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Patients with advanced gastroesophageal cancer refractory to the previous regimen of chemotherapy suffered from poor prognosis
without many effective treatment options. Immune checkpoint inhibitors (ICIs) provide promising efficacy, but the relevant
clinical trials have offered controversial data. We performed this meta-analysis to compare the efficacy and safety of inhibitors
against programmed cell death receptor 1 (PD-1) and its ligand PD-L1 versus chemotherapy as second or third-line therapy in
patients with advanced gastroesophageal cancer. Six randomized controlled trials (RCTs) including 2,648 patients were included.
The meta-analysis results indicated that both ORR (RR=1.39, 95% CI: 0.85~2.25, P=0.188) and PFS (HR=1.14, 95% CIL
0.88~1.46, P =0.316) were not significantly improved by ICIs compared with chemotherapy. However, the OS was significantly
prolonged (HR =0.85, 95% CI: 0.75-0.97, P =0.018) in the ICIs group compared with chemotherapy. Subgroup analysis showed
that ICIs provide statistically significant OS benefits over chemotherapy in PD-L1-positive, squamous cell carcinoma, Asia origin,
esophageal cancer, second-line treatment, male, and aged 65 or older patients. Compared with chemotherapy, the TRAE:s risk of
ICIs was reduced by 33% (RR=0.67, 95% CI: 0.62-0.73, P <0.001). And the risk of grades 3-5 of TRAEs was reduced by 60%
(RR =0.40, 95% CI: 0.33-0.49, P < 0.001). Compared to chemotherapy, ICIs appeared to improve OS and were better tolerated in
previously treated patients with advanced esophageal cancer. We recommend PD-1/PD-L1 inhibitors as an optimal treatment
option for positive PD-L1 expression, squamous cell carcinoma, Asia origin, esophageal cancer, second-line treatment, male, and
>65 years of age patients.

1. Introduction

Upper gastrointestinal cancer is one of the leading causes of
cancer-related death in the world, with about 1.6 million new
cases and 1.3 million deaths in 2018 [1]. Because of concealed
incidence and rapid development, the prognosis of gas-
troesophageal cancer is really poor. Most of the patients tend
to be diagnosed at advanced stages and lost the opportunity
for operation. For these patients with advanced gastro-
esophageal cancer, combined chemotherapy based on 5-
fluorouracil and platinum is the standard first-line treatment
[2]. However, it is easy to develop drug resistance and result
in disease progression after first-line treatment, while the

efficacy of the following chemotherapy regime is not de-
sirable with severe side effects. The patients who have failed
in previous regimens are often in poor physical condition
and are difficult to bear subsequent treatment. The medi-
cines targeting epidermal growth factor receptor (EGFR),
human epidermal growth factor receptor 2 (HER-2), and
vascular endothelial growth factor (VEGF) showed effect on
some patients, but the benefits are limited [3]. Therefore,
how to improve the efficacy of patients with advanced
gastroesophageal cancer refractory or intolerant to previous
chemotherapy is an urgent problem. Recently, a number of
clinical trials have shown that immune checkpoint inhibi-
tors, represented by PD-1/PD-L1 inhibitors, exerted their
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potential in the posterior line treatment of advanced gas-
troesophageal cancer. However, there were still some trials
without favorable outcomes. In addition, the correlation
among pathological types, PD-L1 expression level, and
curative effect, as well as the antitumor efficacy between ICIs
and chemotherapy, is still worthy of further exploration. At
present, there is still lack of meta-analysis of related ran-
domized controlled trials. Thus, we performed this meta-
analysis to integrate the efficacy, prognostic marker, and side
effect of ICIs in published clinical trials of advanced
esophageal cancer (EC), gastric cancer (GC), and gastro-
esophageal junction cancer (GEJC).

2. Materials and Methods

2.1. Search Strategy. According to the Population, Inter-
vention, Comparison, Outcomes and Study (PICOS) design
framework [4], we selected RCTs from multiple databases
(PubMed, Cochrane Library, Web of Science, EMBASE, and
CNKI database). The search terms included synonyms and
medical subject headings (MeSH), and the Boolean operator
(AND/OR) was used to combine the search words and
search conditions. The two investigators searched these
databases separately and screened out all the relevant lit-
erature up to October 2020. The specific search strategy is
shown in Table 1.

2.2. Inclusion and Exclusion Criteria. Studies eligible for
inclusion met all of the following criteria: (1) patients were
clinically diagnosed as advanced EC/GC/GEJC and pro-
gressed after the failure of one or more chemotherapy
regimens; (2) the trial group was treated with a single PD-1/
PD-L1 inhibitor; (3) the control group was treated with
chemotherapy; (4) the outcome index included clinical ef-
ficacy and survival analysis judged by RECIST criteria, and
TRAEs were classified and graded; and (5) prospective RCTs.

The exclusion criteria were as follows: (1) repeated
publication of data; (2) the outcome index was ambiguous or
could not be merged; (3) non-RCTs.

2.3. Data Extraction and Quality Assessment. Two investi-
gators independently reviewed the full text and evaluated the
quality of the included literature. The literature authors,
publication time, study design, number of patients, ex-
pression level of PD-L1, intervention measures, and out-
come indicators were extracted and summarized. The HR of
OS and PFES, ORR, TRAEs, and supplementary information
was obtained from each eligible trial. The RevMan software
provided by Cochrane Collaboration has a built-in Cochrane
bias risk assessment tool and provides visual results
(Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014). According to Cochrane system Eval-
uation Manual [5], the included RCTs were evaluated in
seven aspects: (1) random sequence generation; (2) alloca-
tion concealment; (3) blinding of participants and person-
nel; (4) blinding of outcome assessment; (5) incomplete
outcome data; (6) selective reporting; and (7) other bias.
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Each item was divided into low risk, high risk, or risk
unknown. Any discrepancies were resolved by discussion.

2.4. Statistical Analysis. Statistical software stata 14.2 was
used for meta-analysis and publication bias test. For survival
indicators (PFS and OS), HR was used to aggregate the
statistics, and 95% confidence interval (CI) for estimating
each point was calculated. RR and its corresponding 95% CI
were used as effect indicators for ORR and TRAEs data.
Statistical heterogeneity among the studies was assessed by
the Cochran Q chi-square test and I” statistic percentages
[6]. When I> <50% or P >0.05, it was considered that there
was no significant heterogeneity, and the fixed effect model
was used. Otherwise, when I? > 50% or P < 0.1, it represented
that there was heterogeneity among the studies; then, the
random-effects model was used and possible sources of
heterogeneity were sought. If a reasonable cause was found, a
subgroup analysis was carried out. The difference was sta-
tistically significant when P <0.05. Finally, we verified the
credibility of the study through sensitivity analysis and
published bias evaluation [5].

3. Results and Discussion

3.1. Search Results and Quality Evaluation. In this study, we
identified a total of 3,222 related studies. The search terms
and search strategy based on PICOS structure are shown in
Table 1. After screening the titles and abstracts of these
articles, we excluded duplicate or irrelevant literature. Then,
there were 46 potentially eligible articles. After reading the
tull text, we eventually included 6 studies [7-12]. A flowchart
of the above screening process is shown in Figure 1. Almost
all the quality evaluations in the included literature were of
low risk except for ORIENT-2 [12]. ORIENT-2 had a slightly
higher risk of bias because this study was only presented by a
meeting report, the specific study process was unknown, and
the expression of PD-L1 in patients was not reported. The
relevant quality evaluation is shown in Figure 2.

3.2. Characteristics of the Included Studies. The six studies
included were prospective RCTs. Among them, ORIENT-2
[12] was a phase 2 clinical trial, and the rest were phase 3
clinical trials. In terms of research region, two of the six
studies were from East Asia, and the other four studies were
from many countries around the world. The characteristics
of the included studies are shown in Table 2.

3.3. Objective Response Rate (ORR). We combined and
analyzed six included studies comparing PD-1/PD-L1 in-
hibitors with chemotherapy for advanced gastroesophageal
cancer. There was some heterogeneity among the studies
(*=74.8%, P <0.1), so the random-effects model was used.
The results showed that the short-term efficacy of anti-PD-
1/PD-LI in advanced gastroesophageal cancer was similar
to that of chemotherapy, and there was no significant
difference in ORR (RR =1.39, 95% CI 0.85-2.25, P=0.188)
(Figure 3). In addition, we conducted a subgroup analysis
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TaBLE 1: Search terms and search strategy based on PICOS structure.

Population Intervention Comparison ~ Outcomes Study design Combining
search terms
Patients with advanced
gastroesophageal cancer who by 1 /ppy 11 inhibitor Randomized controlled
progressed after the failure of )
monotherapy trial
one or more chemotherapy
regimens
PD-1 OR PD-L1 OR immune Column 1
checkpoint inhibitor OR ORR, PFS, . . AND Column
“Esophageal OR gastric OR immunotherapy OR Chemotherapy OS, TRAEs Study OR trial OR c_hnlcal 2 AND
> L . trial OR randomized
gastroesophageal junction pembrolizumab OR clinical trial OR Column 3
AND “cancer OR carcinoma nivolumab OR avelumab OR randomized controlled
OR neoplasm OR tumor OR  atezolizumab OR durvalumab . .
. » . trial OR randomized
adenocarcinoma OR camrelizumab OR SHR- controlled clinical trial
1210 OR toripalimab OR
sintilimab OR tislelizumab
Records Records Records Records
Identified Identified through Identified through Identified through
through PubMed Cochrane Library Web of Science CNKI
(n=918) (n=401) (n=1766) (n=137)
[ [ |
v
Total relevant records
(n=3222)
Records after duplicates removed
(n=1835)

Title/abstracts screened
(n=1835)

because of non-RCTs

¥ 1789 records excluded
’ or case reports

40 articles excluded
with reasons:
Review (n=15)

eligibility

Full-text articles assessed for
(n=46)

Not relevant data (n=24)
Inappropriate control
group (n=1)

|

‘ Studies included in meta-analysis

(n=6)

Figure 1: PRISMA flowchart showing the study selection process.

according to tumor types and found that patients with the
squamous subtype receiving PD-1/PD-L1 inhibitors
showed significant ORR improvement compared with
chemotherapy (RR=1.89, 95% CI 1.03-3.44, P=0.039),
and the difference was statistically significant. However, as
for the ORR of adenocarcinoma, there was no significant
difference (RR=0.88, 95% CI 0.60-1.29, P=0.524)
(Figure S1).

3.4. Progression-Free Survival (PFS). The results of PFS
showed that there was some heterogeneity among the six
RCTs (I> =88.7%, P < 0.1), so the random-effects model was
used for meta-analysis. The forest map showed that ICIs had

no benefit in prolonging the PFS of advanced gastro-
esophageal cancer compared with that of chemotherapy
(HR=1.14, 95% CI 0.88-1.46, P=0.316) (Figure 4). Sub-
group analysis was performed across 6 RCTs. A survival
benefit was not obtained in the squamous group for the PFS
compared between two kinds of treatment (HR=0.91, 95%
CI0.74-1.11, P =0.329). On the other hand, for patients with
adenocarcinoma, ICIs were less beneficial to PFS than that of
chemotherapy (HR=1.58, 95% CI 1.37-1.82, P<0.001)
(Figure S2).

3.5. Overall Survival (OS). As shown in the forest plot, the
OS among the six RCTs including 2,648 patients was
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FIGURE 2: Literature quality evaluation (notes: green represents low
risk bias, red represents high risk bias, and yellow represents
unknown risk bias).

compared between ICIs and chemotherapy (Figure 5(a)).
Due to some heterogeneity between studies (I”=56.7%,
P<0.1), the random-effects model was used. ICIs did
prolong the OS of the patients compared to that of che-
motherapy (HR=0.85, 95% CI 0.75-0.97, P=0.018).
Subgroup analysis showed that the ICIs significantly in-
creased the OS of squamous cell carcinoma (HR=0.75,
95% CI 0.66-0.84, P <0.001) (Figure 5(b)). However, there
was no difference of the OS for adenocarcinoma treated by
two treatment regimens (HR=1.00, 95% CI 0.86-1.16,
P=0.984) (Figure 5(c)). In addition, the analysis of the
pooled data indicated that ICIs significantly improved the
OS of the EC compared with that of chemotherapy
(HR=0.79, 95% CI 0.70-0.88). As for GEJC, ICIs also
showed some clinical benefit, although there was no sta-
tistically difference (HR=0.71, 95% CI 0.51-1.00). On the
other hand, these RCTs did not provide enough data to
support the same conclusion for GC. According to the PD-
L1 expression status, ICIs remarkably reduced the risk of
death of PD-L1-positive patients compared that of che-
motherapy (HR=0.73, 95% CI 0.63-0.84, P <0.001), while
there was no survival advantage for PD-L1-negative pa-
tients (HR=1.00, 95% CI 0.81-1.24, P=0.998). Further-
more, the pooled results showed that PD-1/PD-LI
inhibitors had significant benefits in the subgroups of
second-line application, Asian region, male, and aged 65 or
older (Table 3).

Journal of Oncology

3.6. Treatment-Related Adverse Events (TRAEs). We com-
pared all the TRAEs between the research group and the
control group. After exclusion of the ESCORT study which
brought heterogeneity, we found that the incidence of
TRAEs on immunotherapy was significantly lower than that
on chemotherapy (RR=0.67, 95% CI 0.62-0.73, P <0.001)
(Figure 6(a)). For severe (grades 3-5) TRAEs, the risk of
immunotherapy was 60% lower than that of chemotherapy.
The sensitivity analyses of the study (RR=0.40, 95% CI
0.33-0.49, P<0.001) (Figure 6(b)). The most common
TRAEs in both groups were fatigue, nausea, diarrhea,
anemia, neutrophil count decreased, white blood cell (WBC)
count decreased, and bone marrow toxicity, which were
significantly lower in the immunotherapy group both in any
grade and in grades 3-5 of TRAEs (Tables S1 and S2). The
incidence of hypothyroidism increased significantly for ICIs,
but without grades 3-5 of hypothyroidism. The risk of
pulmonary infection in the immunotherapy group was also
higher than that in the chemotherapy group, but the dif-
ference was not statistically significant. The incidence of
death caused by TRAEs was similar between the two groups.

3.7. Publication Bias Assessment and Sensitivity Analyses.
Due to the limited number of included clinical studies
(n<10), we did not detect publication bias. Sensitivity
analysis was performed by excluding the literature one by
one. And the sensitivity analysis showed that there was no
significant difference between the primary results after the
exclusion of the study and the previous results, indicating
that the sensitivity was low, and the results were robust and
credible (Table 4). Among them, the results of individual
studies had some influence on the effect sizes of PFS and OS
in the meta-analysis. However, in general, we reached more
comprehensive conclusions on the efficacy of immuno-
therapy in this large group of patients with gastroesophageal
cancer by expanding the sample size for combined analysis.

4. Discussion

In this paper, we compared the efficacy and safety of ICIs
against chemotherapy beyond the first line of advanced
gastroesophageal cancer. First, for the short-term efficacy,
ORR and PFS of the immunotherapy group were not
significantly improved compared with that of the che-
motherapy group. Regarding ORR, there was a tendency
that ICIs were superior to chemotherapy in the squamous
cell carcinoma subgroup, however, there was no statistical
difference. And, there was no difference in the PFS. On the
other hand, for the adenocarcinoma, there was no differ-
ence between ICIs and chemotherapy in ORR, and the PFS
of ICIs was even inferior to chemotherapy. However, the
ICIs were superior to chemotherapy in the long-term ef-
ficacy, especially for squamous cell carcinoma. In addition,
our data suggested that patients with positive PD-L1 ex-
pression, of Asian regions, with esophageal tumors, and
scheduled for second-line treatment; male patients; and
patients >65 years of age could benefit from ICIs, instead of
chemotherapy.
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TaBLE 2: Characteristics of eligible studies included in the meta-analysis.
. .. . PD-L1-
. Geographic  Tumor . L No. of Clinical Gender Median o .
Trial Year Design Medication . positive  Line
area type patients  stage  (M/F) age (y) .
patients
Europe, Asia, Avelumab (10 mg/ . ) AVE: 46/
North kg q2w) vs AVE: AVE: 157 2-3
JAVELIN Amerioa and GEIC 5o Phase 8 4780 185 NA 140145 AVE:S9 (29.3%) il
Gastric 300 ’ GC 3 LICTAPY CHE: CHE: CHE: 61 CHE: 39/ :
the rest of the (paclitaxel/ 86%)
1d irinot ) 186 127/59 160
wor irinotecan (24.4%)
Europe, Asia PEM:
R Pembrolizumab ~ PEM: PEM:  PEM:  196/295
. GEJC/ Phase (200 mg q3w) vs. 296 202/94 62.5 (66%)
KEYNOTE-061 gl‘zfgizfi‘;i Gc 298 3 hemotherapy cue: N CHE: CHE: CHE: 2
world (paclitaxel) 296 208/88 60.0 199/295
(67%)
PEM:
CPS>10
Pembrolizumab (84);
. (200mg q3w) vs. PEM: PEM: CPS<10
Asia and the
EC/ Phase chemotherapy 314 273/41 PEM: 63  (89)
KEYNOTE-181 et :rfléhe Gec 2 3 (paclitaxel/ cue: Y CHE: CHE:62 CHE 2
docetaxel/ 314 271/43 CPS>10
irinotecan) (84);
CPS<10
(93)
Nivolumab NIII\I/' 8H _ NIV:
Europe, East (240 mg q2w) vs NIV: IV'.94i' NIV: 101/210
ATTRACTION- P& Phase 51 ©210 ‘% 179/31 NIV: 64 (48%)
Asia, and the ESCC 2019 chemotherapy CHE: 2
3 USA 3 (paclitaxel/ CHE: T-11I: CHE: CHE: 67 CHE:
P 209 ©185/24 102/209
docetaxel) 13; IV: (49%)
100 ’
Camrelizumab CAM:
e O
ESCORT East Asia ~ ESCC 2020 chemotherapy NA 60 . 2
3 (docetaxel/ CHE: CHE: CHE: 60 CHE: 98/
irinotecan) 220 192/28 ’ 216
(45%)
Sintilimab SIN: III:
Phase (200mg q3w) vs. SIN: 95 7; IV:86 SIN% 88/ ?81\;
ORIENT-2 East Asia ~ ESCC 2020 chemotherapy CHE: CHE: ) NA 2
2 . CHE: CHE:
(paclitaxel/ 95 I1I: 6; 84/11 594
irinotecan IV: 89 ’

Gastroesophageal cancer is a disease with extensive
heterogeneity among different histologic types and tumor
sites. Studies have shown that esophageal squamous cell
carcinoma has unique molecular characteristics, while
esophageal adenocarcinoma and gastric adenocarcinoma
have more similarities [13]. Our subgroup analysis showed
that the histological type was the main source of hetero-
geneity among studies. There were significant differences in
the effect size of the primary outcomes between patients with
squamous cell carcinoma and patients with adenocarci-
noma, and the subgroup analysis showed that the histology
was the main factor affecting PFS and OS. Therefore, it might
be better to investigate adenocarcinoma and squamous cell
carcinoma separately in clinical trials of gastroesophageal
cancer. The results of subgroup analysis confirmed that PD-
L1 was a good predictor of ICIs for gastroesophageal cancer.

PD-L1 overexpression is more common in esophageal
squamous cell carcinoma (ESCC) (41%), compared with
gastric adenocarcinoma (GAC) (10%), esophageal adeno-
carcinoma (EAC) (9%), and gastroesophageal junction ad-
enocarcinoma (GEJAC) (8%), while high microsatellite
instability (MSI-H) and high tumor mutational burden
(TMB-H) are rare in gastroesophageal cancer [13]. This may
be one of the reasons for the better benefits of immuno-
therapy in squamous cell carcinoma. Due to the different
detection methods of PD-L1 expression in different studies,
such as Combined Positivity Score (CPS) and Tumor Pro-
portion Score (TPS), we were unable to further analyze the
relationship between PD-L1 expression level and efficacy.
As for the third-line and the subsequent treatment, due
to insufficient data, we were unable to conduct a combined
analysis. Only the JAVELIN Gastric 300 study was involved
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Study Year RR (95% CI) Treatment Control (%)

|
|

JAVELIN Gastric 300 2018 /ﬁ : 0.50 (0.15,1.64) 4/185 8/186 9.92
!
!

KEYNOTE-061 2018 o+ 0.89 (0.57,1.39) 33/296  37/296  20.07
|
I

KEYNOTE-181 2019 —%—' 1.95(1.18,3.23) 41/314  21/314 19.13
|
|

ATTRACTION-3 2019 y— 0.97 (0.62, 1.50) 33/210  34/209  20.10
!
|

ESCORT 2020 | o—— 3.17(1.80,5.60) 46/228  14/220  18.09
I
!

ORIENT-2 2020 1 2.00 (0.78,5.11) 12/95 6/95 12.69
|

Overall (I-squared = 74.8%, p = 0.001) <<> 1.39 (0.85, 2.25) 169/1328 120/1320 100.00
|
l
I

NOTE: Weights are from random effects analysis |
1

T
0.154 1

T
6.49

FIGURE 3: Meta-analysis results of objective response rate (ORR) between PD-1/PD-L1 inhibitor group and chemotherapy group.

Weight
Study Year HR (95% CI) (%)

|
|

JAVELIN Gastric 300 2018 ! > 1.73(1.40,2.20) 16.50
|
|

KEYNOTE-061 2018 | . 1.49 (1.25,1.77) 17.44
|
|
|

KEYNOTE-181 2019 — 1.11 (0.94, 1.31) 17.57
|

ATTRACTION-3 2019 _ 1.08 (0.87, 1.34) 16.69
|
|
|

ESCORT 2020 . ! 0.69 (0.56, 0.86) 16.72
l

ORIENT-2 2020 ; 1.00 (0.77, 1.39) 15.09
|
i

Overall (I-squared = 88.7%, p < 0.001) <i> 1.14 (0.88, 1.46) 100.00

NOTE: Weights are from random effects analysis

0.455

T
2.2

FIGURE 4: Meta-analysis results of progression-free survival (PFS) between the PD-1/PD-L1 inhibitor group and chemotherapy group.

in this paper. Four single-arm studies on the third-line and
subsequent treatment of EC, including JapicCTI-No.142422
[14], Keynote-028 [15], Keynote-180 [16], and
NCT02742935 [17], showed that patients treated with PD-1
inhibitors achieved an ORR of 14.3%-33.3%, among which
two studies reported the mOS of 7.0 months and 10.8
months, respectively. The related studies of GC and GEJC,
including JAVELIN Gastric 300 [7], ATTRACTION-2 [18],
and KEYNOTE-059 cohort 1 [19], showed that the patient’s
ORR was 3.2%-16.4% and mOS was 4.2-5.6 months.
Therefore, in general, PD-1/PD-LI inhibitors were effective
in the third-line and later application of EC, but not sat-
isfactory in GC and GEJC. Overall, immunotherapy was well

tolerated for patients with third-line and subsequent palli-
ative treatment. The incidence of grades 3-5 of TRAEs
reported in EC was 10%-17% [11, 20], and that of GC and
GEJC was 9.2%-23.3% [11, 20].

In this meta-analysis, we observed that the ORR of
immunotherapy was consistent with that of OS for both
squamous cell and adenocarcinoma. However, in the im-
munotherapy group, the tendency of PFS and OS was not the
same. We suggest that the reason for this contradiction may
be related to the antitumor response of ICIs as opposed to
chemotherapy. First of all, one of the major differences
between immunotherapy and cytotoxic therapy is the lag of
response [21]. For example, ATTRACTION-3 [10] showed
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Weight
Study Year HR (95% CI) (%)

1

JAVELIN Gastric 300 2018 E _r 1.10 (0.90, 1.40) 16.30
1

KEYNOTE-061 2018 —;—o—— 0.94 (0.79, 1.12) 19.72

KEYNOTE-181 2019 i . — 0.89 (0.75, 1.05) 20.21
1

ATTRACTION-3 2019 —°E— 0.77 (0.62, 0.96) 16.46
1

ESCORT 2020 —o—i— 0.71 (0.57, 0.87) 16.96
I

ORIENT-2 2020 ( i 0.70 (0.50, 0.97) 10.35
1

Overall (I-squared = 56.7%, p = 0.042) <> 0.85 (0.75, 0.97) 100.00

NOTE: Weights are from random effects analysis

0.5 1 2
(a)
Weight
Study Year HR (95% CI) (%)
|
1
KEYNOTE-181 2019 — 0.78 (0.63, 0.96) 30.08
|
1
ATTRACTION-3 2019 —:— D — 0.77 (0.62, 0.96) 27.92
|
1
ESCORT 2020 —o—:— 0.71 (0.57, 0.87) 29.85
|
1
ORIENT 2020 ( : 0.70 (0.50, 0.97) 12.15
1

Overall (I-squared = 0.0%, p = 0.895) <> 0.75 (0.66, 0.84) 100.00

NOTE: Weights are from random effects analysis

0.5 1 2
(b)
Weight
Study Year HR (95% CI) (%)
JAVELIN Gastric 300 2018 1.10 (0.90, 1.40) 40.34
KEYNOTE-061 2018 0.94 (0.79, 1.12) 59.66

Overall (I-squared = 16.5%, p = 0.274) < 1.00 (0.86,1.16)  100.00

NOTE: Weights are from random effects analysis

T
0.714 1 14
(c)

FIGURE 5: Meta-analysis results of overall survival (OS) between the PD-1/PD-L1 inhibitor group and chemotherapy group. (a) All patients.
(b) Squamous cell carcinoma subgroup. (c) Adenocarcinoma subgroup.
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TaBLE 3: Subgroup analysis of OS (PD-1/PD-LI inhibitors vs. chemotherapy).

Subgroup Total no. of studies Total no. of patients HR 95% CI

Histological type

SCC 4 1458 0.75 0.66~0.84

ACC 2 872 1.00 0.86~1.16

Tumor site

EC 4 1685 0.79 0.70~0.88

GEJC 2 246 0.71 0.51~1.00

GC 2 520 1.07 0.82~1.40

Line

2 2186 0.82 0.73~0.92

3% 1 371 1.10 0.90~1.40

PD-L1 expression status

Positive 5 1096 0.73 0.63~0.84

Negative 4 890 1.000 0.81~1.24

ECOG performance status

0 4 606 0.94 0.69~1.28

1 4 1026 0.79 0.62~1.02

Sex

Male 4 1217 0.83 0.73~0.93

Female 4 316 0.84 0.51~1.38

Age at baseline, years

<65 4 989 0.82 0.64~1.05

>65 4 644 0.83 0.70~0.99

Region

Asia 6 1592 0.76 0.65~0.88

Non-Asia 3 524 0.90 0.71~1.16

Notes: * The data of line 3 came from all the participants in the JAVELIN Gastric 300 study. This RCT focused on second-line and third-line applications, of

which 86% were third-line applications.

that the median time of onset of ICIs was later than che-
motherapy (2.6 months vs. 1.5 months). Secondly, immu-
notherapy shows a long duration of response (DOR).
KEYNOTE-061 [8], ATTRACTION-3 [10], ESCORT [11],
and ORIENT-2 [12] showed that the median DOR of im-
munotherapy was longer than that of chemotherapy (18.0
months vs. 5.5 months, 6.9 months vs. 3.9 months, 7.4
months vs. 3.4 months, 8.3 months vs. 6.2 months, re-
spectively). There was an intersection point of the
Kaplan-Meier curve of PFES in all the second-line trails in
this paper, except for the JAVELIN Gastric 300 study for the
third-line application. The PES curve of the immunotherapy
group started below the chemotherapy group, crossed at
about 4 months to 10 months, and then appeared above the
chemotherapy group. This means that patients who were
effective in immunotherapy got a long durable response and
progress more slowly than those treated by chemotherapy.
The five studies [8-12] of second-line trails showed that the
6-month OS rate of the immune group was similar to that of
the chemotherapy group, while the 1-year OS rate and 18-
month OS rate were significantly higher than those of the
chemotherapy group, which were 1.3 to 1.8 times and 1.4 to
1.8 times, respectively. Therefore, we propose that the rates
of OS at 6 months, 1 year, and 18 months are a reliable
indicator for immunotherapy.

It is worth mentioning that although ICIs have shown
promising efficacy in advanced gastroesophageal cancer, a
specific pattern of tumor response, known as the

hyperprogressive disease (HPD), has been observed
clinically, as well as in other solid tumors. HPD is reported
to occur in about 10% to 21% of advanced gastric cancer
patients treated with PD-1 inhibitors [22, 23]. At present,
the mechanism of this atypical reaction is still under
exploration. Studies have shown that the development of
HPD in advanced GC patients treated with PD-1 inhib-
itors is related to the proliferation of tumor-infiltrating
FoxP3highCD45RA-CD4 + T cells [regulatory T cells
(Tregs)] [22]. This suggests that Tregs might be involved in
the treatment of PD-1/PD-L1 blockade and PD-1/PD-L1
axis, thus regulating the antitumor immune response.
Experiments in humans and mice have found that PD-1
blockade can enhance the activation of both Tregs and
conventional T (Tconv) cells by increasing the signal
intensity of T cell receptor (TCR) and CD28. And the
proliferation of Tregs may contribute to tumor progres-
sion even in the presence of an effective antitumor im-
mune response mediated by Tconv cells, and the final
outcome depends on which response dominates [22]. In
hepatocellular carcinoma (HCC), significant accumula-
tion of Tregs and consumption of proinflammatory T cells
were also observed to be closely related to tumor devel-
opment and spread [24]. Therefore, monitoring Tregs in
tumor and peripheral blood may be an important pre-
dictor of the efficacy of ICI. At the same time, inhibiting
the proliferation of tumor-infiltrating Tregs may reduce
the incidence of HPD.
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Events, Events,  Weight
Study Year RR (95% CI)  Treatment Control (%)
1
I
1 |
|
JAVELIN Gastric 300 2018 o 0.66 (0.56,0.78)  90/184  131/177 16.13
I
KEYNOTE-061 2018 o | 0.63(0.56,0.71) 155294 232/276 1679
|
KEYNOTE-181 2019 —te—— 0.75(0.68,0.82) 202/314  255/296 17.05
I
ATTRACTION-3 2019 o 0.69 (0.62,0.76) 137/209  198/208 16.96
|
ORIENT-2 20200 &—— 0.60 (0.49,0.73)  51/94 79/87  15.74
I
|
Subtotal (I-squared = 46.3%, p = 0.114) <>> 0.67 (0.62,0.73) 635/1095 895/1044 82.67
|
|
l
2 |
|
ESCORT 2020 : —eo— 1.05(0.99, 1.11) ~ 215/228 198/220  17.33
!
Subtotal (I-squared = .%, p = .) | Q 1.05(0.99, 1.11)  215/228 198/220  17.33
|
|
l
Overall (I-squared = 97.0%, p < 0.001) <> 0.72(0.56,0.92)  850/1323 1093/1264 100.00
l
!
NOTE: Weights are from random effects analysis I
1
T T
0.491 1 2.04
(a)
Events, Events,  Weight
Study Year RR (35% CI)  Treatment Control (%)
l
JAVELIN Gastric 300 2018 &————&——— 0.29(0.18,0.48) 17/184  56/77  10.83
l
!
KEYNOTE-061 2018 —“-o 0.43 (0.31 0.59) 42/284 96/276 18.27
l
KEYNOTE-181 2019 —l—' 0.44 (0.34,0.58)  57/314 121/296  21.24
l
|
ATTRACTION-3 2019 . : 0.28 (0.21,0.39)  38/209 133/208 19.25
l
ORIENT-2 2020 —l—o 0.49 (0.36,0.67)  44/228 87/220 18.88
l
!
ESCORT 2020 } . 0.52(0.32,0.84) 19/94 34/87 11.52
|
Overall (I-squared = 48.5%, p = 0.084) @ 0.40 (0.33,0.49) 217/1313  527/1264 100.00
|
l
I
NOTE: Weights are from random effects analysis !
T : T
0.177 1 5.66
(®)

FIGURE 6: TRAEs of the PD-1/PD-L1 inhibitor group versus the chemotherapy group. (a) Any grade of TRAEs. (b) Grades 3-5 of TRAEs.

In terms of safety, immunotherapy had better tolerance,
with a 33% and 60% reduction in the risk of grades 1-5 of
TRAEs and grades 3-5 of TRAEs compared with chemo-
therapy, respectively. The inevitable autoimmune attack also
occurs when the immune system is activated to fight cancer
[25, 26]. Nonetheless, most immune-related adverse events are
controllable by the withdrawal of ICIs and steroids [21]. A new
and special adverse reaction, reactive cutaneous capillary en-
dothelial proliferation (RCCEP), was reported only in the

ESCORT study, with an incidence of 79%, mainly grades 1-2.
RCCEP was also observed in other studies of camrelizumab
[20]. Interestingly, the analysis showed that RCCEP was as-
sociated with higher ORR and longer OS [11, 20]. Moreover, in
the ORIENT-2 [12] study, a lower neutrophil to lymphocyte
ratio (NLR <3) at baseline and week 6 was found to be as-
sociated with a longer OS. According to the previous report
[27], different types of ICIs have slightly different molecular
mechanisms, which may relate differences in TRAEs. Attention
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TaBLE 4: The sensitivity analyses of the study.

RR (95%CI)

No. of studies

Sensitivity analyses )
No. of patients

HR (95%CI)

No. of No. of

Total studies 6 2648
JAVELIN Gastric 300 excluded 5 2277
KEYNOTE-061 excluded 5 2056
KEYNOTE-181 excluded 5 2020
ATTRACTION-3 excluded 5 2229
ESCORT excluded 5 2200
ORIENT-2 excluded 5 2458

ORR . PES . (ON
patients patients
1.39 (0.85~2.25) 2648 1.14 (0.88~1.46) 2648 0.85 (0.75~0.97)
1.55 (0.94~2.55) 2277 1.05 (0.81~1.35) 2277 0.82 (0.73~0.92)
1.54 (0.88~2.71) 2056 1.07 (0.81~1.43) 2056 0.83 (0.71~0.98)
1.28 (0.71~2.28) 2020 1.4 (0.83~1.58) 2020  0.84 (0.71~1.00)
1.51 (0.83~2.72) 2229 1.15 (0.85~1.56) 2229  0.87 (0.75~1.10)
1.16 (0.77~1.76) 2200  1.26 (1.04~1.53) 2200 0.89 (0.78~1.01)
1.31 (0.76~2.25) 2458 1.16 (0.87~1.55) 2458 0.87 (0.76~1.00)

should be paid to the observation and analysis of the rela-
tionship between TRAEs and tumor response.

There are still some shortcomings of this study as fol-
lows: (1) there is insufficient data to support the benefits of
ICIs compared with chemotherapy in third-line and sub-
sequent applications; (2) due to different detection methods
for PD-L1 expression, it is difficult to conduct an in-depth
analysis of the relationship between the expression level of
PD-L1 and efficacy; and (3) the number of studies included
is limited, so we could not perform a subgroup analysis of
PD-1 inhibitors and PD-L1 inhibitors, respectively.

5. Conclusions

In summary, PD-1/PD-L1 inhibitors appear to improve OS
and have better tolerance compared to chemotherapy in the
recurrence of advanced gastroesophageal carcinoma, espe-
cially for positive PD-L1 expression, squamous cell carci-
noma, Asian region, esophageal cancer, second-line
application, male, and 65 years of age or older patients. Due
to the different antitumor response patterns of PD-1/PD-L1
inhibitors and cytotoxic drugs, more reasonable indicators,
such as survival at some time point, are necessary for efficacy
evaluation. More clinical trials are needed to concern about
the different histology, PD-L1 expression level, and multiple
lines treatment.

Data Availability

All the data generated or analyzed during this study are
included in this published article.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

Acknowledgments

This study was supported by the Medical Scientific Research
Project in Chongqing, China (Grant no. 20141003),
Chongging Clinical Oncological Research Center, China
(Grant no. cstc2015yfpt_gcjsyjzx120010), and the Natural
Science Foundation Project of Chongqing Science and
Technology Commission (CSTC), China (Grant no.
cstc2018jcyjAX0012).

Supplementary Materials

Supplementary materials include Figures S1-S2 and Tables
S1-S2 (see supplementary documents for details). Figure S1:
Forest plot of risk ratios for objective response rate (ORR)
between PD-1/PD-L1 inhibitors and chemotherapy/placebo
in subgroups: (a) ORR in the squamous cell carcinoma
subgroup; (b) ORR in the adenocarcinoma subgroup. Figure
S2: Forest plot of hazard ratios for progression-free survival
(PFS) between PD-1/PD-L1 inhibitors and chemotherapy/
placebo in subgroups: (a) PES in the squamous cell carci-
noma subgroup; (b) PFS in the adenocarcinoma subgroup.
Table S1: Any grade treatment-related adverse events of the
PD-1/PD-L1 inhibitor group versus the chemotherapy
group. Table S2: Grades 3-5 of treatment-related adverse
events of the PD-1/PD-L1 inhibitor group versus the che-
motherapy group. (Supplementary Materials)

References

[1] M. Arnold, J. Ferlay, M. I. van Berge Henegouwen, and
I. Soerjomataram, “Global burden of oesophageal and gastric
cancer by histology and subsite in 2018,” Gut, vol. 69, no. 9,
pp. 1564-1571, 2020.

[2] R. Baumgartner, H. Taghizadeh, G. Jomrich,
S. F. Schoppmann, M. Preusser, and A. Ilhan-Mutlu, “Uti-
lization and efficacy of palliative chemotherapy for locally
advanced or metastatic gastroesophageal carcinoma,” Anti-
cancer Research, vol. 40, no. 2, pp. 965-975, 2020.

[3] T. G. Lyons and G. Y. Ku, “Systemic therapy for esoph-
agogastric cancer: targeted therapies,” Chinese Clinical On-
cology, vol. 6, no. 5, p. 48, 2017.

[4] T. F. Frandsen, M. F. Bruun Nielsen, C. L. Lindhardt, and
M. B. Eriksen, “Using the full PICO model as a search tool for
systematic reviews resulted in lower recall for some PICO
elements,” Journal of Clinical Epidemiology, vol. 127,
pp. 69-75, 2020.

[5] M. Cumpston, T. Li, M. J. Page et al., “Updated guidance for
trusted systematic reviews: a new edition of the Cochrane
Handbook for Systematic Reviews of Interventions,”
Cochrane Database of Systematic Reviews, vol. 10, Article ID
Ed000142, 2019.

[6] J.P.T.Higgins, S. G. Thompson, J. J. Deeks, and D. G. Altman,
“Measuring inconsistency in meta-analyses,” BM]J, vol. 327,
no. 7414, pp. 557-560, 2003.

[7] Y.-]. Bang, E. Y. Ruiz, E. Van Cutsem et al., “Phase III,
randomised trial of avelumab versus physician’s choice of
chemotherapy as third-line treatment of patients with ad-
vanced gastric or gastro-oesophageal junction cancer: primary


https://downloads.hindawi.com/journals/jo/2021/3048974.f1.zip

Journal of Oncology

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

analysis of JAVELIN Gastric 300,” Annals of Oncology, vol. 29,
no. 10, pp. 2052-2060, 2018.

K. Shitara, M. Ozgﬁroglu, Y. J. Bang et al., “Pembrolizumab
versus paclitaxel for previously treated, advanced gastric or
gastro-oesophageal junction cancer (KEYNOTE-061): a
randomised, open-label, controlled, phase 3 trial,” Lancet
(London, England), vol. 392, no. 10142, pp. 123-133, 2018.
T. Kojima, K. Muro, E. Francois et al., “Pembrolizumab versus
chemotherapy as second-line therapy for advanced esopha-
geal cancer: phase III KEYNOTE-181 study,” Journal of
Clinical Oncology, vol. 37, no. 4_suppl, p. 2, 2019.

K. Kato, B. C. Cho, M. Takahashi et al., “Nivolumab versus
chemotherapy in patients with advanced oesophageal squa-
mous cell carcinoma refractory or intolerant to previous
chemotherapy (ATTRACTION-3): a multicentre, rando-
mised, open-label, phase 3 trial,” The Lancet Oncology, vol. 20,
no. 11, pp. 1506-1517, 2019.

J. Huang, J. Xu, Y. Chen et al.,, “Camrelizumab versus in-
vestigator’s choice of chemotherapy as second-line therapy for
advanced or metastatic oesophageal squamous cell carcinoma
(ESCORT): a multicentre, randomised, open-label, phase 3
study,” The Lancet Oncology, vol. 21, no. 6, pp. 832-842, 2020.
J. Xu, Y. Li, Q. Fan et al., “Sintilimab in patients with advanced
esophageal squamous cell carcinoma refractory to previous
chemotherapy: a randomized, open-label phase II trial
(ORIENT-2),” Journal of Clinical Oncology, vol. 38, no. 15_
suppl, p. 4511, 2020.

M. E. Salem, A. Puccini, J. Xiu et al., “Comparative molecular
analyses of esophageal squamous cell carcinoma, esophageal
adenocarcinoma, and gastric adenocarcinoma,” The Oncolo-
gist, vol. 23, no. 11, pp. 1319-1327, 2018.

T. Kudo, Y. Hamamoto, K. Kato et al., “Nivolumab treatment
for oesophageal squamous-cell carcinoma: an open-label,
multicentre, phase 2 trial,” The Lancet Oncology, vol. 18, no. 5,
pp. 631-639, 2017.

P. A. Ott, Y.-J. Bang, S. A. Piha-Paul et al., “T-Cell-Inflamed
gene-expression profile, programmed death ligand 1 ex-
pression, and tumor mutational burden predict efficacy in
patients treated with pembrolizumab across 20 cancers:
KEYNOTE-028,” Journal of Clinical Oncology, vol. 37, no. 4,
pp. 318-327, 2019.

M. A. Shah, T. Kojima, D. Hochhauser et al., “Efficacy and
safety of pembrolizumab for heavily pretreated patients with
advanced, metastatic adenocarcinoma or squamous cell
carcinoma of the esophagus,” JAMA Oncology, vol. 5, no. 4,
pp. 546-550, 2019.

J. Huang, B. Xu, H. Mo et al., “Safety, activity, and biomarkers
of SHR-1210, an anti-PD-1 antibody, for patients with ad-
vanced esophageal carcinoma,” Clinical Cancer Research,
vol. 24, no. 6, pp. 1296-1304, 2018.

Y.-K. Kang, N. Boku, T. Satoh et al., “Nivolumab in patients
with advanced gastric or gastro-oesophageal junction cancer
refractory to, or intolerant of, at least two previous chemo-
therapy regimens (ONO-4538-12, ATTRACTION-2): a
randomised, double-blind, placebo-controlled, phase 3 trial,”
The Lancet, vol. 390, no. 10111, pp. 2461-2471, 2017.

C. S. Fuchs, T. Doi, R. W. Jang et al., “Safety and efficacy of
pembrolizumab monotherapy in patients with previously
treated advanced gastric and gastroesophageal junction
cancer,” JAMA Oncology, vol. 4, no. 5, Article ID 180013,
2018.

X. Chen, L. Ma, X. Wang et al., “Reactive capillary heman-
giomas: a novel dermatologic toxicity following anti-PD-1

(21]

(22]

(23]

[24]

(25]

(26]

(27]

11

treatment with SHR-1210,” Cancer Biology ¢ Medicine,
vol. 16, no. 1, pp. 173-181, 2019.

B. Somarouthu, S. I. Lee, T. Urban, C. A. Sadow, G. J. Harris,
and A. Kambadakone, “Immune-related tumour response
assessment criteria: a comprehensive review,” British Journal
of Radiology, vol. 91, no. 1084, Article ID 20170457, 2018.
T. Kamada, Y. Togashi, C. Tay et al., “PD-1+ regulatory T cells
amplified by PD-1 blockade promote hyperprogression of
cancer,” Proceedings of the National Academy of Sciences,
vol. 116, no. 20, pp. 9999-10008, 2019.

A. Sasaki, Y. Nakamura, S. Mishima et al., “Predictive factors
for hyperprogressive disease during nivolumab as anti-PD1
treatment in patients with advanced gastric cancer,” Gastric
Cancer, vol. 22, no. 4, pp. 793-802, 2019.

A. Granito, L. Muratori, C. Lalanne et al., “Hepatocellular
carcinoma in viral and autoimmune liver diseases: role of
CD4+ CD25+ Foxp3+ regulatory T cells in the immune
microenvironment,” World Journal of Gastroenterology,
vol. 27, no. 22, pp. 2994-3009, 2021.

H. Yang, Z. Yao, X. Zhou, W. Zhang, X. Zhang, and F. Zhang,
“Immune-related adverse events of checkpoint inhibitors:
insights into immunological dysregulation,” Clinical Immu-
nology, vol. 213, Article ID 108377, 2020.

F. Martins, L. Sofiya, G. P. Sykiotis et al., “Adverse effects of
immune-checkpoint inhibitors: epidemiology, management
and surveillance,” Nature Reviews Clinical Oncology, vol. 16,
no. 9, pp. 563-580, 2019.

M. Zhong, X. Zeng, J. Xue, Y. Yue, and Y. Zhu, “PD-1/PD-L1
inhibitors vs. chemotherapy for previously treated advanced
gastroesophageal cancer: a meta-analysis of randomized
controlled trials,” BMC Gastroenterology, 2021.



