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Abstract

Background: Aim to establish the inhibitors of programmed cell death protein 1 (PD-1) as second-line therapy for
advanced esophageal squamous cell carcinoma (ESCC).

Methods: Published clinical trials in the PubMed, Medline, Embase databases on PD-1 inhibitors for the treatment
of ESCC were searched, along with an additional search on abstracts from the American Society of Clinical
Oncology (ASCO) and European Society for Medical Oncology (ESMO) from inception to September 2021. Overall
survival (OS), progression-free survival (PFS), objective response rate (ORR), disease control rate (DCR), and
treatment-related adverse events (TRAEs) were synthesized using STATA.

Results: A total of 1970 patients (PD-1 inhibitors: 987; chemotherapy: 983) were enrolled in five randomized
controlled trials. Compared with conventional chemotherapy, second-line PD-1 inhibitors significantly improved the
OS (hazard ratio [HR] = 0.73, 95% confidence interval [Cl]: 0.66-0.81; P < 0.001) and ORR (relative risk [RR] = 1.89, 95%
Cl: 1.16-3.05; P=0.01) of advanced ESCC patients, especially significantly prolonged the OS in the patients with
positive programmed death-ligand 1 (PD-L1) status (HR = 0.64, 95% Cl: 0.53-0.77; P < 0.001); but did not better PFS
(HR=0.88, 95% Cl: 0.68-1.14; P=0.330) and DCR (RR=0.89, 95% Cl: 0.59-1.37; P=0.603). Moreover, PD-1 inhibitors
were associated with statistically lower incidences of grade 3-5 TRAEs.

Conclusion: Second line PD-1 inhibitors significantly improved the OS and ORR of patients with advanced ESCC,
especially the OS of those with positive PD-L1 expression, and did not result in significant improvement in PFS and
DCR. Compared to chemotherapy, second-line PD-1 inhibitors had superior safety profiles for the treatment of
advanced ESCC.
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Background

Esophageal cancer (EC) is the seventh most prevalent
malignancy and sixth most cause of cancer-related mor-
tality worldwide with the highest incidence in Asia and
Africa [1], where esophageal squamous cell carcinoma
(ESCC) pathologically represents 90% of all EC cases [1,
2], which possesses a distinct genetic profile from that of
adenocarcinoma [3, 4]. Due to the fact that more than
two-thirds of EC patients with unresectable disease and
more than one-half have postoperative local recurrence
or metastasis within 5 years, the overall survival (OS) for
advanced EC remains poor.

Fluoropyrimidine/platinum-based systemic chemother-
apy remains the first-line therapeutic option for patients
with advanced or metastatic ESCC, however, severe tox-
icities from systemic chemotherapy limit its widespread
application in clinical practice. In the past several years,
multiple large randomized phase III trials on various tar-
geted treatments in EC have been published, but no
promising targeted therapy drug has been identified that
can improve long-term outcomes of patients with ad-
vanced ESCC [4-7]. To date, there are only a few treat-
ment options for patients with unresectable or
metastatic ESCC who progress on or are intolerant to
first-line standard chemotherapy [4, 8, 9].

More recently, immune checkpoint inhibitors, repre-
sented by programmed cell deathl/ligand 1 (PD-1/PD-
L1) inhibitors, have made breakthroughs in cancer treat-
ment. PD-1 inhibitors have been the focus of many clin-
ical studies and have extensive clinical application.
Because the positive expression rate of PD-L1 in ESCC
reaches about 40% [10], PD-1 inhibitors are the most ef-
fective treatment candidates for EC.

In previous single-arm trials [11-13], PD-1 inhibitors
have shown great anti-tumor activity in the treatment of
ESCC. To date, a few randomized controlled trials
(RCTs) have focused on the efficacy and safety of PD-1
inhibitors as second-line agents beyond chemotherapy
for the treatment of advanced ESCC. Therefore, we con-
ducted a meta-analysis on published data to preliminar-
ily confirm the efficacy and safety of PD-1 inhibitors for
the treatment of advanced ESCC.

Methods

Search strategy

A comprehensive systematic search was performed on
the published literature databases of PubMed, Embase,
Cochrane, and the unpublished abstract databases of the
American Society of Clinical Oncology (ASCO) and
European Society for Medical Oncology (ESMO) from
inception to September 2021 with restrictions on Eng-
lish. The following terms were used: (Esophageal Neo-
plasms OR Esophageal Neoplasm OR Esophageal Cancer
OR Esophagus Neoplasms OR Esophagus Cancer OR
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Esophagus Neoplasm OR Esophageal Squamous Cell
Carcinoma OR ESCC) AND (nivolumab OR pembroli-
zumab or camrelizumab OR sintilimab OR tislelizumab
OR toripalimab OR PD-1 OR programmed cell death 1)
AND chemotherapy AND (randomized controlled trial
OR randomized OR placebo).

Inclusion and exclusion criteria

Studies eligible for the analyses satisfied each of the fol-
lowing requirements: RCTs on patients with advanced
or metastatic ESCC refractory or intolerant to first-line
therapy; trial participants in the PD-1 inhibitor arm re-
ceived anti-PD-1 agent only, while participants in the
chemotherapy arm were treated with conventional
chemotherapy regimen; and the trial used at least three
of the following (OS, progression-free survival [PFS], ob-
jective response rate [ORR], disease control rate [DCR],
treatment-related adverse events [TRAEs] or grade 3-5
TRAES) as outcome indicators. Exclusion criteria for all
studies were as follows: studies with insufficient informa-
tion from which usable data could not be extracted; and
for multiple publications on the same clinical study, only
the one with the most complete data was selected. Any
discrepancies were resolved through group discussion.

Extraction of data and assessment of risk of bias

Data were extracted into a standardized form for data
collection, which recorded the OS and PFS, ORR, DCR,
TRAEs, grade 3—-5 TRAE:s in each eligible study and sup-
plementary materials, and the clinicopathological infor-
mation for each study, which included the first author of
the publication, the year of publication, the name of the
trial, the phase of the trial, treatment line, some patients,
expression status of PD-L1 (positive: tumor proportion
score [TPS] > 1% or combined positive score [CPS] > 10,
negative: TPS<1% or CPS < 10), age, number of male
patients, intervention and treatment, median follow-up.
Moreover, the risk of bias was evaluated with the
Cochrane Risk of Bias Tool [14]. Every trial was thor-
oughly processed and scored as either high, low, or un-
clear risk to the following criteria: random sequence
generation, allocation concealment, blinding of partici-
pants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and other
sources of bias. Two researchers independently carried
out the data extraction and quality assessment. Disagree-
ments, if any, were resolved by discussion and consensus
among the two.

Statistical analyses

All OS and PFS data from RCTs were analyzed by HR
and 95% confidence interval (CI). ORR, DCR, the inci-
dence of any grade TRAEs, and grade 3-5 TRAEs were
assessed by relative risk (RR) and 95% CI. Also, OS was
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further stratified depending on the status of PD-L1 ex-
pression. Because the definition of positive expression of
PD-L1 varied among clinical trials, we selected PD-L1
TPS>1% or CPS > 10, which was assayed by immuno-
histochemistry staining methods, as a cutoff to identify
PD-L1 positive patients in our studies. Heterogeneity
among the studies was evaluated by the I* statistic and
Q test. Only the Dersimonian-Laird random-effects
model was used for analysis. To explore the origin of
heterogeneity, the studies were removed one-by-one by
sensitivity analysis, and then new heterogeneity and new
pooled effects were projected. Finally, the Egger’s or Beg-
ger’s test was executed to trace the publication bias
when 10 or more studies were included, and P> 0.05
was considered no publication bias. All analyses were
run with Stata (v 16.0) (Stata Corp, College Station, TX,
USA). P <0.05 was considered statistically significant.

Results

Search results and study characteristics

By following the designed selection algorithm, 534 pub-
lished or unpublished documents were retrieved, from
which 151 were concealed due to duplication and 324
were disregarded just by reviewing the title and abstract.
After full-text review of the remaining 59 pieces of lit-
erature, five RCTs [15-19] were selected for further ana-
lysis (Fig. 1). A total of 1970 trial participants from the
five RCTs were included in this study, of which 987 re-
ceived anti-PD-1 agent as a monotherapy for ESCC,
while the other 983 received chemotherapy. Further-
more, three clinical trials were published from 2019 to
2020 [15-17], one of the five articles was an abstract
presented at the ESMO Virtual Congress 2020 [18], and
the remaining one was an abstract presented at the 2021
ASCO Virtual Annual Meeting [19]. Among the five
clinical studies, three [15, 16, 19] were international
multicenter phase III clinical studies and the other two
[17, 18] were multicenter clinical studies from China.
The immunotherapy agent was studied in each RCT as
follows: pembrolizumab in KEYNOTE-181, nivolumab
in ATTRACTION-3, camrelizumab in ESCORT, sintili-
mab in ORIENT-2 and tislelizumab in RATIONALE
302. In the KEYNOTE-181 study [15], primary end-
points were OS in patients with PD-L1 CPS > 10, in pa-
tients with ESCC, and in all patients. In our study, only
ESCC was included. The basic characteristics of the in-
cluded literature are shown in Table 1, and the summary
of outcomes was presented in Table 2.

Study quality

All selected RCTs designated OS as the primary end-
point and were open-labeled with complete outcome
data and non-selective reporting. In three RCTs [15-17],
randomized treatment allocation sequences were
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generated with an adequate method of allocation con-
cealment. In the remaining two RCTs [18, 19], the infor-
mation regarding approaches to randomization and
allocation concealment could not be determined. All five
RCTs were considered to be acceptable risk of bias
(Table 3).

Outcome indicators

OS data were available from all five studies [15-19], in-
cluding 987 patients in the PD-1 inhibitor group and 983
patients in the chemotherapy group. The results showed
that PD-1 inhibitors had a significantly reduced risk of
death compared with chemotherapy (HR: 0.73, 95% CI:
0.66-0.81, P<0.001; heterogeneity: I*>=0.0%, P =0.925)
(Fig. 2A). PFS data were obtained from three studies [15—
17] which included 636 patients in the PD-1 inhibitor
group and 632 patients in the chemotherapy group, show-
ing that PFS was not significantly favorable in the PD-1 in-
hibitor group (HR: 0.88, 95% CI: 0.68-1.14, P =0.330;
heterogeneity: I” = 76.7%, P = 0.014) (Fig. 2B).

ORR in five studies [15-19] with 948 patients in the
PD-1 inhibitor group and 932 patients in the chemother-
apy group was significantly favorable in the PD-1 inhibi-
tor group (RR: 1.89, 95% CI: 1.16-3.05, P=0.01;
heterogeneity: I? = 73.6%, P = 0.004) (Fig. 2C). DCR data
in three selected trials [15—-17] with 597 patients in the
PD-1 inhibitor arm and 581 patients in the chemother-
apy arm were not significantly favorable in the PD-1 in-
hibitor group (RR: 0.89, 95% CI: 0.59-1.3, P =0.603;
heterogeneity: I = 90.9%, P < 0.001) (Fig. 2D).

Any grade TRAEs data were available from four stud-
ies [15—-18]. The results showed that there was no sig-
nificant difference in the incidence of any grade TRAEs
between the two groups (RR: 0.76, 95% CI: 0.57-1.02,
P = 0.070; heterogeneity: I* = 97.4%, P < 0.001) (Fig. 3). In
the stratification of TRAEs, grade 3—-5 TRAE data from
all the five studies [15—19] showed that the PD-1 inhibi-
tor group had significantly reduced risk of the incidence
of grade 3—-5 TRAEs compared with the chemotherapy
group (RR: 0.40, 95% CI: 0.32-0.49, P < 0.001; heterogen-
eity: I = 56.2%, P = 0.058) (Fig. 3).

OS and PD-L1 expression status

Three studies [15-17] analyzed OS in PD-L1 positive
patients, which included 636 patients in the PD-1 inhibi-
tor group and 632 patients in the chemotherapy group,
showing that PD-1 inhibitor monotherapy significantly
lowered the mortality risk in PD-L1 positive patients
compared with chemotherapy (HR: 0.64, 95% CI: 0.53—
0.77, P<0.001; heterogeneity: I>=0.0%, P =0.750)
(Fig. 4). The OS data in PD-L1 negative patients were
also available in the above study, including 636 patients
in the PD-1 inhibitor group and 632 patients in the
chemotherapy group. OS did was not significantly
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Records through database searching
(n=532)
(PubMed =209, Embase = 300,
Cochrane library = 23)

ASCO, ESMO (n=2)

Records screened after duplicates removed (n=383)

Excluded (n=324): reviews,

>

Y

cases, irrelevant topics, trial
protocol, not ESCC

Full-text in detail (n=59)

Y

—P>

Excluded (n = 54):

trials ongoing (n = 10)
duplicate (n = 15)

single arm (n = 21)

not second line regimens (n = §)

Articles included in the meta-analysis (n=5)

Fig. 1 Flow diagram: selection process for the studies

different between PD-L1 negative patients who were
treated with PD-1 inhibitors as a monotherapy and those
treated with chemotherapy (HR: 0.85, 95% CI: 0.72—1.00,
P=0.050; heterogeneity: I*=0.0%, P=0.940) (Fig. 4).
Notably, there was a significant difference in the OS with
PD-1 inhibitors in patients with positive and negative
PD-L1 expression compared with chemotherapy (P=
0.026 for interaction).

Sensitivity analyses and publication bias
Sensitivity analyses showed that the combined results of
OS were steady once the included studies were removed

individually. The results are shown in Table 4. Because
less than 10 studies were included, publication bias
could not be assessed.

Discussion

As one of the most important immune checkpoint pro-
tein, PD-1 expresses on activated T cells, B cells, natural
killer cells, monocytes, and dendritic cells [20, 21], and
plays a critical role in inhibiting immune responses and
promoting self-tolerance by suppressing the activity of T
cells; therefore, anti-PD-1 therapies have significantly
evolved for cancer treatment in the era of
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Table 1 The characteristics of included studies
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Study Phase Treatment Arm Patients PD-L1+ Age, Male (%) ECOG (%) Intervention
line patients median 0-1 P
(range)
Kojima 2020 [15] Il 2 PD-1 inhibitor 198 85 NA NA NA NA Pembrolizumab
KEYNOTE-181 200 mg Q3W
Chemotherapy 203 82 NA NA NA NA Investigator choice
chemotherapy
Kato 2019 [16] Il 2 PD-1 inhibitor 210 101 64 (57,69) 179 (85%) 210 (100%) 0 (0%) Nivolumab 240 mg
ATTRACTION-3 Q2w
Chemotherapy 209 102 67 (57,72) 185 (89%) 209 (100%) 0 (0%) Investigator choice
chemotherapy
Huang 2020 [17] Il 2 PD-1 inhibitor 228 93 60 (54, 65) 208 (91%) 228 (100%) 0 (0%) Camrelizumab
ESCORT 200 mg Q2W
Chemotherapy 220 98 60 (54, 65) 192 (87%) 220 (100%) 0 (0%) Investigator choice
chemotherapy
Xu 2020 [18] Il 2 PD-1 inhibitor 95 NA NA NA 95 (100%) 0 (0%) Sintilimab 200 mg
ORIENT-2 Q3w
Chemotherapy 95 NA NA NA 95 (100%) 0 (0%) Investigator choice
chemotherapy
Ajani 2021 [19] Il 2 PD-1 inhibitor 256 NA NA NA 256 (100%) 0 (0%) Tislelizumab 200 mg
RATIONALE 302 Q3w
Chemotherapy 256 NA NA NA 256 (100%) 0 (0%) Investigator choice

chemotherapy

Abbreviations: NA not available, ECOG Eastern Cooperative Oncology Group performance status

immunotherapy [22-24]. We conducted this meta-
analysis on all published RCTs data to systematically
evaluate the therapeutic efficacy and safety of approved
anti-PD-1 medications in patients with advanced ESCC
refractory or intolerant to first-line regimens.

In the published data from five multicenter RCTs with
1970 advanced ESCC patients, our pooled analysis re-
vealed that PD-1 inhibitors as second-line therapy re-
sulted in better OS and ORR in advanced ESCC patients
than chemotherapy, especially significantly prolonged
OS in patients with positive PD-L1 status, and were as-
sociated with a lower incidence of grade 3-5 TRAEs.

Table 2 Summary of outcomes in the selected studies

However, no statistical difference was obtained between
PD-1 inhibitor and chemotherapy groups for PFS, DCR,
and incidence of any grade TRAEs. Moreover, PD-1 in-
hibitors did not significantly prolong OS in patients with
negative PD-L1 status.

In our meta-analysis, second-line PD-1 blockade de-
creased the risk of death by 27% in patients with ad-
vanced ESCC  when comparing conventional
chemotherapy (HR =0.73, P<0.001). The OS results of
the present study was consistent with those reported in
previous RCTs [16—19], except the KEYNOTE-181 study
(pembrolizumab) [15], which did not meet the primary

Study Arm Follow-up (013 PFS ORR DCR Incidence of TRAEs
Median months Any grade Grade 3-5 Death
KEYNOTE-181 PD-1 inhibitor 7.1 8.2 2.2 16.70% 46% 64% 18.20% 1.60%
Chemotherapy 6.9 7.1 3.1 7.40% 49.80% 86% 40.90% 1.70%
ATTRACTION-3 PD-1 inhibitor 10.5 109 1.7 19% 37% 65% 18% 5%
Chemotherapy 8 84 34 22% 63% 94% 63% 4.30%
ESCORT PD-1 inhibitor 83 83 1.9 20.20% 44.70% 94% 19% 3%
Chemotherapy 6.2 6.2 19 6.40% 34.50% 90% 39% 1.40%
ORIENT-2 PD-1 inhibitor 7.2 7.2 NA 12.60% NA 54.30% 2.02% NA
Chemotherapy 6.2 6.2 NA 6.30% NA 90.80% 39% NA
RATIONALE 302 PD-1 inhibitor 6.9 86 NA 20.30% NA NA 19% 14%
Chemotherapy 6.9 6.3 NA 9.80% NA NA 56% 12%

Abbreviations: NA not available
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Table 3 Risk of bias of RCTs
Study Random Allocation Blinding of Blinding of Incomplete Selective Other
sequence concealment participants and outcome outcome data  reporting  sources of
generation personnel assessment bias
KEYNOTE-181 Low risk Low risk High risk Low risk Low risk Low risk Unclear risk
ATTRACTION-  Low risk Low risk High risk Low risk Low risk Low risk Unclear risk
3
ESCORT Low risk Low risk High risk Low risk Low risk Low risk Unclear risk
ORIENT-2 Unclear risk Unclear risk High risk Low risk Low risk Low risk Unclear risk
RATIONALE  Unclear risk Unclear risk High risk Low risk Low risk Low risk Unclear risk
302

endpoint of OS in patients with ESCC. To date, pub-
lished trials have reported varying ORR data. In the
KEYNOTE-181 study (pembrolizumab), ESCORT study
(camrelizumab), and RATIONALE study (tislelizumab),
ORR in the PD-1 inhibitor group was significantly higher
than that in the chemotherapy group [15, 17, 19], but
similar to that in chemotherapy group in the
ATTRACTION-3 study (nivolumab) and ORIENT-2
study (sintilimab) [16, 18]. Our study showed that pa-
tients with PD-1 blockade had an objective response of

PFS and DCR were not improved with second-line
PD-1 inhibitors versus chemotherapy in the present
study, and a similar result has been found in some re-
searches on other types of cancers [25-27]. A possible
explanation was that treatment effects of immunother-
apy might need more time to become apparent, but be-
came more durable compared with chemotherapy [28].

PD-1 inhibitors have evolved for advanced cancer
treatment; however, the favorable efficacy of the inhibi-
tors has not been observed in the overall population

1.89 times higher than patients treated with [29]. In recent years, numerous studies have explored
chemotherapy. potentially applicable biomarkers for selecting suitable
study A % sy B %
D HR(95%Cl)  Weight
D HR(95% Cl)  Weight
Kojima 2020 — 0.78 (0.63, 0.96) 22.55 .
Kato 2019 _...— 0.77 (0.62, 0.96) 20.93 Kojima 2020 —_— 0.92(0.75,1.13) 33.84
Huang 2020 — 0.71(0.57, 0.87) 22.37 Kato 2019 — 1.08 (0.87,1.34) 33.03
Xu 2020 e 0.70 (050, 0.97) 9.11 :
: Huang 2020 _— 069 (0.56,0.86) 33.14
Ajani 2021 —_— 0.70 (057, 0.85) 25.05 :
A Overall (I-squared = 76.7%, p = 0.014) <:> 0.88 (0.68, 1.14) 100.00
Overall (squared = 0.0%, p = 0.9255 | > 0.73 (0.6, 0.81) 100.00 :
NOTE: Weights are from random effects Eanalysis NOTE: Weights are from random effects analysis
: T : T
5 1 2 .56 1 1.79
9
susy C ORR * suy D DCR *
D RR(95%Cl)  Weight
D RR(95% Cl)  Weight
Kojima 2020 —————  226(127,402) 201
Kato 2019 — 0.90 (058, 1.37) 23.13 Kojima 2020 —_— 092(0.75,1.43) 33.79
Huang 2020 T+ 3.17(1.60,5.60) 20.29 Kato 2019 —— 0,60 (0.48,0.75) 33.16
Xu 2020 — W 200(0.78,5.11) 1367 :
: Huang 2020 o — 1.30(1.03,1.63) 33.05
Ajani 2021 —f— 2.08(1.33,3.24) 22.80 :
- Overall (I-squared = 90.9%, p = 0.000) <:> 0.89 (0.59, 1.37) 100.00
Overall (I-squared = 73.6%, p = 0.004) <> 1.89 (1.16, 3.05) 100.00 -
NOTE: Weights are from random effects analysis NOTE: Weights are from random effects analysis
. T . T
A79 1 5.6 475 1 21

Fig. 2 Forest plots for antitumor activity in patients treated with PD-1 inhibitors versus chemotherapy: (A) OS (B) PFS (C) ORR (D) DCR.
Abbreviations. OS: overall survival; PFS: progression-free survival; ORR: objective response rate; DCR: disease control rate
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Study

TRAEs

Kojima 2020

Kato 2019

Huang 2020

Xu 2020

Subtotal (l-squared = 97.4%, p = 0.000)

Grade 3-5 TRAEs

Kojima 2020 —_—

Kato 2019 ——

Huang 2020 _—

Xu 2020 —_—
Ajani 2021 —_—

Subtotal (I-squared = 56.2%, p = 0.058)0

NOTE: Weights are from random effects analysis

%

RR (95% Cl)  Weight

25.41
25.28
25.85
23.46
100.00

0.75 (0.68, 0.82)
0.69 (0.62, 0.76)
1.05 (0.99, 1.11)
0.60 (0.50, 0.73)
0.76 (0.57, 1.02)

0.44 (0.34, 0.58)
0.28 (0.21, 0.39)
0.49 (0.36, 0.67)
0.51(0.32, 0.83)
0.34 (0.26, 0.45)
0.40 (0.32, 0.49)

22.88
20.87
20.50
13.02
22.73
100.00

I
.21

related adverse events

1

Fig. 3 Forest plots of RR for TRAEs in patients treated with PD-1 inhibitors versus chemotherapy. Abbreviations. RR: relative risk; TRAEs: treatment-

I
4.77

patients to receive immunotherapy, especially PD-L1 ex-
pression status [30, 31]. KEYNOTE-590 have shown that
advanced EC patients with low PD-L1 expression experi-
enced an obviously modest survival benefit than that with
high PD-L1 expression treated with pembrolizumab plus
chemotherapy compared with placebo plus chemotherapy
[32]. However, KEYNOTE-181study, ATTRACTION-3
study, ESCORT study and a meta-analysis [33] of eight
RCTs revealed that PD-L1 expression level was not a de-
terminant of the OS benefit. Accordingly, the predictive
and prognostic roles of PD-L1 expression status remain
controversial. Our study confirmed that PD-L1 expression
status could certainly be a biomarker for selecting more
suitable patients to receive PD-1 blockade therapy, which
was in accordance with the Food and Drug Administra-
tion’s approval of second-line pembrolizumab monother-
apy for recurrent, locally advanced or metastatic ESCC
patients expressing PD-L1 in the United States. Consider-
ing the high cost of anti-PD-1/PD-L1 medications, the op-
timal biomarkers that can predict the efficacy of PD-1/
PD-L1 inhibitors should be the next priority for benefiting
more general patients [34].

Among the five PD-1 inhibitors used in trials that were
included in our meta-analysis, camrelizumab led to the
highest incidence of TRAEs (89%), and sintilimab led to
the lowest inicidence (54.5%) [15-17, 19]. The most
common TRAEs of pembrolizumab, nivolumab, and
camrelizumab were fatigue (11.8%), rash (11%), and re-
active cutaneous capillary endothelial proliferation
(79.8%), respectively [15-17]. Meanwhile, asthenia, fa-
tigue, decreased appetite were also common TRAEs with
those three drugs. Hypothyroidism was the second com-
mon TRAE in the pembrolizumab and camrelizumab
groups, but was not common in the nivolumab group
[15-17]. Gastrointestinal events such as nausea, vomit-
ing and diarrhea were more observed with pembrolizu-
mab and nivolumab than with camrelizumab, and
hematologic issues were more common with camrelizu-
mab [15-17]. However, the overall incidence of grade
3-5 TRAEs of the five drugs were similar, ranging from
19 to 22.2%, and anemia was ranked as the most com-
mon grade 3-5 TRAEs [15-19]. Moreover, TRAEs led
to death in 1.6% patients in the pembrolizumab group,
5.2% in the nivolumab group, 3.1% in the camrelizumab
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Study %
ID HR (95% ClI) Weight
PD-L1 positive
Kojima 2020 * 0.64 (0.46,0.90) 30.78
Kato 2019 + 0.69 (0.51,0.94) 37.08
Huang 2020 ( + 0.58 (0.42,0.81) 32.14
Subtotal (I-squared = 0.0%, p = 0.750) <> 0.64 (0.53,0.77) 100.00
PD-L1 negative
Kojima 2020 g 0.88 (0.66, 1.16)  35.01
Kato 2019 g 0.84 (0.62, 1.14)  30.01
Huang 2020 + 0.82 (0.62, 1.09) 34.98
Subtotal (I-squared = 0.0%, p = 0.940) <> 0.85(0.72, 1.00) 100.00
NOTE: Weights are from random effects analysis
T T
42 1 2.38
Fig. 4 Forest plots of HR for OS in the patients with either positive or negative PD-L1 expression assigned to the PD-1 inhibitor group, compared
with those in the chemotherapy group. Abbreviations. HR: hazard ratio; OS: overall survival

group, and 14% in the tislelizumab group [15-17, 19]. In
the present study, while there was no statistical differ-
ence in the incidence of any grade TRAEs between the
two groups, the incidence of TRAEs of grades 3 or worse
in the PD-1 inhibitors group was lower than that in the
chemotherapy group. Therefore, our present study
showed that PD-1 inhibitors have a favorable safety pro-
file, consistent with previous studies in other tumour
types [35, 36].

Since improvement in the activity of the immune sys-
tem, PD-1 blockade has some side effects related to local
or systemic inflammatory reactions, which are com-
monly coined immune-related adverse events (irAEs) of

Table 4 The heterogeneity of meta-analysis after the following
studies were removed

Study (%)  Pheterogeneity  HR (95%)

Kojima 2020, KEYNOTE-181 0.0 0.923 0.72 (0.64,0.81)
Kato 2019, ATTRACTION-3 0.0 0.882 0.72 (0.65, 0.81)
Huang 2020, ESCORT 0.0 0.856 0.74 (0.66, 0.83)
Xu 2020, ORIENT-2 0.0 0.848 0.74 (0.66, 0.82)
Ajani 2021, RATIONALE 302 0.0 0.895 0.75 (0.66, 0.84)

PD-1 blockade [37, 38]. The mechanisms underlying the
development of irAEs are thought to be the enhance-
ment of T-cell activation and proliferation, humoral
autoimmunity boosting, an increase in the level of cyto-
kines, and abrogation of regulatory T-cell functions [38].
The irAEs commonly affect the gastrointestinal tract,
endocrine glands, skin, liver, and lung [37], which im-
paired the quality of life of patients to some extent. In
total, 89% patients in the camrelizumab group of the ES-
CORT study developed irAEs, including reactive capil-
lary endothelial proliferation (80%), hypothyroidism
(19%), skin reaction (9%), hepatitis (8%), pneumonitis
(7%), and hyperthyroidism (6%). However, in compari-
son, a fewer incidence of irAEs was reported in the pem-
brolizumab group of KEYNOTE-181 study (23.2%), with
hypothyroidism (11.5%) as the most common one, pneu-
monitis (4.8%) and hyperthyroidism (4.1%) as the second
and third. Since anti-PD-1 treatment is a new manage-
ment for malignancy, its AEs, particularly irAEs, should
be further investigated.

This study had some limitations. First, the number of
retrieved studies was relatively small as only five open-
label RCTs were selected with a limited number of pa-
tients. Second, PD-L1 expression was quantified with
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CPS in the KEYNOTE-181 study and RATIONALE 302
study, while the other three studies used TPS to assess
the status of PD-L1 expression, thereby showing signifi-
cant heterogeneity among the selected studies. Third,
two included studies were still not published in extenso,
which may have also increased heterogeneity of this
meta.

Conclusions

In conclusion, this study is the first meta-analysis to sys-
tematically review the clinical efficacy and therapeutic
safety of PD-1 inhibitors in patients with advanced
ESCC in second-line setting. PD-1 inhibitors possessed
better overall survival and safety compared chemother-
apy in advanced ESCC. PD-1 inhibitor monotherapy as a
second-line treatment for advanced ESCC patients
should be confirmed.
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