICIs
that improved the survival of the affected patients considerably as
compared to the control group. In line, a recent analysis survey
showed consistent improvements toward more favorable clinical
outcomes with pembrolizumab across lines of therapy in
gastroesophageal cancer patients with CPS>10 (68); similar results
were reported for Nivolumab (69, 70). Notably, patients with PD-L1
negative tumors could only take advantage of Toripalimib which
significantly prolonged the survival time relative to the control
medications; the reason for this apposite response to Toripalimib is
not clearly understood and deserve more research.

In addition to CPS, we also assessed the efficacy of ICIs in three
TPS thresholds of 1%, 5%, and 10%. While both higher and lower
values of TPS=1% demonstrated significantly better OS for ICIs
compared to the control, a significantly greater benefit in
prolonging the OS came from TPS>1% PD-L1 expressing tumors
in comparison to TPS<1% tumors, suggesting another predictor of
improved efficacy for PD-1/PD-LI inhibitors. In accordance with
our findings, Zou and colleagues reported that the rate of objective
response was 7% higher in breast cancer patients expressing PD-L1
as TPS>1% compared with TPS<1% after receiving ICIs (71). In
addition, the higher values of PD-L1 TPS showed longer OS relative
to the lower values (i.e. TPS<1%) in patients with NSCLC (72).

By investigating the effect of different ICIs in OS of patients with
the cut-off value of TPS=1% we found that Nivolumab and
Camrelizumab could significantly improve the OS in PD-L1
positive (i.e. TPS>1%) patients as compared to the control group,
whereas none of the ICIs were able to longer the OS in PD-L1
negative patients (i.e. TPS<1%). In line, in an analysis of patients
with NSCLC who were on Camrelizumab, it was revealed that the
objective response rate was improved with increasing the PD-L1
TPS level (73). Likewise, the NSCLC patients treated with
Nivolumab monotherapy reached higher levels of disease control
rate when they expressed PD-L1 as TPS>1% compared to TPS<1%
(74). Notably, while PD1 inhibitors showed a decreased risk of
mortality in both PD-L1 positive and negative patients, PD-L1
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blockades had no significant effect on OS in both groups of PD-L1
expression when compared with the control group. Similarly, it has
been demonstrated that anti-PD-1 therapies were significantly more
beneficial for increasing OS and PES than PD-L1 inhibitors in
advanced esophageal cancer (75). Altogether, our results could have
implications for clinicians when they are trying to make a decision
on whether patients can take advantage of ICI therapy. In this case,
long-term management schedules could be planned based on the
predicted survival rates.

To the best of our knowledge, present study is the first meta-
analysis evaluating the predictive effect of PD-L1 expression in
esophageal cancer. While prior meta-analysis confirmed the
predictive effect of PD-L1 expression in NSCLC and renal cell
carcinoma (60, 76), an examination for finding the suitable
threshold was not established. Despite the comprehensive nature of
the systematic review undertaken, our study has some potential
drawbacks. First, we observed a high degree of heterogeneity across
some of the pooled analyses; we believe that the heterogeneity was
mainly due to the differences in the lines of therapy, varying follow-up
durations, and many other factors among these studies. Second,
although we enrolled the most up-to-dated clinical trials across
databases, the validity of our study was based on the quality of the
reviewed trials and some types of biases that originated from the
nature of trials may affect the generalizability of the overall findings.
Third, our study was performed at the trial level instead of the
individual level, and as a result, a group of patients with poor
performance status are missed in data interpretation; thus, the
survival benefit and predictive value of PD-L1 in a real-world
population with comorbidities and poor performance status could
be lower. Forth, results of some ongoing trials, such as NCT02352948,
NCT02581943, NCT02409342, NCT02273375, and NCT03091491,
have not yet been published and hence inclusion of these trials in the
future meta-analyses may alter the overall results. Finally, and as the
last limitation, the findings should be interpreted with caution due to
a relatively small number of included studies and obviously, further
investigations are required to confirm our results in a larger variety of
clinical trials. Also, the validity of our results could be measured in
post-hoc analysis of currently published trials with examining all PD-
L1 TPS and CPS thresholds.

5 Conclusion

The results of our study demonstrated that the cut-off values of
CPS=10 and TPS=1% were the most proper borderlines to
determining PD-L1 positivity; indeed, patients expressing PD-L1
as CPS210 or TPS>1% took more advantage of ICIs in comparison
to PD-L1 negative patients (i.e., CPS<10 or TPS<1%). Interestingly,
when the cut-oft value of CPS=10 or TPS=1% was selected, we found
that Nivolumab was the best ICIs that improved the survival of PD-
L1 positive patients (CPS=10 and TPS >1%). Notably, while none of
the ICIs could improve the survival of patients with PD-L1 TPS<1%,
Toripalimib was the only ICI which could prolong the OS of patients
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with CPS<10. Taken together, this meta-analysis emphasis on the
usefulness of PD-L1 expression as a potential predictive biomarker
to select treatment in esophageal cancer. However, there are still
many uncertainties on this subject and the efficacy of the
aforementioned predictive cut-off values and suggested ICIs
should be further explored in clinical studies for all other cancers.
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