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Abstract

staging system in predicting perioperative immune responses. This review aims to dissect the mechanisms of dy-

The heterogeneity of GC (gastric cancer) poses a significant challenge to the traditional TNM

namic microenvironmental remodeling in GC from a spatiotemporal multi-omics perspective and explore its pivotal
role in guiding personalized therapy. This review highlights how Al-driven digital pathology integrated with epi-
transcriptomic regulation reveals spatial immune escape signatures and cellular fate decisions. Evidence suggests
that perioperative chemotherapy combined with immunotherapy facilitates a phenotypic transition from “cold” to
“hot” tumors by reprogramming the tumor microenvironment. Furthermore, this review discusses the central roles
of hypoxia-induced exosomal communication and cuproptosis-related metabolic profiles in mediating cross-scale
cellular crosstalk, alongside the utility of predictive models in quantifying therapeutic efficacy. By integrating fron-
tier technologies—including multimodal longitudinal serological monitoring, refined lymph node staging systems,
and molecular imaging guidance—this review emphasizes the necessity of constructing a comprehensive, multi-

dimensional monitoring framework. This review provides a systematic theoretical foundation for advancing GC

management from empirical intervention toward a precision personalized paradigm.
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Table 1 Biomarkers and cellular characteristics of tumor treatment sensitivity and resistance

RHEAEE FE AR 91467 +PD- 1 BELIT 571
Feature Perioperative chemotherapy+PD-1 blockade

AT BT
NAC (neoadjuvant chemotherapy) alone

IT AL/ 2

Nonresponse/resistance

Microenvironment Cold-to-hot tumor transition

phenotype
Key cellular M1 macrophages 1; CD8" T cells 1;
changes Bcells 1

Molecular/signal- Increased TNF-a levels
ing changes
Biomarkers/signa- CPS>1; dMMR/EBYV positivity

tures

Partial relief of immunosuppression

Treg cells |; TCR diversity 1

Tumor antigen release

Immune repertoire remodeling

Disrupted balance between
immunosuppression and
inflammation

Neutrophils |;

dendritic cells |
Downregulated IL-6/JAK/
STAT3 signaling

MYC amplification (sensitiv-
ity); MDM?2 amplification

(resistance)

12 T L BRI

1: increase; |: decrease.
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