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Background: Immune checkpoint inhibitor (ICI)-based strategies have become a consensus in the preoperative treatment of mismatch
repair-deficient (AMMR)/microsatellite instability-high (MSI-H) gastric cancer (GC). However, the necessity and optimal strategy of
combining ICIs with chemotherapy remain uncertain.

Methods: This retrospective study aimed to evaluate the efficacy of different preoperative chemo-immunotherapy combinations in
patients with AIMMR/MSI-H GC. According to their therapeutic regimens, patients were divided into three cohorts: ICI-alone cohort;
immunotherapy with induction chemotherapy (IC) cohort (ICI + IC): 1-2 cycles of IC followed by ICI; concurrent chemo-
immunotherapy cohort (ICI + chemo): ICI combined with chemotherapy throughout the entire preoperative treatment. The patholo-
gical complete response (pCR) rate and major pathological response (MPR) rate were analyzed. Peripheral blood parameters before
and after preoperative treatment were analyzed.

Results: A total of 45 patients with locally advanced or oligometastatic AIMMR/MSI-H GC were included. Baseline characteristics were
well balanced among the three cohorts. The pCR rates were 18.2% (95% CI, 2.3-51.8%) in the ICI-alone cohort, 85.7% (95% CI,
42.1-99.6%) in the ICI + IC cohort, and 37.0% (95% CI, 19.4-57.6%) in the ICI + chemo cohort. Notably, the ICI + IC cohort showed
a significantly higher pCR rate than the other two cohorts (p=0.015). The MPR rates were 54.5%, 85.7%, and 48.1% in the three cohorts,
respectively, with no statistical significance. After preoperative treatment, monocyte-to-lymphocyte ratio exhibited an upward trend in the
ICI + IC (p=0.100) and ICI + chemo (p=0.058) cohorts, indicating enhanced antigen presentation activity and immune activation.
Conclusion: A preoperative strategy of IC followed by ICIs significantly increased pCR rate compared to ICI monotherapy or
concurrent chemo-immunotherapy, suggesting a more effective strategy for patients with resectable dAMMR/MSI-H GC. Given
its retrospective design, small sample size, and lack of safety data, this study warrants validation in prospective clinical trials.
Keywords: dAMMR/MSI-H gastric cancer, preoperative treatment, induction therapy, immunotherapy, chemotherapy, pathological
complete response

Introduction
The mismatch repair-deficient (AIMMR) or microsatellite instability-high (MSI-H) gastric cancer (GC) constitutes
a distinct molecular subtype, accounting for 8-22% of all cases.'” This subtype is characterized by a unique therapeutic
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profile: it demonstrates a favorable response to immunotherapy while showing relative insensitivity to conventional
fluorouracil-based chemotherapy.

The limited efficacy of perioperative chemotherapy for this group is well documented. Meta-analyses have
confirmed that the addition of chemotherapy to surgery confers no significant survival benefit over surgery alone.>*
This resistance is attributed to the inherent mechanism of dAMMR, whereby impaired cell cycle checkpoint activation
allows tumor cells to evade the cytotoxic DNA damage induced by chemotherapy, thereby promoting their survival
and proliferation.>*

In stark contrast, neoadjuvant strategies incorporating immune checkpoint inhibitors (ICIs) have yielded substantial
pathological responses. The addition of ICIs to chemotherapy has demonstrated superior rates of pathological complete
response (pCR) compared with chemotherapy alone in the dIMMR/MSI-H subgroup, achieving rates of 28.0% in the
MATTERHORN trial and 37.1% in the KEYNOTE-585 trial, respectively.”® The results of chemotherapy-free regimens
are even more remarkable. Dual-ICIs achieved pCR rates of 58.6% in the GERCOR NEONIPIGA study (nivolumab plus
ipilimumab) and 60% in the INFINITY study (tremelimumab plus durvalumab), respectively.”'°

However, this enhanced efficacy presents a clinical dilemma. Dual ICIs are associated with a considerable burden of
treatment-related adverse events (TRAEs), with grade 3 or higher TRAEs occurring in 37.9% of patients in NO LIMIT
trial."" A logical approach to mitigate this toxicity is to use ICI monotherapy. This strategy is associated with a more
favorable safety profile, with grade 3—5 TRAEs rates reported as low as 16.9%.'? Unfortunately, this reduction in toxicity
appears to come at the cost of efficacy, as neoadjuvant ICI monotherapy trials have reported disappointing pCR rates of
14-19%.'>1

The role of chemotherapy as a component of neoadjuvant treatment also remains controversial. The addition of
chemotherapy to ICIs has not demonstrated superior efficacy over ICI monotherapy for dMMR/MSI-H GC," and the
potential for synergistic effects is complex and contingent upon the specific regimen, dosage, and sequence used.'®

This leaves clinicians with a significant challenge: balancing the high efficacy of dual immunotherapy against its
substantial toxicity, versus the lower toxicity but potentially compromised efficacy of monotherapy. An optimal, well-
tolerated, and effective preoperative strategy for patients with AMMR/MSI-H GC has yet to be defined.

Therefore, the primary objective of this retrospective cohort study was to evaluate the pathological responses to
different ICI-based preoperative therapies in patients with dAMMR/MSI-H GC, to help elucidate a more effective
therapeutic strategy for this population.

Methods
Study Design and Participants

This was a single-center, retrospective cohort study conducted at Zhongshan Hospital, Fudan University, Shanghai,
China. We included consecutive adult patients with a diagnosis of AMMR/MSI-H gastric or gastroesophageal junction
adenocarcinoma who received neoadjuvant or conversion therapy with ICIs followed by radical D2 gastrectomy with or
without metastasectomy. The dMMR/MSI-H status was a mandatory inclusion criterion, confirmed by either immuno-
histochemistry (IHC) or molecular testing.

Participants were stratified into three cohorts based on the neoadjuvant regimen they received: ICI monotherapy (ICI-
alone cohort): patients who received an ICI targeting PD-1, PD-L1, or CTLA-4 (as a single agent or dual ICI
combination) without chemotherapy. Induction chemotherapy (IC) followed by ICI (ICI + IC cohort): patients who
received one or two initial cycles of chemotherapy (with or without a concurrent ICI) followed by ICI monotherapy for
all subsequent cycles. Concurrent chemo-immunotherapy (ICI + chemo cohort): patients who received an ICI combined
with chemotherapy throughout their entire preoperative course.

The study protocol was approved by the ethics committee of Zhongshan Hospital, Fudan University on 4th January,
2025 (approval number B2025-541R), and was conducted in accordance with the Declaration of Helsinki. The require-
ment for individual patient consent was waived owing to the retrospective nature of the study. Patient data confidentiality

was strictly maintained in accordance with institutional and national guidelines.
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Procedures and Assessments
The dMMR status was determined by IHC for the mismatch repair proteins MLH1, PMS2, MSH2, and MSH6, with loss
of expression in one or more proteins defining deficiency. MSI-H status was confirmed by polymerase chain reaction
(PCR) or next generation sequencing (NGS), performed either concurrently with IHC or if IHC results were equivocal.'’
A tumor was classified as AMMR/MSI-H if it met the criteria by either IHC or molecular testing.

Hematological and inflammatory markers were analyzed using peripheral venous blood samples collected before the
start of perioperative therapy and before surgery. We calculated the monocyte-to-lymphocyte ratio (MLR), neutrophil-to-
lymphocyte ratio (NLR), and platelet-to-lymphocyte ratio (PLR). The systemic immune-inflammation index (SII) was

calculated as (platelet count x neutrophil count)/lymphocyte count.'®

Outcomes

The primary outcome was the pCR. All surgical resection specimens were evaluated by a specialist gastrointestinal
pathologist (Dr Xu). pCR was defined as the absence of any residual invasive tumor cells in the primary tumor bed and
all resected regional lymph nodes (ypTONO). For patients with oligometastatic disease at baseline, a clinical complete
response of the metastatic lesion was also required for pCR. Furthermore, the rate of major pathological response (MPR),
defined as <10% residual viable tumor in the primary tumor specimen, was also analyzed. Tumor regression was graded
using the Becker tumor regression grade system.'’

Statistical Analysis

Descriptive statistics were used to summarize patient characteristics. Categorical variables were presented as counts and
percentages, and continuous variables as median and interquartile range (IQR). Rates of pCR and MPR were reported
with 95% confidence intervals (CIs).

For comparisons between the three treatment cohorts, the y’-test or Fisher’s exact test was used for unordered
categorical variables, and the Kruskal-Wallis’s test for ordered categorical variables. For continuous variables, the
Kruskal-Wallis’s test or one-way analysis of variance (ANOVA) was used as appropriate. To analyze changes in
peripheral blood parameters before and after treatment, the paired #-test or Wilcoxon signed-rank test was used.
Baseline and change values (A = post-pre) of inflammatory markers were compared between pCR and non-pCR groups
using independent t-tests or Mann—Whitney U-tests as appropriate.

Univariate and multivariate logistic regression was performed to identify factors associated with pathological
response, with results presented as odds ratios (ORs) and 95% Cls. All statistical tests were two sided, and a p value
of less than 0.05 was considered statistically significant. All analyses were performed using SPSS Statistics (version 29,
IBM). Plots were generated using Prism (version 10, GraphPad Software).

Results
Between January 2018 and January 2025, we screened 423 patients with GC who received ICI-based preoperative
therapy followed by surgery. After excluding 378 patients who had proficient mismatch repair (pMMR) status or for
whom mismatch repair status was unavailable, 45 patients with dMMR/MSI-H GC were included in the final analysis
(Figure 1).

Characteristics of Cohort

The median age of the 45 included patients was 67.0 years (IQR 59.0-71.0), and 25 (55.6%) were female. The primary
tumor was most commonly located in the lower third of the stomach (n=41, 91.1%). Most tumors were of the intestinal
Lauren subtype (n=25, 55.6%), and 7 (15.6%) contained a signet-ring cell component. All patients had locally advanced
disease (clinical stage cT3-4b) with clinical evidence of lymph node metastasis (cN+), and all were HER2 negative. 33
patients (73.3%) received neoadjuvant treatment, and 12 (26.7%) received conversion therapy for initially unresectable
disease. Among the 12 patients who received conversion therapy, three underwent complete resection of metastatic
lesions, while the remaining 9 patients showed marked regression of metastases after preoperative therapy and therefore
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423 patients with gastric cancer underwent
ICl-based preoperative treatment followed by
radical gastrectomy between 2018.1 and 2025.1

______________ 378 patients with pMMR status or
unclear MMR/MSI status

45 patients with dAMMR/MSI-H
gastric cancer included in analysis

\ 4 v y
11 patients 7 patients 27 patients
ICl-alone ICI+IC ICI + chemo

Figure | Study flowchart.
Abbreviations: ICl, immune checkpoint inhibitor; pMMR, proficiency of mismatch repair; MMR, mismatch repair; MSI, microsatellite instability; dMMR, deficiency of
mismatch repair; MSI-H, microsatellite instability high; IC, induction chemotherapy; chemo, chemotherapy.

did not undergo metastasectomy. For AMMR/MSI-H status, the loss of MLH1 and PMS2 expression were the most
common mode of AIMMR status (n=40, 89.0%). Two patients had tumors with equivocal MMR status: one showed loss of
MLH1 and MSH6 expression, and the other did not undergo IHC staining; both were confirmed as MSI-H by molecular
testing. Among all the included patients, 12 (26.7%) patients additionally underwent molecular testing and were
confirmed as MSI-H status without discordance with IHC results. Baseline demographic and clinical characteristics
were well balanced across the three cohorts (Table 1).

Table | Baseline Clinicopathological Factors of Included Patients

Total (n=45) ICI-Alone (n=11) | ICI + IC (n=7) | ICI + Chemo (n=27) | p value
Sex (%) 0.054
Male 20 (44.4) 2(182) 2 (28.6) 16 (59.3)
Female 25 (55.6) 9 (81.8) 5(71.4) 11 (40.7)
Age of diagnosis [IQR, yr] 67.0 [62.0, 71.0] | 62.0 [59.0, 71.0] 67.0 [62.0, 74.0] | 68.0 [65.0, 71.0] 0.575
Lauren classification (%) 0.341
Intestinal 25 (55.6) 8 (72.7) 4 (57.1) 13 (48.2)
Diffuse 4 (8.9) 0 0 4 (14.8)
Mixed 11 (24.4) I 9.1) I (14.3) 9 (333)
Unavailable® 5(11.1) 2(182) 2 (28.6) I (3.7)
Signet-ring cell carcinoma (%) 0.087
No 38 (84.4) I'1 (100.0) 7 (100.0) 20 (74.1)
Yes 7 (15.6) 0 0 7 (25.9)
Tumor site (%) 0.838
Upper 1/3 1 (2.2) 0 0 I 3.7)
Middle 1/3 3(6.7) 0 0 3(11.1)
Lower 1/3 41 (91.1) 11 (100.0) 7 (100.0) 23 (85.2)
cT stage (%) 0.494
cT3 4 (8.9) 2 (18.2) I (14.2) I 3.7)
cT4a 25 (55.6) 6 (54.5) 3 (42.9) 16 (59.3)
cT4b 16 (35.5) 3 (27.3) 3 (42.9) 10 (37.0)

(Continued)
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Table | (Continued).

Total (n=45) ICI-Alone (n=11) | ICI + IC (n=7) | ICI + Chemo (n=27) | p value
cN stage (%)
N+ 45 (100.0) I'1 (100.0) 7 (100.0) 27 (100.0)
cM stage (%) 0.390
MO 33 (733) 10 (90.9) 5(71.4) 18 (66.7)
Ml 12 (26.7) I 9.1) 2 (28.6) 9 (33.3)
Metastasis site (%) 0.697
Retroperitoneal lymph nodes 5 41.7) 0 I (50.0) 4 (44.4)
Peritoneal cavity 2 (16.6) 0 I (50.0) 1 (11.2)
Distant organs 5 (41.7) 1 (100.0) 0 4 (44.4)
CPS>5 (%) 0.822
No 16 (35.6) 4 (36.4) 2 (28.6) 10 (37.0)
Yes 23 (51.1) 7 (63.6) 4 (57.1) 12 (44.5)
Unavailable® 6 (13.3) 0 I (14.3) 5 (18.5)
MMR status (%) 1.000
MLHI (-), PMS2 (-) 40 (89.0) I'1 (100.0) 6 (85.7) 23 (85.2)
MSH2 (-), MSHé (-) 2 (4.4) 0 0 2 (74)
PMS2 (-) 1 (2.2) 0 0 I (3.7)
MSH6 (-) 0 0 0 0
Unclear™ ® 2 (44) 0 I (14.3) I (3.7)
MSI by PCR or NGS (%)
MSI-H 12 (26.7) 2 (18.2) 2 (28.6) 8 (29.6)
Unavailable® © 33 (733) 9 (81.8) 5(71.4) 19 (70.4)

Notes: *Unclear or unavailable data were not included in analysis. "These patients were MSI-H. “These patients were dMMR.

Abbreviations: ICl, immune checkpoint inhibitor; IC, induction chemotherapy; chemo, chemotherapy; IQR, interquartile range; yr, year; CPS, combined
positive score; MMR, mismatch repair; MSI, microsatellite instability; PCR, polymerase chain reaction; NGS, next generation sequencing; MSI-H, microsatellite
instability high.

Preoperative Treatment

Of the 45 patients, 21 patients (46.7%) received four or fewer cycles of preoperative treatment, and 24 patients (53.3%)
received more than four cycles. In the ICI-alone cohort (n=11), 9 patients received anti-PD-1 monotherapy, one received
anti-PD-L1 monotherapy (Envafolimab) and one received anti-PD-1/CTLA-4 ICI (Cadonilimab). In the ICI + IC cohort
(n=7), all patients received one or two cycles of IC before transitioning to anti-PD1 monotherapy: three patients received
chemotherapy alone (S-1 or oxaliplatin plus S-1), and four patients received chemotherapy (S-1 or oxaliplatin plus S-1)
combined with anti-PD-1 antibody. In the ICI + chemo cohort (n=27), all but one patient (who received a dual anti-PD-1/
CTLA-4 antibody, Cadonilimab) were treated with an anti-PD-1 antibody plus chemotherapy. Full details of the
chemotherapy regimens are provided in supplementary table 1.

Pathological Response
The rate of pCR (ypTONO) was 18.2% (95% CI, 2.3-51.8%) in the ICI-alone cohort (2 of 11 patients) while one patient
had a complete pathological response in the primary tumor but a positive lymph node (ypTON1), 85.7% (95% ClI,
42.1-99.6%) in the ICI + IC cohort (6 of 7 patients), and 37.0% (95% CI, 19.4-57.6%) in the ICI + chemo cohort (10 of
27 patients). The pCR rate in the ICI + IC cohort was significantly higher than in the other two cohorts (p=0.015;
Table 2).

The MPR rates were 54.5% (95% CI, 23.4-83.3%), 85.7% (95% ClI, 42.1-99.6%), and 48.1% (95% CI, 28.7-68.1%)
in the ICI-alone, ICI + IC, and ICI + chemo cohorts, respectively. The ICI + IC cohort showed the highest MPR rate, but
differences among three cohorts were not statistically significant (Table 2). Tumor regression of the primary lesion in all

patients is shown in Figure 2.
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Table 2 Pathological Response Among the Three Cohorts

ICI-Alone (n=11) | ICI + IC (n=7) | ICI + Chemo (n=27) | p value®

Becker-TRG (%) 0.069

la (RVT 0%) 3 (27.3) 6 (85.7) 10 (37.1)

Ib (RVT<10%) 3 (27.3) 0 3(11.)

2 (10%<RVT=<50%) | 3 (27.3) I (14.3) 7 (25.9)

3 (RVT>50%) 2 (18.1) 0 7 (25.9)

PCR rate (%) 18.2 85.7 37.0 0.015
95% Cl 2.3-51.8 42.1-99.6 19.4-57.6

MPR rate (%) 54.5 85.7 48.1 0.254
95% Cl 23.4-83.3 42.1-99.6 28.7-68.1

Note: *Significant P-value was indicated in bold.

Abbreviations: ICl, immune checkpoint inhibitor; IC, induction chemotherapy; chemo, chemotherapy; TRG, tumor
regression grade; RVT, residual viable tumor; pCR, pathological complete response; Cl, confidence interval; MPR, major
pathological response.

A univariate analysis was performed to identify variables potentially associated with pCR (Supplementary Table 2),

and the results were summarized in a forest plot (Supplementary Figure 1). Only treatment with ICI + IC regimen was
significantly associated with a higher likelihood of achieving pCR (OR 27.00, 95% CI: 1.98-368.38, p=0.013). Lauren
classification, tumor site, and cT stage were not associated with pCR. CPS and the total treatment duration were

considered to be associated with treatment efficacy, but neither CPS >5 nor a total treatment duration >4 cycles was
statistically associated with a higher pCR rate. Despite the known resistance of AMMR/MSI-H GC to platinum-based
chemotherapy,®?° the use of platinum-based regimens was not significantly associated with pCR in either the ICI + IC or
ICI + chemo cohorts. Additionally, a multivariate logistic regression analysis was conducted to further validate these
findings (Supplementary Table 3; Supplementary Figure 2). Consistent with the univariate analysis, only treatment with
the ICI + IC regimen remained significantly associated with a higher likelihood of achieving pCR (OR 62.33, 95% CI:
2.08-1872.41, p=0.017).

La Sex ICl-alone
gr:g ICI+IC
pCR ICI + chemo

0 Sex

;\? B Male
B’ M Female
c
T -25- Lauren '
8 B |Intestinal
Qa B Diffuse
g B Mixed
= 50— NA
° -
jou CPS
8 B CPS<s
O CPS25

-75 - NA

pCR
MPR ........................................................................................................... YeS
m No
-100 -

Figure 2 Waterfall plot illustrating pathological regression of the primary tumor. Each bar represents the percentage of primary tumor regression for an individual patient.
Bars reaching the bottom indicate a pathological complete response of primary tumor (ypT0). The green, red and blue columns correspond to patients in the ICl-alone, ICI
+1C, and ICI + chemo cohorts, respectively.

Abbreviations: ICl, immune checkpoint inhibitor; IC, induction chemotherapy; chemo, chemotherapy; CPS, combined positive score; pCR, pathological complete
response; NA, unavailable.
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Follow-Up and Recurrence

After a median follow-up of 14.9 months (IQR 9.3-21.3), one patient in each cohort had experienced disease recurrence.
In the ICI-alone cohort, one patient developed distant metastases 6.9 months after surgery. In the ICI + IC cohort, one
patient who had achieved a pCR developed distant metastases at 4.0 months after surgery. In the ICI + chemo cohort, one
patient had developed distant metastases at 3.5 months after surgery and died one week later from acute liver failure and
disseminated intravascular coagulation (Supplementary Figure 3).

Hematological and Inflammatory Markers

Patients in the ICI + IC cohort had a smaller reduction in lymphocyte counts than did patients in the ICI + chemo cohort.
The lactate dehydrogenase (LDH) level after treatment was significantly higher in the ICI + chemo cohort compared with
the ICI-alone and ICI + IC cohorts (p=0.006). After preoperative treatment, a downward trend was observed for the NLR,
PLR, and SII across all three groups. In contrast, the MLR showed an upward trend in both the ICI + IC (p=0.100) and
ICI + chemo (p=0.058) cohorts while remaining stable in the ICI-alone cohort (p=0.576; Table 3). Additionally, baseline
and change values (A = post-pre) of inflammatory markers were compared between pCR and non-pCR groups. Patients
achieving pCR showed a greater decrease in lymphocyte counts (p=0.023) and a greater increase in MLR (p=0.014)
compared with those without pCR (Supplementary Table 4).

Discussion

In recent years, neoadjuvant immunotherapy has become integral to the management of resectable IMMR/MSI-H GC,
yet the optimal strategy for combining it with chemotherapy remains an open question.” '® Our study addresses this gap,
providing evidence that the sequence of administration is a critical determinant of efficacy. We found that a short course
of IC followed by ICIs was associated with a notably high pCR rate of 85.7%, which was markedly superior to that
achieved with either ICI monotherapy (18.2%) or concurrent chemo-immunotherapy (37.0%).

Our findings on systemic inflammatory markers provide further insight into these different outcomes. The principle
that chemotherapy can synergize with immunotherapy is well established,'® and was supported by our observation that
both combination regimens yielded higher response rates than ICI monotherapy. A potential mechanism for this is
suggested by the upward trend in the MLR observed only in cohorts receiving chemotherapy, which may reflect enhanced
monocyte-mediated antigen presentation.’* However, the striking difference in efficacy between the induction and
concurrent chemotherapy cohorts suggests that the timing of this synergy is crucial. Patients receiving concurrent
chemotherapy experienced a greater reduction in lymphocyte counts and had significantly higher post-treatment LDH
levels, which may indicate greater treatment-related toxicity. In contrast, the induction strategy appeared to be lympho-
cyte sparing. This suggests that while both chemotherapy regimens may prime an immune response, a sequential
induction strategy might optimally stimulate the immune system via mechanisms such as enhanced antigen presentation
while mitigating the lymphocyte-depleting toxicity of prolonged chemotherapy, thus creating a more favorable micro-
environment for subsequent ICI therapy.

This clinical observation is supported by preclinical models. Compared to concurrent administration, initial che-
motherapy followed by ICIs increased the infiltration of CD8+ T cells and enhanced their cytotoxic function.® In
addition to CD8+ T cells, natural killer cells and neutrophils were also activated, while immunosuppressive cells were
reduced.?*** Furthermore, induction chemotherapy can trigger immunogenic cell death, leading to the release of tumor
antigens and danger-associated molecular patterns, which promote dendritic cell maturation and enhance antigen
presentation, thus activating tumor-specific T cell responses and creating a more favorable immune landscape for
subsequent immunotherapy.”* >® More importantly, studies have shown that chemotherapy drugs, such as cisplatin
combined with temozolomide, could induce mutations characteristic of dMMR. The subsequent loss of DNA damage
repair function contributed to increased tumor-mutational burden (TMB) and expanded repertoire of clonal neoantigens,
thereby provoking durable, CD8+ T cell-dominated anti-tumor immunity and sensitizing tumors to subsequent PD-1
blockade.?**° In GCs with dMMR/MSI-H status at baseline, the addition of induction chemotherapy may therefore act
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synergistically to further increase TMB and amplify neoantigen-driven T cell responses. Taken together, these findings
may explain the superior efficacy observed in the ICI + IC cohort compared to the other two cohorts.

From a clinical standpoint, our findings are important because they suggest a potential alternative to the current
strategy of dual ICIs. Although highly effective, dual immunotherapy is associated with considerable toxicity and high
healthcare costs.'" IC strategy followed by single-agent ICI could offer a highly effective, better tolerated, and more
economically viable option. This may be particularly relevant in populations, such as those in many parts of Asia, where
a low prevalence of Lynch syndrome might limit the benefit derived from dual ICIs.*!

However, our study has several important limitations. The principal one is its retrospective, single-center design and
small sample size, which can introduce selection bias and limit the generalizability of our findings. The low prevalence of
dMMR/MSI-H GC makes large scale studies challenging, but our results should be considered hypothesis generating.
Secondly, the retrospective data collection meant that detailed information on TRAEs was not uniformly available, which
prevented a formal comparison of the safety profiles between cohorts. This may have obscured a potential advantage of
the induction strategy in terms of reduced toxicity. Finally, some baseline data, including peripheral blood parameters,
were missing for some patients.

Our findings require validation in prospective, multi-center randomized trials to confirm the efficacy and safety of the
IC approach compared with concurrent chemo-immunotherapy and dual ICIs. Future studies should be powered to detect
differences not only in pathological response but also in long-term outcomes such as disease-free and overall survival.
Furthermore, translational research integrated into these trials is necessary to elucidate the precise immunological
mechanisms underlying the superiority of the sequential strategy and to identify biomarkers that could predict which
patients are most likely to benefit.

Conclusion

This retrospective study found that a neoadjuvant strategy of IC followed by ICIs was associated with a significantly
higher pCR rate in patients with dAMMR/MSI-H GC compared with either ICI monotherapy or concurrent chemo-
immunotherapy. Given its retrospective design, small sample size, and lack of safety data, this study warrants validation
in prospective clinical trials. However, this study should be considered hypothesis generating and represents a highly
promising preoperative treatment strategy for IMMR/MSI-H GC.
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