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Supplementary Figure 1. Accuracy landscape for different simulations (general densely
connected FMP and random edges generated by Erdos-Renyi model). a, ARI landscape
across varying background mutation frequency and density of random gene interactions when
subtypes are driven by mutations of FMP. b, ARI landscape across varying background
mutation frequency and density of random gene interactions when subtypes are driven by a
FMG. ¢, ARI landscape across varying background mutation frequency and density of random
gene interactions when subtypes are driven by mutations of FMP without any FMG presents. d,
ARI landscape across varying background mutation frequency and density of gene interactions
within FMP when subtypes are driven by mutations of FMP.
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Supplementary Figure 2. Exploring cancer pathway analysis through simulation (star-like
FMP and random edges generated by preferential attachment model). a, Tumor
stratification performance with increasing frequency of background mutations, when no random
interactions are presented. Performance is measured by calculating Adjusted Random Index
(ARI) between the true subtypes and the tumor clusters derived by network stratification. b,
Tumor stratification performance with increasing random gene interaction density.

(=3

Subtype based on FMP Subtype based on FMG

0.6

0.4

Density of random
interactions (%)
Density of random
interactions (%)

sa0/Ajqns anJj BurLianodsau
Jo Aoeunooe abelany

o
=)

10 12 14 16 18 20 10 12 14 16 18 20
Background mutation frequency (%) Background mutation frequency (%)

C Subtype based on FMP
excluding FMG

0.8
0.6
0.4

0.2

0.0

Density of random
interactions (%)

10 12 14 16 18 20
Background mutation frequency (%)

Supplementary Figure 3. Accuracy landscape for different simulations (star-like FMP and
random edges generated by preferential attachment model). a, ARI landscape across



varying background mutation frequency and density of random gene interactions when subtypes
are driven by mutations of FMP. b, ARI landscape across varying background mutation
frequency and density of random gene interactions when subtypes are driven by a FMG. ¢, ARI
landscape across varying background mutation frequency and density of random gene
interactions when subtypes are driven by mutations of FMP without any FMG presents.
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Supplementary Figure 4. Using ESPs to stratify Glioblastoma (GBM), Head and neck
(HNSC HPV negative), Ovarian (OV) patients. a, Statistical significance of GBM patient
stratification versus different numbers of subtypes. Statistical significance is determined by cox
regression and log-rank test. b, Kaplan-Meier survival plot for GBM patients when stratified into
two subtypes. ¢, Statistical significance of HNSC patient stratification versus different numbers
of subtypes. Statistical significance is determined by cox regression and log-rank test. d,
Kaplan-Meier survival plot for HNSC patients when stratified into three subtypes. e, Statistical
significance of OV patient stratification versus different numbers of subtypes. Statistical
significance is determined by cox regression and log-rank test. f, Kaplan-Meier survival plot for
QV patients when stratified into two subtypes.
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Supplementary Figure 5. Using ESPs to stratify Lung adenocarcinoma (LUAD), Bladder
(BLCA), Sarcoma (SARC) cancer patients. a, Statistical significance of LUAD patient
stratification versus different numbers of subtypes. Statistical significance is determined by cox
regression and log-rank test. b, Kaplan-Meier survival plot for LUAD patients when stratified into
four subtypes. ¢, Statistical significance of BLCA patient stratification versus different numbers
of subtypes. Statistical significance is determined by cox regression and log-rank test. d,
Kaplan-Meier survival plots for BLCA patients when stratified into two subtypes. e, Statistical
significance of SARC patient stratification versus different numbers of subtypes. Statistical
significance is determined by cox regression and log-rank test. f, Kaplan-Meier survival plot for
SARC patients when stratified into two subtypes.
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Supplementary Figure 6. Using ESPs to stratify Liver (LIHC), Thyroid (THCA) patients. a,
Statistical significance of LIHC patient stratification versus different numbers of subtypes.
Statistical significance is determined by cox regression and log-rank test. b, Kaplan-Meier
survival plot for LIHC patients when stratified into six subtypes. ¢, Statistical significance of
THCA patient stratification versus different numbers of subtypes. Statistical significance is
determined by cox regression and log-rank test. d, Kaplan-Meier survival plot for THCA patients
when stratified into three subtypes.
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Supplementary Figure 7. Evaluation performance of different input sources. a, ESP
derived from InBioMap versus ESP derived from PathwayCommons. b, ESP derived from
InBioMap versus ESP derived from STRING.



iy

196 patients

7 X

faf Tifyhy

90 patients

106 patients

Subtype 1/2 )

48 15

Subtype 2/2

phd

50 patients

119 patients

f

27 patients

Subtype 1/3 Subtype 2/3

46

Subtype 3/3

o7

pif

46 patients

i

35 patients

28 patients

it

87 patients

Subtype 1/4 Subtype 2/4

Grade=G3 O Family history of cancer=No
Ecog score=0 [ Race=White

NCOA1 ZIC3 53ppo
ARHGEF17

GMPS
BRCA2

PAN2

PRDM2

KAT6A
AKAP12

k.i‘

NCOR1

NROB2 IQGAP1

GTF3C3
ARID1 BTCF7L1

HECW2

CuL9
HTT THRAP3

Subtype 3/4

ESR1

ARIDIA - SMARCA4

Subtype 4/4

O AFP(Alpha-Fetoprotein) = Low
[ Bilirubin level = Low

PIK3CA FLT1

RARGEF2

ERBB

HNF1A

APC
PTEN

ALB

GEMINS

Survival probability

(¢}

Survival probability

o

Survival probability

GRIP1

100% -

80%-

60%

40%

20%

0%+

Log-rank
P-value = 0.0091
— Subtype 1
Hazard R. vs 2: 0.564
Subtype 2

100% 4

80% -

60% -

40% -

20% -

0% -

0 10 20 30 40 50 60
Time (months)

Log-rank
P-value = 0.0190

Subtype 1
Hazard R. vs 2: 0.4710
Subtype 2
Subtype 3
Hazard R. vs 2: 0.9806

100% -

80% -

60% -

40% -

20% -

0% -

0 10 20 30 40 50 60
Time (months)

Log-rank
P-value = 0.0180

— Subtype 1 Hazard R. vs 4: 0!3998
~ Subtype 2 Hazard R. vs 4: 0.7530
" Subtype 3 Hazard R. vs 4: 0.8073

Subtype 4

GLE1

TTN

0 10 20 30 40 50 60
Time (months)

NEB LAMA1 APOB
XIRP2 ~ DMD

UBRS
®

LRRK2

©® Subtype 1/4
©® Subtype 2/4
® Subtype 3/4
® Subtype 4/4

Supplementary Figure 8. Hierarchical clustering and characteristic ESP of liver cancer
(LIHC) cancer patients in TCGA. a, Hierarchical organization of patients, at increasing
resolution from 2-4 subtypes. b-d, Kaplan-Meier survival plots for different numbers of subtypes.
e, Differentially mutated ESP used in assortment of patients into subtypes.
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Supplementary Figure 9. Hierarchical clustering and characteristic ESP of lung
adenocarcinoma (LUAD) patients in TCGA. a, Hierarchical organization of patients, at
increasing resolution from 2-4 subtypes. b-d, Kaplan-Meier survival plots for different numbers
of subtypes. e, Differentially mutated ESP used in assortment of patients into subtypes.
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Supplementary Figure 10. Hierarchical clustering and characteristic ESP of ovarian
cancer (OV) patients in TCGA. a, Hierarchical organization of patients, at increasing resolution
from 2-4 subtypes. b-d, Kaplan-Meier survival plots for different numbers of subtypes. e,

Differentially mutated ESP used in assortment of patients into subtypes.
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Supplementary Figure 11. Hierarchical clustering and characteristic ESP of glioblastoma
(GBM) patients in TCGA. a, Hierarchical organization of patients, at increasing resolution from
2-4 subtypes. b-d, Kaplan-Meier survival plots for different numbers of subtypes. e, Differentially
mutated ESP used in assortment of patients into subtypes.
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Supplementary Figure 12. Hierarchical clustering and characteristic ESP of sarcoma
(SARC) patients in TCGA. a, Hierarchical organization of patients, at increasing resolution
from 2-4 subtypes. b-d, Kaplan-Meier survival plots for different numbers of subtypes. e,
Differentially mutated ESP used in assortment of patients into subtypes.
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Supplementary Figure 13. Hierarchical clustering and characteristic ESP of thyroid
(THCA) patients in TCGA. a, Hierarchical organization of patients, at increasing resolution from
2-4 subtypes. b-d, Kaplan-Meier survival plots for different numbers of subtypes. e, Differentially
mutated ESP used in assortment of patients into subtypes.
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Supplementary Figure 14. Hierarchical clustering and characteristic ESP of bladder
cancer (BLCA) patients in TCGA. a, Hierarchical organization of patients, at increasing
resolution from 2-4 subtypes. b-d, Kaplan-Meier survival plots for different numbers of subtypes.
e, Differentially mutated ESP used in assortment of patients into subtypes.
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Supplementary Figure 15. Proportion of well-known cancer genes detected in ESP
InBioMap verse complete InBioMap for 2-4 subtypes of 8 cancer types. a, Cancer genes
were specific to cancer types. For example, for bladder cancer, only genes documented to be
involved in bladder cancer were counted. b, Cancer genes were not specific to cancer types.

For example, for bladder cancer, only genes documented to be involved in liver cancer were
also counted.
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Supplementary Figure 16. Aggregation effects of ESPs in LIHC and LUAD. a, Drug
resistance (log IC50) on cell line data using the aggregate of genes in the liver ESP versus each
of its genes individually. b, Drug resistance (log IC50) on cell line data using the aggregate of
genes in the lung ESP versus each of its genes individually.



