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Fig. 1 Overview of the study workflow
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Tab. 1 Statistical results of clinical characteristics
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M 431§ MO0/M1/NA 387(88.97%)/23(5.29%)/25(5.75%)
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Fig. 3 Venn diagram calculation of DEG intersection
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Tab. 2 Representative immune-related prognostic models for melanoma
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Abstract: Immunotherapy resistance in melanoma correlates with dynamic heterogeneity in
the tumor microenvironment (TME). This study aims to integrate gene expression profiles
with clinical parameters through bioinformatics techniques, propose a TME classification
strategy, and develop a melanoma prognosis prediction model (MMPS) to achieve dynamic
prognostic stratification, thereby providing a theoretical basis for biomarker combination
therapy. Leveraging the TCGA-SKCM cohort, this study quantifies TME features using
algorithms such as ESTIMATE and CIBERSORT. Core prognostic genes were identified
through unsupervised clustering and LASSO-Cox regression, leading to the construction of
the melanoma microenvironment prognostic score (MMPS) model. Evaluation demonstrated
the model’ s significant advantage in predicting 5-year overall survival, with a statistically
significant 28% improvement in predictive performance compared to traditional TNM
staging. This model provides a scientifically sound and reliable quantitative basis for assessing
prognosis in melanoma patients.
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