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Introduction

Ovarian cancer is one of the most common malignant tu-
mors of the female reproductive system and the 5th most 
common cause of death in women. Unfortunately, nearly 
80% of ovarian cancers are diagnosed at advanced stages 
(III/IV) because of their asymptomatic nature [1,2]. Thus, 
the early detection of ovarian cancer is critical for reducing 
mortality. However, early-stage diagnosis has been difficult 
to achieve because ovarian cancer exhibits a wide range of 
morphological, clinical, and genetic variations during tumor 
progression in addition to asymptomatic progression [3,4]. 
Thus, the biggest challenge in ovarian cancer diagnosis is the 
lack of effective screening methods. 

Ovarian cancer diagnosis requires surgery and biopsy. 
Owing to the anatomical location of the ovary within the 
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abdominal cavity, biopsy for diagnosis of ovarian cancer is 
impossible, except with surgical methods [5]. However, tis-
sue biopsy has disadvantages in that the patient is severely 
affected. Tissue biopsy also increases the risk of infection, 
which may require a recovery period after hospitalization and 
examination. 

In contrast, a non-invasive method using blood (blood col-
lection) has the advantages of being simple and painless. It 
does not require a recovery period after hospitalization or ex-
amination. In addition, liquid biopsy for early ovarian cancer 
diagnosis avoids the adverse effects associated with tissue 
biopsy. Early diagnosis is possible even in patients who have 
not yet developed ovarian cancer. It is also advantageous in 
periodic monitoring of the progress of treatment in patients 
with ovarian cancer [6]. Therefore, screening high-risk pa-
tients with ovarian cancer using liquid biopsy and developing 
more effective early diagnostic methods can compensate for 
the problems associated with the existing tissue biopsy meth-
ods and considerably reduce medical expenses. Thus, an ac-
curate, non-invasive diagnostic method for ovarian cancer is 
necessary to increase the early diagnosis rate. Unfortunately, 
the information provided by a single tumor marker is limited 
and it is almost impossible to detect cancer using a single tu-
mor marker [7,8].

Several tumor biomarkers have been evaluated in labora-
tory examinations. Carbohydrate antigen 125 (CA125) is a 
traditional marker used for ovarian cancer screening. It was 
first described in the early 1980s. In cases of ovarian cancer, 
serum CA125 levels may be elevated. However, this marker 
has low sensitivity in the early stages of ovarian cancer [9]. 
Increased CA125 levels have also been reported in other 
physiological or pathological conditions such as menstrua-
tion, pregnancy, endometriosis, and inflammatory diseases 
of the peritoneum [10]. Other biomarkers, such as human 
epididymis protein 4 (HE4) [11], have been developed to im-
prove the detection specificity of ovarian carcinomas. HE4 is 
overexpressed in ovarian cancer. A meta-analysis of 13 stud-
ies on HE4 showed that serum HE4 is a common indicator of 
ovarian cancer and the diagnostic accuracy of CA125 can be 
improved when combined with HE4 [12].

Ovarian cancer screening based on the simultaneous mea-
surement of multiple markers known to be associated with 
ovarian cancer may be an alternative and effective method. 
Over the past few decades, considerable efforts have been 
made to identify novel cancer biomarkers for use in clini-

cal practice. However, a striking discrepancy exists between 
the amount of effort directed toward biomarker discovery 
and the number of markers used in clinical practice. To use 
multiple markers for ovarian cancer diagnosis, it is necessary 
to develop and apply a unique algorithm to analyze the ex-
pression patterns of multiple ovarian cancer-related markers 
[13,14].

We previously reported diagnostic models for lung, gastric, 
and breast cancers using multiple serum biomarkers. These 
algorithms can accurately classify a test set and a training set 
[15-18]. The objective of this study was to compare and eval-
uate the diagnostic value of serum CA125 and/or HE4 and a 
novel panel of multiple biomarkers for patients with ovarian 
tumors to identify more accurate and effective markers for 
screening ovarian cancer.

Materials and methods 

1. Cohorts and serum samples 
The specimens used in this study were approved by the In-
stitutional Review Board of the BIOINFRA Life Science Inc. 
(No. 1-700097-B-N-01). Serum samples from patients with 
ovarian cancer were obtained before initiating any therapeu-
tic approach. Data were obtained from the Korea Regional 
Biobank of Keimyung University Hospital, Kangwon National 
University Hospital, and Inje University Pusan Paik Hospital. 
Serum samples from asymptomatic healthy donors were 
obtained from the Korea Regional Biobank of Seoul National 
University Hospital. Healthy controls with a known history of 
cancer, high-grade dysplasia, autoimmune disease, chronic 
kidney disease, pregnancy, or inflammatory conditions re-
quiring medical management were excluded from the study. 
Samples from healthy controls and patients with ovarian can-
cer were collected after obtaining appropriate consent from 
the individuals, clearly labeled (sex of individual), and stored 
at -80°C or in liquid nitrogen without repeated re-thawing 
until analysis. In addition, staging information for ovarian 
cancer specimens was assigned according to the TNM clini-
cal classification (cTNM), TNM patho-taxonomic classification 
(pTNM), or a standard equivalent. Human resources were 
used in this study. To identify the optimal multi-biomarker 
combination, sera from 143 patients with ovarian cancer and 
157 healthy controls were used to create and validate a clas-
sification model in this study (Table 1). Ovarian cancer stage 
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was based on the final pathological diagnosis after resec-
tion. Ovarian cancer patient and control samples were age-
matched. 

2. Measurement of serum protein markers 
The following eight biomarkers were measured and screened 
in this study: apolipoprotein A1 (ApoA1), transthyretin, 
CA125, carcinoembryonic antigen, cytokeratin fragment 
21-1, cancer antigen 15-3, and HE4. They were measured 
on Cobas c501 or Cobas e601 (Hoffmann-La Roche AG., 
Basel, Switzerland) using electrochemiluminescent detec-
tion. ApoA2 was measured using a Toshiba 120FR by 
immunonephelometry, according to the manufacturer’s 
instructions. It may be noted that the analysis of multiple 
biomarkers in the proposed model is expected to cost ap-
proximately $32 and the cost of testing is expected to be ap-
proximately $56.

3. Statistical methods 
In this study, before generating a classification model to 
distinguish ovarian cancer from healthy controls, the dis-
tinguishing abilities of eight selected candidate biomark-
ers were reviewed through basic statistical analyses, such 
as boxplot and Mann-Whitney U-test. A set of biomarker 
panels was created to identify the optimal marker panel for 
the ovarian cancer classification model. The number of pos-
sible biomarker combinations was eight. Using the set as an 

input variable, the optimal biomarker panel was selected by 
examining the performance of each biomarker panel set us-
ing Random Forest (RF) algorithm, a non-linear classification 
method, and a 10-fold cross-validation technique.

To evaluate and compare candidate biomarker sets, we 
used the area under the curve (AUC) and receiver operating 
characteristic (ROC) curve, which are performance metrics 
used in classification problems. The ROC curve is a graph 
that displays the performance for all thresholds simultane-
ously. The AUC refers to the lower area of the ROC curve. A 
value closer to 1 indicates an excellent model, whereas a val-
ue closer to 0 indicates a poor model. Detailed performance 
by stage was compared using sensitivity, indicating the prob-
ability of classifying actual ovarian cancer as ovarian cancer, 
and specificity, indicating the probability of classifying actual 
healthy controls as healthy. All analyses were performed us-
ing R statistical analysis tool (version 4.0.3; R Core Team, 
Auckland, New Zealand).

To determine whether the selected optimal biomarker 
panel shows excellent classification performance in other 
classification methods, the performance was verified using 
three other algorithms (general linear model [GLM], extreme 
gradient boosting [XGBoost], and generalized linear model 
random forest [GLMRF]). Logistic regression is a special case 
of a GLM. It is a representative method used in various clas-
sification and prediction models. This method has the ad-
vantage of being able to interpret prediction results using 

Table 1. Characteristics of ovarian cancer patient and healthy control samples

Characteristic
Healthy control Epithelial ovarian cancer

N CA125 HE4 N CA125 HE4 

Age (yr) 157 13.70±8.48 46.93±14.82 143 572.18±936.35 315.77±430.56

<50 66 16.83±10.45 41.69±8.31 60 455.37±827.43 212.02±338.72

<60 56 10.87±6.11 44.88±9.86 51 609.81±985.35 289.59±422.24

<70 22 12.79±5.57 54.71±18.35 20 733.28±959.36 623.51±599.92

≥70 13 11.51±4.39 69.18±25.10 12 727.79±1,219.93 417.88±300.07

Stage, total - - - 143 572.18±936.35 315.77±430.56

I - - - 64 206.98±402.85 126.24±165.46

II - - - 21 1,110.26±1,376.20 381.36±365.22

III - - - 39 934.64±1,160.06 520.82±585.90

VI - - - 16 437.37±464.63 521.91±519.76

N/A - - - 3 603.57±996.33 135.01±117.46

Values are presented as mean±standard deviation or number.
CA125, carbohydrate antigen 125; HE4, human epididymis protein 4; N/A, not available. 
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formulas. RF and XGBoost are widely used machine-learning 
algorithms as ensemble techniques. In general, these meth-
ods exhibit high performance in classification problems. 
However, they have the disadvantages of a high possibility 
of overfitting and difficulty interpreting the results. We also 
used the GLMRF model, which has the advantage of both 
linear (explanatory) and non-linear classification models.

Results 

First, we selected eight candidate biomarkers for screening 
high-risk ovarian cancer based on literature searches [19-27]. 
The expression levels of these eight candidate biomarkers 
were predicted to be important for screening ovarian cancer 
in healthy controls and patients with ovarian cancer (Table 2). 
To analyze the performance of each biomarker, the expres-

sion levels of the eight candidate biomarkers were measured 
and analyzed in samples from 157 healthy control subjects 
and 143 patients with ovarian cancer. Seven out of the eight 
biomarkers were found to be effective in distinguishing be-
tween healthy controls and patients with ovarian cancer us-
ing the Mann-Whitney U-test. This was confirmed using box 
plots (Fig. 1).

For model generation, the samples were randomized and 
10-fold cross-validation and RF methods were used. At this 
time, the age information was reflected. Table 3 shows ex-
amples of representative sets of multiple biomarkers with 
improved performance compared with single biomarkers. The 
results revealed that several biomarkers showed high accuracy 
in ovarian cancer diagnosis. A combination of five biomarkers 
consisting of CA125, HE4, ApoA1, and ApoA2 was confirmed 
to be most optimal among the various combinations. Specifi-
cally, the optimal set of these five biomarkers had an AUC of 

Table 2. Preclinical study report of eight candidate biomarkers

Biomarker Function Ref.

CA125 CA125 is a high molecular weight glycoprotein with increased expression in approximately 90% of patients with 
advanced epithelial ovarian cancer and is well known as one of the most important biomarkers used to monitor 
epithelial ovarian cancer. As a screening indicator, CA125 has been applied to screen out patients with ovarian 
cancer in the population and to differentiate ovarian cancer from benign diseases.

[19]

HE4 HE4 might play a protective role in the progression of epithelial ovarian cancer by inhibiting cell proliferation and 
is expressed in malignant ovarian tissues at a significantly higher rate than that of benign tumors and normal 
ovarian tissue and is regarded as a serum tumor marker which has high sensitivity and specificity in screening 
tests. HE4 can be used in the detection and staging of treatment for ovarian cancer.

[20,21]

CA15.3 CA15.3 is an aspecific tumor marker characteristic of cancer proliferation and the elevated levels of CA15.3 have 
been associated with ovarian malignancy, measurement of this biomarker has been proposed to be of some 
clinical value in combination with CA125 for diagnosis and monitoring of ovarian cancer.

[22,23]

ApoA2 ApoA2 is the second most abundant apolipoprotein of high-density lipoproteins, which modulate cholesterol 
transport and metabolism and concentrations of ApoA2 is higher in malignant compared with either borderline 
or benign ovarian cyst fluids.

[24]

TTR TTR is a normal serum protein synthesized primarily in the liver, the choroid plexus and the retina and is found to 
be downregulated in ovarian cancer. Lower level of serum TTR level has been observed in ovarian cancer. TTR 
has been used with other biomarkers to diagnose ovarian cancer.

[25]

ApoA1 ApoA1 played an important role in the inhibition of tumor progression through different pathways and is 
decreased in the serum of ovarian cancer patients, has been evaluated as a screening and diagnostic biomarker 
of epithelial ovarian cancer.

[24]

CYFRA21.1 The serum CYFRA21.1 level was significantly correlated with many prognostic factors, including recurrence 
and survival and acts as a good complementary diagnostic biomarker and may be superior to CA125 as a 
prognostic indicator in epithelial ovarian cancer.

[26]

CEA CEA is one of the longest known tumor antigens and elevated serum levels is demonstrated in patients with 
ovarian adenocarcinomas, up to 87-88% in mucinous histotypes. The CEA in combination with CA125 can 
differentiate between malignant ovarian disease and malignant non-ovarian disease.

[27]

Ref., reference; CA125, carbohydrate antigen 125; HE4, human epididymis protein 4; CA15.3, cancer antigen 15-3; ApoA2, apolipoprotein 
A2; TTR, transthyretin; ApoA1, apolipoprotein A1; CYFRA21.1, cytokeratin fragment 21-1; CEA, carcinoembryonic antigen. 
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0.97, sensitivity of 93.71%, and specificity of 90.45%.
To compare the performance of CA125 and/or HE4, the 

single biomarkers commonly used for screening ovarian 
cancer, with the optimal combination of biomarkers identi-
fied in this study, the mean serum concentrations of these 
five biomarkers were compared between healthy controls 
and ovarian cancer samples. Ovarian cancer was determined 

based on reference values used in clinical practice (CA125 
reference range for normal: ≤35 U/mL; HE4 reference range 
for normal: ≤60.50 pmol/L for <40 years old; ≤76.20 pmol/L  
for 40-49 years old; ≤74.30 pmol/L for 50-59 years old;  
≤82.90 pmol/L for 60-69 years old; and ≤104.00 pmol/L for 
≥70 years old). Although combining CA125 and HE4 showed 
improved sensitivity compared to CA125 or HE4 as single 

Fig. 1. Box plots and Mann-Whitney U-test of single biomarker. Seven out of the eight biomarker candidates were found to be effective 
in distinguishing healthy controls from patients with ovarian cancer in Mann-Whitney U-test and box plots. CA125, carbohydrate antigen 
125; OC, ovarian cancer; HC, healthy control; HE4, human epididymis protein 4; CA15.3, cancer antigen 15-3; ApoA2, apolipoprotein A2; 
TTR, transthyretin; ApoA1, apolipoprotein A1; CYFRA21.1, cytokeratin fragment 21-1; CEA, carcinoembryonic antigen.

3

2

1

3

2

1

2.5

2.0

1.5

1.0

0.5

5.75

5.50

5.25

5.00

4.75

CA125 HE4 CA15.3 ApoA2

	 OC	 HC 	 OC	 HC 	 OC	 HC 	 OC	 HC

5.6

5.2

4.8

4.4

6.4

6.2

6.0

5.8

2.0

1.5

1.0

0.5

0.0

2

1

0

TTR ApoA1 CYFRA21.1 CEA

	 OC	 HC 	 OC	 HC 	 OC	 HC 	 OC	 HC

Table 3. The area under the curve values and accuracy of various multiple biomarkers (at fixed specificity)

Biomarker set AUC Specificity (%) Sensitivity (%) PPV (%) NPV (%)

CA125, HE4, CA15.3, CEA, ApoA1, ApoA2 0.965 90.45 93.71 89.93 94.04

CA125, HE4, CYFRA21.1, CA15.3, ApoA1, ApoA2 0.965 90.45 93.01 89.86 93.42

CA125, HE4, ApoA1 0.966 90.45 91.61 89.73 92.21

CA125, HE4, CA15.3, CEA, ApoA1 0.966 90.45 93.01 89.86 93.42

CA125, HE4, CEA, ApoA1, ApoA2 0.966 90.45 93.71 89.93 94.04

CA125, HE4, CYFRA21.1, ApoA1, ApoA2 0.966 90.45 93.01 89.86 93.42

CA125, HE4, CA15.3, TTR, ApoA1 0.967 90.45 91.61 89.73 92.21

CA125, HE4, ApoA1, ApoA2 0.967 90.45 93.71 89.93 94.04

CA125, HE4, CEA, ApoA1 0.967 90.45 91.61 89.73 92.21

CA125, HE4, CA15.3, ApoA1, ApoA2 0.970 90.45 93.71 89.93 94.04

AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive value; CA125, carbohydrate antigen 125; HE4, human 
epididymis protein 4; CA15.3, cancer antigen 15-3; CEA, carcinoembryonic antigen; ApoA1, apolipoprotein A1; ApoA2, apolipoprotein A2; 
CYFRA21.1, cytokeratin fragment 21-1; TTR, transthyretin. 
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biomarkers, the combination exhibited lower performance 
than the optimal set of five biomarkers (Table 4). The optimal 
set of five multiple biomarkers was found to have a sensitiv-
ity of 93.71%, which was higher than that of the combina-
tion of CA125 and HE4 (85.31%). 

Three analytical methods, including GLM, XGBoost, and 
GLMRF, were used to validate the performance of the se-
lected optimal combination of markers. ROC curves were 
generated to determine the sensitivity of the optimal set of 
five biomarkers. ROC curves for patients with ovarian cancer 
and healthy controls using the four classification methods 
are shown in Fig. 2. The multiple biomarker set was found 
to have a sensitivity of 88.11-93.71% and a specificity of ap-

proximately 90%.
The results showed that the three analytical methods 

showed similar RF performance (Fig. 2). In particular, in the 
case of early ovarian cancer (stages 1 and 2), it showed a 
high level of sensitivity, ranging from 82.35-91.76%. Based 
on these results, the multiple biomarker set identified in this 
study is expected to play an important role in the early diag-
nosis of ovarian cancer.

Discussion 

Ovarian cancer is the most common malignancy of the fe-
male reproductive system. It is the most lethal malignancy 
owing to its advanced stage at presentation. To reduce the 
mortality rate of ovarian cancer, it is important to develop 
more effective and accurate diagnostic methods. 

Unfortunately, effective screening tools for early detection 
of ovarian cancer have not yet been established. Although 
most gynecologic oncologists use multimodal screening 
based on transvaginal ultrasonography and CA125 for early 
detection of ovarian cancer, such screening methods are ex-
pensive. In addition, these tests are not very sensitive or spe-
cific [28]. For this reason, several attempts have been made 
recently to develop methods to identify patients at high risk 
for ovarian cancer. Liquid biopsy has the advantage of being 
non-invasive for the early detection of cancer. It also enables 
multiple repetitions and easy disease monitoring.

Most ovarian tumor markers reported to date have poor 
sensitivity and specificity, thus limiting their use in differenti-
ating between malignant and benign ovarian masses. CA125 
is the most widely used tumor marker not only for the di-
agnosis of epithelial ovarian cancer, but also for monitoring 

Table 4. Comparison of area under the curve values and accuracy of CA125 and/or HE4 vs. multiple biomarkers

Biomarker set Specificity (%) Sensitivity (%)

CA125 vs. multiple marker set CA125, HE4, CA15.3, ApoA1, ApoA2 96.18 88.11

CA125 96.18 80.42

HE4 vs. multiple marker set CA125, HE4, CA15.3, ApoA1, ApoA2 97.45 86.71

HE4 97.45 69.23

CA125+HE4 vs. multiple marker set CA125, HE4, CA15.3, ApoA1, ApoA2 93.63 93.71

CA125+HE4 93.63 85.31

CA125, carbohydrate antigen 125; HE4, human epididymis protein 4; CA15.3, cancer antigen 15-3; ApoA1, apolipoprotein A1; ApoA2, apoli-
poprotein A2.

Fig. 2. Two receiver operating characteristic (ROC) curves of 10-
fold cross-validation for four classification methods for optimal 
biomarker sets. All four methods showed similar Random Forest 
performances. The X-axis represents the 1-specificity and the Y-axis 
represents sensitivity. The set of multiple biomarkers exhibited the 
highest performance in early diagnosis of ovarian cancer. AUC, 
area under the curve; GLM, general linear model; XGBoost, ex-
treme gradient boosting; GLMRF, generalized linear model random 
forest. 
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treatment success. However, CA125 has some limitations 
in terms of sensitivity and specificity, as it is elevated only in 
50% of women with early-stage disease. In addition, it is de-
tected in other benign gynecological conditions, such as en-
dometriosis and pregnancy, as well as in non-gynecological 
conditions, such as cirrhosis and congestive heart diseases 
[9,10].

Recently, several new markers have been proposed and 
investigated for early detection of ovarian cancer. Among 
these, HE4, a precursor of the human epididymis protein, 
has received special attention. HE4 is as specific and sensitive 
as CA125. Additionally, it has superior sensitivity in detect-
ing stage I ovarian cancer. The serum level of HE4 is elevated 
in association with preoperative CA125, advanced stage, 
grade, and the presence of residual tumors. Moreover, HE4 
levels correlates with the prognosis and overall survival of 
patients with ovarian cancer [11]. In addition, both HE4 and 
the risk of ovarian malignancy algorithm (ROMA) scores are 
superior to CA125 in the diagnosis of ovarian cancer in Ko-
rean women with pelvic masses [29].

The ROMA scores were developed to improve the inher-
ent characteristics of a single biomarker. The ROMA model 
has attracted considerable attention in recent years. ROMA 
incorporates CA125, HE4, and menopausal status to assign 
women with an adnexal mass into high- or low-risk groups 
for finding an ovarian malignancy [30]. Although the clinical 
value of the ROMA index in the diagnosis of ovarian cancer 
has been widely reported in the literature, most of these 
studies used small sample sizes and the results are incon-
sistent. However, its reliability needs to be explored further. 
Increasing the sample size can improve the credibility of the 
results and resolve the inconsistency problem among results 
of these studies. Although these markers have reliable speci-
ficity, they are not very sensitive.

The results of the present study revealed the sensitivity of 
the optimal set of five multiple biomarkers to be 93.71%, 
which is higher than that of the combination of CA125 and 
HE4 (85.31%). A similar RF performance was observed even 
when three analytical methods were used (Fig. 2). In the 
case of early ovarian cancer (stages 1 and 2), the sensitiv-
ity was high at 82.35-91.76%. Based on these results, the 
multiple biomarker set identified in this study is expected 
to play an important role in the early diagnosis of ovarian 
cancer. Whether the multiple biomarker set identified in this 
study can differentiate between benign ovarian disease and 

ovarian cancer remains to be clarified. Future research using 
samples from patients with benign ovarian disease should be 
conducted to test its ability to differentiate between benign 
ovarian disease and ovarian cancer.

In conclusion, the set of multiple biomarkers identified in 
this study shows higher accuracy in the early diagnosis of 
ovarian cancer than the combination of CA125 and HE4, 
the two currently used biomarkers. This optimal set of bio-
markers, including CA125 and HE4, was selected from eight 
biomarkers by measuring their levels in the serum samples. 
In terms of their clinical significance, these diagnostic indica-
tors can improve the performance of existing ovarian cancer 
screening tests and thus improve the survival rates of patients 
by enabling effective and early detection of ovarian cancer. 
However, additional analyses (calculation of cancer discrimi-
nation rate through a model supplemented with benign 
disease and cancer data) are required to strengthen the clini-
cal significance and effectiveness of the model established in 
this study.
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