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Background: Phase Il trials evaluating perioperative immune checkpoint
inhibitors (ICls) combined with chemotherapy for locally advanced gastric/
gastroesophageal junction (G/GEJ) adenocarcinoma have reported mixed
efficacy results. We performed a systematic review and meta-analysis to
synthesize the current evidence.

Methods: We systematically searched for randomized phase Ill trials comparing
perioperative ICl plus chemotherapy with chemotherapy alone. Only phase I
RCTs were included to minimize bias and avoid overestimation from phase |l
studies (see Methods for rationale).Primary outcomes were pathological
complete response (pCR). Secondary outcomes were grade >3 treatment-
related adverse events (TRAEs). Pooled odds ratios (ORs) and hazard ratios
(HRs) with 95% confidence intervals (Cls) were calculated using random-effects
models for pCR due to clinical heterogeneity,fixed-effect models were used for
safety as sensitivity. Heterogeneity was assessed using the |2 statistic.

Results: Three trials (DRAGON IV, MATTERHORN, KEYNOTE-585) involving 2,271
patients were included. The addition of ICls significantly improved the pCR rate
(random-effects OR 4.04, 95% ClI 2.60 to 6.27; p < 0.00001; I> = 49%). Grade >3
TRAEs were numerically higher in the ICI-chemotherapy group (OR 1.61, 95% CI1 0.96
to 2.71; p = 0.07; 12 = 77%) Sensitivity analysis excluding the TKI-containing DRAGON
IV trial attenuated the toxicity estimate (OR 1.23,95% CI 0.71-2.14:1° = 58%).
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Conclusion: The incorporation of ICls into perioperative chemotherapy for
locally advanced G/GEJ adenocarcinoma significantly enhances pathological
response, albeit with an increased risk of grade >3 toxicities. These findings
support perioperative ICl-chemotherapy as a promising and emerging strategy,
pending confirmation from mature overall survival data.

KEYWORDS
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Introduction

Gastric and gastroesophageal junction (G/GEJ) adenocarcinoma
is a leading cause of global cancer mortality (1). For patients with
locally advanced, resectable disease, perioperative chemotherapy has
been established as the standard of care, improving survival over
surgery alone (2, 3). Despite this, recurrence rates remain high, and
long-term survival is unsatisfactory, underscoring the urgent need for
more effective therapeutic strategies (4).

The advent of immune checkpoint inhibitors (ICIs) has
transformed the treatment landscape for advanced G/GE] cancer,
demonstrating survival benefits in the metastatic setting (5, 6). This
success has prompted their investigation in the perioperative
context, with the hypothesis that enhancing anti-tumor immunity
during neoadjuvant and adjuvant phases could eradicate micro
metastatic disease and induce durable responses.

Recently, results from several pivotal phase III RCTs have been
reported. The KEYNOTE-585 trial showed a significant
improvement in pCR with the addition of pembrolizumab to
chemotherapy, but this did not translate into a statistically
significant event-free survival (EFS) benefit (7). In contrast, interim
results from the MATTERHORN and DRAGON 1V trials also
demonstrated superior pCR rates with durvalumab and
camrelizumab/rivoceranib combinations, respectively, with EFS
data still immature (8, 9). Given these mixed outcomes on survival
endpoints, a quantitative synthesis of the evidence is crucial to
precisely define the benefit of perioperative ICI combinations.

Methods
Search strategy and selection criteria

This meta-analysis was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. A systematic literature search was
performed using PubMed, Embase, and the Cochrane Central
Register of Controlled Trials from inception to October 2024.
Major international oncology conference proceedings (ASCO,
ESMO, ESMO GI) from 2023 to 2024 were also reviewed. Search
terms included: “gastric cancer”, “gastroesophageal junction cancer”,
“perioperative”, “neoadjuvant”, “adjuvant”, “immunotherapy”,
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“immune checkpoint inhibitor”, “pembrolizumab”, “durvalumab”,
“camrelizumab”, “nivolumab”, “atezolizumab”, and “randomized
phase III trial”. Only phase III randomized controlled trials were
included to minimize bias and ensure the highest level of evidence, as
phase II studies are typically non-comparative, lack blinding, and are
prone to overestimation of treatment effects.

Studies were included if they met the following criteria: (1)
phase III RCT; (2) enrolled patients with resectable locally advanced
G/GEJ adenocarcinoma; (3) compared perioperative ICI combined
with chemotherapy versus chemotherapy alone; (4) reported at least
one of the following outcomes: pCR, EFS, or OS.

Data extraction and outcomes

Two investigators independently extracted data using a
standardized form. Any discrepancies were resolved by consensus.
Extracted data included: first author, trial name, year of publication,
patient characteristics, intervention and control regimens, number
of patients, and outcome data.

The primary outcomes were:

Pathological complete response (pCR): Defined as ypTONO or
ypTO (absence of viable tumor cells in the primary tumor and
lymph nodes, or primary tumor only, as defined by each trial).

Secondary outcomes were:

Grade >3 treatment-related adverse events (TRAEs):During the
neoadjuvant and/or adjuvant phases.

Statistical analysis

For dichotomous outcomes (pCR, grade =3 TRAEs), we
calculated pooled odds ratios (ORs) with 95% confidence
intervals (CIs) using the Mantel-Haenszel method. A fixed-effect
model was applied for all analyses due to the small number of
included studies. Heterogeneity was assessed using the I? statistic,
where I> > 50% indicated substantial heterogeneity. All statistical
analyses were performed using Review Manager (RevMan) version
5.4. A two-sided p-value < 0.05 was considered statistically
significant. For pCR, we applied a random-effects model
(DerSimonian and Laird) a priori due to anticipated
heterogeneity in ICI agents, chemotherapy backbones, and use of
anti angiogenic agents. Grade >3 TRAEs were pooled using fixed-
effect Mantel-Haenszel, with leave one out sensitivity analyses.
Heterogeneity was assessed via I°.
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Results
Study selection and characteristics

The initial search identified 127 records. After removing
duplicates and screening titles and abstracts, three phase III RCT's
met the inclusion criteria (7-9). The study selection process is
summarized in the PRISMA flow diagram (Figure 1).

ords after duplicates
(n=125)

Reasons:
- Not Phase Il t

ntion m

meta-analysis)
(n=3)

Included studies:

FIGURE 1
pPCR random-effects model.
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The included trials were:

1. KEYNOTE-585(n=804 in the main cohort): Compared
perioperative pembrolizumab + cisplatin/fluoropyrimidine
vs. placebo + chemotherapy.

2. MATTERHORN(n=900, planned): Compared perioperative
durvalumab + FLOT vs. placebo + FLOT. Only interim pCR
data were available for this analysis.

3. DRAGON IV (n=360): Compared perioperative
camrelizumab + low-dose rivoceranib + SOX (SOXRC) vs.
SOX alone.

In total, 2,271 patients were included in this meta-analysis. The
baseline characteristics were well-balanced between the
intervention and control groups across the trials.

Pathological complete response

All three trials reported pCR data. The pCR rates were
significantly higher in the ICI-chemotherapy groups compared to
the chemotherapy-alone groups.

KEYNOTE-585: 12.9% vs. 2.0% (OR 7.32, 95% CI 3.43
to 15.62).

MATTERHORN: 19% vs. 7% (OR 3.09, 95% CI 2.01 to 4.74).

DRAGON IV: 18.3% vs. 5.0% (OR 4.27, 95% CI 1.98 to 9.21).

Random-effects pooled OR: 4.04 (95% CI 2.60-6.27; p <
0.00001; I* = 49%). Leave-one-out sensitivity analysis: excluding
MATTERHORN (interim data, weight 64%) gave OR 4.71 (95% CI
2.75-8.06), confirming robustness.(Figure 2A).

Safety

All three trials reported safety data. The incidence of grade >3
TRAEs was higher in the ICI-chemotherapy groups.

KEYNOTE-585: 65% vs. 63% (OR 1.09, 95% CI 0.81 to 1.45).

DRAGON 1V: 34% vs. 17% (OR 2.49, 95% CI 1.51 to 4.10).

MATTERHORN: 30% vs. 20% (OR 1.72,95% CI 1.01-2.92).

Pooled OR (fixed effect): 1.61 (95% CI 0.96-2.71; p = 0.07; I* =
77%). This non significant trend toward increased toxicity was
largely driven by DRAGON 1IV. Sensitivity analysis excluding
DRAGON 1V yielded OR 1.23 (95% CI 0.71-2.14; I* = 58%).
Therefore, regimen specific toxicity (especially triplet including
VEGFR2 TKI) should not be generalized.(Figure 2B).

Discussion

This meta-analysis, synthesizing the highest level of evidence
from three large phase III trials, provides a clear and quantitative
assessment of the role of perioperative ICIs in locally advanced
G/GE] adenocarcinoma. Our principal findings are that the
addition of ICIs to chemotherapy (1) robustly improves the rate
of pathological complete response; (2) while EFS data from
MATTERHORN and DRAGON IV remain immature, the
consistent improvement in pCR across all three trials supports
the potential of this approach; (3) the combination is associated
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A - pCR — Random-effects model

Trial ICI+chemo n/N Chemo alone n/N Weight OR (95% CI)
KEYNOTE-585 52/402 (12.9%) 8/402 (2.0%) 18.2% 7.32[3.43,15.62]
MATTERHORN (interim)86/452 (19.0%) 32/448 (7.0%)  63.9% 3.09 [2.01, 4.74]
DRAGON IV 33/180 (18.3%) 9/180 (5.0%) 17.9% 4.27[1.98,9.21]

Pooled (random-effects, I* = 49%)

Individual study OR

Pooled estimate 4

Sensitivity (without MATTERHORN): OR=4.71 [2.75-8.06]

4.04 [2.60, 6.27]

Random-effects model due to clinical heterogeneity. pCR definitions varied slightly but all reflect complete regression.

| 4
Trial

KEYNOTE-585 261/402 (65%) 253/402 (63%)
MATTERHORN (corrected) 135/452 (30%) 90/448 (20%)
DRAGON IV 61/180 (34%)  31/180 (17%)
Pooled (fixed-effect, I* = 77%)

ICI+chemo n/N Chemo alone n/N Weight

B - Grade >3 TRAEs — corrected

OR (95% CI)
56.4% 1.09 [0.81, 1.45]

27.1% 1.72 [1.01,2.92]

16.5% 2.49 [1.51,4.10]

1.61 [0.96, 2.71] (p=0.07)

® Sensitivity (excluding DRAGON IV): OR = 1.23 [0.71, 2.14], I* = 58%

#* MATTERHORN corrected from 7.17 to 1.72
&, Non-significant trend (p=0.07)

¥ DRAGON IV used triplet (camrelizumab+rivoceranib+SOX), toxicity signal largely driven by this trial.

FIGURE 2
Sensitivity analysis of grade >3 TRAEs.

with a non significant trend toward higher grade >3 TRAEs, with
marked heterogeneity and regimen specific influences.

The magnitude of the pCR benefit is striking, with a pooled OR
of 4.04. Although pCR is not yet formally validated as a surrogate
for overall survival in G/GEJ cancer, it is a well established
prognostic factor and an accepted early endpoint in perioperative
trials. Mature survival data from MATTERHORN and DRAGON
IV are awaited. Achieving a pCR is a strong surrogate for long-term
survival in multiple gastrointestinal cancers (10). The consistency of
this benefit across different ICIs (anti-PD-1 and anti-PD-L1),
chemotherapy backbones (FLOT, SOX, XP/FP), and the inclusion
of an anti-angiogenic agent in one trial (rivoceranib in DRAGON
IV) underscores the potent synergy between immunotherapy and
chemotherapy in this setting. This synergy is biologically plausible,
as chemotherapy can induce immunogenic cell death, increase
tumor antigen exposure, and deplete immunosuppressive cells,
thereby creating a more favorable microenvironment for ICIs to
activate T-cells (11).

Despite moderate statistical heterogeneity and differences in
trial design, all studies demonstrated directionally concordant and
clinically meaningful improvement in pCR. However, the toxicity
signal was inconsistent: the increased risk was largely driven by the
DRAGON 1V trial, which included a VEGFR2 TKI. This suggests
that regimen specific toxicity profiles should not be generalized
across all perioperative ICI combinations. Pooling across
biologically distinct regimens—particularly those including anti
angiogenic agents—may obscure clinically meaningful differences
in efficacy and safety.

The safety analysis confirms that combining ICIs with
chemotherapy increases toxicity, as expected. The pooled OR of 1.45
for grade >3 TRAEs highlights the need for vigilant monitoring and
management. However, the toxicity profile was generally consistent
with the known side effects of the individual drugs, and no new safety
signals were identified. The benefits in pCR appear to outweigh the
increased toxicity risk in this curative-intent setting.

To our knowledge, this is the first meta analysis to synthesize
exclusively phase IIT trial data evaluating perioperative ICIs in
resectable G/GEJ cancer. It provides the most precise estimate to
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date of the magnitude of pCR benefit, quantifies the heterogeneity
in safety signals, and highlights the differential impact of doublet
versus triplet regimens. These findings offer a critical evidence base
for ongoing trial design and regulatory discussions.

Our study has several limitations. First, the number of included
trials is small, though they represent the entire current body of
phase III evidence. Second, EFS and OS data from MATTERHORN
and DRAGON IV are immature or unreported, meaning the
survival estimates will evolve. Third, there was moderate
heterogeneity in the pCR and safety analyses, possibly due to
different ICI agents, chemotherapy regimens, and patient
populations (e.g., geographic variations).

In conclusion, this meta-analysis demonstrates that perioperative
immunotherapy combined with chemotherapy significantly improves
pathological responses and event-free survival in patients with
resectable G/GE] adenocarcinoma. These findings support
perioperative ICI chemotherapy as a promising and emerging
therapeutic strategy, pending confirmation from mature survival
data. Clinicians and patients should be prepared for an increased,
but manageable, risk of severe adverse events—notably, the safety
profile varies by regimen (e.g., TKI triplet increases toxicity more than
ICI-doublet). Future research should focus on predictive biomarkers.
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