Supplemental Figure S1: Cell-type composition across healthy colon, tumor-adjacent normal, and colorectal cancer tissues.
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Boxplots showing estimated cell-type proportions across GTEx healthy colon (n=297), TCGA tumor-adjacent normal colon (n=45), and discovery cohort pT3 colorectal tumors stratified by metastasis status (non-metastatic, n=25; metastatic, n=32). Immune, epithelial, endothelial, and fibroblast proportions were renormalized after excluding the tumor compartment to enable direct comparison across tissue types. CD8⁺ T-cell and Treg proportions are shown as fractions of total immune. Cell-type estimates were derived from HiTIMED (h=6) and EpiDISH. Pairwise comparisons by Wilcoxon rank-sum test with BH correction; significance: *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001. Non-significant comparisons are hidden.

Supplementary Figure S2: Differential methylation between lymph node–only and distant metastasis[image: ]


Volcano plot showing differentially methylated CpGs comparing distant metastasis (n=19) versus lymph node–only metastasis (n=13). The x-axis represents log₂ fold change in M-values; the y-axis represents −log₁₀ p-value. Horizontal dashed line indicates p = 0.001 threshold. Vertical dashed lines indicate log₂ fold change of −0.5 and 0.5. Red points denote hypermethylated CpGs (p < 0.001); selected genes are labeled. A total of 164 CpGs reached significance (p < 0.001), with a predominant hypermethylation signature in distant metastasis. Analysis adjusted for age, sex, MLH1 status, and cell-type composition.

Supplementary Figure S3: Correlation of Measured Epithelial Cell Type Proportions
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Scatter plot comparing epithelial cell-type proportions estimated by EpiDISH (Epithelial fraction) and HiTIMED (Tumor + Epithelial fraction) across 57 pT3 colon adenocarcinoma samples. Red line indicates linear trend with 95% confidence interval. Pearson correlation coefficient is shown (R = 0.815).











Supplementary Figure S4: Comparison of unadjusted and cell-type-adjusted EWAS models across the three metastasis contrasts[image: ]
Differential methylation results from an unadjusted model (age, sex, and MLH1 status) are compared against the cell-type-adjusted model used in the main analysis (additionally including tumor proportion, fibroblast, stromal, CD8⁺ T-cell, and other lymphocyte proportions) for each of the three metastasis contrasts. (A) Volcano plots of differential methylation from the unadjusted model for each metastasis contrast (any metastasis, lymph node–only metastasis, and distant metastasis). Significant CpGs (p < 0.001, |log₂ FC| > 0.2) are colored by direction of effect (red, hypermethylated; blue, hypomethylated). The top 15 hits per contrast are labeled by primary gene annotation. (B) Venn diagrams showing the overlap of CpGs significant at p < 0.001 between the unadjusted and cell-type-adjusted models for each contrast. Counts and percentages are displayed within each region. (C) Per-CpG comparison of effect size estimates (log₂ fold change) between the unadjusted (x-axis) and cell-type-adjusted (y-axis) models across all 68,331 tested CpGs. Each point represents one CpG, colored by significance status: blue, significant in both models with concordant effect direction; green, significant only in the cell-type-adjusted model (gained on adjustment); orange, significant only in the unadjusted model (lost on adjustment); grey, not significant in either model. The dashed line indicates y = x. Pearson correlations of effect-size estimates between the two models were r = 0.876, 0.781, and 0.893 for the any, lymph node–only, and distant metastasis contrasts, respectively.

Supplementary Figure S5: Methylation-Expression Correlations for Top Metastasis-Associated CpGs in TCGA-COAD
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Scatter plots showing the relationship between DNA methylation (β-value) and gene expression (log2 TPM+1) for the six CpG-gene pairs with the strongest negative Spearman correlations among metastasis-associated loci (N = 347 TCGA-COAD samples with matched methylation and RNA-seq data). Red curves indicate LOESS-smoothed trend with 95% confidence intervals. Spearman correlation coefficients (ρ) and FDR-adjusted p-values are shown for each panel.
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