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Abstract

Background: Esophageal cancer (EC] is the sixth leading cause of cancer mortality worldwide,
with a poor prognosis and a 5-year survival rate of 5% in advanced cases.

Objectives: To evaluate the efficacy of programmed death-1 (PD-1) and programmed death-
ligand 1 (PD-L1) inhibitors in EC patients by analyzing phase IlI clinical trials.

Design: A meta-analysis following the PRISMA Statement 2020 guidelines.

Methods: PubMed/MEDLINE, Web of Science, and Embase were searched through 6
December 2022, and the analysis was conducted using Review Manager 5.4.3 (Cochrane).
Results: Out of 387 studies, 13 phase Ill clinical trials with 6519 participants were pooled.
Overall survival (0S) favored PD-1/PD-L1 inhibitors with a Cohen’s d of 0.28 (95% ClI:
0.12-0.43; p=0.0006), and the likelihood of achieving objective response also favored these
inhibitors (OR: 2.04, 95% Cl: 1.68-2.48; p<0.0001).

Conclusion: This meta-analysis provides strong evidence that PD-1/PD-L1 inhibitors
combined with chemotherapy improve 0S and objective response rate among patients with
advanced EC but do not affect progression-free survival.

Trial registration: Open Science Framework: osf.io/y27rx.
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Introduction

Esophageal cancer (EC) is the sixth leading cause
of cancer mortality and the seventh most common
cancer globally. The two most common histologi-
cal types of EC comprise adenocarcinoma (EAC)
and squamous cell carcinoma (ESCC).:2 Only
1-2% of all EC are small-cell carcinomas or sarco-
mas.3 In rare cases, carcinoids, lymphomas, and
melanomas may arise in the esophagus.* EC treat-
ment is largely dependent on chemotherapy, radi-
otherapy, and surgery but the prognosis remains
unfavorable in a majority of cases with a 5-year
survival rate of 5% in advanced stages.>® The
treatment strategies for EC are determined based
on the pathological origin of the disease; however,
therapeutic options are limited.” In early EC that
is limited to the mucosa, the primary treatment
option is endoscopic mucosal resection which has
a 5-year survival rate of 41%.8 For EC that is
resectable with muscle invasion, the primary treat-
ment option is esophagectomy along with lym-
phadenectomy; neoadjuvant chemotherapy,
radiotherapy, or chemoradiotherapy is optional.®
Immunotherapies have been tested across various
cancer entities, specifically in head and neck can-
cers with proven efficacy that may share some
mechanistic similarities with EC.610:11

Immunotherapy has rendered a shift in the con-
cepts of tumor treatment and has become a third
revolution in therapy following chemotherapy and
targeted therapy measures.’? Immunotherapy
based on the use of immune checkpoint inhibitors
(ICIs) has shown promising safety and efficacy in
treating various immunogenic tumors and has led
to sustained responses in diseases including malig-
nant melanoma and non-small-cell lung can-
cer.13:14 Programmed cell death-ligand 1 (PD-L1)
is an immune checkpoint molecule, also called
leukocyte differentiation antigen 274 (CD274) or
B7 homolog 1 (B7-H1). The CD274 gene encodes
the PD-L1 protein. PD-LL1 on tumor cells when
combined with its receptor programmed death-
ligand (PD-L1) disrupts the activity of Ras/MEK/
ERK and PI3K/AKT signaling pathways; this
leads to T-cell activation, proliferation, and
impairment in the survival of tumor cells.!> In
addition to cancer cells, dendritic cells, mac-
rophages, and cancer-associated fibroblasts also
express PD-L1. These components together cre-
ate an immunosuppressive microenvironment
leading to tumor immune escape. PD-L1 also
promotes the secretion of various cytokines includ-
ing IL-1f, IL-6, IL.-8, and tumor necrosis factor
(TNF)-a, leading to sustained immune response.

Immunotherapy with PD-1/PD-L1 inhibitors can
restore the body’s anti-tumor response, thereby
controlling and clearing tumor cells.16:17

In the past 10years, various trials have tested
immunotherapy in EC to improve therapeutic
outcomes. This meta-analysis focuses on two key
ICIs including PD-1 and PD-L1 designed to
restore the anti-cancer response for EC.!® Phase
III clinical trials administering PD-1/PD-L1
inhibitors either alone or in combination with
standard care are assessed. The objective of this
report is to compile an updated meta-analysis
that guides future directions for EC patients. By
concentrating on overall survival (OS), progres-
sion-free survival, and objective response, this
synthesis aspires to optimize outcomes and inform
treatment decisions.

Materials and methods

Literature search

This meta-analysis adhered to PRISMA Statement
2020 guidelines.!® The checklist is attached in
Supplemental Materials. Three databases includ-
ing PubMed/ MEDLINE, Web of Science, and
Embase were searched, along with an additional
search of ClinicalTrials.Gov and WHO-ICTRP
to locate any non-published studies, as well as
ongoing trials (last searched on 31 July 2023).
Keywords including PD-1, PD-L1, immunother-
apy, esophageal, and/or cancer were applied across
the databases and search engines. The keyword
strings are attached in Table 1. A Boolean (and/
or) logic was applied. The search was conducted
through 6 December 2022. We did not apply any
language restrictions; all non-English studies were
translated into English using Google Translate.

Eligibility criteria

Only phase III clinical trials were included admin-
istering PD-1/PD-L1 inhibitors either alone or in
combination with standard care among adult
patients with EC compared with placebo or
standard care. Cohorts, case series/reports, previ-
ously conducted systematic reviews/meta-analyti-
cal studies, and brief reports were excluded.

Outcomes

There were three outcomes of this study. These
comprised OS reported in months, progression-
free survival (PFS) also reported in months, and
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Table 1. Keyword strings.

Immunotherapy

‘immunotherapy’[MeSH Terms] OR ‘immunotherapy’[All Fields] OR

‘immunotherapies’[All Fields] OR ‘immunotherapy's’[All Fields]

Esophageal cancer

‘oesophageal cancer’[All Fields] OR ‘esophageal neoplasms’[MeSH Terms]

OR (‘esophageal’[All Fields] AND ‘neoplasms’[All Fields]) OR ‘esophageal
neoplasms’[All Fields] OR (‘esophageal’[All Fields] AND ‘cancer’[All Fields])
OR ‘esophageal cancer’[All Fields]

PD-1, PD-L1

‘PD-1'[All Fields] AND ‘PD-L1'[All Fields]

PD-L1, programmed death-1; PD-L1, programmed death-ligand 1.

objective response rate (ORR) reported as the
proportion of patients with a response.

Data extraction and synthesis

Clinical trial data were tabulated and presented as
author, year, title, intervention, participants and
condition, and primary endpoint(s). Ongoing tri-
als were tabulated as (NCT Number, Study Title,
Interventions, Primary Owutcome Measures,
Phases, Enrollment, Study Design, Primary
Completion Date, and Locations). The biblio-
graphic information was stored in EndNote X9
(Clarivate Analytics, London, UK). For the
quantitative analysis, data for OS, PFS, and ORR
was entered into an Excel datasheet. Both OS and
PFS outcomes were meta-analyzed and com-
puted for standardized mean difference (SMD)
applying 95% confidence intervals (CI), which
was reported as Cohen’s d. Whereas ORR was
reported as odds ratio (OR) applying 95% CI. A
random effects model was applied for all out-
comes. To quantify whether heterogeneity was
present among the included studies, the I? index
was calculated. A funnel plot was generated to
visually inspect for publication bias. The analysis
was conducted in Review Manager 5.4.3.
(RevMan, Cochrane, London, UK). Whereas the
referencing software utilized for this study was
Mendeley (Elsevier). A kappa score of inter-
reviewer reliability was additionally measured to
assess the level of agreement between the two
independent raters along the inclusion process;
this was conducted in Statistical Package for
Social Sciences (SPSS, v24, Chicago, IL, USA).

Registration and role of funding

The protocol for this meta-analysis was registered in
the Open Science Framework (OSF): (osf.i0/y27rx).
No funding was obtained for this study.

Results

Study selection and Kappa score

A total of 387 studies were identified from the
databases. Of these, 36 were duplicates and were
removed before the screening. We screened a
total of 351 studies for potential inclusion in our
meta-analysis. Out of these, 312 were excluded
for various reasons. An estimated 87 studies were
excluded as they were observational cohorts, case
series, or individual case reports that did not fit
the requirement for phase III clinical trials. In
addition, 58 studies were previously conducted
systematic reviews or meta-analyses, and as our
focus was on original research, they were not
included. Around 120 studies were brief reports
or were unrelated to the specific administration of
PD-1/PD-L1 inhibitors either alone or in combi-
nation with standard care among adult patients
with EC, leading to their exclusion. The remain-
ing 47 studies were removed for other miscellane-
ous reasons, such as lack of relevant data or not
meeting other specified criteria. The remaining
39 studies were reviewed using their full texts. Of
those, 13 phase III trials were included in this
meta-analysis. During the identification of ongo-
ing trial records via registers, a total of 198 records
were identified. All were assessed for eligibility,
after which 90 were excluded as they did not tar-
get PD-1/PD-L1 therapies for EC, whereas 17
were non-human studies; a total of 91 ongoing
trial records were included. The PRISMA flow-
chart depicting the study selection process is illus-
trated in Figure 1. The kappa score of
inter-reviewer reliability was computed to be 0.91
suggesting excellent agreement.

Characteristics of the included completed trials
A total of 6519 participants were pooled across
the 13 phase III trials included in this study. The
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Figure 1. PRISMA flowchart depicting the study selection process.

key characteristics of all included trials are listed
in Table 2.

Meta-analytical findings of participants with
squamous cell carcinoma

This analysis incorporated data from 12 trials
involving patients with squamous cell carcinoma
(SCC). These trials comprised a total of 2876
participants in the ICI group and 2701 in the pla-
cebo or standard care group, and they were all
evaluated for overall survival (OS) outcomes. The
mean difference (MD) was determined to be 2.69
(95% CI=2.33-3.06; p<<0.00001; 2=0%), indi-
cating a statistically significant improvement in
OS for the ICI group. The SMD, represented by
Cohen’s d, was calculated as 0.28 (95% CI=0.12-
0.43). Despite being small, the effect size was sta-
tistically significant and favored the ICI group
(p=0.0006; I?=88%; Refer to Figure 2).

A sensitivity analysis was performed, in which
data from three high-weight studies [Sun, 2021
(KEYNOTE-590); Huang, 2020 (ESCORT);
and Shen, 2021 (RATIONALE-302)] were
excluded. These three studies had initially con-
tributed 73.5%, 5.3%, and 4.7% weights to the
total effect size, respectively. After their exclu-
sion, the recalculated MD was 2.52 (95%

CI=1.63-3.42), while Cohen’s d was 0.18 (95%
CI=0.12-0.25). These adjusted results remained
statistically significant (p<<0.00001), aligned
closely with the original findings, and displayed
no heterogeneity (I?=0%) for both MD and
Cohen’s d. This suggests that the overall conclu-
sions from the original analysis were robust and
not overly dependent on any single study.

In parallel, data from 12 trials encompassing
2992 participants in the ICI group and 2812 in
the placebo or standard care group were analyzed
for PFS outcomes. Unlike the findings for OS,
the effect direction for PFS was unfavorable and
not statistically significant. The MD was —0.17
(95% CI=-0.66—-0.31; p=0.49), indicating no
significant difference in PFS between the ICI and
placebo/standard care groups. This was coupled
with high heterogeneity (I2=89%). The SMD, as
represented by Cohen’s d, was calculated to be
—0.01 (95% CI=-0.19-0.17; p=0.93), reinforc-
ing the lack of a significant effect. Heterogeneity
remained high at I?=92% (refer to Figure 3).

Sensitivity analysis was conducted by excluding
data from three high-weight studies [Sun, 2021
(KEYNOTE-590, 11.7%); Huang, 2020
(ESCORT, 11.3%); and Kojima, 2020
(KEYNOTE-181;10.2%)]. After their exclusion,
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ICls Placebo/Standard Care Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD __ Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Xu, 2020 (ORIENT-2) 7.23 9822 95 6.21 6117 95  25% 1.02[-1.27,3.31) —
Kojima, 2020 (KEYNOTE-181) 82 12922 198 71 7633 203 3.0% 1.100.98,3.18) T
Huang, 2020 (ESCORT) 83 11171 228 6.2 4541 220 53% 2.10[0.53,3.67) m—
Shen, 2021 (RATIONALE-302) 86 11.837 256 6.3 6.939 256  47% 2.30[0.62,3.98) —
Doki, 2022 (CHECKMATE-648) 132 21024 321 107 1148 324 19%  250[(0.12,5.12)
Kato, 2019 (ATTRACTION-03) 108 15157 210 8.4 9.958 208 22% 2.50[0.05, 4.95)
Sun, 2021 (KEYNOTE-590) 126 305 274 98 1.86 274 735% 2.80[2.38,3.22) | |
Luo, 2021 (ESCORT) 163 19817 208 1210129 298 21% 3.30[0.77,5.83)
Cao, 2022 (KEYNOTE-181) 10 1397 170 6.5 8.648 170 22% 3.50[1.03,5.97)
ASTRUM-007 153 22511 368 11.8 14839 183  1.3% 3.50[0.35,6.69)
Lu, 2022 (ORIENT-15) 167 3183 327 125 16.269 332 09% 4.20[0.33,8.07)
Kato, 2022 (CHECKMATE 648/0N0-4538-50) 176 2949 131 11 146309 137 04% 6.60[0.93,12.21)
Total (95% CI) 2876 2701 100.0%  2.69[2.33,3.06] [
Heterogeneity: Tau®= 0.00; Chi*= 8.67, df= 11 (P = 0.65), F= 0% _1‘0 + 5 1:0
Testfor overall efiect Z=14.56 (P < 0.00001) Favours [Placebo/Standard Cars] Favours [ICls]

ICls Placebo/Standard Care Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total _Mean SD__ Total Weight IV, 95% Cl N, 95% Cl
Kojima, 2020 (KEYNOTE-181) 82 12922 198 71 7633 203 8.3% 0.10(-0.08, 0.30] T
Xu, 2020 (ORIENT-2) 7.23 9622 95 6.21 6.117 95  7.3% 0.13[0.16,0.41) =
Doki, 2022 (CHECKMATE-648) 13.2 21.024 321 107 11.48 324 87% 0.15[-0.01, 0.30) =
Lu, 2022 (ORIENT-15) 167 3183 327 125 16.269 332 8.8% 0.17(0.01,0.32) =
ASTRUM-007 16.3 22511 368 11.8 14839 183 2.5% 0.17 [-0.01,0.39) —
Kato, 2019 (ATTRACTION-03) 108 15157 210 84 9958 209 8.4% 0.19(0.00, 0.39) =
Luo, 2021 (ESCORT) 153 19817 298 12 10129 298 87% 0.21(0.05,0.37] .
Shen, 2021 (RATIONALE-302) 8.6 11.837 256 6.3 6.939 256 8.5% 0.24[0.06, 0.41) ——
Huang, 2020 (ESCORT) 83 11171 228 6.2 4541 220 8.4% 0.24(0.06, 0.43) —
Kato, 2022 (CHECKMATE 648/0N0O-4538-50)  17.6 29.49 131 11 14,6309 137 7.8% 0.28(0.04, 0.53) i
Cao, 2022 (KEYNOTE-181) 100 1397 170 8.5 8.648 170 81% 0.30[0.09, 0.51) I
Sun, 2021 (KEYNOTE-590) 126 305 274 9.8 1.86 274 85% 1.11(0.93,1.29) m—
Total (95% CI) 2876 2701 100.0% 0.28[0.12,0.43] <&
Heterogeneity: Tau*= 0.07; Chi*= 83.63, df= 11 (P < 0.00001); I*= 88% _52 E‘ %

Test for overall effect Z= 3.44 (P=0.0006)

Favours [PlaceboiStandard Care] Favours [ICI

,i
S|

)

Figure 2. Forest plot depicting the outcome of 0OS computed as MD and SMD, which is reported as Cohen’s d.
A random-effects model was applied with reporting of 95% CI, the /2 index value, and the p-value.
Cl, confidence intervals; MD, mean difference; OS, overall survival; SMD, standardized mean difference.

ICls Placebo/Standard Care Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Kato, 2019 (ATTRACTION-03) 1.7 4436 210 34 4426 209 86% -1.70[-2.55,-0.85)
Kojima, 2020 (KEYNOTE-181) 21 0452 314 34 4972 314 102% -1.30[-1.85,-0.75) —_—
Xu, 2020 (ORIENT-2) 1.58 3257 95 286 2462 95 88% -1.28[-2.10,-0.46) =
Cao, 2022 (KEYNOTE-181) 23 6319 170 31 5.987 170 63% -080[2.11,051] I
Shen, 2021 (RATIONALE-302) 16 5306 256 21 4.898 256 85% -050[1.38,0.38) E—
Kato, 2022 (CHECKMATE 648/0N0-4538-50) 42 8758 131 43 T7.763 137 40% -010[-2.08,1.88) 1
Huang, 2020 (ESCORT) 19 1926 228 18 0757 220 11.3%  0.00[-0.27,0.27) T
Doki, 2022 (CHECKMATE-648) 58 6399 321 56  T7.347 324 75% 0.20 -0.86, 1.26) ==
ASTRUM-007 58 46872 268 5.3 4486 183  85% 0.50-0.38,1.38) —
Sun, 2021 (KEYNOTE-590) 6.3 052 274 58 082 274 117% 0.50 [0.39, 0.61) -
Luo, 2021 (ESCORT) 69 7046 298 56 0881 298 89% 1.30[0.49,2.11) —_—
Lu, 2022 (ORIENT-15) 7.2 11994 327 57 6.043 332 57% 1.50 [0.05, 2.95)
Total (95% CI) 2992 2812 100.0%  -0.17 [-0.66, 0.31]
Heterogeneity: Tau® = 0.52; Chi* = 98.93, df= 11 (P < 0.00001); F= 89% 4 2 B 5 "3
Test for overall effect: Z= 0.69 (P = 0.49) Favours [Placebo/Standard Care] Favours [ICls]
ICIs Placebo/Standard Care Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Xu, 2020 (ORIENT-2) 158 3.257 95 286 2462 95  75% -0.44 [0.73,-0.15)
Kato, 2019 (ATTRACTION-03) 1.7 4436 210 34 4426 209 83% -0.38-0.58,-0.19]
Kojima, 2020 (KEYNOTE-181) 21 0452 314 34 4972 314 86% -0.37 10.53,-0.21) —_—
Cao, 2022 (KEYNOTE-181) 23 6.313 170 31 5.987 170 8.2% -0.13[-0.34,0.08) s======r=
Shen, 2021 (RATIOMALE-302) 1.6 5.306 256 21 4.898 256 8.5% -0.100.27,0.08) —1
Kato, 2022 (CHECKMATE 648/0NOQ-4538-50) 42 8758 131 43 7763 137 7.9% -0.01 [-0.25,0.23) —
Huang, 2020 (ESCORT) 19 1826 228 1.9 0.757 220 84% 0.00[-0.18,0.19) b
Doki, 2022 (CHECKMATE-648) 5.8 6388 321 5.6 7.347 324 856% 0.03[0.13,0.18) =T
ASTRUM-007 58 5872 368 5.3 4.486 183 8.4% 0.09[-0.08,0.27) T
Lu, 2022 (ORIENT-15) 7.2 11.984 327 57 6043 332 856% 0.16[0.01,0.31) —
Luo, 2021 (ESCORT) 69 7.046 208 56 0881 298 8.6% 0.26[0.10,0.42] ==
Sun, 2021 (KEYNOTE-590) 6.3 052 274 5.8 0.82 274 85% 0.730.55, 0.90] =
Total (95% CI) 2992 2812 100.0% -0.01[-0.19,0.17] ?

Heterogeneity: Tau®= 0.09; Chi*= 130.00, df= 11 (P < 0.00001); F= 92%

Test for overall effect: Z= 0.09 (P = 0.33)

Favours [PlacebolStandard Cars]

Rl -0.5 0 05 1
Favours [ICIs]

Figure 3. Forest plot depicting the outcome of PFS computed as MD and SMD, which is reported as Cohen'’s d.
A random-effects model was applied with reporting of 95% CI, the 12 index value, and the p-value.
Cl, confidence intervals; MD, mean difference; PFS, progression-free survival; SMD, standardized mean difference.

the recalculated MD was —0.13 (95% CI=-0.91-—
0.65; p=0.75; I’=81%), and Cohen’s d was
—0.04 (95% CI=-0.19-0.1; p=0.54; I’=81%).

These adjusted results still demonstrated no sta-
tistically significant difference in PFS between the
two groups and the heterogeneity was somewhat
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ICIs Placebo/Standard Care 0Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Cao, 2022 (KEYNOTE-181) 29 170 12 170 55% 2.71[1.33,5.51]
Doki, 2022 (CHECKMATE-648) 152 3N 87 324 133% 2.45[1.76,3.41]
Huang, 2020 (ESCORT) 46 228 14 220 65% 3.72[1.98, 6.99]
Kato, 2019 (ATTRACTION-03) 33 1M 34 158 81% 0.87[0.51,1.49] =i
Kato, 2022 (CHECKMATE 648/0N0-4538-50) 47 13 33 137 8.2% 1.76[1.04, 3.00] —
Kojima, 2020 (KEYNOTE-181) 41 314 2 314 78% 21001.21, 2.64] =
Lu, 2022 (ORIENT-15) 216 327 151 332 137% 2.33[1.70,3.20] —_—
Luo, 2021 (ESCORT) 215 298 185 298 128% 1.58[1.12,2.23] =—
Shen, 2021 (RATIONALE-302) 52 256 25 256 8.6% 2.36(1.41,3.93] —
Wang, 2022 (JUPITER-06) 178 257 134 257 12.3% 2.07[1.44,2.97] ==
Xu, 2020 (ORIENT-2) 12 95 [ 95 31% 214 (0.77,5.97] —
Total (95% Cl) 2568 2561 100.0% 2.04[1.68, 2.48] L _J
Total events 1021 702

P 2 ia_ = = R + 4 ' L 4 L
Heterogeneity: Tau® = 0.04; Chi*=18.30, df=10 (P = 0.05); I*= 45% o1 02 05 3 i 10

Testfor overall effect: Z=7.25 (P < 0.00001)

Favours [F'Iacebofstandafd Care] Favours [ICls]

Figure 4. Forest plot depicting the outcome of ORR computed as OR. A random-effects model was applied
with reporting of 95% CI, the /2 index value, and the p-value.
ORR, objective response rates; OR, odds ratio; Cl, confidence intervals.

reduced, but remained substantial. This sensitiv-
ity analysis confirms the robustness of the original
findings for PFS.

For the outcome concerning ORR, data from
11 trials involving 2568 participants in the ICI
group and 2561 participants in the placebo or
standard care group were evaluated. The find-
ings reveal a significant increase in the likeli-
hood of achieving an objective response when
ICIs were administered (OR=2.04, 95%
CI=1.68-2.48), suggesting the efficacy of ICIs
in improving ORR. The analysis exhibited
moderate heterogeneity (p <0.0001, I?=45%),
indicating some variability across the included
studies (refer to Figure 4).

In the sensitivity analysis, the three studies con-
tributing the highest weights were excluded [Lu,
2022 (ORIENT-15; 13.7%); Doki, 2022
(CHECKMATE-658; 13.3%); and Luo, 2021
(ESCORT, 12.8%)]. Following their removal,
the recalculated OR was 2.02 (95% CI=1.52—
2.69; p<<0.00001, I?=51%). This result main-
tained a significant effect favoring ICIs, albeit
with slightly increased heterogeneity. These find-
ings further substantiate the robustness of the
original analysis for ORR outcomes.

Meta-analytical findings of patients with
adenocarcinoma

The separate analysis of patients with adenocarci-
noma involved a total of 201 patients, with 99
patients in the ICI arm and 102 in the placebo/
standard care arm. The forest plots are depicted
in Figure 5. The MD in OS for patients with ade-
nocarcinoma treated with ICIs compared to pla-
cebo or standard care was 1.7months (95% CI:

0.65-2.75), suggesting that ICIs extend the OS
time by approximately 1.7 months compared to
standard care or placebo. This effect was statisti-
cally significant, with a Z value of 3.18 (p=0.001).
The effect size calculated by Cohen’s d was 0.45
(95% CI: 0.17-0.73), indicating a medium effect
size. This also showed statistical significance,
with a Z value of 3.14 (p=0.002).

The MD in PFS for patients with adenocarci-
noma treated with ICIs compared to placebo or
standard care was 0.6 months (95% CI: 0.41-
0.79). This implies that ICIs increase the PFS
time by roughly 0.6 months. This effect was sta-
tistically significant, with a Z value of 6.16
(»p<<0.00001). Cohen’s d was calculated as 0.86
(95% CI: 0.57-1.15), suggesting a large effect
size. This result was also statistically significant,
with a Z value of 5.83 (p<<0.00001; refer to
Figure 5).

Publication bias inspection

On visually inspecting the funnel plot, the studies
appear balanced with no gross deviations. Overall,
the plot is symmetric with a generally even distri-
bution through the funnel shape. While there is a
slight chance of publication bias due to external
factors including the under-representation of
populations, our synthesis suggests limited heter-
ogeneity in the stipulated sample (Figure 6).

Synthesis of ongoing clinical trials

In total, 91 ongoing clinical trials enrolling 25,918
participants are discussed. The full data are tabu-
lated in Supplemental Table 1. The trials span
completion until December 2034. Among the
ongoing trials, the largest number are in phase II,
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Overall Survival ICls Placebo/Standard Care Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Rand 95% ClI
Sun, 2021 (KEYNOTE-590) 116 414 99 99 338 102 100.0% 1.70 [0.65, 2.75)
Total (95% CI) 99 102 100.0% 1.70 [0.65, 2.75]
Heterogeneity: Not applicable 10 5 ) é 150
Testfor overall effect Z= 3.18 (P = 0.001) Favors [PlaceboiStandard Care] Favours [ICIs)
ICis Placebo/Standard Care Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI IV, Rand 95% CI
Sun, 2021 (KEYNOTE-590) 116 414 99 99 3.38 102 100.0% 0.45(017,0.73)
Total (95% CI) 99 102 100.0% 0.45[0.17,0.73) -
Heterogeneity: Not applicable 5 ) 1 3
Test for overall effect: Z=3.14 (P = 0.002) Favors [PlaceboiStandard Cars] Favours [ICls]
Progression Free Survival ICls Placebo/Standard Care Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI IV, Rand 95% Cl1
Sun, 2021 (KEYNOTE-590) 63 052 99 5.7 083 102 100.0% 0.60(0.41,0.79)
Total (95% Cl) 99 102 100.0% 0.60 [0.41,0.79] <>
Heterogeneity: Not applicable 2 1 3 1 2
Testfor overall effect Z=8.16 (P < 0.00001) Favours [Placebo/Standard Care] Favours [ICIs]
ICIs Placeho/Standard Care Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI N, 95% CI
Sun, 2021 (KEYNOTE-590) 6.3 0.52 99 5.7 0.83 102 100.0% 0.86 [0.57,1.15]
Total (95% CI) 99 102 100.0% 0.86 [0.57, 1.15] <
Heterogeneity: Not applicable t Al1 3 15 é

Test for overall effect: Z= 5.83 (P < 0.00001)

Figure 5. Forest plot depicting the outcomes in patients with

Favours [Placebo/Standard Care] Favours [ICls]

adenocarcinoma of 0S and PFS computed as MD,

SMD, and OR. A random-effects model was applied with reporting of 95% Cl, Z-value, and p-value.

0S, Overall survival; PFS, progression-free survival.

with a total of 45 trials. There are eight trials in
phase III. Phase I trial number 10. In addition to
these, 21 trials combine phases I and II. Notably,
there is only one trial for which the phase is not
specified.

The five most commonly used primary outcome

measures in the 91 ongoing trials are as follows: 4.

1. Number of participants with dose-limiting tox-
icittes (DLTs): This is a measure to deter-
mine the toxicity and safety of a new drug
or treatment regimen. A DLT is an adverse
event or set of related events that are con-
sidered to be related to the drug and which

prevent further escalation of the dose. This 5.

is typically evaluated during the first cycle
of treatment (often 21 or 28 days).

2. Number of participants with adverse events
(AEs): This is a measure of the number of
participants who experienced undesirable
experiences associated with the use of a
medical product, whether or not they were
considered related to the medical product.
This is monitored throughout the study
period.

3. Owverall response rate (ORR): This is a meas-
ure of the proportion of patients who have a
partial or complete response to treatment.

It does not include patients who have stable (41

disease or progressive disease. This is usu-
ally evaluated by the RECIST criteria
(Response Evaluation Criteria In Solid
Tumors), which give specific rules for when
tumors in cancer patients improve
(‘respond’), stay the same (‘stable’), or
worsen (‘progression’) during treatment.
Incidence of treatment-emergent AEs: This is a
measure of the number of participants who
experience new, or a worsening of, AEs
associated with the use of the study drug or
treatment. These are typically reported
from the time of the first administration of
the study drug until a specified time after
the last dose.

Maximum tolerated dose (MTD) or recom-
mended phase 1I dose (RP2D): The MTD is
the highest dose of a drug or treatment that
does not cause unacceptable side effects.
The determination of the MTD is a critical
part of phase I studies. The RP2D is the
dose or dose regimen that is recommended,
based on safety and efficacy data, for evalu-
ation in phase II clinical trials.

Out of the 91 ongoing trials, 41 of them do not
specify an allocation method, 33 are randomized,
and 17 are non-randomized. When it comes to
the intervention model, the majority of the trials

in total) use a single-group model. Another
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Figure 6. Funnel plot for the visual inspection of publication bias.

43 trials employ a parallel intervention model; six
trials use a sequential model; and one trial uses a
factorial model. As for masking, most trials (84
out of 91) do not use any masking. Three trials
use a double masking method involving the par-
ticipant and the investigator; another three trials
utilize a quadruple masking method, which
includes the participant, care provider, investiga-
tor, and outcomes assessor; and one trial employs
a triple masking method involving the participant,
investigator, and outcomes assessor. The primary
purpose for almost all trials (90 out of 91) is treat-
ment, with only one trial intended for screening.

The 91 ongoing trials span across multiple coun-
tries; the United States has the highest participa-
tion, being involved in 53 of the ongoing trials.
China follows closely, with involvement in 19 tri-
als. Taiwan is involved in nine trials, the United
Kingdom in 11 trials, and Germany is involved in
seven trials. Other trials are being conducted in
Canada, France, Italy, Japan, the Republic of
Korea (South Korea), Australia, Belgium, Brazil,
Chile, Denmark, Hungary, Israel, the
Netherlands, Poland, Russia, Spain, and Turkey.

Discussion

To our knowledge, this is the largest meta-anal-
ysis to date comparing outcomes of efficacy
between immunotherapy and standard care or
placebo groups for the treatment of EC. Our
analysis encompassed 6519 participants across
13 trials. In the SCC group, we observed posi-
tive results for OS (SMD =0.28, p=0.0006) and

ORR (OR=2.04, p<0.0001) but not for PFS
(SMD=-0.01, p=0.93). In the adenocarci-
noma group, we noted favorable outcomes with
immunotherapy. OS showed a medium effect
size in favor of ICI treatment (SMD =0.45,
$»=0.002). For PFS, the adenocarcinoma group
demonstrated a large statistically significant
advantage for ICIs (SMD =0.86, 95% CI: 0.57—
1.15, p<<0.0001), in contrast to the SCC group.
In our meta-analysis, we included the adminis-
tration of nivolumab, pembrolizumab, camreli-
zumab, sintilimab, toripalimab, ipilimumab, and
serplulimab. In almost all cases, the condition
being treated was advanced EC of squamous ori-
gin with Keynote 590 treating esophageal
adenocarcinoma.

Immune checkpoint signaling pathways are essen-
tially comprised of PD-1/PD-LL1 and CTLA-4
pathways.20-23 PD-1 gains relevance as it is a neg-
ative costimulatory receptor that is primarily
expressed on activated T cells that can bind to
PD-L1 and PD-L2 ligands inhibiting the effect
and function of T cells.2%25 With 600,000 new
cases and 540,000 deaths due to EC reported in
2020, the prognosis of the disease has been
poor.26-28 Squamous cell pathology comprises an
estimated 90% of EC cases; it also has a median
survival of less than 1year and treatment heavily
relies on chemotherapy regimens.2%-32 We see the
landscape changing with immunotherapy playing
a key role as a combination treatment.?¢ Of key
interest are the PD-1 and PD-L1 pathways
because of the reproducible survival benefit being
witnessed in differential trials. While trials have
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been ongoing for various investigational com-
pounds, the US Food and Drug Administration
approved nivolumab in combination with chemo-
therapy on 27 May 2022, as a first-line treatment
for advanced or metastatic EC. Pembrolizumab
and ipilimumab are also approved for EC.33 In
our meta-analysis, we find a positive associative
relationship between anti-PD-1/PD-L1 immuno-
therapy with OS and ORR that can benefit the
long-term survival of EC patients. We selected
OS, PFS, and ORR as endpoints and found that
PD-1 inhibitors significantly improved OS and
ORR in EC compared to chemotherapy.

Opverall, there has been suboptimal progress in the
treatment of EC in the last two decades as the
median OS in advanced disease is still 11 months.
In our included data, many immunotherapeutic
agents have improved survival rates among
patients with advanced EC as both first-line and
second-line treatments. Numerous phase III trials
have been conducted recently that looked at vari-
ous PD-L1 blockers and their efficacy for improved
survival outcomes in EC. As a second-line treat-
ment, ATTRACTION-03,* ESCORT,*® and
RATIONALE-033 trials reported significant
improvement in median OS regardless of PD-L1 sta-
tus, whereas KEYNOTE-181 enrolled only PD-L1-
positive populations with EC. ATTRACTION-3
was the first phase III clinical trial of the immuno-
therapeutic agent Nivolumab across 8 high-
income countries (HICs) given to 419 pre-treated
patients with advanced EC (squamous cell)
regardless of PD-L1 expression; modestly favora-
ble outcomes were noted in the immunotherapy
arm with a median OS of 10.9 versus 8.4 months
in the chemotherapy group (»=0.019).3% The
highest median OS was noted in the ESCORT
trial with significant improvement in survival rates
compared to other phase III trials for pre-treated
EC patients. The ESCORT trial was a phase III
trial of the immunotherapeutic agent Camreli-
zumab, given as second line to 596 patients in
advanced EC across China.?> Among patients
who received both Camrelizumab and chemother-
apy wversus chemotherapy alone, the median OS
was 15.3 wersus 12months (p=0.001). In the
RATIONALE 302 trial, immunotherapeutic
agent Tislelizumab in pre-treated patients with
ESSC showed improvement in median OS across
the entire population (8.6 wversus 6.3 months) and
in the PD-L1 + population (10.3 wersus
6.8 months) compared to chemotherapy group.3¢
In KEYNOTE 181, second-line immunotherapy
with Pembrolizumab was given to PD-L1

combined positive score (CPS) =10 patients with
advanced EC and there was a significant improve-
ment in median OS in the pembrolizumab wversus
chemotherapy group of 9.3 wversus 6.7 months
(»p=0.0074).3" Both the RATIONALE 302 and
KEYNOTE 181 did find support for second-line
immunotherapeutic agents in advanced EC; how-
ever, combination regimens with PD-1 blockers
and chemotherapy demonstrated in the ESCORT
trial provided important support for this treatment
approach in EC.

In treatment-naive patients with EC, the four
phase III trials including Checkmate 648,26
ORIENT-15,38 JUPITER-06,* and
ASTRUM-0074° trials found improved survival
outcomes among patients regardless of PD-L1
status among ESSC patients, whereas Checkmate
649 only treated EAC patients with PD-L1+ sta-
tus.4? Two trials, Checkmate 648 and 649, were
conducted globally to understand the impact of
nivolumab combination therapy as first-line ther-
apy in advanced esophageal squamous cell carci-
noma (ESSC) or esophageal adenocarcinoma
(EAC), respectively. In Checkmate 648,
Nivolumab combined with chemotherapy dem-
onstrated a significant improvement in OS when
compared to chemotherapy alone. In the overall
population, the median OS was 13.2 months with
Nivolumab plus chemotherapy, as opposed to
10.7months with chemotherapy alone, with a
26% lower risk of death (hazard ratio, 0.74;
99.1% CI, 0.58-0.96; p=0.002). Moreover, in
the PD-L1-positive subgroup, the median OS
was even more pronounced at 15.4months with
Nivolumab plus chemotherapy compared to
9.1 months with chemotherapy alone
(p<0.001).2% In the Checkmate 649 trial, %0 first-
line Nivolumab combined with chemotherapy
had a better median OS than chemotherapy alone
in advanced EAC (14.4months  versus
11.1months, p<<0.0001) with PD-L1 CPS =5
which was comparable to other PD-L1+ sub-
group findings including the Checkmate 648
trial. In the ORIENT-15 trial as first line,
Sintilimab plus chemotherapy had a median OS
of 16.7 wersus 12.5months which was higher in
patients with CPS =10 (17.2 versus 13.6 months)
yet the overall population also had significant
improvement in survival rates regardless of
PD-L1 expression levels.?® In the JUPITER-06
trial, immunotherapeutic agent Toripalimab plus
chemotherapy was given as first line to advanced
ESSC patients irrespective of PD-LL1 expression
with a significant improvement in median OS for
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the Toripalimab group of 17.0months wersus
11.0months for the chemotherapy group only
(p<0.001) which is promising.?® In the
ASTRUM-007 trial, the median OS was found to
be significantly improved with first-line
Serplulimab plus chemotherapy compared to
chemotherapy alone in patients with CPS =1 in
advanced ESSC (15.3 wersus 11.8 months,
p»=0.002) which similarly suggests it to be an
important immunotherapeutic agent against
EC.%0

The PD-1/PD-L1 pathway works by many regu-
latory pathways including JAK/STAT3, NF-«B,
WNT, Hedgehog (Hh), MAPK, and PI3K/
AKT.41-4 All six pathways exert pivotal roles in
tumorigenesis by regulating the expression of
immune markers, activating the immune system,
and/or regulating immune marker expression.
Together, PD-1/PD-L1 inhibitors play a critical
role in EC, thereby allowing the testing to be an
impunity and challenge for therapy. However, the
significance of PD-L1 expression levels for mean-
ingful clinical response in EC patients is still
unclear. While there are many unknowns in treat-
ment, the ongoing and concluded phase III trials
allow for a clear action plan for dosing, safety,
durability, and efficacy.

It is crucial to consider homogenizing PD-1 assays
in clinical trial settings as well as routine clinical
examinations. Furthermore, the criteria for receiv-
ing PD-1 inhibitors require more insight as there
are different metrics across clinical trials that have
not been optimized for clinical practice. Further
clinical trials can focus on exploring other poten-
tial biomarkers and their impact on immunother-
apy treatment decisions such as human epidermal
growth factor receptor 2 (HER2) amplification
and mismatch repair deficiency/microsatellite
instability (dMMR/MSI-H) which are being
tested in clinical trials across gastric cancer.%-48
Patients with dMMR are more likely to express
PD-L1 which may impact the efficacy of anti-PD1
treatments and is found; therefore, this biomarker
can work synergistically with PD-L1 expression in
further clinical trials of EC. 4 A study looked at
the impact of tumor mutational burden (TMB),
which may serve as a potential biomarker, across
62 patients with EC and those patients with higher
TMB had significant improvement in survival.>0
Other studies have also shown improved out-
comes with higher TMB among EC patients who
received immunotherapy.>! However, the implica-
tions of these biomarkers on the selection of

treatment modalities and outcomes are still in the
early stages. Overall, while many biomarkers
including PD-1 have been selected as a metric for
patients’ treatment eligibility, their effectiveness in
better identifying the patient population with the
highest odds to respond to PD-1 blockers, and
other immunotherapy treatments must be
explored with upcoming randomized clinical tri-
als.>253 It may be of contention to continue opti-
mizing current biomarkers as well as explore new
biomarkers in the context of EC with future
research efforts.

Strengths and limitations

A challenge was observed which was the lack of
homogeneous use of PD-L1 assays. The
ESCORT trial used the Tumor Proportion Score
(TPS) assay (6E8 antibody, Shuwen Biotech),
whereas the CheckMate-648 trial used a different
one, the Dako PD-L1 IHC 28-8 pharmDx
assay.?6 The KEYNOTE-181 and ORIENT-15
trials used the PD-L1 IHC 22C3 pharmDx
assay.3” This variance in the assessment methods
rendered the comparability of PD-L1 status
across trials challenging and warrants careful con-
sideration. This renders the comparability of
PD-L1 status across trials challenging. The use of
the Dako assay in categorizing EC is scarce. In
addition, the Keynote 590 trial did not report
ORR outcomes for subgroups, thereby limiting
the analytical outcomes of this meta-analysis.

Moreover, as there was been an increase in the
use of PD-L1 expression as a biomarker, it is
worth considering the comparability of the TPS
and CPS. Both scores have been used across the
data in our study with a lack of clarity on agree-
ment among both methods. In TPS, PD-L1
expression in tumor cells is evaluated by calculat-
ing the ratio of PD-L1-positive cells to the total
number of viable tumor cells. In CPS, the num-
ber of PD-L1 staining cells including tumor cells,
lymphocytes, and macrophages are noted relative
to all viable tumor cells. However, TPS is pre-
ferred in routine clinical practice and has a high
correlation with treatment response to anti-PD-1
therapy. It may be prudent to evaluate the inter-
observer agreement between TPS and CPS before
using them inter-changeably, which was similarly
conducted in non-small-cell lung cancer
(NSCLC).3* Furthermore, there were no clear
cutoffs used for either TPS or CPS across all tri-
als for the level of PD-L1 expression which makes
the interpretation of findings challenging.
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At a broader level, the representation of different
ethnical/racial groups is present but a higher rep-
resentation of Chinese populations or Caucasians
residing in HICs was noted across the trials.
Therefore, this renders the findings of emerging
data not entirely generalizable. Nevertheless, our
strengths lie in robust data selection processes
and inclusion into the study as well as a quantita-
tive analysis found in our meta-analytical find-
ings. Our study is the largest to the best of our
knowledge that looks at all three endpoints
including OS, PFS, and ORRs which are the
most important primary endpoints in immuno-
therapy trial settings. Finally, we included all tri-
als regardless of treatment-naive/pre-treated or
PD-L1+/PD-L1- status.

Conclusion

Our findings collate and synthesize strong evi-
dence of PD-1/PD-L1 inhibitors when combined
with chemotherapy, improving survival rates and
ORR compared to chemotherapy in patients with
advanced EC albeit with no effect on PFS. Our
analysis offers insight into the outcomes of immu-
notherapeutic agents in combination with or
without chemotherapeutic agents in EC.
Additional trials are still required to further
strengthen our findings and to explore alternative
immunotherapy-based efficacious combinations
with standard care interventions such as other
ICIs. Finally, more sensitive biomarkers than
PD-L1 expression allow for better patient identi-
fication of who is most likely to respond to immu-
notherapy-based regimens.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Author contributions

Saram Zafar: Conceptualization; Formal
analysis; Methodology; Writing — original draft;
Writing — review & editing.

Rabbia Shehzadi: Conceptualization; Formal
analysis; Methodology; Software; Writing —
original draft; Writing — review & editing.

Hina Dawood: Conceptualization; Data cura-
tion; Methodology; Writing — original draft;
Writing — review & editing.

Moeez Magbool: Conceptualization; Metho-
dology; Resources; Validation; Writing — original
draft; Writing — review & editing.

Azza Sarfraz: Data curation; Resources;
Software; Writing — original draft; Writing —
review & editing.

Zouina Sarfraz: Conceptualization; Metho-
dology; Supervision; Writing — original draft;
Writing — review & editing.

Acknowledgements

The authors wish to acknowledge the following
for their contributions to the early drafting of the
study: Syed Umair Shah Sherazi, MBBS; Amna
Noor, MBBS; Muhammad Salahuddin, MBBS.

Funding

The authors received no financial support for the
research, authorship, and/or publication of this
article.

Competing interests
The authors declare that there is no conflict of
interest.

Availability of data and materials
All data utilized for the purpose of this study are
available publicly and online.

ORCID iD
Zouina  Sarfraz
0002-5132-7455

https://orcid.org/0000-

Supplemental material
Supplemental material for this article is available
online.

References
1. Uhlenhopp DJ, Then EO, Sunkara T, ez al.
Epidemiology of esophageal cancer: update in
global trends, etiology and risk factors. Clin ¥
Gastroenterol 2020; 13: 1010-1021.

2. Morgan E, Soerjomataram I, Rumgay H, ez al.
The global landscape of esophageal squamous
cell carcinoma and esophageal adenocarcinoma
incidence and mortality in 2020 and projections

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam
https://orcid.org/0000-0002-5132-7455
https://orcid.org/0000-0002-5132-7455

THERAPEUTIC ADVANCES in

Volume 16

10.

11.

12.

13.

14.

15.

16.

to 2040: new estimates from GLOBOCAN 2020.
Gastroenterology 2022; 163: 649-658.

Zhang Y and Nakanishi Y. A case of esophageal
squamous cell carcinoma metastasized to the
colonic anastomotic site of right hemicolectomy.
Am ¥ Clin Pathol 2021; 156: S64-S64.

Koshariya M and Malpani P. The Optimal MIS
Approach for Cancer Esophagus. Recent Adv
Minimal Access Surgery-2 20205 131.

Hong Y and Ding Z-Y. PD-1 inhibitors in the
advanced esophageal cancer. Front Pharmacol
2019; 10: 1418.

Puhr HC, Preusser M and Ilhan-Mutlu A.
Immunotherapy for esophageal cancers: what is
practice changing in 2021? Cancers (Basel) 2021;
13: 4632.

Yang J, Liu X, Cao S, et al. Understanding
esophageal cancer: the challenges and
opportunities for the next decade. Front Oncol
2020; 10: 1727.

Noordzij IC, Curvers WL and Schoon EJ.
Endoscopic resection for early esophageal
carcinoma. ¥ Thorac Dis 2019; 11: S713.

Watanabe M, Otake R, Kozuki R, ez al. Recent
progress in multidisciplinary treatment for
patients with esophageal cancer. Surg Today
2020; 50: 12-20.

Horton JD, Knochelmann HM, Day TA, et
al. Immune evasion by head and neck cancer:
foundations for combination therapy. Trends
Cancer 2019; 5: 208-232.

Beyaert S, Machiels J-P and Schmitz S. Vaccine-
based immunotherapy for head and neck cancers.
Cancers (Basel) 2021; 13: 6041.

Gibney GT, Weiner LM and Atkins MB.
Predictive biomarkers for checkpoint inhibitor-
based immunotherapy. Lancet Oncol 20165 17:
e542—-e551.

Boyiadzis MM, Kirkwood JM, Marshall JL, ez al.
Significance and implications of FDA approval of
pembrolizumab for biomarker-defined disease. ¥
Immunother Cancer 2018; 6: 1-7.

Lugowska I, Teterycz P and Rutkowski P.
Immunotherapy of melanoma. Contemp Oncol
Onkol 2018; 2018: 61-67.

Bardhan K, Anagnostou T and Boussiotis VA. The
PD1: PD-11/2 pathway from discovery to clinical
implementation. Front Immunol 2016; 7: 550.

Costa F, Marchica V, Storti P, ez al. PD-L1/PD-1
axis in multiple myeloma microenvironment and
a possible link with CD38-mediated immune-
suppression. Cancers (Basel) 2021; 13: 164.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Huang W, Ran R, Shao B, ez al. Prognostic and
clinicopathological value of PD-L1 expression
in primary breast cancer: a meta-analysis. Breast
Cancer Res Trear 2019; 178: 17-33.

Jin Z and Yoon HH. The promise of PD-1
inhibitors in gastro-esophageal cancers:
microsatellite instability vs. PD-L1. ¥ Gastrointest
Oncol 2016; 7: 771.

Page MJ, McKenzie JE, Bossuyt PM, ez al. The
PRISMA 2020 statement: An updated guideline
for reporting systematic reviews. BM¥. Epub ahead
of print 29 March 2021. DOI: 10.1136/BMJ.N71.

Chen K, Wang X, Yang L, et al. The anti-PD-1/
PD-L1 immunotherapy for gastric esophageal
cancer: a systematic review and meta-analysis
and literature review. Cancer Control 2021; 28:
1073274821997430.

Sasikumar PG and Ramachandra M. Small-
molecule immune checkpoint inhibitors targeting
PD-1/PD-L1 and other emerging checkpoint
pathways. BioDrugs 2018; 32: 481-497.

Mahoney KM, Freeman GJ and McDermott DF.
The next immune-checkpoint inhibitors: PD-1/
PD-L1 blockade in melanoma. Clin Ther 2015;
37: 764-782.

Ghosh C, Luong G and Sun Y. A snapshot of the
PD-1/PD-L1 pathway. ¥ Cancer 2021; 12: 2735.

Riella LV, Paterson AM, Sharpe AH, ez al. Role
of the PD-1 pathway in the immune response.
Am F Transplant 20125 12: 2575-2587.

Salmaninejad A, Valilou SF, Shabgah AG, er al.
PD-1/PD-L1 pathway: basic biology and role in
cancer immunotherapy. ¥ Cell Physiol 2019; 234:
16824-16837.

Doki Y, Ajani JA, Kato K, ez al. Nivolumab
combination therapy in advanced esophageal
squamous-cell carcinoma. N Engl ¥ Med 2022;
386: 449-462.

Zeng H, Zheng R, Zhang S, er al. Esophageal
cancer statistics in China, 2011: estimates based
on 177 cancer registries. Thorac Cancer 2016; 7:
232-237.

Jemal A, Bray F, Center MM, et al. Global cancer
statistics. CA Cancer ¥ Clin 2011; 61: 69-90.

Li Z-C, Sun Y-T, Lai M-Y, ez al. Efficacy

and safety of PD-1 inhibitors combined with
chemotherapy as first-line therapy for advanced
esophageal cancer: a systematic review and
network meta-analysis. Int Immunopharmacol
2022; 109: 108790.

Pennathur A, Gibson MK, Jobe BA, ez al.
Oesophageal carcinoma. Lancer 2013; 381:
400-412.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

S Zafar, R Shehzadi et al.

31. Waters JK and Reznik SI. Update on
management of squamous cell esophageal cancer.
Curr Oncol Rep 2022; 24: 375-385.

32. Codipilly DC and Wang KK. Squamous cell
carcinoma of the esophagus. Gastroenterol Clin
2022; 51: 457-484.

33. Drugs Approved for Esophageal Cancer — NCI,
https://www.cancer.gov/about-cancer/treatment/
drugs/esophageal (accessed 8 December 2022).

34. Kato K, Cho BC, Takahashi M, et al. Nivolumab
versus chemotherapy in patients with advanced
oesophageal squamous cell carcinoma refractory
or intolerant to previous chemotherapy
(ATTRACTION-3): a multicentre, randomised,
open-label, phase 3 trial. Lancet Oncol 2019; 20:
1506-1517.

35. Luo H, Lu ], Bai Y, ez al. Effect of camrelizumab
vs placebo added to chemotherapy on survival
and progression-free survival in patients with
advanced or metastatic esophageal squamous cell
carcinoma: the ESCORT-1st randomized clinical
trial. FJAMA 2021; 326: 916-925.

36. Shen L, Kato K, Kim S-B, ez al.
RATIONALE-302 Investigators. Tislelizumab
versus chemotherapy as second-line treatment for
aqdvanced or metastatic esophageal squamous cell
carcinoma (RATIONALE-302): a randomized
phase III study. ¥ Clin Oncol 2022; 40: 3065-3076.

37. Kojima T, Shah MA, Muro K, ez al. Randomized
phase III KEYNOTE-181 study of pembrolizumab
versus chemotherapy in advanced esophageal
cancer. ¥ Clin Oncol 2020; 38: 4138-4148.

38. Lu Z, Wang J, Shu Y, et al. Sintilimab versus
placebo in combination with chemotherapy
as first line treatment for locally advanced or
metastatic oesophageal squamous cell carcinoma
(ORIENT-15): multicentre, randomised, double
blind, phase 3 trial. BM¥ 2022; 377: e068714.

39. Wang Z-X, Cui C, Yao ], ez al. Toripalimab
plus chemotherapy in treatment-naive,
advanced esophageal squamous cell carcinoma
(JUPITER-06): a multi-center phase 3 trial.
Cancer Cell 2022; 40: 277-288.

40. Song Y, Zhang B, Xin D, ez al. First-line
serplulimab or placebo plus chemotherapy
in PD-L1-positive esophageal squamous cell
carcinoma: a randomized, double-blind phase 3
trial. Nat Med 2023; 1-10.

41. Han Y, Liu D and Li L. PD-1/PD-L1 pathway:
current researches in cancer. Am ¥ Cancer Res
2020; 10: 727.

42. Muenst S, Soysal SD, Tzankov A, et al. The
PD-1/PD-L1 pathway: biological background and

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

clinical relevance of an emerging treatment target
in immunotherapy. Expert Opin Ther Targets
2015; 19: 201-211.

Zhao P, Li L, Jiang X, er al. Mismatch repair
deficiency/microsatellite instability-high as a
predictor for anti-PD-1/PD-L1 immunotherapy
efficacy. ¥ Hematol Oncol 2019; 12: 1-14.

Quach HT, Hou Z, Bellis RY, ez al. Next-
generation immunotherapy for solid tumors:
combination immunotherapy with crosstalk
blockade of TGFf and PD-1/PD-L1. Expert Opin
Investig Drugs 2022; 31: 1187-1202.

Dhakras P, Uboha N, Horner V, er al.
Gastrointestinal cancers: current biomarkers in
esophageal and gastric adenocarcinoma. Trans!
Gastroenterol Hepatol 2020; 5: 55.

Rodriquenz MG, Roviello G, D’Angelo A, et al.
MSI and EBV positive gastric cancer’s subgroups
and their link with novel immunotherapy. ¥ Clin
Med 20205 9: 1427.

Puliga E, Corso S, Pietrantonio F, ez al.
Microsatellite instability in Gastric Cancer:
Between lights and shadows. Cancer Treat Rev
2021; 95: 102175.

Cann C and Ciombor KK. Systemic therapy
for gastric cancer: perioperative strategies and
beyond. ¥ Surg Oncol 2022; 125: 1151-1160.

Le DT, Uram JN, Wang H, er al. PD-1 blockade
in tumors with mismatch-repair deficiency. N
Engl ¥ Med 2015; 372: 2509-2520.

Greally M and Ku GY. Immune checkpoint
inhibitors in esophagogastric adenocarcinoma:
do the results justify the hype? ¥ Thorac Dis 2018;
10: 6407.

Samstein RM, Lee C-H, Shoushtari AN, ez al.
Tumor mutational load predicts survival after
immunotherapy across multiple cancer types. Nat
Gener 2019; 51: 202-206.

Meyers DE, Bryan PM, Banerji S, ez al.
Targeting the PD-1/PD-L1 axis for the treatment
of non-small-cell lung cancer. Curr Oncol 2018;
25:324-334.

Masucci GV, Cesano A, Hawtin R, er al.
Validation of biomarkers to predict response

to immunotherapy in cancer: volume I—pre-
analytical and analytical validation. ¥ Immunother
Cancer 2016; 4: 1-25.

De Marchi P, Leal LF, da Silva VD, et al. PD-L1
expression by Tumor Proportion Score (TPS)
and Combined Positive Score (CPS) are similar
in non-small cell lung cancer INSCLC). ¥ Clin
Pathol 2021; 74: 735-740.

Visit Sage journals online
journals.sagepub.com/
home/tam

S Sagejournals

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam
https://www.cancer.gov/about-cancer/treatment/drugs/esophageal
https://www.cancer.gov/about-cancer/treatment/drugs/esophageal
https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam

