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Supplementary Figure 1. Comparisons of exact and estimated log-rank
distribution for varied simulations. The black line represents the exact
distribution whereas the colored lines show the distributions estimated by
VALORATE. The values of n, d (ev), n1, and a total number of combinations (comb) is
included in the top of each panel. The top 8 panels correspond to the distribution of
8 simulated scenarios shown in nominal units. The bottom 8 panels display
corresponding distributions in logarithm base 10 scale to highlight local modes of
low density.
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Supplementary Figure 2. QQ plot comparison of distributions. The distributions
correspond to the simulation shown in Figure 2 of the main paper. The exhaustive
distribution is shown in horizontal axis while the VALORATE distribution is shown
in the vertical axis. Each dot corresponds to the value of the distribution from 0% to
100% in increments of 1%. The extreme dots around +/- 6 marked with arrows
were seen in the exhaustive calculation but not observed in the random sampling of
VALORATE, which is expected due to random nature of the sub-sampling process.
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Supplementary Figure 3. Comparisons of p-value estimations. Each row of
panels shows a specific simulation varying n;={ 50, 30, 14, 7 } respectively
randomizing the mutational group (x vector) 50,000 times and using n=100 subjects
and d=10 events. The left column shows the observed distribution of k co-
occurrences (death and mutations), followed by the p-value estimations in linear
and logarithmic scales, and the overall L distribution estimated by VALORATE. The
ALRT p-values are shown in the horizontal axis whereas the VALORATE p-values
are shown in the vertical axis. Note that p-value differences are dependent on n; and
k. Some co-occurrences were missing within the 50,000 random vectors in n1=14
and n1=7.
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Supplementary Figure 4. Examples of differences in the p-value estimation.
(A) Shows the estimated p-values from the ALRT (horizontal axis) and VALORATE
(vertical axis) for a simulation having n=100, d=10, and n1=7 (as in Supplementary
Figure 3). Colors correspond to the number of co-occurrences (black=0, red=1,
green=2, blue=3, cyan=4, magenta=5, and 6 and 7 were not observed in this
sampling). “*” at the bottom right (black) and top left (red) marks two extreme cases
shown in (B) and (C) respectively. (B) The estimated p-value using VALORATE of
1.8x10-* which was estimated by the ALRT as p=0.15. (C) The estimated p-value
using VALORATE of 0.27 which was estimated by the ALRT as p=3.5x10-¢.
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Supplementary Flgure 5 Prec151on of VALORATE at dlfferent values of
sampling size. Two parameters sets (scenarios) were used. The top 2 rows show
simulations at n=100, d=10 (ev), n;=7 and the 2 bottom rows at n=300, d=30 (ev),
n;=4. Columns show different values of the sampling size parameter (ss)
corresponding to 103, 104, 10°, and 106. Each panel shows two runs in different
colors. Row 1 and 3 correspond to raw scale whereas rows 2 and 4 correspond to
logarithm base 10 scale to highlight low-density regions.
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Supplementary Figure 6. Differences of p-value estimations across cancer
types. Each panel shows a cancer type, the samples used, the number of censored
samples, the average number of mutations per sample, and the p-value estimations
for VALORATE (horizontal axis) and the ALRT (vertical axis). Each dot corresponds
to a gene in the dataset. Only genes whose p-value < 0.01 in any test and having 4 or

more mutations are colored.
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Supplementary Figure 7. Differences of p-value estimations along a number of
mutations. Each panel shows the p-value estimated in VALORATE (horizontal axis)
and the ALRT (vertical axis) for the specified number of samples mutated (from 3 to
more than 25). Colors correspond to cancer types.
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Supplementary Figure 8. Number of significant genes at FDR=0.333 across
cancer types. (A) Significant genes using all samples in VALORATE and the ALRT.
(B) Significant genes after removal of top 5% most mutated samples.
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Supplementary Figure 9. Comparison of significant and top genes. (A) g-value
of genes significant at g-FDR < 0.333 and p < 0.05 in VALORATE (horizontal axis) or
in the ALRT (vertical axis). (B) Ranks of genes in (A).
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Supplementary Figure 10. Association of the number of significant genes with
the numbers of samples. Association to (A) the number of samples used, (B)
deaths, (C) censored, and (D) percentage of censoring.
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Supplementary Figure 11. Association of the number of significant genes with
hypermutated of samples. The panels show the top 30 most significant genes
(having lowest p-values) in the vertical axis and samples in the horizontal axis. The
number of mutations per subject and the survival days is also shown on top of each
panel. The ordering of columns corresponds to the significance and whether the
gene was associated with low risk (green) or high risk (red). The columns were
ordered by the number of mutations in low and high risk within the genes shown.

BLCA(TCGA) : Valorate
b s -l "

TR RPN

BRCA (TCGA) : ALRT

—" |.Ilul|||‘.. RN ¥ —




vS-— <o_¢m
ny- im
INOMS (/€

. osN1(SLL
. |aVvN1 Whmva

@LD

| mxmmeag

- o« |dr-ONIT (1€2)

. ee NI-VOHO (901)
eee o o @0 o8 o0 ® 000 o . N@—.
-H = 1”". .o mwwmmwo VEN:

~ — s Hg-VOMS
M.... 20V (68

=
LDNDOWOONNMNNOD®D®ODO®D

' Hw_x<m@w_ o8

59 Am%
NgD (/82

ww
0

ddiM (6£2)
VO-YOVd (£21)

59INGD (662)

< <
.
.

e o0 o
.
o
ﬁ
<E
=
m

0 0 2 980 2

O~
ANmOOOOOMmO TS

.
.
e o o o

L]

2

<(

<(

2

o

&)

—

()

0 0 16g1 2,2

. [MN-vY004g Mm:
. M¥N-avydd (Z01)

. 3<|z<a fmi
o VOHL (16¥

. ces s o ST m_._._o m&

(23 ol
/A ol

148 ol
L

c - e 5dod mt
¢ M e oo |LIFVOV (

eoe e o [TAVI Nt
v o wmesss o 4 |H-VDOA (£6)
SN-1aN (so1)

oL

I I I I I
0000} 000} 001 ol I

shown in parenthesis. The number of ‘hypermutated’ samples removed are shown
above the line marking the cut-off used. For most cancer types, a 500 cut-off value

sample within a cancer type (horizontal axis). Cancer types ordered by the median
was used.

Supplementary Figure 12. Number of hypermutated samples removed along
of the number of mutated genes. The number of samples of each cancer type is

with mutated genes per sample and cancer type. Each dot corresponds to a
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Supplementary Figure 13. Number of significant genes per cancer type after
removal of hypermutated samples.
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Supplementary Figure 14. Significant genes using VALORATE in gliomas are
not related to most mutated samples.
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Supplementary Figure 16. Top genes seem cancer-type specific. (A) Significant
genes relaxing the FDR cut-off to FDR < 0.999, p < 0.05, and maximum 10 genes per
cancer type. (B) The p-value of the top 5 genes per cancer type.
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Supplementary Figure 17. Functional impact of the mutations in significant
genes. (A) Functional impact of the mutations in significant genes. (B) Functional
impact of random genes having a similar number of mutations within the same
cancer types. The annotations were obtained from MutationAssessor. (C) Statistical
analysis of the differences in functional impact.



VALORATE

500

VALORATE

1000

VALORATE

1603 1601

1605

1e-03 1e-01

1e-05

1e-03 1e-01

1605

n,=5 Mutations

25%

ns=100,n1=5,ev=0.25

50%

ns=100,n1=5,ev=0.5

75%

ns=100,n1=5,ev=0.75

- -
9 b4
2 2
) o
< <
2 2
,
., s co-occur (k) L, s co-occur (k) , s co-occur (k)
s— 0:11483 — 3:4281 s— 0:1448 —— 3:15055 s=—— 0:35  —— 3:13460
,’ — 1:20055 4:622 o ,’ — 1:7509 4:7595 w 7 — 1:620 4:20223
4 — 2:13531 — 5:28 ?J. —— 2:15066 — 5:1437 L —— 2:4256 — 5:11408
T T T < 9 T T R T T
1e-05 1e-03 1e-01 1e-05 1e-03 1e-01 1e-05 1e-03 1e-01
ns=500,n1=5,ev=0.25 ns=500,n1=5,ev=0.5 ns=500,n1=5,ev=0.75
2 2
2 2
g g
@ @
.
. co-occur (k)
. .
s— 0:1537 — 3:15752 s— 0:42  — 3:13232
© L, — 1:7158 4:7626 0 L7 — 1:655 4:19980
L 2:15753 —— 5:1574 e 2:4354 —— 5:11737
T T T 2 9 T T B T T
1e-05 1e-03 1e-01 1e-05 1e-03 1e-01 1e-05 1e-03 1e-01
ns=1000,n1=5,ev=0.25 ns=1000,n1=5,ev=0.5 ns=1000,n1=5,ev=0.75
- -
2 2
2 2
) o
g S
2 2
, -
L, s co-occur (k) co-occur (k) 4 co-occur (k)
s— 0:11979 — 3:4345 0:1557 —— 3:15488 , 0:51 — 3:13198
L7 = 1:19040 4:765 w L7 = 1:7769 4:7695 w L7 1:787 4:19845
4 2:12026 5:45 3 4 2:15885 5:1608 g 4- 2:4331 5:11808
T T T - T T T - T T T
1e-05 1e-03 1e-01 1e-05 1e-03 1e-01 1e-05 1e-03 1e-01

ALRT

ALRT

ALRT

(Supplementary Figure 18)




(B) n,=10 Mutations

Events 25% 50% 75%
Samples

ns=100,n1=10,ev=0.25 ns=100,n1=10,ev=0.5 ns=100,n1=10,ev=0.75

w34 ;i ;
100 =
O = 3 o
- "7 co-oceur (k) - -
< — 0:2341 — '5:2607 —2:12 | 7:13134
> - 1:9100 6:615 4 3:102 | — 8:14762
. 2:14674 7:91 . 4:597 — 9:9119
© L7 — 3:13300 — 8:5 “ - L7 —— 5:264] — 10:2287
S 2 4:7176 — 9:1 < L 6:7340
el @ @ |
- T T T - T T T - T T T
1e-05 1e-03 1e-01 1e-05 1e-03 1e-01 1e-05 1e-03 1e-01
ns=500,n1=10,ev=0.25 ns=500,n1=10,ev=0.5 ns=500,n1=10,ev=0.75
g 2 2
2 2 2

500

VALORATE

g g 8
E ’ & H
7 co-oceur (k) plas L 6: 10208
— 0:2808 5:2918 —r 1:457 7:5853
5= 1:9257 6:761 7%= 2:2106 —— 8:2117
- 2:14297 7:142 s— 3:5805 — 9:451
w L7 — 3:12589 — 8:22 © L7 —— 4:10318 — 10:44 » L :
L 4:7206 < 4. —— 5:12599 S —— 5:2866 —— 10:2639
@ @ @
- T T T - T T T - T T T
1e-05 1e-03 1e-01 1e-05 1e-03 1e-01 1e-05 1e-03 1e-01
ns=1000,n1=10,ev=0.25 ns=1000,n1=10,ev=0.5 ns=1000,n1=10,ev=0.75

1e-01
1e-01
1e-01

74

1000

VALORATE

« «© s 7
7 < | S
2 2
/’ co-oceur (k) 9?50 610303 ” co-occur (k)
—~ 0:2816 2922 — 1442 7:5846 —1:1 6:7250
-2 1:9407 bl 785 S2- 2:2183 — 8:2223 2 2:20 7:12705
s 2:1409 157 s— 3:5133 — 9:497 s— 3:149 — 8:14190
© L7 — 3:12540 — Bl22 0 e 4:10162 — 10:45 o P 4:757 — 9:9289
g 4- 4:7255 g 4 5:12426 2 4- 5:2000 — 10:2739
- T T T - T T T - T T T
1e-05 1e-03 1e-01 1e-05 1e-03 1e-01 1e-05 1e-03 1e-01

ALRT ALRT ALRT

Supplementary Figure 18. Comparisons of p-value estimations in several
settings. To clarify the tendencies in all panels, the points for a value of k that were
placed above the diagonal were joined used a line, which was then smoothed. A
similar line was used for the points below the diagonal. (A) For 5 mutations in
settings of 25%, 50%, and 75% of events in 100, 500, and 1000 samples. (B) For 10
mutations in same settings than (A). Note that patterns depend on % of events and
mutations and not on the number of samples.



(A) Power Analysis, GBM-Like Survival
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Supplementary Figure 19. Power analysis in two scenarios. The figure shows
the results of the simulations for data similar to Glioblastoma (GBM) in (A) and for
Breast cancer (BRCA) in (B). The panels at left show the simulated populations at
different hazard ratios while the panels at right show the power analyses. 100
simulations were performed for each hazard ratio tested. Each simulation used all
subjects from the original fitting (black Kaplan-Meier curve) and added 10 random
subjects from the tested curve that were used as the ‘mutated’ subjects. For
VALORATE, we used 100,000 for sampling size. The simulations were performed
using a uniform hazard over time for all subjects. Censoring was randomly
determined at the moment of simulated death multiplying the death time by a
random uniform factor between 0.5 and 1 to generate the censored follow-up time.
The parameters of our simulations were adjusted to fit the observed data in GBM in
(A) and BRCA in (B).
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Supplementary Figure 20. Comparison of the mutation frequency and
significance of genes between Gliomas and Glioblastoma and Low-Grade
Gliomas. (A) shows the proportion of samples for Glioblastoma (GBM) in the
vertical axis and for Low-Grade Gliomas (LGG) in the horizontal axis. Colored
ellipses denotes p-value estimations likely affected by differences in mutation
frequency (red) and those gaining power due to higher number of samples (blue).
The size of the bubble is related to the p-value for Gliomas (GBMLGG). Note that
smaller bubbles are closer to the diagonal. Gray denotes non-significant (at FDR <
0.333). Top genes in gliomas (GBMLGG) are labelled. (B) shows a comparison of the
p-value in logarithm base 10 scale of significant genes in Gliomas.



