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Abstract

BACKGROUND

The combination of programmed cell death protein-1 (PD-1)
inhibitor and chemotherapy is approved as a standard first- or second-line treatment
in patients with advanced oesophageal or gastric cancer. However, it is unclear whether

this combination is superior to chemotherapy alone.

AIM
To assess the comparative effectiveness and tolerability of combining PD-1 inhibitors
with chemotherapy vs chemotherapy alone in patients with advanced gastric cancer,

gastroesophageal junction (GEJ) cancer, or oesophageal carcinoma.

METHODS

We searched the PubMed and Embase databases for studies that compared the efficacy
and tolerance of PD-1 inhibitors in combination with chemotherapy vs chemotherapy
alone in patients with advanced oesophageal or gastric cancer. We employed either
random or fixed models to analyze the outcomes of each clinical trial, encompassing
data on overall survival (OS), progression-free survival (PFS), objective response rate,

and adverse events (AEs).

RESULTS

Nine phase 3 clinical trials (7016 advanced oesophageal and gastric cancer patients) met
the inclusion criteria. Our meta-analysis demonstrated that the pooled PD-1 inhibitor +
chemotherapy group had a significantly longer OS than the chemotherapy-alone group
[hazard ratio (HR) = 0.76, 95% confidence interval (CI): 0.71-0.81]; the pooled PFS result
was consistent with that of OS (HR = 0.67, 95%Cl: 0.61-0.74). The count of patients
achieving an objective response in the PD-1 inhibitor + chemotherapy group
surpassed that of the chemotherapy-alone group [odds ratio (OR) = 1.86, 95%CI: 1.59-

2.18]. AE incidence was also higher in the combination-therapy group than in the
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chemotherapy-alone group, regardless of whether > grade 3 only (OR = 1.30, 95%ClI:
1.07-1.57) or all AE grades (OR =1.88, 95%CI: 1.39-2.54) were examined. We performed
a subgroup analysis based on the programmed death-ligand 1 (PD-L1) combined
positive score (CPS) and noted extended OS and PFS durations within the CPS =1, CPS
> 5, and CPS = 10 subgroups of the PD-1 inhibitor + chemotherapy group.

CONCLUSION

In contrast to chemotherapy alone, the combination of PD-1 inhibitor and
chemotherapy appears to present a more favorable option for initial or subsequent
treatment in patients with gastric cancer, GE] tumor, or oesophageal cancer. This holds

true particularly for individuals with PD-L1 CPS scores of = 5 and = 10.
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Core Tip: The combination of programmed cell death protein-1 (PD-1)
inhibitor and chemotherapy is approved as a standard first- or second-line treatment
in patients with advanced oesophageal or gastric cancer. However, it is unclear whether
this combination is superior to chemotherapy alone. We assessed the comparative
effectiveness and tolerability of combining PD-1 inhibitors with chemotherapy wvs
chemotherapy alone in patients with advanced gastric cancer, gastroesophageal
junction cancer, or oesophageal carcinoma. Our analysis showed that immunotherapy

combined with chemotherapy significantly prolonged patients” overall survival and

3/13




progression-free survival relative to the chemotherapy group, both in the overall
population and in the combined positive score (CPS) = 1, CPS > 5, and CPS > 10
subgroup.

INTRODUCTION

Upper gastrointestinal tract (UGT) cancers stand as the prevailing form of malignancy,
encompassing oesophageal squamous cell  carcinoma (ESCC) and
gastric/ gastroesophageal junction (G/GE]) adenocarcinomasl(ll. According to Global
Cancer Statistics 2020, an estimated 1089103 and 604100 new cases of gastric and
oesophageal cancers, respectively, occur each year, and the annual numbers of new
deaths are 768793 and 544076[2l. The presently employed methods for treating UGT
cancers are surgery, chemotherapy, and radiotherapy. Even with continuous
enhancements in chemoradiotherapy, the clinical results for ESCC and G/GE]
adenocarcinoma have not exhibited substantial advancement over time, underscoring
the persisting gap in effective treatment(3l.

Immunotherapy is an evolving approach to cancer treatment and is designed to
destroy cancer cells by strengthening patients’ immune capabilities. Various
immunotherapies encompass the utilization of immune checkpoint inhibitor (ICIs),
chimeric antigen receptor T-cell therapy, cancer vaccines, and adoptive cell therapy*l.

ogrammed cell death protein-1 (PD-1) functions as a checkpoint receptor expressed
on the surface of diverse immune cells. Blocking the interaction between PD-1 and
programmed death-ligand 1 (PD-L1) serves as an effective means to bolster the immune
responsell. Anti-PD-1 antibodies such as nivolumab, pembrolizumab, sintilimab,
camrelizumab, and tislelizumab demonstrated improved antitumor activity alongside
manageable safety profiles in patients with oesophageal or gastric cancerlel.

Combinations of a PD-1 inhibitor and chemotherapy have gained approval as
standard first or second-line treatment choices for patients with advanced oesophageal
and gastric cancer in clinical settingsl’l. While various studies have outlined the

advantages of pairing PD-1 inhibitor therapy with chemotherapy, it remains
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undetermined whether the combination of a PD-1 inhibitor + chemotherapy
surpasses the efficacy of chemotherapy alone. Tabernero et all8l revealed that the
combination of pembrolizumab with chemotherapy did not exhibit superiority over
chemotherapy alone in terms of the tested overall survival (OS) and progression-free
survival (PFS) endpoints. In a separate study involving patients with gastric or GE]J
cancer, the addition of nivolumab to chemotherapy did not lead to a significant
improvement in OS compared to the group treated with chemotherapy alonell.
Therefore, it remains essential to ascertain whether chemotherapy alone or the
combination of PD-1 inhibitors with chemotherapy yields a more favorable curative
effect. We performed this current meta-analysis to assess the comparative efficacy and
tolerability of PD-1 inhibitors combined with standard chemotherapy in contrast to
chemotherapy alone, specifically in patients diagnosed with advanced gastric cancer,
GE] cancer, or oesophageal adenocarcinoma. Our aim was to establish a foundation for

clinical treatment choices for future patients afflicted with UGT cancer.

MATERIALS AND METHODS

Search strategy

To identify relevant studies, we performed a comprehensive literature search of the
electronic databases PubMed (https://pubmed.ncbinlm.nih.gov/) and Embase
(embase.com/). Filter articles published before July 2023. We used search terms
pertaining to diseases (e.g., GEJ] adenocarcinoma, gastric, gastric cancer, gastro-
oesophageal junction cancer, oesophageal squamous cell carcinoma, oesophageal
cancer, oesophageal adenocarcinoma, oesophageal squamous cell carcinoma) or the
therapies established for those diseases (e.g, chemotherapy, nivolumab,
pembrolizumab, camrelizumab, sintilimab, tislelizumab). We also set up filters for
clinical trials. The search results from each database were combined in Endnote X9, and
duplicates were removed. For the rest of the literature, we evaluate whether it is

qualified by reading the full text. In addition, we also searched the relevant literature
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manually to find other potentially relevant articles. The literature selection process was

completed independently by two authors (Zhang XM and Yang T).

Meta-analysis inclusion and exclusion criteria

Eligible studies were selected following inclusion and exclusion criteria (Figure 1). A
study was considered eligible for inclusion in the present meta-analysis if it met the
following inclusion criteria: (1) The study was limited to oesophageal squamous cell
carcinoma and/or G/GEJ adenocarcinoma; (2) The study was a phase III clinical trial;
(3) The study included a sample of more than 500 patients; (4) The study encompassed
at least one group receiving a combination of PD-1 inhibitor and chemotherapy,
alongside one group receiving chemotherapy alone; (5) The study’s basic data (e.g., trial
year, sample size, patient sex distribution, tumor types, trial abbreviation, registry
number) were complete. Additionally, it was essential for the study to acquire the
hazard ratio (HR) along with its corresponding 95% confidence interval (CI) for OS and
PFS, as well as comparable data for objective response rate (ORR) and adverse events
(AEs); and (6) The study was reported in English.

The exclusion criteria were as follows: (1) The literature type was meta-analysis,
review or letter; (2) Lack of HR values and 95%ClIs for OS and PFS comparisons
between the two groups, or the number of patients who achieved ORRs and the number
of AEs between the two groups were not reported; (3) The study was a non-randomized
clinical trial; (4) The study concerned the results of radiotherapy; (5) The study included
only results from special patient populations, such as elderly patients; and (6) Research

lacking sufficient published data suitable for analysis.

Data extraction

Data were extracted independently by two of the authors (Zhang XM and Yang T). The
extraction process encompassed the following items in accordance with the inclusion
criteria: (1) General characteristics of the studies: Name of the first author, publication

year, trial abbreviation, and registry number; (2) The patients’ baseline characteristics:
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Age, sex, sample size, tumor type, intervention arm, chemotherapy regimens, and PD-
L1 combined positive scores (CPSs); and (3) Outcomes: We extracted the HRs and their
95%Cls for each study’s OS, PFS, the number of patients who achieved an objective
response, all AEs, grade > 3 AEs, and the counts of patients with a PD-L1 CPS of =5 or
> 10.

Quality assessment of the included studies

We evaluated the potential bias in each study using Cochrane Collaboration’s tool
(Review Manager 5.3). The primary criteria for this assessment included random
sequence generation, allocation concealment, participant blinding, outcome assessment
blinding, incomplete outcome data, and selective reporting, as well as other biases. This

assessment assigned grades according to levels of risk, i.e., high, low, or unclear risk.

Statistical analyses

Stata ver. 12.0 software was used to perform all statistical tests. For the quantitative
aggregation of the survival outcomes, the HRs and their 95%CIs were combined as the
effective value. The significance of the pooled OR or HR was assessed using the Z-test,
where P-values < 0.05 were deemed statistically significant. To evaluate the global
heterogeneity between studies, we used the y>-based Q-test (P > 0.10 was considered a
lack of heterogeneity) and the I’ test (> < 50% indicated low heterogeneity, while I >
50% indicated high heterogeneity). We employed the fixed-effects model if the
heterogeneity was low; otherwise, we used the random-effects model. Funnel plots
were generated to assess the presence of publication bias in the outcomes. An
asymmetrical plot indicated possible publication bias. Review of the funnel plots could
not rule out the potential for publication bias for the efficacy of PD-1 inhibitors in the
treatment of UGT cancers. Further, asymmetry in the funnel plot was evaluated
through Egger’s test and Begg's test, with P-values < 0.05 indicating significance. If
publication bias existed, we assessed the effect of publication bias by using the trim-fill

method. Additionally, sensitivity analyses were conducted to assess the stability of the
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results. The statistical methods of this study were reviewed by Guo-Lin Han from

Medical records statistics room of Changzhi People’s Hospital.

RESULTS

Search results

A total of 310 articles were retrieved from the PubMed and Embase databases; one
duplicate paper was removed, leaving 309 articles remaining. We initially screened the
articles according to their titles and abstracts. As a result, we excluded 254 articles as
irrelevant and 15 as either meta-analyses, case reports, guidelines, or reviews. We then
screened the remaining 41 articles by reading them in full, resulting in the exclusion of
22 articles with the same trial registration number, 3 incomplete clinical trials, and 7
articles lacking the OS, PFS, ORR, and/or AE data required by this study. The final total
was 9 articles!!0-18]. Figure 1 is a flow diagram illustrating the inclusion and exclusion of

articles.

Study and patient characteristics
All 9 of the articles included in this meta-analysis were reports of phase 3 clinical trials.
Among them, ere multicenter studies and the remainder was a single-center study.
The 9 articles were published between 2020 and 2022 and included a total of 7016
patients, with sample sizes ranging from 596 to 1581. Three articles compared
nivolumab in combination with chemotherapy vs chemotherapy alone, while two
articles compared pembrolizumab + chemotherapy vs chemotherapy alone. Two articles
examined sintilimab + chemotherapy vs chemotherapy alone, and the remaining two
articles investigated chemotherapy alone wvs camrelizumab and tislelizumab,
respectively. Table 1 summarizes the patients’ clinical characteristics.

Next, we evaluated the risk of bias for each study, and the outcomes are illustrated in
Figure 2. One of the sources of bias originated from the absence of blinding, which
notably impacted the study quality. The precision of results in another study could have

been influenced due to participant withdrawals or losses. Additional biases could have
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arisen from factors such as an uneven geographic distribution of participants, poor or

incomplete patient compliance, or other underlying reasons.

Primary outcomes (OS and PFS)

All 9 of the clinical trials provided HR and 95%CI values for the OS and PFS outcomes
of patients treated with a PD-1 inhibitor + chemotherapy compared to chemotherapy
alone. We pooled the HR values from the 9 clinical trials using randomized- or fixed-
effects models, and the results showed that the pooled PD-1
inhibitor + chemotherapy group had longer OS than the pooled chemotherapy-alone
group (HR = 0.76, 95%CI: 0.71-0.81). Figure 3A shows the combined forest plot of the
OS data. The combined outcome for patients” PFS corresponded with that of their OS
(HR = 0.67, 95%CI: 0.61-0.74), as depicted in Figure 3B.

Secondary outcomes: ORR and AEs

Of the 9 studies, 8 provided ORR data, and we gathered the count of patients who
obtained an objective response in each study. The findings suggested that the count of
individuals achieving an objective response in the PD-1 inhibitor + chemotherapy
group exceeded that in the chemotherapy-alone group (OR = 1.86, 95%CI: 1.59-2.18)
(Figure 3C). Regarding the AEs observed in the studies, we aggregated both the AEs of
all grades and those rated > grade 3. As shown in Figure 3D, the meta-analysis of AEs
indicated that the frequency of AEs in the PD-1 inhibitor + chemotherapy group
exceeded that in the chemotherapy-alone group. This held true for AEs of all grades
(OR =1.88, 95%CI: 1.39-2.54) as well as for AEs rated > grade 3 (OR = 1.30, 95%ClI: 1.07-
1.57) in Figure 4C.

Subgroup analyses of OS and PFS
We employed the patients” PD-L1 CPS scores as a measure to assess the efficacy of
immunotherapy against tumors. Of the 9 clinical trials, 5 reported treatment outcomes

in different PD-L1 CPS subgroups. Consequently, we conducted a subgroup analysis of
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OS and PFS based on the patients” PD-L1 CPS scores. The subgroup analysis of OS
(Figure 4A) indicated that patients treated with a PD-1 inhibitor + chemotherapy
exhibited prolonged OS compared to those treated with chemotherapy alone,
irrespective of the subgroup CPS =1 (HR = 0.73, 95%CI: 0.60-0.90, P = 0.002), CPS =5
(HR = 0.68, 95%CI: 0.60-0.78, P < 0.001), or CPS = 10 (HR = 0.68, 95%CI: 0.57-0.82, P <
0.001). The outcomes of our subgroup ﬁalysis for PFS (Figure 4B) aligned with those
for OS across all three groups: CPS = 1 (HR = 0.70, 95%CI: 0.56-0.88, P = 0.002), CPS =5
(HR = 0.63, 95%CI: 0.56-0.72, P < 0.001), and CPS =10 (HR =0.54, 95%CI: 0.46-0.64, P <
0.001).

Publication bias

To minimize the effects of publication bias, we expanded database searches and
performed a thorough search for unpublished studies, and used funnel plot to quantify
the potential presence of publication bias. We utilized funnel plots of the OS and PFS
data_to evaluate potential publication bias (Supplementary Figure 1). The outcomes of
the Begg's test (OS: P = 0.25; PFS: P = 0.532) and Egger’s test (OS: P = 0.336; PFS: P =
0.512) for both the OS and PFS funnel plots indicated the absence of substantial

publication bias in this meta-analysis.

Sensitivity analysis

The Stata sensitivity analysis (Supplementary Figure 2) revealed that the exclusion of
any of the 9 articles had a minimal impact on the overall effect size. This suggested that
the sensitivity of this meta-analysis was low and that the removal of a single article did
not significantly alter the results. In order to further explore the source of heterogeneity
of OS and PFS, we used meta-regression to analyze whether the year of publication,
sample size, and tumor type were the source of heterogeneity of OS and PFS. The
results of meta-regression showed that the year of publication, sample size, and tumor

type were not sources of heterogeneity in OS (year of publication: P = 0.167; sample
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size: P = 0.233; tumor type: P = 0.247) and PFS (year of publication: P = 0.574; sample
size: P = 0.609; tumor type: P = 0.914).

DISCUSSION
The combination of ICIs with chemotherapy has emerged as a potent targeted therapy
for advanced or metastatic gastrointestinal tumors. Across various studies, the
utilization of a PD-1 inhibitor + chemotherapy notably enhanced both patients” OS and
PFS, including the PD-1 inhibitors nivolumabl!2l, pembrolimabl?], camrelizumabl!'3], and
sintilimabl™l. Guo et all™®l performed an independent meta-analysis concerning PD-1
inhibitor + oxaliplatin or cisplatin-based chemotherapy. Thus far, however, there hasn’t
been a meta-analysis comparing the effectiveness of PD-1 inhibitors + chemotherapy
and chemotherapy alone. We therefore conducted a meta-analysis to assess and contrast
the efficacy and safety of PD-1 inhibitors + chemotherapy vs chemotherapy alone.
Several clinical trials of PD-1 inhibitors in combination with chemotherapy vs
chemotherapy alone have been completed or are under way. In terms of efficacy,
however, it remains unknown whether a PD-1 inhibitor + chemotherapy can
significantly prolong patients” OS and PFS compared with chemotherapy alone.
CheckMate 649112] is a multicenter, randomized, phase 3 trial that compared nivolumab
+ chemotherapy vs chemotherapy alone as a first-line treatment for advanced gastric
cancer, GEJ cancer, and oesophageal adenocarcinoma. The results revealed that
nivolumab + chemotherapy substantially extended patients’” OS (HR = 0.8, P < 0.0002)
and PFS (HR = 0.8, P < 0.0002) in comparison to chemotherapy alone. Nevertheless, in
the KEYNOTE-062 trial?l, which compared pembrolizumab + chemotherapy to
chemotherapy alone, the combination of pembrolizumab + chemotherapy did not
extend patients OS compared to chemotherapy alone (HR = 0.85, P = 0.05). Similar
results were obtained in the ATTRACTION-4 triall'!l (nivolumab + chemotherapy vs
placebo + chemotherapy) (HR = 0.90, P = 0.26). Our present meta-analysis of 9 clinical

trials revealed that treatment with a PD-1 inhibitor + chemotherapy significantly
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olonged both OS (HR = 0.76, 95%CI: 0.71-0.81) and PFS (HR = 0.68, 95%CI: 0.64-0.72)
in patients with gastric cancer, GE] cancer, or oesophageal cancer.

The ORR is the proportion of patients who respond to treatment, which is a key
measure of a drug therapy’s effectiveness. The results of our meta-analysis
demonstrated that the PD-1 inhibitor + chemotherapy group had superior ORR to that
of the chemotherapy-alone group. We also conducted an analysis of the incidence of
AEs between the two treatment approaches. This revealed a heightened occurrence of
AEs in patients receiving immunotherapy combined with chemotherapy compared to
those undergoing chemotherapy alone. This trend was consistent whether we examined
AEs of all grades (OR = 1.88, 95%CI: 1.39-2.54) or evaluated AEs rated > grade 3 (HR =
1.30, 95%CI: 1.07-1.57). The AEs of immunotherapy are referred to as immune-related
(ir)AEs. These irAEs have been documented to be generally mild and manageable, often
not necessitating specific interventions. More importantly, they are noted to have
minimal impact on treatment efficacyl20.21l.

PD-L1 expression levels are frequently employed as predictive biomarkers to
ascertain whether patients are likely to derive benefits from immunotherapy. The CPS
score has been indicated to be a more effective method of assessing PD-L1 expression
than the tumor proportion score (TPS)[?2l. In the present meta-analysis, we therefore
conducted subgroup analyses of OS and PFS based on the CPS scores for PD-L1. The
outcomes demonstrated that within the subgroup with a CPS = 5 or CPS 2 10, patients
in the immunotherapy + chemotherapy group exhibited longer OS periods. The PFS
subgroup analysis revealed that the patients in the subgroup with a CPS > 10 were more
likely to benefit from immunotherapy + chemotherapy. Based on the results of our
analysis, PD-1 inhibitor + chemotherapy can be recommended as a suitable first-line
treatment for patients with PD-L1 CPS scores of = 5 or = 10. This study has two
limitations. First, not all of the included articles provided survival data for CPS
subgroups, opening the possibility of bias in our CPS subgroup analysis. Second, the
limited number of articles focused on the same tumor type precluded the possibility of

conducting a subgroup analysis based on tumor type.
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CONCLUSION

The outcomes of this meta-analysis illustrated that patients receiving a PD-1 inhibitor +
chemotherapy experienced notably prolonged OS and PFS compared to patients treated
with chemotherapy alone. The ORR and the rate of AEs were both higher in the group
treated with a PD-1 inhibitor + chemotherapy than in the chemotherapy-alone group.
For the subgroups with a CPS 2 5 or CPS 2 10, the patients in the immunotherapy +
chemotherapy group had longer OS and PFS. Considering both efficacy and safety, PD-
1 inhibitor + chemotherapy could potentially emerge as a preferable first-line treatment
option for patients diagnosed with gastric cancer, GE] tumor, or esophageal cancer,

particularly for those with a PD-L1 CPS score of = 5 or = 10.
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