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Abstract: Ovarian cancer is one of the most common and lethal gynecological malignancies. 

The diagnosis of ovarian cancer is often at an advanced stage. Accumulated evidence suggests 

that long noncoding RNAs (lncRNAs) play important roles during ovarian tumorigenesis. 

In this study, using the lncRNA-mining approach, we analyzed lncRNA expression profiles 

of 493 ovarian cancer patients from Gene Expression Omnibus datasets, and identified a sig-

nature group of seven lncRNAs (BC037530, AK021924, AK094536, AK094536, BC062365, 

BC004123 and BC007937) associated with patient survival in the training dataset GSE9891. 

We also formulated a risk score model to divide patients into low-risk and high-risk groups 

based on the expression of these seven lncRNAs. We further validated the predictive power of 

our risk score model in two other datasets, GSE26193 and GSE63885. Our analysis showed 

that the seven-lncRNA signature can serve as an independent predictor apart from Federation 

of Gynecology and Obstetrics (FIGO) stage and patient age. Further investigation revealed the 

seven-lncRNA signature correlated with few critical signaling pathways involved in cancer. 

Combined, all these findings strongly support that the seven-lncRNA signature can serve as a 

strong prognosis biomarker.
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Introduction
Ovarian cancer is one of the most common and lethal gynecological malignancies.1 

The 5-year survival rate of patients with early-stage (Federation of Gynecology and 

Obstetrics [FIGO] stage I) is .90%, whereas the 5-year survival rate of patients with 

advanced-stage (FIGO stages III and IV) plunges to ,30%.2 The poor prognosis is 

mainly due to the usually indistinct symptoms, lack of reliable screening test and 

tumor resistance to chemotherapy.3 Therefore, there is strong need to identify effective 

prognostic biomarkers to help optimize and personalize treatment.4,5

Long noncoding RNAs (lncRNAs) are defined as RNAs that are longer than 200 

nucleotides and have little or no protein-coding ability.6 Most lncRNAs are expressed in 

specific tissues and specific cancer types.7 Despite lncRNAs having no protein-coding 

ability, a great number of studies have demonstrated that lncRNAs participate in diverse 

biological processes, such as development,8 differentiation,9 energy metabolism,10 

apoptosis,11 angiogenesis.12 LncRNAs can influence almost every step of the life cycle 

for gene regulation, and play important roles in cancers development.13,14

Despite the importance of lncRNAs in carcinogenesis and development, relevant 

studies on lncRNA as possible prognostic biomarkers for ovarian cancer are still lim-

ited. Large-scale lncRNAs data produced recently make such studies possible. In this 

study, we aimed to identify lncRNAs expression signatures that can predict ovarian 

cancer patient survival. Using the publicly released ovarian cancer dataset (GSE9891)15 
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from the Gene Expression Omnibus (GEO) database, we 

identified a signature including seven lncRNAs associating 

with survival, and proposed a risk score formula based on 

their expressions to predict the patient survival. The prog-

nostic risk score model was further validated in the cohorts 

GSE26193 and GSE63885.16,17 Our findings indicated that 

the seven-lncRNA signature can serve as a strong prognostic 

biomarker for ovarian cancer.

Materials and methods
Microarray processing and lncrna 
profile mining
The three lncRNA gene expression data (CEL files) and 

corresponding clinical data of ovarian cancer in this study 

were downloaded from the GEO database and processed 

using Robust Multichip Average (RMA) algorithm for 

background adjustment. We used GATExplorer software to 

annotate the lncRNA microarray probes.18 LncRNA mapper 

was obtained from GATExplorer to calculate RNA expres-

sion. We only included the lncRNA probes that are mapped 

to human genome and mouse genome (derived from RNA 

database [RNAdb]).19 For the microarray expression analy-

sis, we threshold the lncRNAs included at least minimum 

of three probes mapping in the corresponding noncoding 

RNAs (ncRNAs) entity.

gene set enrichment analysis (gsea)
GSEA was performed upon 186 curated Kyoto Encyclopedia 

of Genes and Genomes gene sets by the GSEA, which was 

developed by Broad Institute (Cambridge, MA, USA) and 

the gene sets provided by MSigDB (Molecular Signatures 

Database) were considered as reference.20 Gene sets with 

a false discovery rate (FDR) value ,0.05 after perform-

ing 1,000 permutations were considered to be significantly 

enriched.

statistical analysis
Univariable Cox proportional hazards regression analysis 

was carried out in the training set (GSE9891) to assess the 

association between lncRNA gene expression and patient 

survival information. lncRNAs with P,0.001, FDR ,0.001 

were selected to be strongly correlated with patient survival. 

Random survival forests variable hunting (RSFVH) algorithm 

was carried out to select predictors.21 Using the previously 

selected genes fitted in a multivariable Cox regression model, 

a risk score formula was constructed based on the expression 

of these lncRNAs to predict the patient survival. Each patient 

had a risk score and the risk score was the weighted com-

bination of Cox regression coefficients for each significant 

lncRNAs expression.22,23 The patients were divided into two 

groups (ie, low-risk group and high-risk group) using the 

median risk score as the cutoff. The Kaplan–Meier method 

was used to estimate the survival time and the two-sided log 

rank test was used to compare the survival difference between 

the low-risk and high-risk groups.

Furthermore, we used Cox multivariate analysis to test 

whether the risk score model was independent of patient age 

and FIGO Stage with available data. The receiver operating 

characteristic (ROC) curves were also used to compare the 

sensitivity and specificity of the lncRNA risk score in predict-

ing survival in respect to FIGO Stage and patient age.24 All 

above analyses were accomplished by R program.

Results
Preanalysis of geO ovarian cancer gene 
expression data
The lncRNA gene expression data and corresponding clinical 

data of ovarian cancer in this study were downloaded from 

the GEO database. The selected data sets included .100 

patients with corresponding survival information. We ana-

lyzed the correlation between lncRNA expression signatures 

and survival endpoints for ovarian cancer as a whole (overall 

survival [OS], progress-free survival [PFS] and disease-free 

survival [DFS]). Our strategy was to use the largest data set 

(GSE9891, n=285)15 as a training set to identify the lncRNA 

expression signature. Then another two smaller independent 

datasets (GSE26193, n=107; GSE63885, n=101)16,17 were 

used as testing sets in this study. After removing samples 

without corresponding clinical survival information, a total 

of 460 samples were left, 278 of which were from GSE9891, 

107 from GSE26193 and 75 from GSE63885. Figure 1 

describes the workflow of this study.

Identification of prognostic lncRNA 
genes from the training set
In order to identify the prognostic lncRNA genes, we 

used univariable Cox proportional hazards regression to 

analysis lncRNA expression data in training set. Here we 

identified a set of 33 lncRNAs strongly correlated with 

patients’ overall survival (P,0.001) from a total of 5,635 

lncRNAs. Considering smaller panel of lncRNA will make 

a more practical model, the RSFVH algorithm was used to 

select the more relevant genes, and consequently a set of 

seven-lncRNA genes (BC037530, AK021924, AK094536, 

BC062365, AK130460, BC007937 and BC004123) were 

finally identified (Figure 2).21,25 Among these lncRNAs, 

BC037530 has the highest relevant importance value in the 

seven predictors. Expression of all seven-lncRNAs gene 
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was strongly correlated with patient survival (Table 1). The 

lncRNAs (BC037530, AK021924, AK094536, BC062365 

and AK130460) with the positive coefficients indicated 

that higher expressions of these lncRNAs were associated 

with poor survival, while the lncRNAs (BC007937 and 

BC004123) with the negative coefficients indicated that 

lower expressions of these lncRNA were associated with 

poor survival.

an seven-lncrna signature predicts the 
survival of ovarian cancer patients in the 
training set
In order to investigate how well the seven-lncRNA signature 

could predict the survival of ovarian cancer patients, we 

constructed a risk score formula based on the expression of 

these seven lncRNAs to predict the patient survival in the 

training set. Each patient had a risk score, and the risk score 

was a weighted combination of Cox regression coefficients 

for all seven significant lncRNAs. The risk scores based on 

the seven-lncRNA expression were calculated as follows:

 

Risk score =  (0.3411 × BC037530) + (0.4767  

× AK021924) + (−1.9507 × BC007937)  

+ (0.1509 × AK094536) + (0.2081  

× BC062365) + (0.5741 × AK130460)  

+ (−0.6688 × BC004123).

Using the median risk score as cutoff, we divided the 

patients into two groups (low-risk group, n=139 and high-risk 

group, n=139). Patients in the high-risk group had a shorter 

survival time than patients in the low-risk group (log-rank 

test P,0.0001, median survival time 24 vs 32 months; 

Figure 3A). The correlation of the risk score and survival 

was also significant when it was evaluated as a continuous 

variable in the univariable Cox regression model. The dis-

tribution of patient risk scores, survival status and lncRNA 

values were analyzed independently for the training set 

(Figure 4). We found that patients with high-risk scores 

tended to have higher expressions of BC037530, AK021924, 

AK094536, AK094536, BC062365 and lower expressions 

of BC004123, BC007937.

Validation of the seven-lncrna signature 
for survival prediction in the testing sets
In order to test whether the seven-lncRNA signature as 

ovarian cancer survival predictors overfit the data, we used 

another two independent lncRNA datasets: GSE26193 

(n=107) and GSE63885 (n=75), for validation. As with 

the pre-analysis method of the training set, we carried out 

the same pre-analysis for the testing set. The OS, PFS and 

DFS were evaluated respectively. By using the same cutoff 

selecting method as the training set, we got a consistent 

result with the training set, supporting that the lncRNA 

signature is a robust predictor for survival. Patients in the 

high-risk group had a significantly shorter survival time 

than patients in the low-risk group (Figure 3B–F) indicat-

ing the robustness of our model.

Multivariate regression analysis shows 
that the seven-lncrna expression 
signature is independent of age/grade 
and stage
Studies have proved that age at diagnosis, FIGO stage, 

grade of tumor were significant (P#0.05) prognostic factors 

for overall survival of ovarian cancer.26 Cox multivariate 

analysis was performed to check whether the seven-lncRNA 

Figure 1 Study workflow showing the order of lncRNA analyses applied to develop 
a risk score model and use of the model to predict prognostic information and 
validate the efficiency of the signature panel.
Abbreviations: gsea, gene set enrichment analysis; lncrna, long non- 
coding rna.
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expression signature was an independent predictor of ovarian 

cancer patient’s survival. We used multivariate Cox pro-

portional hazard model to evaluated whether age, grade 

and stage as covariates had effect on the of ovarian cancer 

patient survival. The results showed that for OS analysis, 

our lncRNA signature was independent of age/grade and 

stage in GSE9891 and GSE26193. For PFS/DFS analysis, 

the signature was independent of age/grand and stage in 

GSE9891, GSE26193 and GSE63885. In summary, the risk 

score based on the expression of the seven lncRNAs may 

serve as an independent predictor for ovarian cancer patient 

survival (Tables 2 and 3).

evaluation of the risk score performance 
by rOc curve analysis
We performed ROC analysis in the training set to assess the 

sensitivity and specificity of survival prediction between our 

model and FIGO stage and patient age. By comparing the 

areas under ROC (AUROC) of ROC curves, we found that 

our risk score model was better than FIGO stage and patient 

Figure 2 random survival forests variable hunting analysis.
Notes: (A) error rate for the data as a function of trees; (B) out-of-bag importance values for predictors.

Table 1 Seven lncRNAs significantly associated with the overall survival in the training set (n=278)

Gene symbol Parametric, 
P-value

Hazard ratio  
(95% CI)

Coefficient Variable 
importance

Relative 
importance

Bc037530 2.30e–05* 2.6345 (1.6824–4.1255) 0.3411 0.0142 1
aK021924 0.0004 1.6518 (1.2529–2.1776) 0.4767 0.0125 0.8803
Bc007937 0.0006 0.0822 (0.0198–0.3418) −1.9507 0.0111 0.7817
aK094536 0.0002 1.9171 (1.3573–2.7077) 0.1509 0.0089 0.6268
Bc062365 0.0007 1.7997 (1.2812–2.5280) 0.2081 0.0076 0.5352
aK130460 0.0005 2.1251 (1.3862–3.2577) 0.5741 0.0063 0.4427
Bc004123 0.0004 0.5137 (0.3558–0.7417) −0.6688 0.0036 0.2535

Note: *P-value formatting as per the following example: 2.30e-05 is 0.000023.
Abbreviations: CI, confidence interval; lncRNAs, long non-coding RNAs.
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Figure 3 Kaplan–Meier was used to estimate the survival of high-risk vs low-risk ovarian cancer patients based on the seven-lncrna signature.
Notes: (A) The Os for gse9891; (B) the Os for gse26193; (C) the Os for gse63885; (D) the PFs for gse9891; (E) the PFs for gse26193; (F) the disease-free survival 
for gse63885.
Abbreviations: Os, overall survival; PFs, progression-free survival; lncrna, long noncoding rna.

age to predict the patient survival. The AUROC of seven-

lncRNA gene signature, FIGO stage signature and patient 

age signature were 0.742, 0.626 and 0.534, respectively. 

We also observed significant difference between our model 

with FIGO stage (P=0.0006) and our model with patient 

age (P,0.0001; Figure 5). This indicated that our model 

was more sensitive and specific than the existing model in 

predicting the survival of ovarian cancer patients.

Identification of biological pathways and 
processes associated with the seven 
lncrnas
GSEA was performed to identify associated biological 

processes and signaling pathways. We compared the gene 

expression profiles of patients with high-risk and low-risk 

groups and found that extracellular matrix (ECM)–receptor 

interaction, transforming growth factor (TGF)-beta signaling 

pathway and focal adhesion activity were enriched in the 

high-risk group (Figure 6).

Discussion
In this study, we have identified a seven-lncRNA signature 

panel (BC037530, AK021924, AK094536, BC062365, 

AK130460, BC007937 and BC004123), which was 

associated with the ovarian cancer patient survival from 

the training set. We also constructed a prognostic risk score 

model based on the seven-lncRNA expression signature, 

patients with high-risk scores tended to have a shorter 

survival time than patients with low-risk scores. The model 

was future validated in two other independent lncRNA data-

sets (GSE26193 and GSE63885), and further investigation 

revealed that the seven-lncRNA signature may well used to 

predict the ovarian cancer patient survival time.

We used the multivariable Cox regression analysis with 

age/grand and stage as covariables to evaluate whether the 

seven-lncRNA signature was an independent biomarker. 

The results showed that the seven-lncRNA expression sig-

nature was independent biomarker adjusted by age/grade and 

stage in GSE9891 (OS/PFS), GSE63885 (OS/PFS), except 

for GSE26193, which only exhibited significance with the 

univariate Cox analysis. This may be due to the smaller 

sample dataset or some other unknown confounding factors 

employed, the P-value was not significant for the OS analysis 

in GSE26193. Taken together, these results still suggested 

that the seven-lncRNA signature functions as an independent 

predictor of ovarian cancer patient survival. Besides that, ROC 

analysis also indicating that the seven-lncRNA risk score 

model was comparable with the currently main prognostic 
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Figure 4 lncrna risk score analysis of the gse9891 patients.
Notes: (A) lncrna risk score distribution; (B) the distribution of patients overall survival status and time; (C) heatmap of the seven-lncRNA expression profiles. Rows 
represent lncrnas and columns represent patients. The black dotted line represents the median lncrna risk score which was used as cutoff to divide patients into high-risk 
and low-risk groups.
Abbreviation: lncrna, long noncoding rna.

Table 2 Univariate and multivariate cox regression analyses of Os in each data set

Variables Univariate model Multivariate model

HR 95% CI of HR P-value HR 95% CI of HR P-value

Training set (GSE9891, N=278)
lncrna risk score (high risk vs low risk) 2.80 1.88–4.17 4.68e–07* 2.35 1.55–3.55 4.99e–05*
age 1.03 1.01–1.05 0.0134 1.02 1.00–1.04 0.0435
Tumor grade 1.32 0.96–1.81 0.0852 1.20 0.86–1.68 0.2814
FigO stages (i/ii/iii/iV) 2.17 1.50–3.15 4.49e–05* 1.77 1.20–2.60 0.0039

Testing set (GSE26193, N=107)
lncrna risk score (high risk vs low risk) 2.16 1.36–3.43 0.0011 1.48 0.91–2.40 0.114
Tumor grade 1.21 0.83–1.76 0.326 0.72 0.48–1.08 0.109
FigO stages (i/ii/iii/iV) 2.06 1.54–2.74 1.03e–06* 2.09 1.52–2.88 5.68e–06*

Testing set (GSE63885, N=75)
lncrna risk score (high risk vs low risk) 1.59 0.98–2.59 0.0623 1.56 0.94–2.59 0.0886
Tumor grade 1.71 1.13–2.58 0.0113 1.75 1.14–2.69 0.0111
FigO stages (i/ii/iii/iV) 2.32 1.24–4.32 0.0085 1.90 0.99–3.67 0.0547

Notes: The age information was only available in the gse9891 set. *P-value formatting as per the following example: 4.68e-07 is 0.000000468. P-values ,0.05 are 
significant.
Abbreviations: OS, overall survival; HR, hazard ratio; CI, confidence interval; lncRNA, long non-coding RNA; FIGO, Federation of Gynecology and Obstetrics.
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models: FIGO stage and patient age. All these indicting that 

the seven-lncRNA signature might be a well survival predictor 

no matter in the technical point or in the clinical point.

Unfortunately, functional studies of these genes lncRNAs 

in cancer have not been reported so far. Nevertheless, our 

study demonstrated associations of these lncRNAs with 

patient survival. GSEA proved that the seven-lncRNA 

signature was more likely associated with ECM–receptor 

interaction, TGF-beta signaling pathway, focal adhesion. 

ECM–receptor interaction plays an important role in inva-

sion and metastasis of tumor.27 TGF-beta signaling pathway 

is critical for proliferation, differentiation, development and 

apoptosis of tumor.28 Focal adhesion also functions in inva-

sion and metastasis of tumor cells.29 It is conceivable that the 

overexpression or downregulation of these lncRNAs in those 

pathways can affect the course of carcinogenesis.

Limitation of this study should be acknowledged as 

well. First, we only included 5,635 (out of 15,000+) human 

lncRNAs in the present study. The lncRNA signature as a 

prognostic biomarker may not represent all the lncRNA 

candidates that were potentially correlated with the overall 

survival of ovarian cancer patient. Second, the functions of 

these seven lncRNAs in tumorigenesis were still unknown, 

even though the associated biological processes and signaling 

pathways were inferred. Finally, even through the seven-

lncRNAs signature was tested as prognostic biomarker in 

two other datasets, experimental studies such as PCR, clinical 

trials and the function analysis were still needed. Because 

there are still possibilities of false positives in selection of the 

seven lncRNAs for the prediction of clinical outcome.

In summary, we have identified a prognostic seven-

lncRNA panel and demonstrated it as a powerful prognostic 

predictor for ovarian cancer. Based on the expression of 

these seven lncRNAs, a risk score model was established 

to predict the poor and good prognosis cases. Further mul-

tivariate Cox regression analysis revealed that the seven-

lncRNA signature was independent of the main prognostic 

factors-American Joint Committee on Cancer (AJCC) stage, 

age/grade and might help personalize prediction of ovarian 

cancer prognosis. Moreover, these lncRNAs may involved in 

Figure 5 ROC analysis of sensitivity and specificity for seven-lncRNA risk score, 
FigO stage and patient age in training set.
Note: The aUrOcs of seven-lncrna risk score vs FigO stage and patient age 
were 0.742, 0.626 and 0.534, respectively.
Abbreviations: rOc, receiver operating characteristic; lncrna, long noncoding 
rna; aUrOc, area under rOc; FigO, Federation of gynecology and Obstetrics.

Table 3 Univariate and multivariate cox regression analyses of PFs/DFs in each data set

Variables Univariate model Multivariate model

HR 95% CI of HR P-value HR 95% CI of HR P-value

Training set (GSE9891, N=275)
lncrna risk score (high risk vs low risk) 2.10 1.57–2.83 7.22e–07* 1.75 1.29–2.38 0.0003
age 1.01 1.00–1.03 0.13 1.01 1.00–1.03 0.1891
Tumor grade 1.27 1.00–1.62 0.0466 1.22 0.94–1.57 0.1342
FigO stages (i/ii/iii/iV) 2.34 1.78–3.07 9.26e–10 2.09 1.58–2.76 2.01e–07*

Testing set (GSE26193, N=107)
lncrna risk score (high risk vs low risk) 1.78 1.14–2.78 0.012 1.21 0.76–1.92 0.433
Tumor grade 1.41 0.96–2.06 0.0775 0.84 0.55–1.28 0.407
FigO stages (i/ii/iii/iV) 1.96 1.51–2.54 4.46e–07* 2.00 1.48–2.69 4.89e–06*

Testing set (GSE63885, N=75)
lncrna risk score (high risk vs low risk) 2.30 1.39–3.79 0.0011 2.10 1.27–3.48 0.0041
Tumor grade 1.59 1.05–2.41 0.0279 1.65 1.08–2.51 0.0205
FigO stages (i/ii/iii/iV) 2.71 1.44–5.11 0.0020 2.40 1.24–4.64 0.0092

Notes: The age information only existed in gse9891 set. *P-value formatting as per the following example: 7.22e-07 is 0.000000722. P-values ,0.05 are significant.
Abbreviations: PFS, progression-free survival; DFS, disease-free survival; HR, hazard ratio; CI, confidence interval; lncRNA, long non-coding RNA; FIGO, Federation of 
gynecology and Obstetrics.
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Figure 6 gsea analysis of high-risk group.
Notes: (A) The barplot of the signaling pathways significant enriched in the high-risk group; (B) enrichment plot of ecM–receptor interaction; (C) enrichment plot of focal 
adhesion; (D) enrichment plot of TgF-beta signaling pathway.
Abbreviations: ecM, extracellular matrix; FWer, family-wise error rate; gsea, gene set enrichment analysis; Kegg, Kyoto encyclopedia of genes and genomes; 
TgF, transforming growth factor.

biological processes such as ECM–receptor interaction, TGF-

beta signaling pathway, focal adhesion, which are all known 

key players in tumorgenesis. Despite some drawbacks, our 

seven-lncRNA signature can potentially serve as a powerful 

prognostic marker for ovarian cancer.
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