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Abstract: In the present study, we developed a transcriptomic signature capable of predicting prognosis and re-
sponse to primary therapy in high grade serous ovarian cancer (HGSOC). Proportional hazard analysis was per-
formed on individual genes in the TCGA RNAseq data set containing 229 HGSOC patients. Ridge regression analy-
sis was performed to select genes and develop multigenic models. Survival analysis identified 120 genes whose
expression levels were associated with overall survival (0OS) (HR = 1.49-2.46 or HR = 0.48-0.63). Ridge regression
modeling selected 38 of the 120 genes for development of the final Ridge regression models. The consensus model
based on plurality voting by 68 individual Ridge regression models classified 102 (45%) as low, 23 (10%) as moder-
ate and 104 patients (45%) as high risk. The median 0OS was 31 months (HR = 7.63, 95% Cl = 4.85-12.0, P < 1.0%7)
and 77 months (HR = ref) in the high and low risk groups, respectively. The gene signature had two components: in-
trinsic (proliferation, metastasis, autophagy) and extrinsic (immune evasion). Moderate/high risk patients had more
partial and non-responses to primary therapy than low risk patients (odds ratio = 4.54, P < 0.001). We concluded
that the overall survival and response to primary therapy in ovarian cancer is best assessed using a combination of
gene signatures. A combination of genes which combines both tumor intrinsic and extrinsic functions has the best
prediction. Validation studies are warranted in the future.

Keywords: High grade serous ovarian cancer, gene signature, chemotherapy resistance, prognosis, immune eva-
sion, machine learning

Introduction interval (PFIl) defined as the time to recurrence
or progression after receiving platinum-based
chemotherapy. Extended PFls are associated
with higher response rates to repeat platinum
treatments and longer survival times [5].
However, a PFl of less than 6 months is consid-

ered platinum resistant and is associated

Ovarian cancer is the most lethal gynecologic
cancer in the United States [1]. The majority of
patients are diagnosed at an advanced stage
with an estimated 5-year survival between 30%
and 50% [2]. Current standard of care consists

of cytoreductive surgery either before or after
systemic chemotherapy with a combination of
a platinum and taxane agents [3]. This regimen
is effective at initially treating the cancer, as
80% of patients will have no evidence of dis-
ease after therapy completion [4]. However, at
least half of patients recur within the first 18
months after therapy [4].

To date, one of the most important prognostic
factors for ovarian cancers is the platinum free

with a median survival of 9-12 months [5].
Unfortunately, little is known about platinum
resistance or how to overcome it [6].

To better understand the mechanisms of plati-
num resistance, we applied machine learning to
the TCGA RNAseq data to develop multigenic
models capable of predicting prognosis and
treatment response among high grade serous
ovarian cancer patients (HGSOC). Although pre-
vious studies have examined prognostic signa-
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Table 1. Summary of demographic, pathologic, and treatment information for all patients

Patients # (%)

Characteristic (n, total = 229) Median OS HR (95% CI) p-value
Age < 59 years 113 (49%) 49 months ref ref
> 59 years 113 (49%) 38 months 1.18 (0.85-1.64) 0.32
Unknown 3 (2%) 24 months 4.31(1.34-13.89) 0.014
Stage Low 20 (9%) 71 months ref 0.06
High* 209 (91%) 43 months 2.20 (0.97-4.99)
Histology Serous 229 (100%) NA NA NA
Grade Moderate 32 (14%) 62 months ref 0.03
High 197 (86%) 42 months 1.76 (1.07-2.90)
Lymphovascular Invasion Negative 36 (16%) 52 months ref ref
Positive 64 (28%) 41 months 1.45 (0.78-2.70) 0.24
Unknown 129 (56%) 44 months 1.50 (0.85-2.63) 0.16
PDS Yes 229 (100%) NA NA NA
Residual Disease RO 44 (19%) 57 months ref ref
R1 102 (44%) 41 months 1.82 (1.07-3.09) 0.03
R2 61 (27%) 38 months 1.81 (1.04-3.18) 0.04
Unknown 22 (10%) 79 months 0.87 (0.41-1.84) 0.72
Treated Postoperatively Yes 229 (100%) NA NA NA
Response to Primary Treatment Complete Response 136 (59%) 57 months ref ref
Partial Response 29 (13%) 33 months 4.02 (2.49-6.49) < 0.001
No Response 20 (9%) 24 months 5.88 (3.43-10.06) < 0.001
Stable Disease 15 (6%) 34 months 2.81(1.39-5.68) 0.004
Unknown 29 (13%) 32 months 4.00 (2.42-6.63) < 0.001

Abbreviations: HR hazard ratio, Cl confidence interval, Low Stage IIA-1IC, High Stage IlIA-1V, High grade: cancers described as
grade 3, Moderate Grade: cancers described as grade 2, RO No residual disease, R1 between 1 mm - 10 mm of residual dis-
ease, R2 greater than 10 mm of residual disease, PDS: primary debulking surgery. *Among high stage patients 170 (81%) and

22 (11%) were stage IlIC and 1V, respectively.

tures, the reported signatures have below
par survival prediction, poor validation in out-
side datasets, and do not predict platinum
resistance [7]. As previous studies have not
addressed the significant clinical question of
understanding and overcoming platinum resis-
tance [7-14], we undertook the present study to
develop a gene signature that can predict both
treatment response and survival prognosis.

Methods
Patients and data

TCGA ovarian cancer patient cohort (n = 307)
level 3, log2 transformed RNAseq data was
obtained through the UCSC Xena platform [15].
Exclusion criteria were unknown stage, grade 1
differentiation, no post-operative treatment, or
censored at less than or equal to 6 months.
This left a final cohort of 229 patients. Overall
survival was the primary endpoint of this study
and all surviving patients were censored at 10
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years. Of the 229 patients, the median age was
59 and 209 (91.3%) were stage IlIA or later. All
patients had serous histology, were grade 2 or
higher, underwent primary cytoreductive sur-
gery and received postoperative treatment. An
optimal cytoreduction (RO+R1 resections) was
achieved in 146 (63.8%) of patients, and most
patients had a complete response (n = 136,
59.4%) to initial chemotherapy Table 1.

Survival analyses with individual genes

All statistical analyses were performed using
the R language and environment for statistical
computing [16]. Genes with an even distribu-
tion of patients when divided into 4 quartiles
were chosen for analysis (n = 14,262). In single
gene analyses, patients were ranked by expres-
sion levels and divided into four quartiles. The
first quartile was used as the reference and
compared to the 2", 3@ and 4" quartiles using
Cox proportional hazards for survival analyses.
All survival analyses and Kaplan-Meier survival
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curves were generated using the “survival
package” in R [17].

Ridge regression

Ridge regression was carried out with different
gene sets to calculate Ridge Regression Scores
(RRS) for each patient using the “glmnet” pack-
age in R [18]. Ridge regression combines mul-
tiple inputs in a linear manner and then uses a
penalty term (lambda) to tune the model. The
effect of this penalty term can be modified to
have no effect (lambda = 0) or if lambda equals
infinity the coefficient of the input parameter
equals 0, meaning the given parameter has no
impact on the model. The input factors are
then summed together based on their coeffi-
cients resulting in an individual score for each
patient. The lambda value was optimized using
the lambda.min function, which automatically
chooses the lambda which results in the least
errors on cross validation. After the RRS is
computed for each patient, all patients were
ranked and then divided into two groups (RRS_
high and RRS_low) by the cumulative sum of
their RRS. Survival for the low and high RRS
groups were then compared by Cox Proportion
hazard analysis.

The analytical pipeline incorporated training
and testing component for each step. Briefly,
the 229 patients were randomly divided into
a training subset and a testing subset, each
with 50% of the total number of patients. This
process is repeated 3,000 times to generate
3,000 pairs of training/testing datasets. Ridge
regression was performed and RRS calculated
for each patient in each training set and sur-
vival was assessed for RRS_high versus RRS_
low groups using the median RRS cutoff. The
same median cutoff derived from the training
dataset was applied to the corresponding test-
ing dataset for survival analyses. The pipeline
generated a table that contains hazard ratio
(HR) and p-value for both training and testing
datasets for all 3000 iterations (or models).
The pipeline also calculated the relative contri-
bution of each gene in the dataset to each
model, allowing us to assess the importance of
all investigated genes.

Validation by bootstrapping

Bootstrapping was used to perform further vali-
dation and estimate the mean and 95% confi-
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dence interval for the HR associated with each
model. Briefly, 70% of patients were randomly
sampled for each bootstrap and 1,000 boot-
straps with replacement were generated for
this study. Each bootstrapped dataset, for the
selected top models were analyzed by Ridge
regression and Cox proportion Hazard. The
mean HR from all 1000 bootstraps was also
computed and the 95% confidence interval
was defined by the HR at the 5" and 95" per-
centiles of the 1000 models. Conventionally,
models are considered validated if 95% or
more models have p values less than 0.05.

Plurality voting for consensus modeling

Our analytical pipeline generated a number of
models that were validated by training, testing,
and bootstrapping. It was critical to assess
the consistency of patient classification by
each of the selected models. For this purpose,
the RRS group assignment for each patient by
the selected models was compiled and the
percentages of models assigning a specific
patient to each RRS group were calculated. If
75% or greater of the models assigned a pati-
ent as high or low RRS group, the patient
was considered confidently classified in their
respective risk group. A patient was assigned
to an “ambiguous” or “moderate” RRS group if
less than 75% of the models assigned the
patient to neither the low nor the high RRS
groups. This plurality voting of multiple models
was used as the final classification of the
patients and was expected to be more robust
than any individual model.

Gene/protein interaction analysis

Gene function was evaluated using the public
database GeneCards (https://www.genecards.
org/) [19]. Gene/protein interaction was deci-
phered by using STRING (Search Tool for the
Retrieval of Interacting Genes/Proteins) v11
which is a publicly available database (https://
string-db.org/) [20].

Results

Survival analyses with single genes

As expected, univariate analysis indicated that
grade and residual disease were only margin-

ally predictive of overall survival while treat-
ment response was a good predictor of survival
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(Table 1). Cox proportional hazard analysis
of 14,262 genes revealed 881 genes (6.2%)
with some prognostic value for overall survival
when analyzed as a continuous variable (P <
0.05). The top 120 genes were selected using
a combination of gene function, HR between
the fourth and first quartile, and level of sig-
nificance (Supplementary Table 1). However,
even among the best genes, there was no indi-
vidual gene with an HR greater than 2.5, dem-
onstrating that individual genes alone have
minimal predictive capability for ovarian cancer
prognosis

Ridge regression models have excellent prog-
nostic potential

Given the limited predictive ability of individual
genes, Ridge regression was then used to see if
combination of genes could outperform indi-
vidual genes. In contrast to the conventional
approach that would try to generate one Ridge
regression model using the entire dataset of
229 patients, we developed an analytic pipe-
line, as defined in the methods, that generates
and tests large numbers of models to identify
the best-performing and robust models. This
method allowed for the generation 3,000 mod-
els. The best models were defined as those
having excellent survival differences between
low and high RRS groups in both the training
and testing subsets. This pipeline was initially
applied to the previously defined 120 genes,
which yielded 40 models with HR > 4.0 in the
training/testing pairs. To further reduce the
number of genes and focus only on the best
performing genes, we computed the relative
contribution of each gene for individual models.
Then we used the average contribution of
individual genes of the best performing models
to rank all 120 genes. At the end, we selected a
38 gene signature for subsequent studies
(Table 2).

Ridge regression was then repeated utilizing
data on the 38 genes in the 3,000 training and
test pairs. This resulted in 68 different models
that had an HR of greater than 5 in both the
training and test sets (Table 3). The mean ridge
regression scores for each of the 38 genes
is shown in Table 2. Kaplan-Meier curves for
select models are shown in Figure 1. On covari-
able analysis including clinical factors and
Ridge regression score (RRS), only treatment
response and RRS were consistently associat-
ed with patient prognosis (P < 0.001), while
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grade was only significantly associated with
prognosis in 7 of the 68 (10.2%) models, and
residual disease was never significantly associ-
ated with patient prognosis Supplementary
Table 2. Because of the size of the dataset,
there were not enough patients to have a
holdout set of samples for cross validation of
these models. Therefore, bootstrapping was
employed to assess the validity of the models.
All models had a p-value of 1x10° or less after
bootstrapping, demonstrating that these mod-
els reliably predict patient prognosis (Table 3).

Consensus modeling provides superior and
robust survival prediction

Although each of the 68 models has excellent
prognostic power, it is not expected that every
model assigns every patient to the same risk
group. Therefore, it was critical to assess the
consistency of the models in classifying indi-
vidual patients. A heatmap was generated that
shows the group assignment of each of the 229
patients by each of the 68 models Figure 2.
Overall, the 68 models classified the majority of
the patients in a highly consistent manner, as
such, 102 of the 229 patients were classified
into the low risk group by more than 75% of the
models, 104 other patients were classified in
the high risk group by more than 75% of the
models, and only 23 patients did not have a
supermajority (> 75%) of the votes and were
considered as a moderate risk group. Survival
analysis using these three consensus or plural-
ity voting groups revealed that the high risk
group had a median overall survival of 31
months compared to 77 months for the low
risk group (HR = 7.63, 95% Cl = 4.85-12.0, P <
1E-10). The intermediate risk group had a medi-
an overall survival of 38 months (HR = 4.73,
95% Cl = 2.54-8.80, P < 1E-5) (Figure 3A). The
moderate risk and high risk groups were com-
bined together in subsequent analyses. When
survival analysis was restricted to the 136
patients who had complete response, the high/
moderate risk group has a much shorter medi-
an overall survival (41 months) than the low risk
group (86 months) (HR = 6.07, 95% Cl = 3.44-
10.7, P < 1E-10) (Figure 4A).

Risk group designation is predictive of therapy
response

As shown in Table 1, response to primary ther-
apy was predictive of overall survival. As expect-
ed, patients with complete response had the
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Table 2. Survival analysis and function of the 38 genes determined to be part of the final gene signature (38-0G) and their functions

Gene Q4_HR (95% Cl) Q4_p *RRSin 38 Function

UBE2J1 0.63 (0.40-0.99) 4.37E-02 -0.091 Targets misfolded MHC class | proteins for degradation [21]

Clorf74 0.56 (0.35-0.88) 1.28E-02 -0.081 Unknown function

CLEC6A 0.45 (0.28-0.73) 1.33E-03 -0.081 Stimulate dendritic cells and T-cells [22, 23]

BTLA 0.54 (0.34-0.87) 1.01E-02 -0.067 Dual role in prolonging T-cell survival but also can depress T-cell response [24, 25]

XBP1 0.48 (0.3-0.77) 2.43E-03 -0.066 Promote Th2 expansion, and NK cell response [26, 27]

TRIM27 0.62 (0.39-0.99) 4.29E-02 -0.065 Positive regulation of TNF-alpha induced apoptosis, interferon gamma production [28, 29]
EIF4E3 0.53(0.33-0.86) 1.03E-02 -0.062 Involved in the innate immune system pathway and interferon gamma signaling [30]

MON1A 0.52(0.33-0.84) 7.57E-03 -0.060 Membrane trafficking via the secretory pathway not lysosomal route [31]

S0CS2 0.56 (0.35-0.9) 1.64E-02 -0.060 Important for T-helper cell type 1 function [32]

GMPPB 0.58 (0.36-0.92) 2.12E-02 -0.059 Catalyzes the formation of essential glycan precursors. Glycans are essential for immune function [31, 33]
LRRC45 0.56 (0.35-0.9) 1.61E-02 -0.056 Part of centrosome construction [34]

LCK 0.70(0.43-1.12) 1.36E-01 -0.055 Involved in selection and maturation of T cells [35]

UBB 0.56 (0.35-0.9) 1.62E-02 -0.055 Stimulate apoptosis through the mitochondrial pathway, tag proteins for degradation, DNA repair [30, 36]
FBF1 0.53 (0.32-0.86) 9.62E-03 -0.054 Required for epithelial cell polarization and centrosome formation [37]

CLPTM1L 0.67 (0.42-1.07) 9.21E-02 -0.048 Involved in stimulating apoptosis in response to DNA damage [38]

MLLT4 1.18(0.73-1.89) 5.05E-01 -0.048 Tumor suppressor function [39]

SHISA5 0.64 (0.4-1.02) 6.30E-02 -0.047 With p53 induces apoptosis in caspase dependent manner [40]

CYP2R1 0.71(0.45-1.11) 1.31E-01 -0.045 Important for Vitamin D production, which is associated with natural killer cell function [41, 42]
SPEN 1.50 (0.94-2.39) 9.11E-02 -0.037 Cell cycle regulation [43]

ME1 0.56 (0.35-0.91) 1.83E-02 -0.034 Role in bacterial response [44]

S0OCS5 1.49(0.93-2.38) 9.71E-02 0.035 Inhibit dendritic cell function [45]

EMP1 1.76 (1.11-2.81) 1.63E-02 0.037 Promotes proliferation and cell survival [46]

AGFG1 1.69 (1.08-2.64) 2.06E-02 0.053 circularRNA form promotes proliferation, metastasis, and increased cyclin expression E expression (known contributor to platinum resistance) [47-49]
METTL1 0.86 (0.53-1.38) 5.30E-01 0.055 Promotes cell proliferation and migration [50]

TSPAN9 1.65 (1.03-2.64) 3.62E-02 0.057 Promotes autophagy [51]

PYGM 1.7 (1.08-2.7)  2.33E-02 0.058 Increases glycogen usage especially in muscles that do not utilize oxygen [52]

VPS24 1.75(1.11-2.77) 1.66E-02 0.061 Promotes autophagy [53]

PYGB 1.95 (1.23-3.09) 4.27E-03 0.062 Role in promoting growth under hypoxic conditions [54]

CCDC144C 2.08(1.29-3.35) 2.48E-03 0.063 Psuedogene, expression has been associated with paclitaxel resistance [55]

ANGPT4 1.83(1.15-2.94) 1.14E-02 0.078 Promote vascular growth and recruitment of fibroblasts [56]

WWP1 1.49(0.93-2.4) 9.58E-02 0.078 Promote proliferation, involved in autophagy [57]

RPL23P8 1.72(1.09-2.71) 2.07E-02 0.079 Ribosomal Function Protein (Psuedogene) [30]

PEX3 1.87 (1.13-3.09) 1.43E-02 0.083 Promotes autophagy [58]

SUSD5 2.09 (1.3-3.36) 2.22E-03 0.083 Promotes proliferation and metastasis [59]

STAC2 2.46 (1.5-4.04) 3.61E-04 0.088 Promotes cell membrane transport activity [31]

KIAA1033  1.66(1.04-2.65) 3.33E-02 0.090 Role in promoting growth under hypoxic conditions [54]

PI3 1.52 (0.98-2.35) 6.06E-02 0.091 Involved in proliferation and survival [60]

CALML3 2.00 (1.27-3.17) 2.91E-03 0.105 Promotes cell proliferation metastasis [61]

*Q4 is the fourth quartile, HR hazard ratio, Cl confidence interval, *RRS in 38 refers to the ridge regression coefficient for each gene as determined by the 68 best models.
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Table 3. Survival Analysis for 68 best Ridge regression models from the 38-gene signature

Training and Testing

Entire Data Set

Bootstrapping (1000)

Model# Train HR(CI) TrainP  TestHR(Cl)  TestP HR (Cl) Pvalue Mean HR (Cl) P < 1E-6* P < 1E-10*
48 5.37(3.18:9.09) 3.74E-10 5.23(3.01-9.07) 3.94E-09 5.13(3.52-7.47) 1.4E-17 4.44(3.37-6.04) 240 760
56 6.04(3.4-10.7) 8.69E-10 5.22(2.91-9.35) 2.74E-08 5.53(3.72-8.21) 2.55E-17 5.21 (3.93-6.94) 19 981
70 5.27 (2.97-9.37) 1.44E-08 5.16(3.02-8.84) 2.19E-09 5.03 (3.41-7.41) 3.38E-16 4.91(3.84-6.43) 109 891
73 5.02 (2.89-8.72) 1.07E-08 5.05(2.9-8.78) 1.03E-08  5(3.39-7.38) 5.66E-16 5.2 (4.02-6.69) 37 9263
81 5.25(2.99-9.24) 8.29E-09 6.46 (3.62-11.5) 2.75E-10 5.71(3.83-8.52) 1.28E-17 5.76 (4.31-7.65) 4 296
129 5.61(3.39-9.29) 2.09E-11 5.66 (3.08-10.4) 2.40E-08 5.56(3.78-8.19) 3.27E-18 5.3 (4.06-6.95) 27 973
166 5.27 (2.989.31) 1.13E-08 5.93(3.44-10.2) 1.44E-10 5.27 (3.59-7.76) 2.76E-17 4.94 (3.76-6.79) 67 933
235 5.91(3.26-10.7) 5.25E-09 5.4(2.94-9.95) 5.99E-08 5.7(3.72-8.73) 1.31E-15 5.1(3.77-6.75) 84 916
281 5.34 (3.029.44) 7.93E-09 5.06(3-851) 1.07E-09 4.93(3.37-7.2) 171E-16 4.77(3.65-6.34) 102 898
305 517 (3.01-8.9) 2.91E-09 5(2.94851) 287E-09 5.15(3.53-7.51) 2.13E-17 5.5 (4.28-7.18) 6 994
429 6.23(3.52-11) 3.24E-10 5.07 (2.69-9.53) 4.86E-07 5.24 (3.47-7.93) 3.98E-15  4.79 (3.7-6.4) 96 204
530 5.66 (3.15-10.2) 6.84E-09 5.7 (3.07-8.73) 7.35E-10 5.33(3.63-7.84) 1.71E-17 4.78(3.69-6.24) 149 851
550 6.53(3.68-11.6) 1.49E-10 5.4(3.03-9.62) 1.03E-08 6.03 (4.01-9.07) 5.22E-18 5.53 (4.26-7.22) 4 996
594 554 (3.2-0.6) 9.81E-10 5.7(3.24-10) 1.62E-09 5.62(3.79-8.32) 7.47E-18 5.42(3.84-7.22) 45 955
596 6.7 (3.77-11.9) 8.18E-11 5.04(2.93-8.67) 5.09E-09 5.73(3.88-8.46) 1.82E-18 5.49 (4.15-7.16) 9 991
725 5.03 (2.89-8.74) 9.88E-09 5.14 (2.79-9.49) 1.64E-07 4.52(3.07-6.65) 1.93E-14 4.34(3.43-5.45) 228 772
744 5.34(2.99-9.54) 1.49E-08 5.1(2.9-896) 1.59E-08 5.21(3.49-7.8) 9.05E-16 5.11(3.97-6.56) 30 970
833 6.38(3.6-11.3) 2.00E-10 5.1(2.87-9.05) 2.68E-08 5.69(3.81-8.49) 2.14E-17 5.44 (4.23-6.98) 8 992
844 5.79(3.34-10.1) 4.31E-10 5.38(3.04-9.53) 7.77E-09 5.55(3.74-8.24) 1.76E-17  5.49 (4.3-7.16) 8 992
899 5.04 (2.94-8.65) 4.35E-09 5.99(3.3-10.9) 3.99E-09 5.3(3.57-7.87) 1.11E-16 5.21(4.06-6.63) 13 987
923 5.83(3.28-10.4) 1.87E-09 5.91(3.28-10.6) 3.22E-09 5.48 (3.69-8.14) 2.98E-17 5 (3.87-6.69) 43 957
924 5.23(2.99-9.13) 6.07E-09 6.86 (3.81-12.3) 1.26E-10 5.78(3.88-8.62) 6.47E-18 5.66 (4.16-7.65) 13 987
1005 5.25(3.07-9) 1.52E-09 5.11(2.958.86) 6.37E-09 4.95(3.41-7.19) 3.98E-17 4.61(3.53-6.38) 148 852
1042  5.35(3.06:9.33) 3.71E-09 5.17 (2.94-9.07) 1.05E-08 5.3(3.57-7.87) 1.54E-16 5.23 (3.97-6.78) 33 967
1046  5.04(2.91-8.72) 7.64E-09 5.56(3.19-9.69) 1.46E-09 5.03(3.43-7.36) 1.01E-16 5.14 (3.93-6.63) 27 973
1079  5.12(2.87-9.41) 2.94E-08 5.1(2.98-8.75) 3.03E-09 4.84(3.27-7.15) 2.46E-15 4.87 (3.85-6.31) 74 926
1128  531(3.099.13) 1.53E-09 5.3(2.989.45) 1.46E-08 5.47(3.68-8.12) 4.06E-17  5.34 (4.06-7) 17 983
1176 6.9(3.87-12.3) 5.85E-11 5(2.95-848) 2.30E-09 5.54(3.88.09) 6.71E-19 4.71(3.57-6.31) 111 889
1253  6.21(3.54-10.9) 1.82E-10 5.29 (2.95-9.49) 2.34E-08 5.66 (3.8-8.45) 1.98E-17 5.18(3.85-6.88) 30 970
1293 5.16 (3-8.88) 3.01E-09 5.21(2.95-9.19) 1.31E-08 5.11(3.47-7.52) 1.42E-16 4.64 (3.58-6.14) 109 891
1352  5.68(3.289.84) 5.75E-10 5.56(3.09-10) 1.07E-08 5.71(3.82-8.53) 2.04E-17 5.52 (4.17-7.05) 9 991
1506  5.29(3.03-9.25) 5.02E-09 6.3 (3.43-10.9) 8.25E-10 5.15(3.5-7.57) 9.23E-17 4.78 (3.57-6.67) 153 847
1561  6.39 (3.44-11.9) 4.39E-09 5.6(3.25-9.65) 5.50E-10 5.97(3.97-8.98) 8.38E-18 5.8 (4.34-7.77) 1 999
1569 5.3(3.1-9.05) 9.79E-10 5.68(3.15-10.2) 7.76E-09 5.41(3.65-8.03) 5.39E-17 5.18 (3.98-6.77) 38 962
1589  5.2(2.98-9.07) 6.04E-09 6.09(3.46-10.7) 3.88E-10 5.55(3.74-8.23) 1.71E-17 5.27 (4.11-6.91) 13 987
1623 10.9(5.37-22.1) 3.59E-11 5.18 (2.68-10) 9.79E-07 6.26 (4.03-9.72) 2.97E-16 5.55 (4.36-7.23) 10 990
1639  5.11(3.05-8.59) 6.80E-10 6.14 (3.33-11.3) 6.35E-09 5.59(3.77-8.29) 1.1E-17  5.41(3.99-7.21) 33 967
1657  5.29 (3.05:9.17) 2.93E-09 5.51(3.14-9.66) 2.67E-09 5.28 (3.58-7.78) 4.08E-17 5.29 (4.09-7.19) 11 989
1684  5.49(3.09-9.74) 5.98E-09 5.21(2.959.2) 1.30E-08 4.83(3.29-7.08) 8.37E-16 4.85 (3.74-6.57) 93 907
1701 5.19(2.929.24) 216E-08 5.4(3.22-9.05) 1.66E-10 4.98(3.43-7.24) 4.09E-17 5.96 (4.36-8.07) 5 995
1719 5.77(3.389.85) 1.32E-10 5.07 (2.87-8.94) 2.21E-08 5.44(3.69-8.03) 1.42E-17 5.35 (4.15-6.97) 13 987
1758  5.49 (3.15-9.58) 2.03E-09 5.43(3.06-9.62) 7.00E-09 5.51(3.7-821) 4.02E-17 5.37 (4.09-6.94) 24 976
1818  5.49(3.229.35) 3.69E-10 5.58(3.18-9.78) 2.05E-09 5.51(3.75-8.11) 3.98E-18 5.27 (4.18-6.64) 11 989
1822  5.18(3.058.8) 1.22E-09 6.08(3.31-11.2) 6.34E-09 5.46 (3.67-8.11) 5.27E-17 4.99(3.85-6.53) 58 942
1864 6.22(3.63-10.7) 2.67E-11 5.59(3.08-10.1) 1.45E-08 5.44(3.69-8.02) 1.19E-17 5.44 (4.32-7.1) 3 997
1878 5.74(3.28-10) 8.91E-10 5.35(3.06-9.34) 3.66E-09 5.53 (3.74-8.16) 8.05E-18 5.31(3.98-6.97) 18 982
1999 5.04 (38.47) 9.81E-10 5.07 (2.86-8.98) 2.57E-08 4.98(3.4-729) 151E-16 4.83(3.62-6.44) 108 892
2064  6.92(4.02-11.9) 2.80E-12 5.39(2.86-10.2) 1.90E-07 5.92(3.93-8.9) 1.45E-17 5.78 (4.34-7.8) 6 994
2065  6.68(3.78-11.8) 6.70E-11 5.08(2.87-8.99) 2.46E-08 5.63(3.77-8.39) 2.37E-17 5.37 (4.15-6.85) 16 984
2066  5.54(3.22-9.55) 6.72E-10 5.85(3.07-11.2) 8.10E-08 5.41(3.6-8.14) 4.46E-16 5.28 (4.03-6.79) 24 976
2090  5.27(3.05-9.1) 2.64E-09 5.35(2.96-9.66) 2.74E-08 5.31(3.58-7.88) 1.1E-16 5.25 (4.04-7.06) 16 984
2125  5.68(3.16-10.2) 7.04E-09 5.56(3.21-9.63) 1.01E-09 4.98 (3.4-7.27) 1.14E-16 4.97 (3.75-6.57) 66 934
2136  5.13(2.93-8.97) 9.66E-09 5.13(2.81-9.37) 1.03E-07 4.98(3.33-7.47) 7.07E-15 4.93 (3.74-6.52) 74 926
2206  6.6(3.7311.7) 859E-11 5.18(2.82:9.52) 1.14E-07 5.02(3.37-7.47) 1.65E-15 4.8 (3.77-6.14) 57 943
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2267  5.44(3.18-9.32)
2278 5.32 (3.04-9.3)
2208  5.19(3.04-8.84)
2342 5.06 (2.98-8.6)
2346  5.31(3.12:9.04)
2423  5.05(3.07-8.31)
2509  5.17 (2.95-9.06)
2553 5.4 (3.14-9.3)
2576  7.49(4.07-13.8)
2635 5(2.87-8.7)
2764 5.2 (2.95-8.88)
2868  5.11(2.94-8.89)
2869  5.45(3.24-9.17)
2954  5.36(3.04-9.44)

6.91E-10
4.66E-09
1.42E-09
2.03E-09
7.67E-10
1.93E-10
9.32E-09
1.17E-09
9.67E-11
1.23E-08
6.15E-09
7.92E-09
1.58E-10
6.00E-09

5.42 (3.039.7)
5.32 (3.08-9.17)
5.1(2.98-8.73)
5.12 (3.02-8.69)
5.01 (2.86-8.76)
5.05 (2.92-8.75)

)

)

1.26E-08
1.87E-09
2.63E-09
1.34E-09
1.68E-08
7.08E-09
3.92E-09
7.94E-09
1.03E-07
1.93E-09
1.02E-08

(
5.31(3.04-9.25
5.26 (2.99-9.24
6.61(3.3-13.2)
5.84 (3.28-10.4)
5.07 (2.91-8.83)
5.16 (3.04-8.74) 1.07E-09

5(2.88-8.68) 1.04E-08
6.53(3.34-12.8) 4.36E-08

4.84(3.33-7.03)
5.36 (3.63-7.9)
4.95 (3.43-7.15)
5.01 (3.46-7.26)
5.21 (3.55-7.66)
4.9 (3.42-7.04)
5.14 (3.48-7.58)
5.32 (3.61-7.84)
5.79 (3.81-8.8)
5.3 (3.56-7.88)
5.19 (3.51-7.69)
5.02 (3.46-7.3)
4.93 (3.41-713)
5.98 (3.89-9.2)

1.3E-16
2.61E-17
1.36E-17
1.77E-17
4.66E-17
6.55E-18
1.88E-16
3.33E-17
2.09E-16
1.88E-16
1.76E-16
2.42E-17
2.11E-17
3.47E-16
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4.66 (3.48-6.56)
5.26 (4.01-7.03)
5.09 (3.95-6.6)

4.79 (3.74-6.1)

5.06 (3.94-6.6)

5.26 (4.04-6.85)
5.31(3.97-7.12)
5.56 (4.32-7.38)
4.63 (3.51-6.22)
5.05 (3.79-6.66)
5.37 (3.99-7.39)
5.14 (3.92-7.04)
5.06 (3.88-6.81)
5.5 (4.187.38)

162 838
28 972
25 975
56 944
36 964
16 984
30 970
6 994
195 805
69 931
35 965
25 975
34 966
15 985

HR (Hazard Ratio), Cl (95% Confidence Interval), *The number of models out of 1,000 bootstraps with a p-value < 1E-6 (between 1E-6 and 1E-10) or < 1E-10, respectively.

Training: Iteration 48

Testi

ng: lteration 48

All Pati

ents: Iteration 48

e = e |
- — low n=58, HR=Ref - —— low n=66, HR=Ref - —— low n=124, HR=Ref
© | —— high n=57, HR=5.37 o | <= high n=48, HR=5.23 @ | - high n=105, HR=5.13
s ° P value= 3.7e-10 T ° logrank P= 3.9e-09 T ° logrank P= 1.4e-17
> > >
N 2 o I
5 o 5 S 5 o
7] (7] 7]
T T T < T T
s ° g ° s °
6 o S o S o
= o S
= = e |
e T T T T T T T e T T T T T T T 4 T T T T T T T
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time (Months) Time (Months) Time (Years)
Training: Iteration 56 Testing: Iteration 56 All Patients: lteration 56
| e | e
- = low n=58, HR=Ref - low n=50, HR=Ref - = |ow n=108, HR=Ref
@ —— high n=57, HR=6.04 @ high n=64, HR=5.22 o | high n=121, HR=5.53
= ° P value= 8.7e-10 = @ logrank P= 2.7e-08 = ° logrank P= 2.6e-17
> > >
z e z @ z @ |
3 o 3 o 3 o
w w w
T T T T
& ° & © & °
> > >
O w O o O o
= s 84
e e =
o T T T T T T T = T T T T T T = T T T T T T T
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time (Months) Time (Months) Time (Years)
Training: Iteration 70 Testing: Iteration 70 All Patients: Ilteration 70
2 4 2 | g
\ = low n=58, HR=Ref - = low n=62, HR=Ref - = low n=120, HR=Ref
o | high n=57, HR=5.27 o | high n=52, HR=5.16 @ | = high n=109, HR=5.03
€ o P value= 1.4e-08 E] o logrank P= 2.2e-09 ] o logrank P= 3.4e-16
z @] z @ z @
S o S o 3 o
@ 7] 7]
T T R R
g © g © g ©
S o 8 o S
o s 1 S
e | = =
e T T T T T T T =4 T T T T T T A T T T T T
0 20 40 60 80 100 120 0 20 40 60 80 100 0 20 40 60 80 100 120
Time (Months) Time (Months) Time (Years)
Training: Iteration 73 Testing: Iteration 73 All Patients: Iteration 73
o o o
\ = low n=58, HR=Ref - = low n=56, HR=Ref - = low n=114, HR=Ref
w | —— high n=57, HR=5.02 w | —— high n=58, HR=5.05 @ | —— high n=115, HR=5
‘_§ o P value= 1.1e-08 E = logrank P= 1e-08 Tg o logrank P= 5.7e-16
z e z e z @ |
3 o 3 o J o
w w w
TS T T T
g ° g © 5 S
O w O « 5 o
o s 1 3
- < ] <
C T T T T T T T C T T T T T T T S T T T T T T T
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time (Months) Time (Months) Time (Years)
187 Am J Cancer Res 2021;11(1):181-199



Prognostic gene signature high grade ovarian cancer

Figure 1. Kaplan Meier survival curves for 4 of the 68 models which had a HR of greater than 5 in both the training

and testing datasets.

91 Ridge Regression Models

Low Risk

Moderate Risk

High Risk

Figure 2. Heat map comparing how each model
(columns) ranked each patient in terms of risk (high
or low). For the most part, each model agreed on
whether patients were low or high risk. If there was
greater than 25% disagreement between all mod-
els on whether a patient was high or low risk, that
patient was categorized as moderate risk. Patients
were ordered by the percentage of votes for the high
risk group (red color).

best survival with a median overall survival of
57 months, while median overall survival was
shorter for partial responders (33 months, HR
= 4.02, P < 0.001) and non-responders (24
months and HR = 5.88, P < 0.001). We exam-
ined whether the 38-gene transcriptomic sig-
nature was predictive of response to primary
therapy in these three groups after excluding
patients with unknown or stable disease. As
shown in Figure 5A, 77 of the 136 (57%)
complete responders were classified as “low
risk” by the consensus Ridge model, while 24
of 29 (83%) partial responders and 14 of 20
(70%) non-responders were classified as high/
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moderate risk. Indeed, only 12% of the low risk
patients did not have a complete response,
while 40% of the high/moderate risk patients
did not have a complete response (odds ratio =
4.54, P <0.001) (Figure 5B).

Function and pathway of the 38-gene signa-
ture

The potential function of the 38 genes in
relation to cancer patient survival was exam-
ined through searches in public databases
such as PubMed, Genecards, and STRING
(Search Tool for the Retrieval of Interacting
Genes/Proteins). The most prominent biolo-
gical actions included immune function and
regulation, cell proliferation and apoptosis,
DNA repair, glycan production and glycan
binding, and endosome-related functions
(Table 2). STRING analysis highlighted endo-
somal transport (P = 0.004) as the most signi-
ficant biological process and endocytosis (P =
0.001) as the most important molecular path-

way (Supplementary Table 3).

Although it is not identified by STRING analysis,
12 of the 20 genes (UBE2J1, CLECGA, BTLA,
XBP1, TRIM27, EIFAE3, SC0S2, GMPPB, LCK,
UBB, CYP2R1, ME1) that had negative mean
RRS were associated with immune function
and/or regulation (extrinsic tumor components)
(Table 2). These 20 genes alone possess very
good prognostic power for the entire dataset
(Figure 3B) as well as the subset with complete
response to chemotherapy (Figure 4B). In
contrast to the function of genes with a nega-
tive RRS, genes with positive RRS scores were
mainly associated tumor intrinsic characteris-
tics such as cell proliferation, metastasis, and
autophagy (Table 2). Again, even these positive
mean RSS genes alone showed excellent prog-
nostic prediction across the entire dataset
(Figure 3C) and in only those patients with a
complete response to primary therapy (Figure
4C).

To further elucidate the molecular and function-
al mechanisms underlying the differential sur-
vival, we conducted a differential expression
analysis between RRS high and low patients,
consisting of the genes with at least two-fold or
higher expression change between groups.

Am J Cancer Res 2021;11(1):181-199
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Figure 3. Kaplan Meier curve for the entire dataset. A. Models using all 38 genes; B. Models using the 20 of the 38
genes that have mainly lower expression in the high risk group and HR < 1 (mostly immune genes); C. Models using
the 18 of the 38 genes that have mainly higher expression in the high risk group and HR > 1 (mostly tumor intrinsic

genes); D. Summary statistics.

Table 4 shows two distinct groups of differen-
tially expressed genes, consistent with the
previously mentioned intrinsic and extrinsic
groups. One is a group of 26 genes that have
lower expression in the high risk group and the
second, a group of 18 genes, with higher
expression in the high risk group. All 26 genes
with lower expression in high risk patients are
implicated in immune function, while the genes
with higher expression in high risk patients
have functions related to cell proliferation and
survival, migration, and chemotherapy resis-
tance (Table 4). This further supports the idea
of a tumor extrinsic and tumor intrinsic compo-
nent of our genetic risk score.

Discussion

Ovarian cancer remains the deadliest gyneco-
logic malignancy in the United States [1]. There
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have been multiple new targeted treatments
for ovarian cancer, including immunotherapy,
anti-angiogenic agents, and PARP inhibitors;
however, immunotherapy has not been proven
to prolong survival, anti-angiogenic agents only
increase progression free survival by 3-4
months, and PARP inhibitors are only minimally
effective in patients without BRCA mutations
[86-88]. In line with the inability of other agents
to sufficiently prolong survival, the PFI remains
one of the most important prognostic factors
[5, 6]. Despite the known importance of PFl and
research on platinum resistance, there is still
no defined molecular signature for platinum
resistance and no known agent which can over-
come or reverse it [5, 6].

One reason for the difficulty in defining plati-
num resistance maybe that no single gene dra-
matically affects prognosis in ovarian cancer.

Am J Cancer Res 2021;11(1):181-199
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Figure 4. Kaplan Meier curve for the complete response patients only. High and intermediate risk groups were
combined into one group. A. Models using all 38 genes; B. Models using the 20 of the 38 genes that have mainly
lower expression in the high risk group and HR < 1 (mostly immune genes); C. Models using the 18 of the 38 genes
that have mainly higher expression in the high risk group and HR > 1 (mostly tumor intrinsic genes); D. Summary

statistics.

Our data showed that out of over 14,000
genes, only 4 genes had an individual HR of 2
or higher when considered as a continuous
variable. Thus, individual genes alone have lit-
tle impact on actual survival, and thus not
predictive of platinum resistance. Despite the
modest individual HRs of our 38 genes when
using quartile data, the combination of genes
together in the consensus Ridge regression
model resulted in excellent survival prediction
with an HR of 7.63. Furthermore, the low risk
patients had an 88% complete response rate
to primary therapy compared to only 60% in
high/moderate risk patients, demonstrating
that transcriptomic signatures are better indi-
cators of treatment response than any individu-
al genes.
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Given platinum resistance is such an important
prognostic factor for ovarian cancer, any prog-
nostic marker may be associated with treat-
ment response. However, this is not always the
case as reported in a previous ovarian cancer
study [8], which developed a prognostic gene
signature that had no significant association
with response rate. On review of 9 ovarian
cancer genetic risk scores covered in a recent
meta-analysis, unfortunately only one reported
an association with response to primary thera-
py [7-14, 89-91]. Because our score was asso-
ciated with patient response to platinum-based
chemotherapy, it may have better clinical utility
compared to other risk scores.

The 38 genes in our signature have a variety of
functions ranging from autophagy to immune
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Figure 5. Comparison of treatment response between the low and intermediate/high risk groups. Patients who had
an unknown response or stable disease were omitted from this analysis given the uncertainty surrounding these
terms. A. Distribution of risk groups in subset of patients with different response to chemotherapy. B. Response rate
in low versus high/intermediate risk groups determined by the 38-gene consensus model.

activation. The most dysregulated pathways
identified by STRING analysis were related to
endocytosis and intracellular transport, both of
which have been implicated in platinum resis-
tance [92, 93]. Greater than 20% of genes
were involved in either of these pathways. Of
these genes, UBB has been shown to be con-
sistently under expressed in ovarian and other
gynecologic cancers [94, 95]. In line with this
finding, our data indicated patients who had
overexpression of UBB had an improved prog-
nosis. Prior studies have implicated KIAA1033,
TRIM27, AGFG1, CCDC53, and XBP1 in plati-
num resistance [96]. Furthermore, of currently
FDA approved drugs, hydroxychloroquine, an
antimalarial drug which impacts intracellular
transport and autophagy, has been shown to
prolong survival in pancreatic cancer [97].
There are currently no trials investigating
the role of hydroxychloroquine in combination
with platinum and taxane agents in ovarian
cancer, but there has been an isolated report
that hydroxychloroquine was associated with
improved survival [98].

Another highly relevant function, which was not
highlighted by STRING analysis, was innate and
adaptive immune responses. At least 12 of the
20 genes with a negative RRS were potentially
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involved in these immune processes. Inter-
feron signaling (EIFAE3, TRIM27), lymphocyte
activation (XBP1, BTLA, LCK, and SOCS2),
and antigen presentation (UBE2J1, CLECG6A,
MON1A, GMPPB) were the most prominent
pathways (Table 2). Interestingly, BTLA has
been considered to have suppressive immune
function and to be upregulated in ovarian can-
cer cells, which appears counterintuitive to its
upregulation among low risk patients [99, 100].
However, BTLA has been shown to provide a
survival signal to effector T cells [25]. XBP1 and
SOCS2 both regulate HLA class Il expression,
while XBP1 also regulates T cell function and B
cell maturation [101-103]. XBP1 has been
shown to negatively regulate T cell function in
ovarian cancer [104], which is not consistent
with its association between higher expression
and better survival observed in this study.
Furthermore, differential expression analysis of
genes with at least a 2-fold higher expression in
low risk patients identified that all 26 genes
had significant roles in the adaptive immune
system (Table 4).

The 38-gene prognostic signature has two com-
ponents, one component consisted of genes
with mostly positive HRs, positive Ridge regres-
sion scores and having functions intrinsic to the
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Table 4. Genes with a 2-fold or greater expression difference between the high/moderate and low risk groups

Overexpressed Genes
High Risk Mean  Low Risk Mean

Gene ) . *p-value  *Fold Change AUC  Function
Expression Expression
IGF2 14.18 11.78 3.40E-07 5.28 0.70 Increase cell proliferation and support survival, potentiate chemotherapy resistance [62, 63]
SOX11 6.12 4.08 1.70E-06 4.13 0.67 Increase proliferation, angiogenesis, and metastasis. Inhibits differentiation [64]
EYA4 7.37 5.43 1.45E-07 3.83 0.70  Involved in DNA repair [65]
LHX1 6.41 4.48 6.96E-05 3.81 0.64 Increased proliferation [66]
TUBB2B 5.66 3.81 2.45E-06 3.6 0.66 Essential for microtubule function. Assists in resistance to microtubule targeting agents [67], [30]
IGLONS 6.20 4.42 2.66E-07 3.44 0.68  Adhesion molecule in neuronal cells. Associated with radiation resistance [68]
MAGEA9B 2.61 0.83 1.07E-06 3.43 0.64 Involved in autophagy pathway and associated with cancer testis antigen [69]
CNTFR 6.98 5.22 5.48E-06 3.4 0.67 Promotes tumor growth [70]
DPYSL5 3.83 2.32 1.10E-04 2.84 0.62 Axon guidance and targeted by proteins affecting immune function [71]
PTH2R 7.02 5.53 4.99E-04 2.81 0.64 Possible association with MAP kinase pathway [72]
IGF2BP1 4.86 3.39 2.30E-05 2.76 0.65 Increase cell proliferation and invasion. Promotes resistance to platinum [73, 74]
SEMA3D 5.99 4.54 1.08E-06 2.74 0.68  Angiogenesis and metastasis [75]
LIN28B 3.68 2.24 1.83E-04 2.71 0.62  Associated with resistance to platinum, paclitaxel, and radiation [76]
NKAIN4 4.47 3.10 1.27E-04 2.58 0.64  Associated with gemcitabine resistance [77]
FAM84A 8.17 6.81 1.74E-08 2.56 0.70 DNA Repair [78]
ALDH1A2 6.76 5.42 5.90E-05 2.54 0.65 Promote cell growth and survival [79]
MAL 9.95 8.61 3.89E-05 2.53 0.67 Associated with platinum resistance in ovarian cancer [80]
MFAP4 9.63 8.30 1.11E-06 2.51 0.69  Associated with platinum resistance in ovarian cancer. Affects extracellular matrix organization [81]

Under Expressed Genes
High Risk Mean  Low Risk Mean

Gene ) . *p-value  *Fold Change AUC  Function

Expression Expression
HTR3A 6.83 8.53 1.3E-06 0.31 0.67 Known to increase immune cell function (both innate and adaptive) [82]
PIGR 5.03 6.49 9.67E-04 0.36 0.63 Leukocyte activation, adaptive immunity [83]
IDO1 719 8.59 3.38E-06 0.38 0.68 Negatively regulates lymphocyte and proliferation [20]
CXCL13 4.80 6.20 3.39E-05 0.38 0.66  Regulate T cell chemotaxis, cell killing, adaptive immune response [20]
DAPL1 8.28 9.44 4.60E-04 0.45 0.64  Associated with programmed cell death [20]
GJB1 8.26 9.43 3.04E-06 0.45 0.69 Under expression associated with impaired recognition by immune cells [84]
TNIP3 2.38 3.50 1.38E-06 0.46 0.68 Positive regulation of immune response [20]
CXCL9 7.60 8.82 3.44E-04 0.43 0.64 Positive regulation leukocyte migration, T cell chemotaxis, cell killing [20]
CXCL10 9.04 10.19 1.15E-05 0.45 0.69 Positive regulation leukocyte migration, T cell chemotaxis, cell killing [20]
SLAMF7 6.11 7.30 2.48E-06 0.44 0.68 Natural killer cell mediate cytotoxicity, lymphocyte activation [20]
PLA2G2D 3.23 4.43 1.43E-04 0.43 0.63 Lymphocyte proliferation and activation [20]
BCL2L15 4.40 5.51 5.87E-06 0.46 0.66 Programmed cell death [20]
LRG1 7.39 8.39 1.24E-04 0.50 0.65 Natural killer cell mediate cytotoxicity, programmed cell death, cell killing [20]
GZMB 4.56 5.63 4.85E-05 0.48 0.66 Natural killer cell mediate cytotoxicity, programmed cell death, cell killing [20]
CD38 5.05 6.15 7.47E-07 0.47 0.69  Leukocyte activation [20]

192 Am J Cancer Res 2021;11(1):181-199



Prognostic gene signature high grade ovarian cancer

MMP12 3.96 5.09 1.31E-03 0.46 0.62 Positive and negative regulation of immune processes [20]
CXCL17 7.84 8.87 8.72E-03 0.49 0.59 Leukocyte migration [20]

RARRES3 9.50 10.54 6.70E-07 0.49 0.69  Regulate cell proliferation [20]

LTF 5.90 7.02 1.15E-03 0.46 0.63  Cell killing, leukocyte activation [20]

UBD 6.80 7.96 2.81E-04 0.45 0.63 Response to interferon-gamma, dendritic cell activation [20]
HOXD1 747 8.48 2.75E-03 0.50 0.61 Differentiation and limb development [20]

IL21R 4.62 5.70 8.57E-05 0.47 0.64  Lymphocyte activation [20]

PDZK1IP1 8.98 9.99 3.55E-04 0.50 0.63  Transports neoantigens to the cell surface [85]

TAP1L 10.71 11.71 2.42E-10 0.50 0.74 Adaptive immune response [20]

IRF4 4.23 5.25 3.09E-04 0.49 0.63 Dendritic cell activation, lymphocyte activation, response to interferon gamma [20]
SLAMF1 2.88 3.88 4.00E-06 0.50 0.67 Adaptive immune response, dendritic cell activation [20]

*p-value represents the level of significance for mean gene expression level compared between the low and intermediate/high risk groups, *Because mean expression is log2 expression, fold change was
calculated as 2"(high risk expression - low risk expression)
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tumor such as proliferation, apoptosis, and
chemoresistance. The second component con-
sisted of genes with mostly an HR < 1, negative
Ridge regression scores and having functions
largely extrinsic to the tumor in the way of
immune function. Each of these two compo-
nents was prognostic but the best prognostic
power came from the combination of both
components (Figure 3). The tumor intrinsic
signature (Figure 3C) probably accounted for
the response to primary therapy, while the
tumor-extrinsic signature (Figure 3B) may have
explained why the 38-gene signature was also
able to differentiate survival within patients
who had a complete response to primary thera-
py. Those low risk patients may have had a
more robust innate and adaptive immune
response and were likely more capable of elimi-
nating the remaining microscopic tumors by
their immune system, resulting in long term
survival.

Despite these findings, there are a number of
limitations that should be addressed in future
studies. These limitations include a holdout
dataset for complete independent validation,
inclusion of progression free survival informa-
tion, and application of the score to patients
who received neoadjuvant chemotherapy.
Nevertheless, there were also a number of
strengths of to this study. The first of which
was the design of an innovative analytic pipe-
line to discover, optimize and validate pro-
gnostic signatures for HGSOC. Furthermore,
the created gene signature had two unique
components, tumor intrinsic and extrinsic, both
of which consisted of a large number of genes
that have not been previously explored in ovar-
ian cancer. These genes may be exploited in
the future to overcome platinum resistance,
increase the duration of response to platinum,
and extend patient survival.
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Supplementary Table 1. The 120 best genes as determined by a combination of hazard ratio, p-
value, and biologic function

Gene Q2_HR Q2_p Q3_HR Q3_P Q4_HR Q4_P

STAC2 1.46 0.13 1.85 0.01 2.46 3.61E-04
EXOC6B 1.27 0.34 1.07 0.76 2.26 5.91E-04
SUSD5 1.25 0.36 1.06 0.82 2.09 2.22E-03
CCDC144C 1.30 0.29 0.99 0.96 2.08 2.48E-03
GALNT10 2.00 0.00 112 0.65 2.02 3.71E-03
CALML3 1.16 0.57 1.15 0.56 2.00 2.91E-03
SLC12A9 1.31 0.26 1.43 0.13 1.99 3.42E-03
WASF2 1.56 0.06 1.36 0.22 1.98 3.65E-03
PYGB 1.30 0.29 1.78 0.01 1.95 4.27E-03
C200rf3 1.72 0.03 1.87 0.01 1.94 6.90E-03
TCHH 1.37 0.20 1.37 0.20 1.93 5.43E-03
WNK1 1.26 0.35 1.36 0.21 1.92 7.48E-03
C20o0rf117 1.00 1.00 1.38 0.19 1.92 6.28E-03
LRCH4 1.31 0.27 121 0.44 1.89 7.63E-03
CLIP3 1.49 0.11 1.65 0.03 1.89 7.76E-03
PEX3 1.96 0.01 1.63 0.05 1.87 1.43E-02
VSIG4 1.01 0.97 1.42 0.14 1.86 9.34E-03
SACS 147 0.51 1.33 0.23 1.85 9.24E-03
NF1 0.97 0.90 1.48 0.10 1.84 9.19E-03
ASAP3 0.90 0.69 1.20 0.47 1.84 1.17E-02
ANGPT4 151 0.10 1.49 0.09 1.83 1.14E-02
EMP1 0.98 0.94 1.44 0.14 1.76 1.63E-02
VPS24 1.19 0.50 1.39 0.16 1.75 1.66E-02
RABGEF1 1.46 0.11 1.15 0.55 1.75 1.81E-02
PTGFR 0.64 0.08 1.15 0.55 1.73 1.88E-02
RPL23P8 1.09 0.72 1.10 0.69 1.72 2.07E-02
SASH1 1.46 0.13 1.44 0.15 1.71 3.03E-02
TNS1 1.36 0.21 1.13 0.63 1.71 2.82E-02
C7orf51 1.21 0.43 1.67 0.03 1.70 3.15E-02
PYGM 1.10 0.70 1.60 0.05 1.70 2.33E-02
HBP1 1.32 0.22 0.89 0.64 1.70 1.89E-02
APBB2 1.12 0.65 112 0.65 1.70 2.37E-02
AGFG1 0.72 0.18 111 0.67 1.69 2.06E-02
AHRR 1.60 0.05 1.91 0.01 1.69 3.06E-02
RPSGKA2 2.07 0.00 1.80 0.02 1.69 4.12E-02
STAB1 1.25 0.35 0.90 0.68 1.68 2.51E-02
KATNAL1 0.93 0.77 1.22 0.42 1.68 2.60E-02
WNTOA 0.94 0.81 0.77 0.29 1.68 2.98E-02
HS6ST3 1.13 0.63 1.35 0.22 1.66 3.04E-02
KIAA1033 1.30 0.27 1.75 0.02 1.66 3.33E-02
CYTH3 1.13 0.62 0.94 0.82 1.66 3.51E-02
COG5 0.82 0.41 1.03 0.89 1.66 2.60E-02
TSPAN9 1.23 0.40 1.25 0.34 1.65 3.62E-02
FBXL18 1.54 0.07 1.22 0.40 1.65 3.60E-02
CDK15 1.16 0.54 111 0.67 1.64 3.61E-02
C100rf76 1.46 0.12 147 0.49 1.63 4.29E-02



LPARS
C14o0rf43
ERC1
HPGDS
PTGER2
KLF13
CDK19
RNF175
DOCK11
TAF1L
PPP1R3B
PI3
FBXL20
LMTK2
AHDC1
CASK
EFNB2
RIN2
SNORAG7
KIAAO100
SPEN
WWP1
DSE
SOCS5
CDK14
ELK3
MGEA5
TAB2
FzD1
SPNS2
BTRC
PTPRU
EPHA4
CBLL1
SNORA48
FOXK1
CERK
MLLT4
SNORD10
SH3BP2
METTL1
APOA1BP
JTB
C11orf31
CYP2R1
LCK
CSTF2
CLPTM1L
BIRC5
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1.53
1.22
1.42
1.29
0.96
1.45
1.31
0.94
1.10
1.85
1.64
0.71
1.16
1.16
1.18
1.10
1.22
1.25
1.23
1.19
1.14
1.39
0.87
0.53
0.88
0.82
1.08
1.08
1.02
1.28
1.06
1.44
1.26
0.83
0.94
1.23
1.07
1.28
0.97
1.15
0.80
1.03
0.80
0.87
0.66
0.84
0.90
0.61
0.82

0.08
0.42
0.17
0.29
0.88
0.12
0.27
0.81
0.68
0.01
0.04
0.15
0.53
0.52
0.51
0.70
0.40
0.38
0.38
0.46
0.58
0.17
0.58
0.01
0.60
0.41
0.75
0.76
0.94
0.32
0.81
0.12
0.34
0.45
0.79
0.36
0.80
0.30
0.91
0.57
0.33
0.88
0.34
0.53
0.09
0.43
0.63
0.04
0.38

1.78
1.38
1.48
112
0.84
1.16
1.39
0.82
0.96
1.37
1.95
0.83
1.61
0.94
1.44
0.82
1.05
112
1.37
1.38
1.02
1.63
1.23
0.94
1.09
111
113
1.14
0.96
1.54
1.58
0.75
1.76
1.33
1.37
1.27
1.33
147
1.69
1.37
111
0.93
0.96
0.84
1.15
0.63
0.74
0.65
0.91

0.02
0.18
0.12
0.63
0.47
0.55
0.18
0.40
0.87
0.19
0.01
0.44
0.04
0.80
0.13
0.43
0.84
0.63
0.20
0.17
0.95
0.04
0.38
0.78
0.73
0.65
0.61
0.58
0.88
0.08
0.05
0.25
0.02
0.20
0.19
0.32
0.24
0.52
0.02
0.20
0.64
0.77
0.86
0.48
0.54
0.05
0.19
0.06
0.68

1.61
1.61
1.60
1.56
1.56
1.54
1.53
1.52
1.52
1.52
1.52
1.52
1.52
1.52
1.51
1.51
1.51
151
1.50
1.50
1.50
1.49
1.49
1.49
1.49
1.43
1.42
1.41
1.41
1.40
1.37
1.34
1.33
1.32
1.32
1.26
1.24
1.18
1.47
1.13
0.86
0.79
0.77
0.71
0.71
0.70
0.69
0.67
0.66

4.89E-02
4.69E-02
6.71E-02
5.91E-02
5.05E-02
7.44E-02
7.88E-02
6.42E-02
6.76E-02
8.86E-02
8.54E-02
6.06E-02
8.11E-02
7.05E-02
7.97E-02
7.66E-02
8.00E-02
7.73E-02
9.01E-02
8.73E-02
9.11E-02
9.58E-02
7.62E-02
9.71E-02
8.19E-02
1.25E-01
1.41E-01
1.33E-01
1.45E-01
1.55E-01
1.85E-01
2.21E-01
2.37E-01
2.32E-01
2.48E-01
3.39E-01
3.74E-01
5.05E-01
5.04E-01
6.13E-01
5.30E-01
3.02E-01
2.75E-01
1.40E-01
1.31E-01
1.36E-01
1.05E-01
9.21E-02
7.05E-02
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Clorf43 0.73 0.47 0.98 0.93 0.66 1.02E-01
KIAA1324 0.69 0.11 0.91 0.68 0.65 6.92E-02
PSMA5 0.97 0.91 0.74 0.19 0.65 7.44E-02
PSMAG 0.73 0.19 1.06 0.80 0.64 6.35E-02
SHISAS 0.86 0.50 0.65 0.06 0.64 6.30E-02
HLA.DOB 0.92 0.70 0.81 0.35 0.64 5.76E-02
UBE2J1 0.62 0.04 0.72 0.15 0.63 4.37E-02
TRIM27 0.63 0.05 0.71 0.13 0.62 4.29E-02
RWDD2A 1.00 0.98 0.71 0.14 0.61 4.44E-02
ZNF876P 0.66 0.08 0.80 0.34 0.61 2.90E-02
WDR77 0.70 0.12 0.71 0.13 0.60 3.09E-02
UCHL5 0.65 0.07 0.96 0.87 0.58 2.18E-02
GMPPB 111 0.66 0.99 0.97 0.57 2.12E-02
PSMBS8 0.79 0.29 0.92 0.72 0.56 2.05E-02
S0CS2 0.62 0.04 0.96 0.86 0.56 1.64E-02
UBB 0.56 0.01 0.62 0.04 0.56 1.62E-02
ME1 0.84 0.47 0.92 0.72 0.56 1.83E-02
Clorf74 0.54 0.01 0.67 0.08 0.56 1.28E-02
LRRC45 0.72 0.13 0.50 0.00 0.56 1.61E-02
BTLA 0.51 0.00 1.03 0.90 0.54 1.01E-02
EIF4AE3 0.60 0.02 0.59 0.02 0.53 1.03E-02
FBF1 0.96 0.86 0.85 0.49 0.53 9.62E-03
MON1A 0.73 0.15 0.58 0.02 0.52 7.57E-03
XBP1 0.71 0.13 0.58 0.02 0.48 2.43E-03
CLEC6GA 0.87 0.52 0.71 0.13 0.45 1.33E-03

Abbreviations: HR, hazard ratio. Each gene was analyzed separated into quartiles; the first quartile is not shown because it was
used as reference.
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Supplementary Table 2. Covariable analysis

iteration Signature. Signature G3.p- R1HR R1.p- R2.p- PR.p- NR.p- SD.p- Unk HR Unk.p-
score.HR  score p-value value value value value value value value

48 4.29 3.37E-13 1.34 2.65E-01 1.12 6.86E-01 1.31 3.64E-01 3.17 1.02E-05 4.22 1.01E-06 3.38 9.50E-04 2.91 5.26E-05
56 5.14 1.97E-14 1.74 3.42E-02 0.945 8.42E-01 1.12 7.05E-01 3.08 1.24E-05 4.98 4.47E-08 4 1.98E-04 3.32 4.82E-06
70 4.08 1.08E-11 1.53 1.05E-01 1.05 8.76E-01 1.21 5.21E-01 2.6 2.35E-04 4.55 1.85E-07 3.4 9.69E-04 3.01 2.89E-05
73 4.01 1.04E-10 1.2 4.88E-01 1.03 9.23E-01 1.36 2.98E-01 2.37 9.28E-04 4.74 8.69E-08 2.68 7.22E-03 2.77 1.24E-04
81 4.69 5.79E-13 1.22 4.44E-01 0.95 8.59E-01 1.24 4.59E-01 2.47 4.57E-04 5.05 3.12E-08 2.46 1.39E-02 3.16 1.15E-05
129 4.84 2.33E-14 1.29 3.28E-01 1.05 8.71E-01 1.23 4.79E-01 3.24 6.88E-06 4.6 1.83E-07 3.8 3.05E-04 2.9 5.44E-05
166 4.39 2.33E-12 1.28 3.53E-01 0.994 9.84E-01 1.3 3.67E-01 2.38 7.49E-04 4.57 1.84E-07 4.08 1.45E-04 2.85 7.26E-05
235 4.68 1.04E-11 1.54 1.01E-01 0.978 9.39E-01 1.32 3.44E-01 2.39 6.64E-04 4.89 5.22E-08 2.62 8.44E-03 2.89 5.90E-05
281 3.73 1.33E-10 1.43 1.66E-01 1.14 6.40E-01 1.44 2.22E-01 2.44 6.31E-04 3.96 2.46E-06 2.33 2.10E-02 2.77 1.33E-04
305 4.6 4.57E-14 1.43 1.69E-01 0.964 8.97E-01 1.21 5.17E-01 3.51 1.58E-06 4.68 1.37E-07 4.3 9.30E-05 2.96 3.80E-05
429 4.63 3.94E-12 1.7 4.55E-02 0.971 9.18E-01 1.34 3.23E-01 2.56 2.86E-04 5.07 3.88E-08 2.68 7.27E-03 2.98 3.60E-05
530 4.36 2.55E-12 1.42 1.81E-01 1.08 7.94E-01 1.45 2.06E-01 2.29 1.44E-03 4.41 3.96E-07 3.55 5.84E-04 2.77 1.20E-04
550 5.17 2.86E-14 1.36 2.35E-01 0.999 9.97E-01 1.3 3.83E-01 3.38 3.47E-06 4.86 7.42E-08 2.44 1.46E-02 2.68 2.03E-04
594 4.89 2.97E-14 1.43 1.75E-01 1.1 7.40E-01 1.37 2.78E-01 3.12 1.28E-05 4.37 6.00E-07 3.95 2.10E-04 2.9 5.14E-05
596 4,72 4.01E-13 1.27 3.66E-01 0.997 9.92E-01 1.32 3.50E-01 2.35 9.18E-04 4.57 2.03E-07 3.9 2.25E-04 2.61 2.97E-04
725 3.86 5.65E-11 1.49 1.32E-01 0.959 8.83E-01 1.31 3.61E-01 2.711 1.18E-04 5.16 2.43E-08 2.66 7.65E-03 3.01 2.97E-05
744 3.87 1.04E-09 1.18 5.23E-01 0.906 7.31E-01 1.31 3.56E-01 2.74 8.70E-05 3.43 2.58E-05 2.45 1.43E-02 2.87 6.59E-05
833 4.86 6.31E-13 1.28 3.54E-01 1.07 8.22E-01 1.4 2.56E-01 2.19 2.59E-03 4.62 1.82E-07 4.18 1.26E-04 2.65 2.42E-04
844 4.58 5.12E-13 1.2 4.92E-01 1.04 883E-01 1.3 3.74E-01 2.73  1.30E-04 4.6 2.76E-07 244  1.50E-02 3.33 5.84E-06
899 4.43 5.04E-12 1.14 6.18E-01 1.05 8.67E-01 1.33 3.32E-01 2.45 5.11E-04 5.08 2.88E-08 3.56 5.96E-04 2.81 9.22E-05
923 5.33 1.43E-14 2,07 707E-03 105 875E-01 113 6.89E-01 2.66  1.50E-04 4.4 4.84E-07 449  5.82E-05 3.15 1.25E-05
924 5.03 1.03E-13 1.25 4.04E-01 0.997 9.91E-01 1.28 3.99E-01 2.21 2.04E-03 5.14 2.36E-08 4.12 1.29E-04 2.89 5.61E-05
1005 4.36 3.69E-13 1.45 1.55E-01 1.04 8.92E-01 1.3 3.75E-01 2.79 8.13E-05 4.74 1.12E-07 3.86 2.60E-04 3.02 2.86E-05
1042 4.46 1.08E-12 1.3 3.19E-01 0.993 9.80E-01 1.41 2.43E-01 2.92 3.17E-05 5.14 2.07E-08 2.69 6.98E-03 2.67 2.19E-04
1046 4.35 5.24E-13 1.44 1.69E-01 1 9.91E-01 1.29 3.91E-01 2.72 9.46E-05 4.71 1.22E-07 3.93 2.10E-04 3.26 6.43E-06
1079 4.12 5.12E-12 1.39 2.10E-01 1.02 9.44E-01 1.43 2.24E-01 3.23 4.98E-06 4.89 6.30E-08 2.51 1.17E-02 3.12 1.63E-05
1128 4.93 3.03E-13 1.31 3.13E-01 0.883 6.65E-01 1.23 4.90E-01 2.44 4.89E-04 4.88 5.07E-08 5.12 1.51E-05 2.96 3.87E-05
1176 4.83 1.34E-14 1.66 5.37E-02 0.994 9.83E-01 1.23 4.84E-01 2.6 2.62E-04 4.96 3.47E-08 4.56 4.59E-05 2.42 8.79E-04
1253 4.77 5.10E-13 1.54 1.01E-01 0.996 9.90E-01 1.33 3.30E-01 2.42 6.60E-04 4.65 1.96E-07 2.5 1.22E-02 3.07 2.06E-05
1293 4,72 1.15E-13 1.43 1.80E-01 1.01 9.72E-01 1.44 2.19E-01 2.52 3.37E-04 4.92 6.46E-08 4.26 9.68E-05 2.86 7.03E-05
1352 4,94 3.10E-13 1.18 5.35E-01 0.948 8.52E-01 1.32 3.42E-01 2.4 6.59E-04 5.24 1.23E-08 3.82 2.82E-04 2.68 1.97E-04
1506 4.03 1.08E-10 1.36 2.52E-01 0.987 9.64E-01 1.3 3.74E-01 2.02 7.62E-03 4.35 4.14E-07 3.43 7.98E-04 2.56 4.35E-04
1561 5.09 2.83E-13 1.24 4.15E-01 1.04 8.82E-01 1.45 2.09E-01 2.35 8.84E-04 4.8 8.10E-08 3.84 2.68E-04 2.67 2.00E-04
1569 4.57 1.03E-12 1.42  1.79E01 1.01 9.59E-01 139 2.70E-01 2.68  1.16E-04 4.82 6.97E-08 3.29 1.31E-03 2.99 3.11E-05
1589 4.45 3.49E-12 1.25 3.89E-01 0.933 8.09E-01 1.3 3.65E-01 2.38 7.49E-04 4.72 1.06E-07 2.6 8.65E-03 3.01 2.76E-05
1623 5.35 1.21E-12 1.25 3.89E-01 0.985 9.57E-01 1.41 2.42E-01 2.44 5.50E-04 5.22 1.87E-08 241 1.58E-02 291 5.51E-05
1639 4.39 3.18E-12 1.64 5.75E-02 0.88 6.55E-01 1.2 5.47E-01 2.46 5.66E-04 4.16 1.13E-06 2.25 2.73E-02 2.77 1.17E-04
1657 4.28 3.65E-12 1.48 1.39E-01 1.08 7.77E-01 1.44 2.12E-01 2.33 1.23E-03 4.49 3.60E-07 2.63 8.30E-03 2.64 2.65E-04



1684
1701
1719
1758
1818
1822
1864
1878
1999
2064
2065
2066
2090
2125
2136
2206
2267
2278
2298
2342
2346
2423
2509
2553
2576
2635
2764
2868
2869
2954

4.42
417
4.66
45
4.26
4.44
4.27
4.82
4.42
5.05
4.69
4.02
458
4.01
454
4.05
41
431
43
4.35
416
43
4.24
5.13
5.37
4.28
4.43
4.69
4.54
5.05

1.55E-12
1.22E-12
2.56E-13
2.20E-12
1.74E-12
4.05E-12
9.38E-12
2.33E-13
5.30E-13
1.17E-13
1.93E-12
6.29E-10
1.72E-12
1.80E-11
5.08E-12
1.47E-10
3.76E-12
5.24E-12
1.26E-13
1.32E-13
2.61E-11
2.36E-13
1.22E-11
1.26E-14
2.05E-13
1.51E-11
4.32E-12
3.87E-14
2.16E-14
1.16E-12

1.86
1.28
1.26
1.34
1.25
1.31
1.33
1.63
1.64
1.57
1.45
113
1.35
1.16
1.75
1.38
1.51
1.49
1.7
1.36
1.27
1.64
1.24
1.59
1.84
1.23
1.2
1.62
1.35
1.39
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1.83E-02
3.46E-01
3.81E-01
2.66E-01
3.91E-01
3.02E-01
2.81E-01
6.39E-02
6.34E-02
8.57E-02
1.54E-01
6.55E-01
2.61E-01
5.78E-01
3.45E-02
2.25E-01
1.20E-01
1.33E-01
4.38E-02
2.38E-01
3.68E-01
6.28E-02
4.20E-01
7.87E-02
2.25E-02
4.41E-01
4.86E-01
6.24E-02
2.56E-01
2.09E-01

0.981
1.12
1.03

1
1.04
1.04
1.15

0.992

1.1
1.06
1.07

0.917

0.836

0.924
0.89
1.02
0.91
1.07

0.944
1.12
1.05

1.1
1.12
1.02
1.05

1.1
1.08
0.98
1.09

0.994

9.47E-01
6.99E-01
9.27E-01
9.87E-01
8.89E-01
9.01E-01
6.29E-01
9.76E-01
7.38E-01
8.41E-01
8.13E-01
7.65E-01
5.33E-01
7.81E-01
6.82E-01
9.51E-01
7.41E-01
8.07E-01
8.41E-01
6.85E-01
8.61E-01
7.38E-01
7.00E-01
9.51E-01
8.66E-01
7.29E-01
7.93E-01
9.42E-01
7.58E-01
9.84E-01

1.25
1.34
1.23
1.23
1.31
1.34
1.43
1.32
1.23
1.26
1.59
1.29
1.22
1.22
1.25
1.12
1.06
1.41
1.28
1.26
1.39
1.31
1.48
1.08
1.32
1.5
1.36
1.3
1.26
1.38

4.48E-01
3.14E-01
4.83E-01
4.77E-01
3.53E-01
3.23E-01
2.26E-01
3.44E-01
4.91E-01
4.37E-01
1.21E-01
3.81E-01
5.10E-01
5.06E-01
4.46E-01
6.96E-01
8.49E-01
2.42E-01
3.95E-01
4.27E-01
2.59E-01
3.60E-01
1.88E-01
7.87E-01
3.50E-01
1.68E-01
2.92E-01
3.68E-01
4.27E-01
2.76E-01

2.9
2.51
3.09
2.27
2.78
2.39
2.22
2.34
2.81
2.55
2.09
2.55
2.39
2.67
2.39
2.55
2.82

23
3.74
3.15
2.34
2.99

2.4

2.9
2.18
2.34
2.26
2.95
2.96
2.62

3.58E-05
3.52E-04
1.68E-05
1.52E-03
8.20E-05
7.65E-04
2.14E-03
1.04E-03
7.32E-05
3.19E-04
5.01E-03
2.79E-04
7.54E-04
1.35E-04
7.07E-04
2.64E-04
5.65E-05
1.33E-03
6.10E-07
1.04E-05
1.04E-03
2.71E-05
7.03E-04
4.62E-05
2.37E-03
1.06E-03
1.62E-03
2.88E-05
2.84E-05
1.85E-04

454
461
47
435
4.48
453
3.9
467
45
436
43
3.23
5.01
5.36
5.1
4.42
4.34
4.36
4.32
46
455
4.09
462
481
4.89
4.94
4.64
468
5.26
5.18

2.29E-07
1.48E-07
1.26E-07
6.05E-07
3.70E-07
2.97E-07
3.38E-06
1.53E-07
3.48E-07
4.40E-07
6.94E-07
6.96E-05
3.05E-08
9.20E-09
2.80E-08
3.47E-07
4.63E-07
5.21E-07
7.85E-07
1.62E-07
2.27E-07
1.62E-06
1.76E-07
9.30E-08
5.65E-08
4.51E-08
1.40E-07
1.47E-07
1.81E-08
2.44E-08

4.09
4
3.79
3.72
2.34
3.75
3.32
3.82
3.7
3.97
2.39
258
2.66
238
273
3.27
3.18
341
258
4.07
351
4.45
3.64
2.44
4
2.41
4.25
455
3.9
2.4

1.39E-04
1.73E-04
3.17E-04
3.72E-04
2.06E-02
3.53E-04
1.13E-03
2.90E-04
3.98E-04
1.90E-04
1.76E-02
9.47E-03
7.28E-03
1.77E-02
6.18E-03
1.30E-03
1.72E-03
2.00E-03
9.65E-03
1.43E-04
6.84E-04
5.49E-05
4.76E-04
1.51E-02
1.82E-04
1.64E-02
9.64E-05
4.49E-05
2.42E-04
1.68E-02

2.83
2.94
2.69
2.99
2.73
2.71
2.76
2.69
3.07
3.03
2.87
2.94
291
2.79
313
2.8
2.98
257
3
2.89
2.64
2.83
2.69
4.49
2.89
2.62
2.94
3.18
2.99
2.97

8.04E-05
4.14E-05
1.84E-04
3.21E-05
1.50E-04
1.72E-04
1.23E-04
1.80E-04
2.03E-05
2.55E-05
6.81E-05
4.21E-05
5.60E-05
1.04E-04
1.58E-05
1.19E-04
3.21E-05
3.93E-04
2.99E-05
5.44E-05
2.68E-04
8.04E-05
2.00E-04
3.25E-08
5.51E-05
2.92E-04
4.33E-05
1.02E-05
3.20E-05
3.79E-05

*HR, hazard ratio; G3 (grade 3), R1 (1-10 mm of disease remaining after primary surgery), R2 (greater than 10 mm of disease remaining after primary surgery), PR, partial response; NR, no response; SD, stable disease. Significant param-
eters for a given iteration are highlighted in red.
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Supplementary Table 3. STRING analysis showing dysregulated biologic processes and pathways among the 38 genes in the signature

Biologic Process P-value Matching genes/proteins

endosomal transport 0.0039 CHMP3, CHMP4B, KIAA0196, KIAA1033, TRIM27, UBB
protein transport 0.014 AGFG1, CCDC53, CHMP3, CHMP4B, KIAA0196, KIAA1033, MON1A, PEX19, PEX3, TRIM27, UBB, XBP1
peroxisome membrane biogenesis 0.014 PEX19, PEX3

virion assembly 0.014 CHMP3, CHMP4B, UBB

tRNA (guanine-N7)-methylation 0.014 METTL1, WDR4

regulation of viral release from host cell 0.014 CHMP3, CHMP4B, TRIM27

protein import into peroxisome membrane 0.017 PEX19, PEX3

glycogen catabolic process 0.043 PYGB, PYGM

septum digestion after cytokinesis 0.044 CHMP3, CHMP4B

protein targeting to peroxisome 0.044 PEX19, PEX3, UBB

endosome organization 0.044 CHMP3, CHMP4B, KIAA1033

viral life cycle 0.044 CHMP3, CHMP4B, UBB, WWP1

viral budding via host ESCRT complex 0.044 CHMP3, CHMP4B

positive regulation of T cell activation 0.044 BTLA, LCK, SOCS5, XBP1

multi-organism process 0.044 AGFG1, CHMP3, CHMP4B, CLEC6A, KIAA0196, LCK, PI3, SPEN, TRIM27, UBB, UBE2J1, WWP1, XBP1
regulation of proteasomal protein catabolic process 0.044 SOCS5, UBB, UBE2J1, XBP1

cellular response to fluid shear stress 0.044 SOCS5, XBP1

negative regulation of viral release from host cell 0.044 CHMP3, TRIM27

positive regulation of viral release from host cell 0.044 CHMP3, CHMP4B

Molecular Pathway P-value Matching genes/proteins

Endocytosis 0.0009 CCDC53, CHMP4B, KIAA0196, KIAA1033, UBB, WWP1
Insulin signaling pathway 0.007 CALMLS3, PYGB, PYGM, SOCS2

Glucagon signaling pathway 0.032 CALML3, PYGB, PYGM

Starch and sucrose metabolism 0.044 PYGB, PYGM




