[bookmark: _GoBack]Supplementary Figure 1. Proportion of deceased HNSCC patient concomitantly elevated with the occurrence of TP53 mutations. (A) The proportion of living and decreased patient in TP53MT and TP53WT subgroups. (B) Similar with (A), using DSS.

Supplementary Figure 2. Inspection on the relationship between subtypes of TP53 mutations and HNSCC patient survival. (A) Statistics on the TP53 mutation types in HNSCC patients from TCGA cohort. (B) Comparison on the OS of patients with TP53 missense or truncated mutations. (C) Similar with (B), using DSS. (D) The OS of patients stratified by the presence of TP53 Nonsense Mutation (NM). (E) Similar with (D), using DSS. (F) The OS of patients stratified by the presence of TP53 Frame Shift Deletion (FSD). (G) Similar with (F), using DSS. (H) The OS of patients stratified by the presence of TP53 Frame Shift Insertion (FSI). (I) Similar with (H), using DSS. (J) The OS of patients stratified by the presence of TP53 Splicing Site (SS) alternations. (K) Similar with (J), using DSS.

Supplementary Figure 3. Lollipop plots on the distribution of multiple categories of TP53 mutations in HNSCC patients. (A) Lollipop plot on the missense mutations of TP53 among TCGA HNSCC patients. The positions of hotspot mutations were labeled while known hotspots were marked with red color. (B) Similar with (A), plotting all nonsense mutations. (C) Similar with (A), plotting all frame shift deletions.

Supplementary Figure 4. Co-occurrence analysis on mutations from patients stratified by different DSS. (A) The OS of patients concomitantly possessing CASP8 and TP53 mutations and other patients. (B) Similar with (A), focusing on the co-occurrence of PIK3CA and TP53 mutations. (C) Similar with (A), focusing on the co-occurrence of EP300 and TP53 mutations. (D) Heatmap demonstrating the mutational associations between TP53 and other genes among patients with shorter DSS (<730 days). (E) The OS of patients concomitantly possessing CDKN2A and TP53 mutations and other patients. (F) Similar with (E), focusing on DSS. (G) The OS of patients concomitantly possessing MUC16 and TP53 mutations and other patients. (H) Similar with (G), focusing on DSS.

Supplementary Figure 5. Enrichment results on the differentially expressed genes between TP53MT and TP53WT subgroups. (A) Gene Ontology (GO) analysis on the up-regulated genes in TP53WT group. (B) Similar with (A), focusing on down-regulated genes in TP53WT group.

Supplementary Figure 6. Top differentially expressed genes (DEGs) demonstrated distinct expressional heterogeneity in the selected samples. (A) Top 10 down-regulated genes in TP53MT group demonstrated low expressional heterogeneity among TP53MT and TP53WT subgroups. (B) Similar with (A), focusing on top 10 up-regulated genes in TP53MT group. (C) Unsupervised clustering on the normalized expression levels of top 10 up-regulated genes in TP53MT subgroup. (D) StromalScore distribution in TP53MT and TP53WT subgroups. (E) Scatterplot on the correlation between the expressions of genes up-regulated in TP53WT group and infiltration levels of different cell types in TP53MT samples. Thresholds used in filtrations were marked as dashed lines. (F) Similar with (E), focusing on TP53WT samples. (G) Detailed cell type statistics on unfiltered results from (E). (H) Detailed cell type statistics on unfiltered results from (F).

[bookmark: OLE_LINK1][bookmark: OLE_LINK8][bookmark: OLE_LINK9]Supplementary Figure 7. Multi-omics analyses identified key HNSCC-related factors regulated by DNA methylation in TP53MT and TP53WT subgroups. (A) GO analysis results on CpG sites significantly hypermethylated (log2(Fold Change)<-1) in TP53WT group. (B) Similar with (A), focusing on CpG sites hypomethylated (log2(Fold Change)>1) in TP53WT group. (C) Expression of the demethylase (methylation eraser) TET1 in TP53MT and TP53WT subgroups. (D) Similar with (C), focusing on the methylation eraser TET3. (E) Expression of the methyltransferase (methylation writer) DNMT1 in TP53MT and TP53WT subgroups. (F) Expression of the methyl-CpG binding protein (methylation reader) MBD1 in TP53MT and TP53WT subgroups. (G) Similar with (F), focusing on the methylation reader MBD4. (H) Expressional correlation of the five epigenetic modifiers in TP53MT group. (I) Similar with (H), focusing on TP53WT group. (J) GO analysis results on top 40 CpG sites significantly hypermethylated in TP53WT group. (K) Similar with (J), focusing on CpG sites hypomethylated in TP53WT group. (L) Heatmap plotting the M-value of top 40 hypomethylated CpG sites in TP53WT samples. (M) Similar with (L), focusing on top 40 hypermethylated CpG sites in TP53WT samples. (N) Scatterplot on the relationship between DNA methylation and gene expression for top 40 hypomethylated CpG sites in TP53WT samples.

Supplementary Figure 8. Correlation analyses on CpG site methylation levels and cell type infiltration levels. (A) Scatterplot on the correlation between top CpG sites hypomethylated in TP53WT group and infiltration levels of different cell types in TP53MT samples. (B) Similar with (A), focusing on TP53WT samples. (C) Detailed cell type statistics on (A). (D) Detailed cell type statistics on (B).

[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK16][bookmark: OLE_LINK17]Supplementary Figure 9. Cytoband-level CNV analyses prioritized genes demonstrating concomitant copy number amplification with TP53 mutations. (A) Genome-wide chromosome level copy number distribution in TP53MT and TP53WT subgroups. Key chromosomes were additionally labeled. (B) Procedure on the identification of cytobands harboring significantly different copy number ratio between TP53MT and TP53WT subgroups. (C) Copy number distribution for the identified cytobands in differential CNV analysis. (D) Copy number distribution for the identified genes in differential CNV analysis. (E) GO analysis results on genes in (D). (F) Cytoband localization of the 20 genes in (D). (G) Copy number ratio correlation of the 20 genes in (D). (H) Scatterplot on the relationship between CNVs and gene expression for genes from (D). (I) GO analysis results on genes in (H).

[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15]Supplementary Figure 10. Correlation analyses on different scales of CNVs and cell type infiltration levels. (A) Scatterplot on the correlation between copy number ratio of chromosome 11q13.3 and cell infiltration levels among TP53MT samples. (B) Similar with (A), focusing on TP53WT samples. (C) Scatterplot on the correlation between copy number ratio of top amplified genes in mutant group and infiltration levels of cell types in TP53MT samples. (D) Similar with (C), focusing on TP53WT samples. (E) Statistics on the significant cells types in (B). (F) Statistics on the significant cell types in (D).

[bookmark: OLE_LINK63][bookmark: OLE_LINK64]Supplementary Figure 11. Combinational analysis on SNVs, CNVs and DMGs confirmed the causable effect of TP53 alternations on genome instability. (A) Distribution of the TP53 mutation and Loss of heterozygosity (LOH) events in TCGA HNSCC samples. (B) The OS of patients stratified by both TP53 mutation and LOH status. (C) Similar with (B), focusing on DSS. (D) Distribution on the proportion of CNV harboring TP53 mutations and the number of samples. (E) Statistics on the mutated genes located on more than 60% of CNVs in HNSCC samples. (F) Distribution of the TP53 mutation subtype among samples from (E). (G) The cancer cell fraction (CCF) value of 152 mutations from (F). (H) The chromosomal distribution of 1969 DMGs identified in our analysis. (I) The overlapping situation between 1969 DMGs and key CNV regions from differential analyses.

Supplementary Figure 12. Unsupervised clustering unraveled distinct immunological inactivation schemes caused by TP53 mutations. (A) Procedure on the derivation of possible immunological association with distinct regulatory mechanisms using genes down-regulated in TP53MT samples. (B) Genes down-regulated in TP53MT group were separated by possible TP53 regulatory mechanisms. (C) Levels of B cell lineage quantified by MCPcounter tool on TP53MT samples using four gene sets in (B). (D) Similar with (C), focusing on the infiltration of T cells. (E) Similar with (C), focusing on the infiltration of cytotoxic lymphocytes. (F) Heatmap showing the infiltration levels of distinct cell types calculated by CIBERSORT method in four gene sets using TP53MT samples. (G) Levels of memory B cells in four groups from (B), quantified by CIBERSORT tool. (H) Similar with (G), focusing on levels of M0 macrophages. (I) Similar with (G), focusing on CD8+ T cells.

Supplementary Figure 13. Validating the association between TP53 mutations and key immunotherapy-related metrics using public datasets. (A) TP53 RNA expression levels between TP53WT and TP53MT groups in TCGA dataset. (B) Correlations between TP53 RNA and protein levels in TCGA cohort. (C) The relationship between HPV infection and TP53 mutational status in TCGA cohort. HPV infection was measured by in situ hybridization (ISH) assay (above) or p16 immunohistochemistry (IHC) testing (below). (D) The cytolytic activity (CYT) between samples stratified by TP53 mutational status in TCGA cohort. (E) Similar with (D), focusing on the number of predicted neoantigen. (F) Similar with (D), focusing on the TCR repertoire Shannon entropy. (G) The CD8+ T cell infiltration levels measured by IHC method in samples stratified by TP53 mutational status from JCI cohort. 

Supplementary Figure 14. Univariate cox regression analysis results for mutational and expressional variables. (A) Univariate cox regression analysis results for key gene mutations, using patient OS. (B) Similar with (A), using patient DSS. (C) Univariate cox regression analysis results for top genes down-regulated in TP53MT group, using patient OS. (D) Similar with (C), using patient DSS.

Supplementary Figure 15. Univariate cox regression analysis results for focal CNV and methylation-related variables. (A) Univariate cox regression analysis results for top genes possessing copy number amplification in TP53MT group, using patient OS. (B) Similar with (A), using patient DSS. (C) Univariate cox regression analysis results for top hypermethylated CpG sites in TP53MT group, using patient OS. (D) Similar with (C), using patient DSS. (E) Statistics on all four categories of variables and the P-values calculated by univariate cox regression, using patient OS. (F) Similar with (E), using patient DSS.

Supplementary Figure 16. The multi-omics risk model constructed using LASSO algorithm demonstrated power in patient survival prediction. (A) Collinearity checking heatmap using variables showing significance (P-value<0.06) in univariate cox regression analyses with OS data. (B) Similar with (A), focusing on DSS data. (C) ROC curves of the risk score for predicting patient OS in the test set. (D) Similar with (C), focusing on DSS.

