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Supplementary figure legends
Supplementary Figure 1. HPV- exploratory set patient samples grouped by GO term
enrichment based on IPL (A), CNA (B), or RNA (C). The selection threshold was lowered to 2

3 (B) or 2 60% (C) to include more GO terms to avoid bias.

Supplementary Figure 2. HPV+ exploratory set patient samples grouped by GO term
enrichment based on CNA (A) or RNA (B). The selection threshold was lowered to = 2 (A) or

= 60% (B) to include more GO terms to avoid bias.

Supplementary Figure 3. HPV+ exploratory set patient samples grouped by MPAC’s input
RNA states. (A) Clustering results by K-means under a pre-specified total number of groups
ranging from two to six; (B) Clustering results by K-means with a pre-specified six groups; (C—
G) Top significantly enriched GO terms in group | (C), Il (D), lll (E), IV (F), and V (G). The
selection threshold was lowered to = 95% (F), 270% (G), or 250% (C-E) in order to include

more GO terms to avoid bias.
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Supplementary Figure 4. HPV+ exploratory set patient samples grouped by MPAC’s input
CNA states. (A) Clustering results by K-means under a pre-specified total number of groups
ranging from two to six; (B) Clustering results by K-means with a pre-specified six groups.

Group llI, 1V, V, and VI contained one sample each.

Supplementary Figure 5. CNA, RNA, and pathway states of CD28 (A), CD86 (B), and LCP2
(C), as well as pathway states of their pathway network neighbors in the eleven group |

patients.

Supplementary Figure 6. CNA, RNA, and pathway states of TYK2 (A) and IL12RB1 (B), as

well as pathway states of their pathway network neighbors in the eleven group | patients.

Supplementary Figure 7. CNA, RNA, and pathway states of CD247 (A) and FASLG (B), as

well as pathway states of their pathway network neighbors in the eleven group | patients.

Supplementary Figure 8. CNA, RNA, and pathway states of FASLG as well as pathway

states of its pathway network neighbors in a group | patient TCGA-CR-7385.

Supplementary Figure 9. Overall survival of HPV+ exploratory set patient samples
stratified by the inferred pathway levels (IPLs) of proteins from the same submodule (A)
or individual protein (B). Not all overall survival tests were statistically significant under a P <

0.01 cutoff.
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Supplementary Figure 10. Progression-free survival of HPV+ exploratory set patient
samples stratified by the inferred pathway levels (IPLs) of all the seven proteins
combined (A); proteins from the same submodule (B), or individual protein (C). Not all

progression-free survival tests were statistically significant under a P < 0.01 cutoff.

Supplementary Figure 11. Immune cell compositions stratified by the inferred pathway
levels (IPLs) of all the seven proteins combined for HPV+ exploratory (A) and validation
(B) set. Adjusted Wilcoxon test P on the cell composition difference between two groups of
patient samples were shown for each cell type. Eosinophil was not found in either the

exploratory or validation sets. T cell CD4+ naive was not found in the validation set.

Supplementary Figure 12. Overall survival of HPV+ validation set patient samples
stratified by the inferred pathway levels (IPLs) of proteins from the same submodule (A)
or individual protein (B). Not all overall survival tests were statistically significant under a P <

0.01 cutoff.
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