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Efficacy and safety of immunotherapy-based
neoadjuvant regimens in locally advanced gastric
cancer: a meta-analysis based on high-quality

clinical trials

Chen Liang, MD?, Zhiyuan Yu, MDP, Rui Li, MD®, Tao Xu, MSc?, Siyu Hou, MSc?, Junfu Zheng, MD?,
Weina Chen, MSc?, Chunzeng Jia, BS?, Yan Gao, MSc?, Pengji Gao, MD®*, Lei Li, MD**

Background: The integration of chemotherapy, targeted therapy, and immunotherapy has emerged as the latest research foo}
for locally advanced gastric cancer (LAGC). This study aims to evaluate the efficacy and safety of various immunotherapy-based
neoadjuvant regimens for LAGC.

Methods: PubMed, EmBase, and Cochrane Library databases were systematically searched based on the predefined inclusion
criteria. Subsequently, the Stata software (version 17) was employed to separately integrate the outcome indicators of the single-
and dual-arm studies, thereby systematically assessing the antitumor effects of three distinct immunotherapy-based regimens:
neoadjuvant immunotherapy plus chemotherapy (NICT), neoadjuvant chemotherapy plus targeted therapy (NCTT), and NICT plus
targeted therapy (NICTT).

Results: 16 high-quality Phase Il prospective single-arm clinical studies and 7 dual-arm clinical studies were selected. The pooled
results from the single-arm studies indicated that immune-based neoadjuvant therapy could increase the rates of pathological complete
response (pCR), severe treatment-related adverse events (TRAEs), 1- and 3-year disease-free survival (DFS), as well as 1- and 3-year
overall survival (OS) to 20%, 30%, 91%, 74%, 94%, and 81%, respectively. Pairwise meta-analysis indicated that both the NICT and
NICTT groups achieved higher rates of pCR, major pathological response (MPR), and complete resection (RO resection) compared to
the neoadjuvant chemotherapy (NCT) group, with the NICTT group exhibiting more pronounced effects. The NICTT group exhibited
a significantly higher risk of experiencing severe TRAEs compared to the NCT group. ICls + XELOX appeared to be a more appropriate

NICT regimen, as it effectively enhanced the tumor response rate while inducing less severe TRAEs. Tumors exhibiting positive
expression of PD-L1 or microsatellite instable (MSI) demonstrated a higher level of responsiveness to the NICT regimen.
Conclusions: Immunotherapy-based neoadjuvant regimens exhibit an enhanced potential for promoting tumor regression;
however, caution is warranted due to the elevated risk of severe TRAEs.
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Introduction

Gastric cancer (GC) is a highly malignant tumor of the digestive
system associated with poor prognosis. According to the most
recent global cancer statistics, GC ranks within the top five in
terms of incidence and mortality. In 2022, there were approxi-
mately 970 000 new cases and around 660 000 deaths
globally™.Owing to its insidious onset and rapid progression,
the majority of GC cases are already in the advanced stage at the
time of diagnosis, which limits the therapeutic efficacy of surgery
alone. Perioperative individualized treatment strategies and
radical surgical resection are critical to enhancing the overall
therapeutic efficacy in locally advanced gastric cancer
(LAGC)23!,

Since the MAGIC study, multidimensional treatment modal-
ities, including chemotherapy, targeted therapy, and immu-
notherapy, have been successively reported to be incorporated
into the perioperative treatment of LAGC, achieving promising
outcomes!*. Currently, perioperative chemotherapy has
emerged as the standard and routine treatment for LAGC. The
application of molecular targeted therapy in LAGC treatment is
restricted by the significant heterogeneity observed in individual
patients and tumor tissues. Tumor immunotherapy, particularly
that involving immune checkpoint inhibitors (ICIs), exhibits the
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advantages of a low recurrence rate and high specificity, and has
witnessed rapid development in recent years™®). Multiple ran-
domized controlled trials (RCTs) in tumor immunotherapy,
such as CheckMate-649, ORIENT-16, and RATIONALE-305,
have consistently demonstrated that the combination of immu-
notherapy with chemotherapy for patients with LAGC signifi-
cantly improves survival outcomes!”™!,

The successful implementation of immunotherapy in
advanced GC has prompted surgeons to explore its application
in neoadjuvant therapy. Although neoadjuvant immunotherapy
was introduced relatively recently in LAGC, the preliminary
results have been promising. Our prior research has demon-
strated that incorporating immunotherapy into neoadjuvant
chemotherapy (NCT) can further enhance the therapeutic effi-
cacy, while the associated adverse reactions remain within an
acceptable range!'®!, With the evolution of treatment paradigms,
a novel neoadjuvant regimen comprising the ICIs, targeted
drugs, and chemotherapy has emerged and been preliminarily
implemented. Currently, the investigation of neoadjuvant
immunotherapy remains in its nascent stages, characterized by
limitations such as a limited sample size, single-center studies,
and relatively brief follow-up duration. The optimal combina-
tion for immunotherapy-based neoadjuvant regimens remains
an active topic of ongoing discussion!'",

Materials and methods

Study design and literature search

We conducted and reported this meta-analysis in accordance
with the PRISMA!"?! and AMSTAR Guidelines!3!, This article
is compliant with the TITAN Guidelines 2025-governing
declaration and use of artificial intelligence (AI)!**!. PubMed,
EmBase, and Cochrane Library databases were systematically
searched using both subject and random terms. The search time
frame was set from the inception of each database to April 2025.
The scope of the search encompassed both published clinical
studies and registered clinical trials. A detailed search strategy
is provided in Supplemental material 1, http://links.lww.com/
JS9/E475. Two reviewers independently screened titles,
abstracts, and, if potentially eligible, full texts for inclusion.
Disagreement was resolved by a third reviewer. Summaries for
different time periods of the same clinical trial included only the
most recently published version to ensure the presentation of up-
to-date and relevant information.

Inclusion criteria and data extraction

High-quality prospective single- or dual-arm cohort studies, as
well as RCTs, evaluating neoadjuvant immunotherapy plus che-
motherapy (NICT) or NICT plus targeted therapy (NICTT) for
the treatment of LAGC were included. This study placed no
restrictions on the publication language, sample size, or fol-
low-up duration of the included studies. Additionally, subjects
were required to have LAGC that remained untreated and exhib-
ited no distant metastasis. Two researchers independently
performed literature assessment and data extraction, and
resolved discrepancies through discussion. The baseline charac-
teristics to be extracted and collated encompassed the author,
publication year, study type, ClinicalTrials.gov identifier,

HIGHLIGHTS

e This study conducted a comprehensive meta-analysis of
published high-quality single- and dual-arm clinical trials
to evaluate the efficacy of immunotherapy-based neoad-
juvant regimens for LAGC.

e Immunotherapy-based neoadjuvant regimens can promote
tumor regression, but increase the risk of severe TRAEs.

e Tumors exhibiting positive expression of PD-L1 or MSI
demonstrate a higher level of responsiveness to the NICT
regimen.

e ICIs + XELOX appears to be a more appropriate NICT
regimen, as it effectively enhances the tumor response rate
while inducing less severe TRAEs.

sample size, gender, age, cTNM tumor stage, intervention
regimes, and treatment cycle. Outcomes that require observation
and summarization included pathological complete response
(pCR), major pathological response (MPR), complete resection
(RO resection), severe treatment-related adverse events (TRAEs),
surgical complications, and survival outcomes. The term “severe
TRAEs” was used to describe adverse events of grade 3 or

higher.

Quality assessment

The quality assessment of single-arm clinical trials was con-
ducted using the MINORS checklist!"*!. Each item was assigned
a score of 0 (not reported), 1 (reported but inadequate), or 2
(reported and adequate). A cumulative score of 10 or higher
suggests acceptable literature quality. The tool developed by
the Cochrane Collaboration was employed to evaluate the qual-
ity of RCTs!"®!. This tool evaluates bias in six aspects, including
selection, implementation, evaluation, follow-up, reporting, and
other. Subsequently, the quality of RCTs was categorized as
high (6 points), moderate (4-5 points), and low (0-3 points)
based on the scores across the aforementioned six criteria. In
addition, the quality of dual-arm cohort studies was evaluated
using the Newcastle Ottawa scale (NOS). Two authors indepen-
dently evaluated the quality of included studies, and any discre-
pancies were resolved through discussion or by consulting
a third reviewer when necessary.

Statistical analysis

All statistical analyses were conducted using Stata (version 17)
software. In the single-arm and pairwise meta-analyses, the
pooled effect size (ES) and odds ratio (OR), along with their
respective 95% confidence intervals (CI), were estimated. The
chi-squared (%) test and Q-test (I*) were employed to evaluate
the level of heterogeneity among the incorporated studies.
I > 50% or P < 0.1 was considered substantial heterogeneity,
random effect model was adopted; otherwise, a fixed effect
model was utilized. Subgroups were stratified based on distinct
neoadjuvant treatment regimens to minimize the heterogeneity
across studies. Besides, publication bias was evaluated using the
Egger and Begg tests, and visualized through a funnel plot.
Sensitivity analyses were performed for dual-arm studies, and
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the stability of pooled results was assessed by sequentially
excluding each study. All statistical tests were two-sided, and
P < 0.05 was deemed to signify statistical significance.

Results

Study selection and study characteristics

According to the developed strategy, a comprehensive search of
the databases was conducted, identifying 856 potential studies
for further evaluation. By reviewing the titles and abstracts of
literature, studies that were repetitive or irrelevant were prelimi-
narily excluded. 155 studies were selected for full-text reading
and evaluation. Of these, 16 high-quality Phase II prospective
single-arm clinical studies and 7 dual-arm clinical studies (6
RCTs and 1 prospective cohort trails) that fulfilled the inclusion
criteria were incorporated into the meta-analysis!'”>! (Fig. 1).
Shitara’s study comprised two distinct intervention cohorts,
namely the main cohort and the FLOT cohort. Consequently,
each cohort was provided with separate descriptions and
analysest®¥. The study quality of single-arm clinical trails and
RCTs was evaluated using the MINORS and Cochrane check-
lists, respectively. It is important to highlight that the 23 studies
included in this meta-analysis were of high quality.

International Journal of Surgery

Single-arm meta-analysis

Sixteen high-quality, Phase II, prospective, single-arm clinical
studies involving a total of 587 participants were selected.
Among these studies, 4 evaluated the efficacy of NICTT!!7-21,
while another 12 evaluated the efficacy of NICT in LAGCP=21,
Additionally, of the 16 studies included, 14 were conducted in
Asian countries!'7"2%27-2%31:321 ith 13 originating specifically
from Chinall7-21:23-25:27-29.3L321  Baseline characteristics of the
included Phase II, prospective, single-arm clinical studies are
delineated in Table 1.

PCR and severe TRAEs

pCR outcomes were reported in 16 studies, involving 535 parti-
cipants who completed the neoadjuvant regimens and subse-
quently underwent evaluation. A random-effect model was
employed. The pooled ES of pCR was 0.23 [95% confidence
interval (CI): 0.15-0.32] in the NICTT group and 0.20 (95% CI:
0.15-0.25) in the NICT group, respectively (Fig. 2A).

14 studies reported the severe TRAEs outcomes. Four studies
(94 participants) evaluated the NICTT regimes, while 10 studies
(430 participants) evaluated the NICT regimes. The pooled ES
of severe TRAEs was 0.25 (95% CI: 0.09-0.41) in the NICTT
group and 0.32 (95% CI: 0.21-0.43) in the NICT group,

Records excluded after title

and abstract review (n=543)

Studies excluded (n=132)

Duplication population (n=15)
Review studies (n=40)

Retrospective or low-quality

Records identified through

5 database searching (n=856): Additional records identified

‘é PubMed (n=269) through other sources

= Embase (n=531) (n=15)

g Cochrane Library (n=56)

S
——
)

Records after duplicates removed

0 (n=698)

=

T}

g

A v

Records screened N
~— >
(n=698)

'

>

= v

5

) Full-text reports assessed

w for eligibility

(n=155)

— Case reports (n=10)
— v Protocol (n=35)

3 Studies included in quantitative synthesis: studies (n=32)

- Prospective, single-arm clinical trials (n=16)

E RCTs or prospective cohort studies (n=7)
~—

Figure 1. Flow chart of the studies screening and selection. RCTs, randomized controlled trials.
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Baseline characteristics of the included Phase Il, prospective, single-arm clinical studies

ClinicalTrials.gov Sample Male/ No. of Quality
identifier size  female Agely Tumor stage Intervention regimes cycles  score
NICTT
Mal' 2025 NCT03950271 25 20/5 61 (50-75)  cT3.4aN Mg Camrelizumab + trastuzumab + XELOX 4 12
Chail"® 2024 ChiCTR2300075446 28 NA NA cT3.4aN Mg Camrelizumab + disitamab vedotin + S-1 3 10
Zhou"™ 2024 ChiCTR2200055269 30 26/4 58 (35-76)  CT3.4aNo.3My (stage IIB-Ill)  Sintilimab + apatinib + FLOT 4 12
Li?% 2022 NCT03878472 25 19/6 63 (48-70)  CT4N,.3Mg Camrelizumab + apatinib + SOX/S-1 22 i
NICT
Hel" 2025 NCT05715632 46 36/10 54 (44-64)  cT3.4aN Mg Camrelizumab + XELOX 4 1
Kang®®? 2025 NCT04221555 50 36/14 63 (39-83)  CT,.4,Ng.sMp (stage IIA-IIIC) Durvalumab + DOS 3 12
Long®! 2025 ChiCTR2200066893 38 34/4 57 (38-74)  cTa4N Mg Cadonilimab + FLOT 3-4 1
Li4 2024 NCT04341857 32 25/7 58 (43-70)  cT3.4aN Mg (stage Il Sintilimab + FLOT 3 12
Sunt®! 2024 NCT04890392 49 3910 585 (34-74) cTs.4N Mg Tislelizumab + OX 3 12
Verschoor® 2024 NCT03448835 21 19/2 62 (46-76)  CT,.42No.3My (stage IB-IIB)  Atezolizumab + DOC 5 12
Zhao®" 2024 NCT03939962 60 4317 58 (29-72)  cT,.4N Mg (stage lI-ll) Camrelizumab + mFOLFOX6 4 1
Zhong®® 2024 NCT05602935 29 18/11 62 (39-84)  cTa.4N Mg (stage ll-IVA) Camrelizumab + SOX 3 10
Liu®% 2023 NA 54 NA 67 (39-84) NA Toripalimab + FOLFIRINOX/SOX 4 10
Manji®? 2023 NCT02918162 34 23/11  65.5(25-90) NA Pembrolizumab + XELOX 4 12
Jiangm 2022 NCT04065282 36 24/12 65.5 (43-76) CT3.4aNo.3Mg (stage IIB-Ill)  Sintilimab + XELOX 3 1
Guo®? 2022 ChiCTR2000030414 30 18/12 62 (30-72)  cTa4N M, (stage Ill) Sintilimab + XELOX 4 10

DOC, docetaxel + oxaliplatin + capecitabine; DOS, docetaxel + oxaliplatin + S-1; FLOT, fluorouracil + oxaliplatin + tetrahydrofolic acid + docetaxe; FOLFOX, oxaliplatin + calcium levofolinate + fluorouracil;
FOLFIRINOX, fluorouracil + leucovorin calcium + oxaliplatin + irinotecan; NICT, neoadjuvant immunotherapy plus chemotherapy; NICTT, NICT plus targeted therapy; SOX, S-1 + oxaliplatin; XELOX,

capecitabine + oxaliplatin.

respectively (Fig. 2B). Four studies reported detailed findings
regarding immune-related adverse events (IrAEs). Notably, het-
erogeneity was observed across these studies, and the pooled ES
was 0.51 (95% CI: 0.35-0.66).

Other outcomes

MPR outcomes were reported in 14 studies. Among these, four
studies (86 participants) evaluated the NICTT regimes, while 10
studies (367 participants) evaluated the NICT regimes. The pooled
ES of MPR was 0.45 (95% CI: 0.32-0.58) in the NICTT group and
0.5 (95% CI:0.39-0.61) in the NICT group, respectively
(Supplemental material 2A, http:/links.lww.com/JS9/E476).

Nine studies reported the surgical complications outcomes.
The pooled ES of surgical complications was 0.67 (95% CL:
0.39-0.94) in the NICTT group and 0.39 (95% CI:0.17-0.61)
in the NICT group, respectively (Supplemental material 2B,
http://links.lww.com/JS9/E476).

Meta-analyses were also conducted to evaluate the survival
outcomes of the NICT group. The pooled ES for 1- and 3-year
disease-free survival (DFS) were 0.90 (95% CI: 0.86-0.95) and
0.74 (95% CI: 0.65-0.82), respectively (Fig. 3A). Additionally,
the pooled ES for 1- and 3-year overall survival (OS) were 0.92
(95% CI: 0.88-0.97) and 0.81 (95% CI: 0.64-0.97), respectively
(Fig. 3B).

Pairwise meta-analysis

Seven dual-arm clinical studies (six RCTs and one prospective
cohort trails) involving a total of 1,935 participants were
selected® 1, Among these studies, three compared NICT
with NCT®*351 two compared NICTT with NCT!***71 and
the remaining two compared NICTT with NCT plus targeted
therapy (NCTT)B%%1 A total of 970 and 965 LAGC patients
were respectively enrolled in the immune-based neoadjuvant

therapy group and the control group. Baseline characteristics
of the included RCTs and prospective cohort studies are deli-
neated in Table 2.

PCR, MPR, and RO resection

All the included studies reported the pCR outcomes. Inclusion
studies comparing NICT and NCT demonstrated heterogeneity
(I = 62.8%, P = 0.044). Consequently, a random-effect model
was employed for the meta-analysis. The pooled results demon-
strated that, in comparison to the NCT group, both the NICT
(OR = 3.46, P = 0.003) and NICTT groups (OR = 3.96,
P<0.001) exhibited a higher rate of pCR. NICTT group demon-
strated a higher tendency toward pCR compared to the NCTT
group (OR = 2.33, P = 0.078). Above all, the immune-based
neoadjuvant therapy group demonstrated a superior ability to
achieve pCR (OR = 3.28, P<0.001) (Fig. 4A).

MPR and RO resection outcomes were reported in four and
five studies, respectively. Since there was no significant hetero-
geneity observed within each subgroup, fixed-effect models were
employed. The pooled results demonstrated that the NICTT
group achieved a higher MPR (OR = 2.12, P<0.001) and RO
resection rates (OR = 4.14, P = 0.006) compared to the NCT
group. Additionally, the NICT group exhibited a tendency
toward higher MPR (OR = 1.51, P = 0.065) and RO resection
rates (OR = 1.35, P = 0.051) compared to the NCT group. Above
all, the immune-based neoadjuvant therapy group demonstrated
a superior ability to achieve MPR (OR = 1.83, P<0.001) (Fig. 4B)
and RO resection (OR = 1.52, P = 0.005) (Fig. 4C).

Severe TRAEs

Three studies reported the severe TRAEs outcomes. One of the
studies comprised two cohorts, each of which was analyzed as
a distinct group in the meta-analysis. Pooled results from
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A

Study %

Year ES(95% Cl)  Weight

NICTT

Ma (2025) _ 0.22 (0.05,0.39) 4.69

Chai (2024) —————  031(0.09 054) 294

Zhou (2024) _— 0.29 (0.12,0.45) 4.74

Li (2022) ——— 0.16 (-0.01,0.32) 4.88

Subtotal (I-squared = 0.0%, p = 0.639) : 0.23(0.15,0.32) 17.26
1

NICT

He (2025) — 0.20 (0.08,0.31) 7.71

Kang (2025)
Long (2025)

-—— 0.30 (0.17,0.43) 6.85
0.21(0.08,0.34) 6.68

Li (2024) —_— 0.16 (0.03,0.28) 6.93
Sun (2024) —_ 0.28 (0.15,0.40) 6.79
Verschoor (2024) A————— 0.40(0.19,0.61) 3.23
Zhao (2024) — ! 0.09 (0.01,0.17) 11.17
Zhong (2024) = 0.10 (-0.01, 0.21) 8.00
Liu (2023) —— 0.13(0.01,0.24) 7.71
Maniji (2023) — 0.21 (0.07,0.34) 6.30
Jiang (2023) — 0.19 (0.07,0.32) 6.70
Guo (2022) -_-— 0.33 (0.16, 0.50) 4.69
Subtotal (l-squared = 48.7%, p = 0.029) <> 0.20 (0.15,0.25) 82.74
1
Overall (I-squared = 38.2%, p = 0.061) <> 0.20 (0.16,0.25) 100.00
NOTE: Weights are from random effects analysis !
T T
-.615 0 .615
B
Study %
Year ES (95% CI) Weight
NICTT
Ma (2025) _ 0.39 (0.19,0.59) 6.12
Chai (2024) —_— 0.25 (0.04, 0.46) 5.89
Zhou (2024) —_— 0.33 (0.16, 0.50) 6.69
Li (2022) = 0.08 (-0.03,0.19) 7.77
Subtotal (I-squared = 72.8%, p = 0.012) : 0.25(0.09,0.41) 2648
NICT I
He (2025) — 0.20 (0.08,0.31) 7.64
Kang (2025) — 0.42 (0.28,0.56) 7.26
Long (2025) —_— 0.32(0.17,0.46) 7.07
Li (2024) | ——=%—— 059(042,0.76) 6.66
Sun (2024) —_— 0.12(0.03,0.21) 7.99
Zhao (2024) L —— 0.52(0.39,0.64) 7.44
Liu (2023) —! 0.19 (0.08,0.29) 7.82
Maniji (2023) , ——+—— 0.57(041,0.74) 6.78
Jiang (2023) — 0.28 (0.13,0.42) 7.10
Guo (2022) —— 0.10 (-0.01,0.21) 7.76
Subtotal (I-squared = 87.2%, p = 0.000) P 0.32(0.21,0.43) 73.52
bverall (I-squared = 84.5%, p = 0.000) <> 0.30 (0.21, 0.39)  100.00
NOTE: Weights are from random effects analysis !
T T
-.764 0 764

Figure 2. Forest plots illustrating the pooled results of (A) pCR and (B) severe TRAEs outcomes from single-arm prospective cohort studies. PCR, pathological
complete response; TRAEs, treatment-related adverse events; NICT, neoadjuvant immunotherapy plus chemotherapy; NICTT, NICT plus targeted therapy; ES,

effect size; Cl, confidence interval.

random-effect model demonstrated a higher incidence of severe
TRAEs in the NICTT group compared to the NCT group
(OR =2.06, P = 0.007), whereas no significant increase in risk
was observed in the NICT group (OR =1.70, P = 0.276) (Fig. 5).

Subgroup analysis

We further stratified the primary outcome indicators of the
meta-analysis based on distinct neoadjuvant medication regi-
mens and performed subgroup analyses accordingly. The results

of the subgroup analysis for the single-arm studies are presented
in Table 3. The integration of ICIs into XELOX regimen
appeared to enhance the tumor response more effectively while
being associated with fewer severe TRAEs. In addition, the
subgroup analysis for dual-arm studies revealed that integrating
ICIs into the FLOT regimen was associated with an increased
probability of achieving pCR (OR = 2.15, P = 0.003) (Fig. 6A)
and MPR (OR = 1.51, P = 0.065) (Fig. 6B), while maintaining
a comparable risk profile for severe TRAEs (OR = 1.40,
P =0.406) (Fig. 6C).
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A

Study %
Year ES (95% Cl) Weight
1-year DFS
He (2025) —+— 0.93 (0.86, 1.01) 35.09
Zhao (2024) —— 0.82(0.72, 0.92) 19.53
Jiang (2023) —— 0.90 (0.81, 1.00) 21.54
Guo (2022) —— 0.93 (0.84, 1.02) 23.84
Subtotal (l-squared =11.7%, p = 0.334) <> 0.90(0.86, 0.95) 100.00
3-year DFS
Kang (2025) —_— 0.70 (0.57, 0.83) 4585
Li (2024) —_— 0.79 (0.64, 0.94) 34.18
Verschoor (2024) —_— 0.73 (0.54, 0.92) 19.98
Subtotal (l-squared =0.0%, p = 0.673) L 0.74 (0.65, 0.82) 100.00
I I
-1.02 0 1.02
Study %
Year ES (95% CI) Weight
1-year OS
Zhao (2024) —+— 0.90(0.82, 0.98) 35.72
Zhong (2024) —+— 0.93 (0.84, 1.02) 26.38
Jiang (2023) —+— 0.94 (0.86, 1.02) 37.90
Subtotal (I-squared = 0.0%, p = 0.755) <> 0.92(0.88,0.97) 100.00
:.’:-year [O}S)
Kang (2025) —— 0.88(0.79,0.97) 57.28
Li (2024) - — 0.71 (0.55, 0.87) 42.72
Subtotal (I-squared = 71.0%, p = 0.063) = _— 0.81(0.64,0.97) 100.00
NOTE: Weights are from random effects analysis
I I
-1.02 0 1.02

Figure 3. Forest plots illustrating the pooled results of (A) DFS and (B) OS rates derived from single-arm clinical studies on the NICT regimen. DFS, disease-free
survival; OS, overall survival; NICT, neoadjuvant immunotherapy plus chemotherapy; ES, effect size; Cl, confidence interval.

In addition, we categorized the cases in the NICT and NICTT
groups according to the PD-L1 expression levels or microsatel-
lite stability status of the tumors, and systematically compared
and summarized the pCR outcomes between the groups.
Whether PD-L1 positive expression was defined by combined
positive score (CPS) > 1 (OR =1.72, P = 0.034) (Fig. 7A) or CPS
> 5 (OR =3.37, P =0.002) (Fig. 7B), the positive group demon-
strated a higher response rate to NICT and exhibited a greater
likelihood of achieving pCR. Compared to microsatellite stable
(MSS) tumors, microsatellite instable (MSI) tumors were more
likely to achieve pCR following NICT regimes (OR = 3.38,
P =0.003) (Fig. 7C).

Publication bias and sensitivity analysis

By reviewing relevant literature and consulting with statistical
experts, it has been determined that conducting publication bias
tests or sensitivity analyses for the meta-analysis of single-arm
studies holds limited significance. Since the single-group rate
serves merely as a descriptive statistic rather than a result from

a difference comparison, it is inappropriate to characterize it as
either “positive” or statistically significant. Therefore, we exclu-
sively performed publication bias and sensitivity analyses for the
paired meta-analysis. The Egger (P = 0.830) or Begg test
(P = 0.902), conducted based on the pCR outcomes of the
dual-arm studies, did not demonstrate statistically significant
differences. The publication bias was also evaluated by con-
structing funnel plot for pCR outcomes derived from dual-arm
studies (Fig. 8A). The aforementioned analysis indicated that the
possibility of publication bias in the dual-arm studies was rela-
tively low. Additionally, sensitivity analysis was conducted for
PCR outcomes derived from dual-arm studies (Fig. 8B), and no
significant differences were observed after systematically exclud-
ing each study, which confirmed the stability of our findings.

Discussion

In recent years, with the accumulation of clinical research evi-
dence and experience, as well as the continuous evolution of
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Baseline characteristics of the included RCTs and prospective cohort studies

Sample Male/ No. of Quality
Study (Ref.) year  Study type  size Female Age/y  Tumor stage Intervention regimes Control regimes cycles score
NICT vs. NCT
Shitaral® 2024 Phase Il 402/402  575/229 64/63%  cT1.4No-sMo Pembrolizumab + control Cisplatin + 3 6
RCT (stage II-IVA) regimens capecitabine/
fluorouracil
Shitara® 2024 Phase Il 100/103 NA NA NA Pembrolizumab + FLOT FLOT 4 6
RCT
Lorenzen®® 2023 Phase I/l 146/149  217/78 61/62° cTy4NgsMg  Atezolizumab + FLOT FLOT 4 4
RCT
MinP® 2022 RCT 31/23 42112 63/63 NA Camrelizumab + FLOT FLOT 4 4
NICTT vs. NCT
Lin®® 2024 Phase Il 51/53 77127 63/63%  cT4uN .My Camrelizumab + apatinib + SAP ~ SAP 3 4
RCT
L1 2024 Phase Il 180/180  296/64  63/63" cTs4oN Mo  Camrelizumab + rivoceranib +  SOX 3 6
RCT SOX
NICTT vs. NCTT
Peng®® 2024 Phase Il 21/21 39/3 61/65% NA Atezolizumab + control regimens  Trastuzumab + XELOX 3 4
RCT
Wang®®® 2023 prospective ~ 39/34 50/23 579/ cT3.4aN Mg Sintilimab/carrelizumab/ Apatinib + SOX/ 3 6
cohort 58.9° (stage Ill) toripalimab + control regimens ~ XELOX

FLOT, fluorouracil + oxaliplatin + tetrahydrofolic acid + docetaxe; NCT, neoadjuvant chemotherapy; NCTT, NCT plus targeted therapy; NICT, neoadjuvant immunotherapy plus chemotherapy; NICTT, NICT plus
targeted therapy; RCT, randomized controlled trial; SAP, S-1 + nab-paclitaxel; SOX, S-1 + oxaliplatin; XELOX, capecitabine + oxaliplatin.

Values are presented as median.
®Values are presented as mean.

treatment concepts, the neoadjuvant treatment model for LAGC
has entered a new phase. Immune escape is one of the critical
mechanisms underlying malignant tumor progression.
Programmed cell death protein 1 (PD-1), a molecule primarily
expressed on the surface of T cells, B cells, and myeloid cells,
serves an inhibitory and regulatory function within the immune
system. Consequently, targeted inhibition of this molecule can
restore the immune system’s ability to effectively monitor, recog-
nize, and eliminate tumor cells!"**>*!1. Previous studies have
successfully demonstrated the application of PD-1 inhibitors in
combination with other therapies for advanced GC, thereby
establishing the feasibility of a novel neoadjuvant regimen that
combines PD-1 inhibitors with chemotherapy and/or targeted
drugs. Currently, there is a paucity of clinical practice and
research investigating the application of PD-1 inhibitors in
neoadjuvant therapy, particularly within high-quality multicen-
ter RCTs!”»*>* Consequently, we conducted a comprehensive
meta-analysis of published high-quality single- and dual-arm
clinical trials to evaluate the efficacy of immunotherapy-based
neoadjuvant regimens for LAGC, aiming to provide robust,
high-level evidence to guide clinical practice. Compared with
published studies of the same type, the analysis process in this
study was more intricate, and the research outcomes yield richer
findings.

The meta-analysis of single-arm studies demonstrated that
NICT and NICTT could significantly enhance the pCR rate for
LAGC to 20% and 23%, respectively. Pairwise meta-analysis
also indicated that both the NICT and NICTT groups achieved
higher rates of pCR, MPR, and RO resection compared to the
NCT group. Numerous studies have demonstrated that NCT
effectively reduces tumor staging and enhances the resection
rate, thereby establishing it as a conventional treatment strategy
for LAGC>**4, ICIs, which constitute a pivotal component of

immunotherapy, employ monoclonal antibodies to specifically
bind to immune checkpoints present on the surface of tumors or
immune cells. This binding blocks negative regulation, reacti-
vates the immune system, and effectively eradicates tumor cells.
The emergence and application of ICIs have fundamentally
transformed the conventional treatment approaches for various
malignant solid tumors, including LAGC*'%"!], Combining
chemotherapy with immunotherapy can achieve synergistic
effects that enhance the anti-cancer response. On the one hand,
the combination of chemotherapy and immunotherapy can aug-
ment the immune response against tumors, thereby enhancing
patient sensitivity to treatment and improving the response rate.
On the other hand, this combination facilitates the activation of
the immune system to recognize and target tumor stem cells,
thus promoting tumor regression and improving the durability
of therapeutic effects*>*l, Targeted drugs are capable of mod-
ulating the immunosuppressive characteristics of the tumor
microenvironment (TME) through specific interaction with key
signaling pathways in tumor cells or stromal cells. ICIs and
chimeric antigen receptor T-cell (CAR-T) therapy have demon-
strated the ability to eliminate tumor cells by alleviating T-cell
inhibition or through direct targeting mechanisms. The essence
of the synergistic effect of targeted immunotherapy lies in “mod-
ulating” the tumor microenvironment using targeted drugs and
“enhancing” the sustained immune response through immu-
notherapy. The aforementioned integrated strategies exemplify
the profound convergence of precision medicine and immune
regulation, offering novel insights into addressing tumor hetero-
geneity and drug resistance!>5=?),

Drug toxicity and side effects have consistently posed signifi-
cant challenges for scholars in the field of oncology.
Consequently, TRAEs associated with chemotherapy, targeted
therapy, and immunotherapy during neoadjuvant treatment for
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Study Events, Events, %
Year OR (95% CI) Intervention ~ Control ~ Weight
T
NICT vs. NCT :
Shitara (2024) | —— 7.32(343,1562) 52/402 8/402 18.88
Shitara (2024) S — 3.42(1.06, 11.05)  12/90 4/93 10.24
Lorenzen (2023) —0—: 1.82(1.01, 3.29) 35/146 22/149 2478
Min (2022) 4 3.26 (0.34,31.31)  4/31 123 325
Subtotal (I-squared = 62.8%, p = 0.044) ! 3.46 (1.54,7.78) 103/669 35/667  57.15
, i
NICTT vs. NCT .
Lin (2024) - 3.10(0.77,12.43)  8/51 3/53 777
Li (2024) —i—h— 4.27 (1.98,9.21) 33/180 9/180 18.54
Subtotal (I-squared = 0.0%, p = 0.694) <> 3.96 (2.02, 7.76) 41/231 12/233  26.31
. 1
NICTT vs. NCTT .
Peng (2024) :# 3.69 (0.82, 16.66)  8/21 3/21 6.76
Wang (2023) = k 174(052,581)  9/39 5/34 977
Subtotal (I-squared = 0.0%, p = 0.445) -<> 2.33(0.91,5.99) 17/60 8/55 16.54
. 1
Overall (I-squared = 27.4%, p = 0.210) <> 3.28 (2.15,5.01) 161/960 55/955  100.00
1
NOTE: Weights are from random effects analysis :
I I
.0319 1 313
B
Study Events, Events, %
Year OR (95% Cl) Intervention Control Weight
NICT vs. NCT ,
Lorenzen (2023) '_—.—;_ 1.53 (0.96, 2.43) 71/146 57/149 42.22
Min (2022) - - - 1.39 (0.35, 5.44) 7131 4/23 5.18
Subtotal (I-squared = 0.0%, p = 0.894) : 1.51(0.98, 2.35) 781177 61/172 47.40
_ ‘
1
NICTT vs. NCT :
Lin (2024) L - = > 2.44(0.97, 6.16) 17/51 9/53 8.57
Li (2024) e ) e 2.06 (1.35, 3.14) 100/180 68/180 44.03
Subtotal (l-squared = 0.0%, p = 0.740) <> 2.12 (1.45, 3.11) 117/231 77/233 52.60
_ :
Overall (I-squared = 0.0%, p = 0.701) 0 1.83 (1.37, 2.44) 195/408 138/405  100.00
1
:
| |
162 1 6.16
C
Study Events, Events, %
Year OR (95% CI) Intervention Control Weight
NICT vs. NCT
Shitara (2024) —— 1.35(0.97, 1.88) 321/402 300/402  80.23
Lorenzen (2023) e . 1.17 (0.51, 2.71) 135/146 136/149 13.46
Min (2022) : - 7.33(0.33, 160.27) 31/31 21/23 0.51
Subtotal (I-squared = 0.0%, p = 0.532) : 1.35(1.00, 1.84) 487/579 457/574 94.20
: !
NICTT vs. NCT :
Lin (2024) w—:—‘— 3.72(0.96, 14.41) 48/51 43/53 329
Li (2024) —f—*— 4.68 (1.00, 22.04) 153/155 147/156 251
Subtotal (I-squared = 0.0%, p = 0.826) :<> 4.14 (1.49, 11.45) 201/206 190/209  5.80
: :
Overall (I-squared = 28.2%, p = 0.233) 0 152 (1.14, 2.03) 688/785 647/783  100.00
I
T ' |
.00624 1 160

Figure 4. Forest plots illustrating the pooled results of (A) pCR, (B) MPR, and (C) RO resection outcomes from RCTs and dual-arm prospective cohort studies.
PCR, pathological complete response; MPR, major pathological response; RCTs, randomized controlled trials; NCT, neoadjuvant chemotherapy; NCTT, NCT
plus targeted therapy; NICT, neoadjuvant immunotherapy plus chemotherapy; NICTT, NICT plus targeted therapy; OR, odds ratio; Cl, confidence interval.
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Study Events, Events, %

Year OR (95% Cl) Intervention Control Weight
1

NICT vs. NCT 1
1

Shitara (2024) e b c—— : 1.09 (0.81, 1.45) 259/399 252/400  31.19

Shitara (2024) : #: > 2.88(1.54,5.37) 42/99 21/103 23.57

Subtotal (I-squared = 87.0%, p = 0.005) 1 . 1.70 (0.66, 4.39) 301/498 273/503  54.77
T
1
1

NICTT vs. NCT :

Lin (2024) - = : 1.39 (0.60, 3.24) 17/51 14/53 18.73
1

Li (2024) p— r— 2.49 (1.51,4.10) 60/179 30/178 26.51
1

Subtotal (I-squared = 25.5%, p = 0.247) O 2.06 (1.21, 3.51) 771230 44/231 4523
1
]

Overall (l-squared =76.8%, p = 0.005) 0 1.78 (1.04, 3.07) 378/728 317/734 100.00
1

NOTE: Weights are from random effects analysis :

| |

186 1

5.37

Figure 5. Forest plots illustrating the pooled results of severe TRAEs outcomes from RCTs and dual-arm prospective cohort studies. TRAEs, treatment-related
adverse events; NCT, neoadjuvant chemotherapy; NICT, neoadjuvant immunotherapy plus chemotherapy; NICTT, NICT plus targeted therapy; OR, odds ratio;

Cl, confidence interval.

LAGC remain a focal point of attention. In this study, the
incidence of severe TRAEs in immunotherapy-based neoadju-
vant group exceeded 25%, a significantly higher rate compared
to the NCT group. As a critical component of TRAEs, our study
also demonstrated that the incidence of IrAEs in the NICT group
can reach up to 50%. IrAEs is believed to result from impaired
self-tolerance due to the loss of T-cell inhibition and can man-
ifest across all organ systems. According to previous studies,
common IrAEs include reactive cutaneous capillary endothelial
proliferation, hepatitis, headache, hyperthyroidism, and diar-
rhea, among others?"?¢2%3%  Immunotherapy drugs may
decrease patients’ tolerance to other medications, exacerbate
bone marrow suppression, induce gastrointestinal complica-
tions, and adversely affect vital organ functions, including the
heart, lungs, adrenal glands, and thyroid. When the aforemen-
tioned issues are collectively considered, they can substantially
compromise the overall health of the patients, resulting in

a marked decrease in surgical tolerance, an elevated risk of
perioperative complications, and prolonged postoperative
recovery!'>2%#7]. The mainstay of treatment for IrAEs involves
the use of corticosteroids or other immunosuppressive agents.
With appropriate management, the majority of irAEs can be
effectively controlled. However, some severe cases of IrAEs
may prove fatal. Careful management coupled with effective
interventions can enhance patient outcomes, ensuring that
TRAEs are minimized while maximizing the survival benefits
associated with increased pCR and MPR rates. Therefore, it is
imperative to closely monitor the patient’s physiological
responses during immunotherapy and adjust the treatment regi-
men as per the specific circumstances to ensure optimal thera-
peutic balance. Establish an effective correlation between
chemotherapy and surgery. When necessary, consider delaying
the operation schedule to ensure optimal surgical outcomes and
minimize associated risks!""*7*%],

Subgroup analysis of the primary outcome measures in the single-arm studies stratified by different neoadjuvant regimens

Number of Neoadjuvant Number of Number of Type of
studies regimens events patients effect model Tests of heterogeneity Pooled ES (95% Cl)
pCR
4 XELOX + ICls 33 146 Fixed 12 = 0%, P=0.552 0.22 (0.15, 0.29)
2 FLOT + ICls 13 70 Fixed 12 = 0%, P=0.556 0.18 (0.09, 0.27)
2 SOX + ICls 16 76 Random 12 =75.1%, P=0.045 0.19 (0.02, 0.36)
MPR
4 XELOX + ICls 74 146 Fixed I? = 36.4%, P=0.193 0.51(0.43, 0.59)
2 FLOT + ICls 33 70 Fixed 12 = 0%, P=0.660 0.47 (0.35, 0.59)
2 SOX + ICls 44 76 Random I? = 60.4%, P=0.112 0.59 (0.42, 0.77)
Severe TRAEs
4 XELOX + ICls 42 147 Random I? = 87.0%, P < 0.001 0.28 (0.10, 0.46)
2 FLOT + ICls 31 70 Random I? = 82.9%, P=0.016 0.45(0.18,0.72)

Cl, confidence intervals; ES, effect size; FLOT, docetaxel + oxaliplatin + tetrahydrofolic acid + fluorouracil; ICls, immune checkpoint inhibitors; MPR, major pathological response; pCR, pathological complete
response; SOX, S-1 + oxaliplatin; TRAES, treatment-related adverse events; XELOX, capecitabine + oxaliplatin.
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Study Events, Events, %
Year OR (95% Cl) FLOT+ICls FLOT Weight
'
Shitara (2024) - ‘ 3.42 (1.06, 11.05) 12/90 4/93 16.26
Lorenzen (2023) —.— 1.82 (1.01, 3.29) 35/146 22/149 78.97
Min (2022) - ‘ 3.26 (0.34, 31.31) 4/31 1/23 477
L
Overall (I-squared = 0.0%, p = 0.595) ' 2.15(1.29, 3.58) 51/267 271265 100.00
'
1
L
1
.0319 1 31.3
Study Events, Events, %
Year OR (95% ClI) FLOT+ICls FLOT Weight
Lorenzen (2023) L _‘_ 1.53 (0.96, 2.43) 711146 57/149 89.07
Min (2022) ¢ ) 1.39 (0.35, 5.44) 7/31 4/23 10.93
L
Overall (I-squared = 0.0%, p = 0.894) l 1.51(0.98, 2.35) 78177 61/172 100.00
.
]
"
.184 1 544
Study Events, Events, %
Year OR (95% CI) FLOT+ICls FLOT Weight
Lorenzen (2023) ) 1.17 (051, 2.71) 135/146 136/149  96.35
Min (2022) ‘ 7.33(0.33, 160.27) 31/31 21/23 3.65
L
Overall (I-squared = 21.6%, p = 0.259) | ] 1.40 (0.63, 3.08) 166/177 1571172 100.00

.00624

160

Figure 6. Forest plots illustrating the subgroup analysis outcomes for (A) pCR, (B) MPR, and (C) severe TRAEs derived from the dual-arm studies of specific
chemotherapy drug regimens. PCR, pathological complete response; MPR, major pathological response; TRAEs, treatment-related adverse events; OR, odds
ratio; Cl, confidence interval; FLOT, docetaxel + oxaliplatin + tetrahydrofolic acid + fluorouracil; ICIs, immune checkpoint inhibitors.

Our meta-analysis demonstrated that DFS rates at 1- and
3-year post-surgery in the NICT group was 90% and 74 %,
respectively, while OS rates at the same time points was 92%
and 81%, respectively. Given the limited research within the
NICTT group and the fact that the survival outcomes pooled
at each time point were derived from non-overlapping studies,
the reliability and consistency of the meta-analysis results may
be compromised. An interim analysis of the multicenter RCT
study demonstrated that the median event-free survival in the

NICT (pembrolizumab plus cisplatin-based chemotherapy)
group (44.4 months, 95% CI 33.0-not reached) was longer
than that in the NCT group (25.3 months, 95% CI 20.6-33.9).
However, the comparison of median OS between the NICT
(60.7 months, 95% CI 51.5-not reached) and NCT
(58.0 months, 95% CI 41.5-not reached) groups did not reach
statistical significance'>!. Most of the outcome data from exist-
ing relevant RCT studies were derived from the preliminary and
interim results of Phase II/III clinical trials, which had limited
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A

Events, Events,

Study PDL1  PDL1 %
Year OR (95% Cl) (CPS=21) (CPS<1) Weight
NICTT :
Ma (2025) .- 1.64(0.23, 11.70) 3/14 2114 5.50
Lin (2024) _— 1.36(0.29,6.32) 5/32 325 9.94
Subtotal (I-squared = 0.0%, p = 0.884) - 1.46 (0.43,4.90)  8/46 5/39 15.44

1
NICT :
He (2025) —_— 4.75(0.78,29.02) 5/15 2/21 3.89
Kang (2025) —_—— 244(0.67,890) 9/23 5/24 10.42
Li (2024) — 0.79(0.11,5.60) 2/13 316 7.96
Zhao (2024) — & > 6.16 (0.31, 120.99) 4/32 019 1.88
Maniji (2023) o 0.94 (0.08, 11.15) 5/21 114 4.48
Jiang (2023) — - 4.00 (0.42, 38.45) 6/21 111 3.28
Guo (2022) o~ 3.27 (0.55, 19.45) 8/19 2111 5.13
Lorenzen (2023) —_—— 1.04 (0.49,219) 201102 1579  47.53
Subtotal (I-squared = 0.0%, p = 0.561) => 172(1.04,2.83) 50/246 29/185  84.56
) 1
Overall (l-squared = 0.0%, p = 0.753) <> 1.68(1.06,2.66) 67/292  34/224  100.00

B .00827 1 121
Events, Events,
Study PD-L1 PD-L1 %
Year OR (95% CI) (CPS=25) (CPS<5) Weight
NICTT '
Zhou (2024) - 1.92 (0.38, 9.65) 5/18 3/18 19.06
Lin (2024) - — 1.24 (0.26, 5.84) 3/19 5/38 24.69
Subtotal (l-squared = 0.0%, p = 0.699) 1 . 1.54 (0.51, 4.64) 8/37 8/56 43.74
. '
NICT :
Kang (2025) ' > 4.20 (1.01, 17.43)6/11 8/36 14.97
Long (2025) 3 2.33 (0.48, 11.45)4/13 4/25 16.66
Jiang (2023) - = . 1.59 (0.29, 8.87) 3/11 4/21 17.59
Guo (2022) * = 8.50 (1.46, 49.54)6/9 4/21 7.04
Subtotal (I-squared = 0.0%, p = 0.555) <> 3.37 (1.54,7.38) 19/44 20/103 56.26
1
Overall (l-squared = 0.0%, p =0.621) ¢ 2.57 (1.36, 4.85) 27/81 28/159  100.00
:
| |
C .0202 1 49.5
Study Events, Events, %
Year OR (95% ClI) MSI MSS Weight
He (2025) : - = 7.00 (0.76, 64.61) 2/4 4/32 8.35
Long (2025) - = 4.14 (0.23,74.70) 12 7/36 6.92
Li (2024) — - : 0.78 (0.03, 18.75) 012 5/26 17.23
Sun (2024) 0 & $ 1587 (0.71, 355.05) 2/2 11/47 424
Manji (2023) - — 2.00 (0.15, 26.73) 13 5/25 13.42
Lorenzen (2023) pe— m— 2.88(0.88, 9.40) 5/13 30/168 49.84
Overall (l-squared =0.0%, p = 0.787 3.38(1.51,7.56 11/26 62/334 100.00
(sq p ) <> ( )
'
| |
.00282 1 355

Figure 7. Forest plots illustrating the impact of (A) PD-L1 CPS>1, (B) CPS=>5, and (C) MSI on the pCR outcomes following the NICT and NICTT regimens. CPS,
combined positive score; MSI, microsatellite instable; MSS, microsatellite stable; pCR, pathological complete response; NICT, neoadjuvant immunotherapy plus
chemotherapy; NICTT, NICT plus targeted therapy; OR, odds ratio; Cl, confidence interval.
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Figure 8. (A) Funnel plot and (B) sensitivity analysis were constructed based on pCR outcomes derived from dual-arm clinical studies. PCR, pathological complete

response.

follow-up durations or lacked reported survival outcomes.
Consequently, it was challenging to conduct effective pooled
analyses. The long-term survival benefits of immunotherapy-
based neoadjuvant regimens for LAGC patients remain to be
confirmed by further follow-up studies.

Human epidermal growth factor receptor 2 (HER-2) and vas-
cular endothelial growth factor receptor (VEGFR) are the most
frequently targeted molecules in LAGC therapy. Trastuzumab
and Apatinib, inhibitors targeting the aforementioned targets,
have been extensively validated in clinical studies to effectively
synergize with chemotherapy, thereby enhancing the therapeutic
efficacy for LAGC***°!, The successful implementation of the
NICT and NCTT regimens has prompted scholars to shift their
research focus towards the NICTT triple regimen. KEYNOTE-
811 study has confirmed that the addition of ICIs to anti-HER-2
therapy plus chemotherapy can significantly enhance the objec-
tive response rate, DFS, and OSP!, NCT03192735 study also
confirmed the efficacy and acceptable safety profile of apatinib in
combination with SOX as a neoadjuvant treatment for LAGC?!,
The results of this meta-analysis indicated that the incorporation
of targeted drugs in addition to NICT may facilitate tumor regres-
sion. However, this approach was also associated with an
increased risk of TRAEs and complications. According to pre-
vious literature, patients who were HER2-positive (HER2+) may
derive greater benefit from the NICTT regimen!'”'*3%, Further
high-quality, long-term follow-up clinical studies are warranted
to investigate the optimal combination of immunotherapy-based
neoadjuvant regimens, identify the appropriate patient popula-
tion, and determine the ideal treatment timing.

Although this meta-analysis involved pooling and analyzing
data from the most recent and high-quality clinical studies,
inherent limitations still exist. Firstly, given that single-arm stu-
dies are unable to directly compare the effectiveness of different
treatment regimens, the variations in initiation time, institutions,
and participant populations across studies result in substantial
heterogeneity, thereby significantly undermining the reliability
of pooled results. In addition, given the limited number of exist-
ing studies, particularly dual-arm studies, we could only conduct
subgroup analyses based on specific chemotherapy drug

regimens and could not provide summaries for specific ICIs or
targeted therapies. Last but not least, given that China accounts
for approximately 40% of the global GC cases, the majority of
the studies included in this analysis originate from China (78 %).
This geographical concentration may limit the universality and
generalizability of the findings to some extent.

Conclusions

The application of immunotherapy-based neoadjuvant regimens
can increase the rates of pCR, severe TRAEs, 1-, and 3-year DFS
to 20%, 30%, 90%, and 74%, respectively. Compared with
NCT alone, the addition of ICIs and/or targeted drugs exhibited
a significantly enhanced potential for tumor regression and R0
resection. However, it is crucial to remain vigilant regarding the
occurrence of severe TRAEs and surgical complications. Tumors
exhibiting positive expression of PD-L1 or MSI demonstrated
a higher level of responsiveness to the NICT regimen.
ICIs + XELOX appeared to be a more appropriate NICT regi-
men, as it effectively enhanced the tumor response rate while
inducing less severe TRAEs. Whether the addition of targeted
drugs to NICT can further enhance the anti-tumor effect while
ensuring safety requires further investigation. In light of the
relatively high risk of developing severe TRAEs, we recommend
selecting neoadjuvant drug combination regimens based on the
expression levels of biomarkers such as PD-L1 and HER-2. For
patients exhibiting positive expression of the aforementioned
biomarkers, provided their physical condition allows, they may
be considered as the preferentially recommended population
for ICIs and targeted drugs, both in the preoperative and post-
operative settings. The currently available high-quality clinical
studies on neoadjuvant immunotherapy for LAGC are predomi-
nantly single-arm trials, making it challenging to directly com-
pare the efficacy of different neoadjuvant regimens. In the
future, high-quality multi-center RCT studies, which focus on
specific tumor pathological characteristics and neoadjuvant
medication regimens, will be essential to validate and extend
the findings of this study.
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