Supplementary materials
The supplementary material is provided as one Excel workbook with seven clearly named sheets. It contains only the analysis materials needed to support the manuscript conclusions, without the redundant audit files from intermediate development steps.
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Suggested citation in manuscript: Additional cohort manifests, pathway construction QC, nested cross-validation settings, model performance outputs, external deployment diagnostics, RNA-scoring sensitivity analyses, and submission checklist are provided in Supplementary Data S1-S6 and Supplementary Checklist.




