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Abstract

Background
Epigenetic factors play a critical role in tumor development and progression. The aim of this study was to
construct and validate a robust epigenetic gene-set based signature for predicting prognosis of ovarian
cancer (OC).

Methods
Public microarray data of OC patients from The Cancer Genome Atlas (TCGA) and Gene Expression
Omnibus (GEO) databases were identi�ed and patients from TCGA dataset were randomized 3:1 into
discovery and internal validation series. GSE14764 and GSE26712 from GEO database were combined as
the external validation set. LASSO Cox regression model was performed in the discovery set to �lter the
most useful prognostic epigenetic factors.

Results
Based on LASSO Cox regression model, we built a 26 epigenetic factors based prognostic signature. In
the discovery set, patients in high risk group showed signi�cantly poorer overall survival than that
patients in low risk group (HR: 2.11, 95% CI: 1.65–2.72, P < 0.001). The results were further validated in
the internal validation set (HR: 1.69, 95% CI: 1.07–2.63, P = 0.020) and external validation set (HR 1.95,
95% CI 1.41–2.69; p < 0.001). Survival ROC at 5 year suggested that the epigenetic signature (AUC = 
0.700) had better prognostic accuracy than any other clinicopathological factors in the entire cohort. In
addition, survival decision curve analysis unveiled a considerable value of clinical utility of the epigenetic
signature.

Conclusions
We successfully developed a robust epigenetic signature that can accurately predict prognosis in OC.

Introduction
Ovarian cancer (OC) is one of the leading cause of cancer associated death in women worldwide[1, 2].
For a lack of speci�c symptoms in the early stage, OC patients showed a dismal 25% �ve-year survival
rate[3]. Consequently, more reliable prognostic biomarkers or predictive models are warranted to be
identi�ed to detect the subset of patients with higher mortality patients who deserve more aggressive
therapeutic intervention.
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Recent studies in many malignant tumors, including OC, suggested that multi-gene classi�er or gene
signature can make a good prediction of tumor prognosis and survival[4–10]. However, limited robust
signature has been developed to predict mortality of OC. To date, due to the public access of gene
expression data and biological process speci�c database, more efforts should be made to construct a
prognostic gene signature with unique biological background in OC.

Epigenetic alterations referring to the heritable alterations in gene expression without variations in the
DNA sequence, have been con�rmed as critical regulatory factors during tumor development and
progression[11–13]. Overall, the epigenetic modi�ers can be categorized into the group of writers, readers,
and erasers. The writers are responsible for the addition of chemical tags on DNA and histones. The
readers are in charge of recognizing the speci�c modi�cations and the erasers play the of wiping out
these chemical modi�cations. A great deal of epigenetic alterations mediated by speci�c epigenetic
factors have been proved as prognostic biomarker in OC[14–18]. However, no previous studies analyzed
these epigenetic factors comprehensively to assess the prognostic value of the entire gene set of
epigenetic factors. We hypothesized that the epigenetic factors gene set based prognostic signature
might be of concrete predictive value in the detecting high risk patients with poor overall survival (OS).

In this study, a total of 827 OC patients with microarray data from The Cancer Genome Atlas (TCGA) and
Gene Expression Omnibus (GEO) databases were identi�ed to develop and validate a robust prognostic
epigenetic signature. Based on appropriate sample-splitting and Cox regression analysis, we successfully
constructed a prognostic epigenetic signature with high predictive ability and clinical utility.

Methods

Data source
Due to the samples with available RNA-Sequencing data were relatively small (n = 374), we collected
Affymetrix Human Genome U133A Array microarray data instead (n = 519) from TCGA database
(https://genome-cancer.ucsc.edu). Another two microarray datasets (GSE14764 and GSE26712)
produced by the same Affymetrix Human Genome U133A platform were downloased from GEO database
to validate the result from TCGA. All probes were mapped based on their own EntrezGeneID[19]. When
multiple probes were mapped to the same EntrezGeneID, the mean value was used to represent its
average expression level. When different microarray datasets were combined to make analysis, the
ComBat method was used to remove the potential batch effects.

Epigenetic factors corresponding to genes
A total of 720 genes corresponding to epigenetic factors were downloaded from EpiFactors database
(http://epifactors.autosome.ru/).

Identi�cation of prognostic epigenetic genes
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Patients in TCGA database were randomly divided into discovery and validation sets at a ratio of 1/4.
313 (75%) patients were assigned to the discovery series and 105 (25%) were assigned to the validation
series. Univariate Cox survival analysis was then used to �lter the prognostic genes that are signi�cantly
associated with OS. Least absolute shrinkage and selection operator method (LASSO) Cox regression
model at 10-fold cross-validation was further performed to select the most critical epigenetic genes that
associated with OS[20].

Development of epigenetic risk score
By performing LASSO Cox regression model, we identi�ed a list of epigenetic genes and constructed a
multi-gene-based signature to predict the OS of OC patients in the discovery set. A standard risk score
calculation formula was used to generate the risk score of each patient by combining the expression
value of the genes and the corresponding LASSO Cox regression coe�cients. Patients were then divided
into high-risk and low-risk of mortality group based on the median risk score determined in the discovery
set.

Statistical analysis
Kaplan Meier method was used to compare the differences between survival curves. Time-dependent
receiver operating characteristic (ROC) analysis was performed and area under the curve (AUC) was used
to indicate the predictive ability of factors. Decision curve analysis (DCA) examined the theoretical
relationship between the threshold survival probability at 5 year of OC and the relative value of false-
positive and false-negative results to determine the clinical utility of the epigenetic signature. All
statistical analyses were performed using of R (version 3.2.5, www.r-project.org). All statistical tests were
2-sided, and P value < 0.05 were considered statistically signi�cant.

Results

Construction of epigenetic signature from discovery series
A total of 422 OC patients from TCGA were categorized into discovery series (Table 1). Univariate Cox
survival analysis was performed and found that 51 epigenetic genes were signi�cantly associated with
OS (P < 0.05, Table S1). LASSO regression model was further conducted and the minimize λ method
resulted in 26 prognostic epigenetic genes at 10-fold cross-validation (Fig. 1). Risk score was lastly
calculated based on the expression value of the 26 genes and risk regression coe�cients for each
patient: Risk score=(-0.067 × expression level of APOBEC3G) + (-0.122 × expression level of BCOR) +
(-0.072 × expression level of BRD9) + (-0.113 × expression level of CARM1)+(-0.038 × expression level of
CBX5) + (0.058 × expression level of CHD2) + (-0.086 × expression level of DDB2) + (0.235 × expression
level of EHMT1) + (-0.100 × expression level of ELP3) + (0.072 × expression level of EYA4) + (-0.016 × 
expression level of HIRA) + (-0.359 × expression level of HLCS) + (-0.083 × expression level of MAZ)+
(0.149 × expression level of NFRKB) + (-0.109 × expression level of NIPBL) + (0.396 × expression level of
PADI4) + (0.024 × expression level of PAXIP1)+(0.519 × expression level of PHF20) + (0.398 × expression

https://genome-cancer.ucsc.edu/
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level of RB1) + (-0.099 × expression level of RSF1) + (0.043 × expression level of SETD8) + (-0.152 × 
expression level of SMARCAL1) + (0.116 × expression level of SMARCD1) + (-0.042 × expression level of
TRIM24) + (-0.298 × expression level of TRIM27) + (-0.099 × expression level of WDR77).

Table 1
Basic information of patients from TCGA and GEO datasets.

  TCGA GEO

  discovery set (N = 
422)

internal validation (N 
= 140)

GSE14764 (N 
= 80)

GSE26712 N=
(185)

FIGO stage        

I 11 4 8 late stage

II 20 7 1 late stage

III 323 109 69 late stage

IV 65 19 2 late stage

Debulking status        

Optimal 81 34 50 90

Suboptimal 296 90 26 95

Grade        

Low grade 57 18 26 0

Moderate/High
grade

356 118 54 185

Prognostic value of epigenetic signature in discovery
internal validation and external validation series
Based on the median risk score (value = 0.650), 211 patients were categorized into low risk group and 211
into high risk group. The distribution of death status and corresponding risk scores was illustrated in
Fig. 2A (left panel) and it suggested that patients with lower risk scores generally had better OS than
those patients with higher risk scores. Time-dependent ROC analyses at 5-year revealed a high prognostic
accuracy of the epigenetic signature (Fig. 2A, middle panel). The survival rates for patients in low-risk
group were 96.7% at 1 year, 74.3% at 3-year, and 47.0% at 5-year, compared with 87.8%, 49.4%, and 19.9%
in patients in high-risk group, respectively (HR: 2.11, 95% CI: 1.65–2.72, P < 0.001, Fig. 2A, right panel).

According to the same cutoff value determined in discovery set, same analyses were further performed in
the internal validation set. The 1 year, 3-year and 5-year OS were 91.4%, 70.8%, and 45.2% for the low-risk
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group, and 87.9%, 62.9%, and 24.0% for the high-risk group (HR: 1.69, 95% CI: 1.07–2.63, P = 0.020,
Fig. 2B).

To con�rm that the epigenetic signature had similar prognostic value in external cohort, we combined the
samples in GSE14764 and GSE26712 and a total of 265 OC patients were further used to validate the 26-
mRNA epigenetic signature. Based on the established cutoff point, 178 (67.2%) patients were classi�ed
as low risk, and 87 (32.8%) as high risk. 5-year disease-free survival was 27.3% for the high-risk group
and 53.2% for the low-risk group (HR 1.95, 95% CI 1.41–2.69; p < 0.001; Fig. 2C).

Prognostic performance and clinical use of the epigenetic
signature in predicting OS
After multivariate analysis adjusted by clinicopathological variables, the epigenetic classi�er remained a
powerful and independent factor in the discovery, internal validation and external validation sets
(Table 2). Strati�ed analysis suggested that the epigenetic classi�er was still a clinically and statistically
signi�cant prognostic model in stage I-III, stage IV, low grade, high grade and patients with different
debulking status (Fig. 3).

Table 2
Multivariate Cox regression analysis of epigenetic

signature in predicting OS.

  HR P*

Discovery set 14.32 (5.69–36.07) < 0.001

Internal validation set 5.91 (1.37–25.52) 0.017

External validation set 25.26 (7.51–84.94) < 0.001

*Adjusting for FIOG stage, grane debulking status

To verify that the epigenetic signature bears stronger predictive ability than clinicopathological features in
predicting OS, time-dependent ROC was performed in the entire cohort and the result showed that the
epigenetic signature (AUC = 0.700) had signi�cantly higher prognostic accuracy than debulking status
(AUC = 0.635), FIGO stage (AUC = 0.505) and grade (AUC = 0.536) at 5 years (Fig. 4A). The decision curve
analysis at 5 years was further used to analyze clinical usefulness of epigenetic signature. It suggested
that using the epigenetic signature to predict OS brought more bene�t than either the treat-all-patients
scheme or the treat-none scheme, while the other clinicopathological features added strinkingly less
bene�t (Fig. 4B).

Discussion
The past decades have witnessed the distinct oncogenic outcome in OC patients, which spans less than
5 months to over 10 years. However, no individualized treatment was used in those cases with
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signi�cantly poor long-term survival for a lack of predictive models helping to identify them accurately.
Consequently, it is urgently needed to construct a prognostic tool which could accurately identify those
patients with poor survival. In this study, a novel prognostic classi�er based on 26 epigenetic genes was
developed to improve the prediction of OS for OC patients after surgical resection. By applying the
epigenetic signature to the TCGA discovery set patients, a clear separation was observed in the survival
curves between low and high-risk patients. And it was internally validated in the validation series of TCGA
patients and the external cohorts of GSE14764 and GSE26712, indicating the good reproducibility of this
signature in OC. Strati�ed by FIGO stage, debulking status, and tumor grade, the epigenetic signature
remains a good prognostic model, implying that the signature can be used to re�ning the current staging
and risk evaluation system. In addition, the time-dependent ROC and DCA curve at 5 year suggested that
this epigenetic signature has the most signi�cant accuracy and clinical utility in predicting mortality after
initial resection of OC. Therefore, our study identi�ed an epigenetic signature that could help identify
patients with high risk of mortality and guide individualized treatment of patients with OC, which is
credible to be applied to clinic.

The epigenetic modi�ers have been highlighted for critical functions in cancer initiation and progression.
Accumulating evidence indicated that agents targeting epigenetic alterations have promising outcomes
in retarding OC progression. However, no previous study has assessed a subset of epigenetic genes that
collectively form an epigenetic signature and serve as an independent prognostic factor for OC. To date,
numerous studies have developed gene expression signatures to stratify OC survival based on different
cohorts. However, none of them has been incorporated into clinical practice might due to several
limitations. First, the sample size was usually small that lacked su�cient validation to prove model
stability. Second, most of them generate the prognostic score based on the whole transcriptome pro�ling,
which easily leaded to over�tting and ignored other casual genes. In this present study, we focused on the
epigenetic gene set that is more generic than the normal signature.

Most of genes included in the signature have been experimentally demonstrated to be linked with OC.
BRD9 which was previously reported to regulate chromatin remodeling and transcription was found
overexpressed in ovarian cancer and depleting BRD9 sensitizes cancer cells to olaparib and cisplatin[21].
PHF20 is a transcription factor, which was originally identi�ed in glioma patients and its phosphorylation
plays an important role in tumorigenesis via regulating of p53 mediated signaling in OC[22]. PADI4 is an
enzyme that converts both histone arginine and mono-methyl arginine residues to citrulline. It was proved
to be able to regulate the proliferation, apoptosis, invasion and migration of ovarian cancer cells[23].
EHMT1 and EHMT1 have roles in epigenetic silencing of gene expression and disrupting EHMT1/2 will
sensitizes OC cells to PARPi. DDB2 is a kind of DNA damage-binding protein[24]. Previous studies
suggested that DDB2 can repress OC cell dedifferentiation by suppressing ALDH1A1 expression[25].
CARM1, an arginine methyltransferase was proved as an informative prognostic biomarker for predicting
resistance to chemotherapy for ovarian cancer[26]. CHD2, chromodomain helicase DNA binding protein
could bind to microRNA-144 and partially inhibited its activity, thereby promoting the proliferative and
migratory abilities of OC cells[27]. APOBEC3 DNA cytosine deaminase family members normally defend
against viruses and transposons and it expression was found to be correlated with T-Cell In�ltration and
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Improved Clinical Outcomes in OC based on public genetic data[28]. As for the rest epigenetic genes
integrated in our signature, further clinical and basic research should be conducted to explore their value
in OC.

Though this is the �rst study investigating the prognostic role of epigenetic genes and successfully
developing a epigenetic signature in OC, some limitations are Inevitable in our study. Firstly, our study
was based on the data from public-available datasets without testing prospectively in an independent
cohort. Furthermore, the information of several other important clinicopathological features, like
histology, was not available in these datasets. Finally, mechanisms of the identi�ed epigenetic genes on
the progression of OC are still needed to be further investigated.

Conclusion
In conclusion, we successfully construct a robust epigenetic signature that can reliably predict the
emergence of death postoperatively in OC. A prospective validation should be conducted to con�rm the
prognostic and predictive role of the developed epigenetic signature.
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Figure 1

(A) LASSO coe�cient pro�les of the 51 OS associated epigenetic genes. (B) Tuning parameter (l)
selection in the LASSO model used 10-fold cross-validation via minimum criteria.
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Figure 1

(A) LASSO coe�cient pro�les of the 51 OS associated epigenetic genes. (B) Tuning parameter (l)
selection in the LASSO model used 10-fold cross-validation via minimum criteria.
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Figure 2

Distribution of risk score, time dependent ROC curves at 5 years and Kaplan-Meier survival curves
between patients in low and high risk group in training set (A), internal validation set (B) and external
cohort (C).
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Figure 2

Distribution of risk score, time dependent ROC curves at 5 years and Kaplan-Meier survival curves
between patients in low and high risk group in training set (A), internal validation set (B) and external
cohort (C).
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Figure 3

Kaplan-Meier survival analysis for the entire dataset (N=827) based on the epigenetic signature strati�ed
by FIGO stage (A), debulking status (B), and tumor grade (C).
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Figure 3

Kaplan-Meier survival analysis for the entire dataset (N=827) based on the epigenetic signature strati�ed
by FIGO stage (A), debulking status (B), and tumor grade (C).
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Figure 4

(A) Time-dependent ROC curves at 5 year of the epigenetic signature, debulking status, FIGO stage and
tumor grade in the entire cohort; Decision curve analysis at 5 year for the epigenetic signature, debulking
status, FIGO stage and tumor grade and the combined model (B). The y-axis measures the net bene�t.
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Figure 4

(A) Time-dependent ROC curves at 5 year of the epigenetic signature, debulking status, FIGO stage and
tumor grade in the entire cohort; Decision curve analysis at 5 year for the epigenetic signature, debulking
status, FIGO stage and tumor grade and the combined model (B). The y-axis measures the net bene�t.
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