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Figure S1. Robustness and stability of mitoxyperilysis subtype identification
(A–B) Consensus clustering matrix and expression distribution supporting two stable subgroups. (C–D) Validation of mitoxyperilysis subtypes in the GSE89749 cohort.
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Figure S2. Mutation landscape and stratified survival analysis of mitoxyperilysis subtypes
(A) Distribution of gene mutations (IDH1/2, KRAS, TP53) and clinicopathological features. (B) Multidimensional stratified survival analysis according to clinical parameters.


[image: ] Figure S3. Immune pathway activation, stromal remodeling, and immune checkpoint expression in the high-mitoxyperilysis subtype
(A) GSEA validation of immune-related pathway activation. (B) Comparison of M2 macrophage score and extracellular matrix remodeling score. (C) Expression of PD-L1, CTLA4, and other immune checkpoints.
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Figure S4. Quality control, cell clustering, and distribution of scRNA-seq data
(A) Quality control metrics of single-cell RNA sequencing data. (B) UMAP plot of all cells. (C) Distribution of low- and high-mitoxyperilysis cells in UMAP space. (D) Validation of cellular composition differences.
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Figure S5. Myeloid subcluster annotation and clinical correlation of SPP1+ macrophages
(A) Marker gene expression of nine myeloid subclusters. (B) Associations between SPP1+ macrophage signature and CA199 elevation, distant metastasis, and tumor size.
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