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Purpose: To investigate the diagnostic values of human epididymis protein 4 (HE4), carbo-

hydrate antigen 125 (CA125), carbohydrate antigen 19-9 (CA19-9), and carcinoembryonic 

antigen (CEA) for ovarian tumors.

Methods: The participants were divided into three groups: 386 healthy women (control group), 

262 patients with benign ovarian tumors (the benign group), and 196 patients with malignant 

pelvic tumors (the malignant group). The serum levels of HE4, CA125, CA19-9, and CEA were 

analyzed by electrochemiluminescent immunoassay. 

Results: It showed that serum levels of HE4, CA125, CA19-9, and CEA of patients with 

 malignant ovarian tumors were significantly higher than those in the control group and benign 

group (P<0.01). HE4 had a high specificity (96.56%) in malignant ovarian tumors. The tumor 

markers HE4, CA125, CA19-9, and CEA had a sensitivity of 63.78%, 62.75%, 35.71%, and 

38.78%, respectively. The combined use of two or more tumor markers (parallel test) had a higher 

diagnostic sensitivity but lower specificity than a single tumor marker. The combined efficiency 

of HE4 and CA125 was the highest, with a sensitivity and specificity of 80.10% and 69.08%, 

respectively. HE4 and CA125 combined with the Risk of Ovarian Malignancy Algorithm provided 

an efficient means of screening and diagnosis of ovarian malignancies. The diagnostic sensitiv-

ity increased to 88.52% when three or four tumor markers were used but showed no significant 

difference compared with the combination of HE4 and CA125 (P>0.05). 

Conclusion: The combination of three or four tumor markers did not improve the diagnostic 

efficacy when compared with the combination of HE4 and CA125.

Keywords: human epididymis protein 4, carbohydrate antigen 125, carbohydrate antigen 19-9, 

carcinoembryonic antigen, pelvic tumor

Introduction
The incidence of gynecological pelvic tumors is high. In particular, ovarian cancer is 

one of the most common malignant tumors in the female reproductive system, and 

the mortality rate is the highest.1 There are nearly no clinical symptoms or signs at 

the early stage of most ovarian cancer patients. Studies have shown that only <25% of 

patients with ovarian cancer can be diagnosed at the early stage, and 70% of patients are 

diagnosed at the advanced stage.2 In addition, the outcome of treatment and prognosis 

of ovarian cancer are poor, the 5-year survival rate is 20%–30%, and the recurrence 

rate is very high. In the early stage of ovarian cancer, the 5-year survival rate can reach 
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80%–90% if effective treatment is available.2 Hence, finding 

effective early diagnostic markers is of great significance for 

the treatment and prognosis of malignant ovarian tumors.

Tumor markers play an important role in the early diagnosis 

and prognosis of gynecological malignancies. Carbohydrate 

antigen 125 (CA125) has been utilized to help predict the 

 presence of malignancy in patients with a pelvic mass. How-

ever, the specificity of CA125 in tissues and organs is low; at 

the same time, it also appears in different degrees of increase 

in physiological condition (such as pregnancy) and nonma-

lignant diseases (such as endometriosis, pelvic inflammation, 

and uterine fibroids).5 In addition, carbohydrate antigen 19-9 

(CA19-9) and carcinoembryonic antigen (CEA) are traditional 

screening criteria for gynecological pelvic malignancies 

without high specificity. In many gynecological pelvic benign 

diseases such as inflammation and endometriosis, the levels 

of CA19-9 and CEA in the serum of pelvic benign tumor 

patients also increased.6 Human epididymis protein 4 (HE4), 

a novel tumor marker, is highly expressed in ovarian cancer 

and endometrial cancer but lowly expressed in adjacent tissues, 

normal tissues, and benign tumors. As a single tumor marker, 

HE4 had the highest sensitivity for detecting ovarian cancer.7

Studies have shown that combined detection of multiple 

tumor markers can improve the sensitivity and efficacy of 

diagnosis and help reduce the incidence of misdiagnosis.8 In 

our previous study, we found that the combined use of HE4 

and CA125 improved the diagnostic efficacy.9 In this study, 

we tested the serum levels of HE4, CA125, CA19-9, and 

CEA in 458 patients with ovarian tumors in order to analyze 

the diagnostic value of the combined use of tumor markers 

in gynecological pelvic tumors.

Patients and methods
Patient participation groups
This study was carried out in Fujian Provincial Hospital 

and Fujian Provincial Hospital South Branch between June 

2013 and June 2017. All participants were divided into three 

groups: 386 healthy women (the control group), who have 

no serious organ diseases such as heart, liver, lung, stomach, 

and gynecological diseases and have no family history of 

tumor; 262 patients with benign ovarian tumors confirmed by 

pathology (the benign group); and 196 patients with malig-

nant ovarian tumors confirmed by pathology (the malignant 

group) (Table 1).

Serum tumor marker detection
Fasting venous blood (3–4 mL) was preoperatively collected 

from 458 patients and centrifuged to obtain the serum. The 

serum levels of HE4, CA125, CA19-9, and CEA were ana-

lyzed by electrochemiluminescent immunoassay (Roche 

Modular E170 electrochemiluminescence). Reagent test 

kits were purchased from Roche Diagnostic Reagent Com-

pany (Shanghai, China). The cutoff values for the tumor 

markers are listed in Table 2. The test is positive when any 

index is higher than the reference range. The Risk of Ovar-

ian Malignancy Algorithm (ROMA) was calculated by the 

ovarian cancer risk prediction model using serum HE4 and 

CA125 levels.

ROMA (%) = exp (PI)/[1+exp (PI)]×100

Premenopausal PI =  –120+2.38×LN[HE4] 
+0.0626×LN[CA125]

Postmenopausal PI =  –8.09+1.04×LN[HE4] 
+0.732×LN[CA125]

LN=Log10

When the specificity of Roche Elecsys was 75%, pre-

menopausal ROMA ≥11.4% was considered as high-risk 

ovarian epithelial cancer and postmenopausal ROMA ≥29.9% 

was considered as high-risk ovarian epithelial cancer.9,10

Statistical analyses
SPSS 22.0 software and MedcCalc software were used 

for statistical analysis. Non-normal quantitative data were 

Table 1 Patient participant groups

Group Age (years)  Diagnosis

Patients with ovarian 
tumors (n=458)

12–86 (46.2±16.3) Benign group (n=262) Mucinous cystadenoma (n=47), serous cystadenoma (n=48), mature cystic 
teratoma (n=44), endometrioid cyst (n=90), and simple cyst (n=33)

Malignant group 
(n=196)

Serous adenocarcinoma (n=105), mucinous adenocarcinoma (n=32), 
endometrioid adenocarcinoma (n=26), and nonepithelial ovarian cancer (n=33)

Healthy controls 
(n=386)

20–66 (40.6±11.3) Healthy females without known heart, liver, lung, or kidney diseases; 
gynecological diseases; or tumor family history

Table 2 The cutoff values for the four tumor markers

Tumor marker Cutoff value

HE4 (pM) 140
CA125 (U/mL) 35
CA19-9 (U/mL) 27
CEA (ng/mL) 5
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expressed as in the form of the median and four quartiles 

of M (P25 and P75), comparison among groups was con-

ducted using the nonparametric Kruskal–Wallis H test, and 

then the nonparametric Mann–Whitney U test was used for 

comparing two groups. The chi-square test was used for 

the analysis of categorical data. P<0.05 was considered as 

statistically significant. Logistic regression models were 

estimated, and receiver operator characteristic (ROC) curves 

were constructed. The area under the ROC curve (AUC) was 

compared between two markers or panels of markers.

Ethical review
The study was approved by Provincial Clinical College of 

Fujian Medical University’s Ethics Committee (no K2013-

005-01), and a waiver for individual patient consent for 

this retrospective study was also obtained from this eth-

ics committee. To maintain confidentiality, the names of 

patients were not retrieved. The records of patients were kept 

confidential, and persons outside the research team had no 

access to it. The data in the extraction forms were entered 

into a password-protected computer that was accessible to 

the researchers only.

Results
Comparison of tumor markers between 
benign and malignant groups
The most common benign neoplasms were mucinous and 

serous cystadenomas, which together accounted for 36.25% 

of the women with benign disease (Table 1). For the malignan-

cies, there were 105 (53.57%) serous, 32 (16.32%) mucinous, 

26 (13.27%) endometrioid, and 33 (16.84%) nonepithelial 

tumors. In patients with epithelial ovarian cancer, 17 (10.43%) 

patients were diagnosed with surgical Stage I disease, 22 

(13.50%) patients were diagnosed with Stage II disease, 101 

(61.96%) patients were diagnosed with Stage III disease, and 

23 (14.11%) patients were diagnosed with Stage IV disease.

Serum levels of HE4, CA125, CA19-9, and CEA of the 

malignant groups were significantly higher than those in the 

control group and benign group (P<0.01). Serum levels of 

these four tumor markers in the malignant group were higher 

than those in the benign group (P<0.01, Table 3).

The efficacy of the combined use of four 
tumor markers in benign and malignant 
groups
In this study, the cutoff values for the four tumor markers 

were 140 pM for HE4, 35 U/mL for CA125, 27 U/mL for 

CA19-9, and 5 ng/mL for CEA. The tumor markers HE4, 

CA125, CA19-9, and CEA had a sensitivity of 63.78%, 

62.75%, 35.71%, and 38.78%, respectively.

The serum levels of such markers in patients with surgi-

cal Stage I disease were relatively lower. For example, when 

examining ovarian cancer patients with normal serum CA125 

levels, HE4 levels were found to be elevated in >60% of these 

patients. Conversely, when examining patients with benign 

tumors who had elevated CA125 levels, HE4 levels were not 

as frequently elevated as those in the serum of these patients.

The combined use of two or more tumor markers (parallel 

test) had a higher diagnostic sensitivity in different degrees 

than any single tumor marker. The combined efficiency of 

HE4 and CA125 was the highest of the two tumor markers’ 

combination, with a sensitivity and specificity of 80.10% and 

69.08%, respectively.

HE4 showed a higher overall specificity (96.56%) than 

CA125 (70.61%, P<0.01) in the diagnosis of ovarian can-

cer. ROMA had a high sensitivity (81.12%) and specificity 

(83.97%) in the diagnosis of ovarian cancer.

When three or four tumor markers were used, the 

 diagnostic efficiency showed no significant difference com-

pared with the HE4 and CA125 combination (P>0.05). There 

was no difference of sensitivity between different combined 

uses of tumor markers (Table 4).

As shown in Figure 1, the AUCs of the tumor mark-

ers ROC, CA125, CA199, and HE4 were 0.967 (95% CI, 

0.947–0.985), 0.717 (95% CI, 0.673–0.758), 0.624 (95% CI, 

0.578–0.668), and 0.777 (95% CI, 0.736–0.814), respectively. 

The AUC was 0.973 (95% CI, 0.949–0.989) when HE4 and 

CA125 were combined (Figure 2). When HE4, CA125, 

Table 3 Serum levels of the four tumor markers in patients with malignant and benign ovarian tumors

Tumor marker Patients with malignant ovarian 
tumors (n=196)

Patients with benign ovarian 
tumors (n=262)

Normal controls  
(n=386)

HE4 (pM) 234.77 (64.92–963.77)** 54.49 (28.96–253.10) 50.10 (27.19–101.20)
CA125 (U/mL) 184.62 (5.36–1672.00)** 52.31 (3.12–1570.00)* 33.13 (4.86–88.51)
CA19-9 (U/mL) 45.61 (0.74–1237.00)** 19.15 (0.62–273.90) 18.06 (0.63–32.38)
CEA (ng/mL) 9.27(0.69–45.90)** 2.71 (0.23–55.60)* 1.57 (0.28–7.23)

Notes: *P<0.01 (compared with the normal group). **P<0.01 (compared with the benign group).
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and CEA were combined, the AUC was 0.972 (95% CI, 

0.942–0.978).

Discussion
Early detection and early diagnosis are essential to improve 

survival in patients with ovarian cancer. However, early ovar-

ian cancer is almost asymptomatic, and there are no effective 

early diagnosis strategies. Therefore, improving the rate of 

early diagnosis is the fundamental way to improve the overall 

prognosis and reduce the cost of treatment for patients with 

ovarian cancer.1,3,11 Tumor markers are expressed in tumor 

cells of the host to produce reaction substance, and there is 

little in serum in normal circumstances.12 Different types of 

tumor markers with different tumors have certain specificity, 

and tumor markers are important to tumor diagnosis, assess-

ment, prognosis, and recurrence and metastasis prediction in 

early detection of tumor markers.13 At present, there are many 

tumor markers such as HE4, CA125, CA19-9, and CEA, 

which are used in tumor screening.14,15 Studies have shown that 

93% of serous epithelial ovarian cancer, 100% of endometrial 

epithelial cancer, and 50% of clear-cell ovarian cancer were 

highly expressed of HE4, whereas mucinous ovarian cancer 

did not express HE4.16,17 HE4 has a high specificity and an 

appropriate sensitivity for ovarian cancer, making it useful in 

the early diagnosis of ovarian cancer.

CA125 is a widely used screening marker of gyneco-

logical malignant pelvic tumors. It is highly expressed in 

epithelial ovarian tumor cells and also highly expressed in 

serous ovarian adenocarcinoma and increases with tumor 

progression. Clinical studies have found that it has a relatively 

low tumor specificity and sensitivity in the early diagnosis 

of epithelial ovarian cancer.19 The expression of CA125 is 

abnormal in ovarian cyst, uterine fibroids, endometriosis, 

and other benign gynecological diseases; therefore, the col-

laborative use of CA125 and other tumor markers in clinic is 

aimed to improve the diagnostic sensitivity and specificity.20,21

CA19-9, a low carbohydrate antigen, is a screening tool 

for digestive tract tumors, especially pancreatic cancer and 

colorectal cancer. CA19-9 has shown a good diagnostic 

value in ovarian pulp, ovarian serous, and mucinous adeno-

carcinoma.22 CEA is a classic broad-spectrum tumor marker 

mainly used in the diagnosis of digestive tract cancer and 

Table 4 Efficacy of combined detection of the four tumor markers in 458 patients

Tumor marker Sensitivity (%) Specificity (%) Accuracy (%)

HE4 63.78 (125/196)** 96.56 (253/262) 82.53 (378/458)
CA125 62.75 (123/196)** 70.61 (185/262)* 67.25 (308/458)
CA19-9 35.71 (70/196) 79.01 (207/262) 60.48 (277/458)
CEA 38.78 (76/196) 88.55 (232/262) 67.25 (308/458)
HE4 + CA125 80.10 (157/196) 69.08 (181/262)* 73.80 (338/458)
ROMA 81.12 (159/196) 83.97 (220/262) 82.75 (379/458)
HE4 + CA125 + CEA 88.52 (167/196) 65.27 (171/262) 73.80 (338/458)

HE4 + CA125 + CA19-9 + CEA 90.82 (178/196) 56.49 (148/262)** 71.18 (326/458)

Notes: *P<0.01 (compared with HE4). **P<0.01 (compared with HE4 + CA125).

Figure 1 The detection of the ROC curve of ovarian cancer by four tumor markers.
Abbreviation: ROC, receiver operator characteristic.
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Figure 2 The ROC curve of four tumor markers in single and combined detections 
of ovarian cancer.
Abbreviation: ROC, receiver operator characteristic.
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lung cancer. CEA levels are elevated in some patients with 

ovarian cancer.23

In view of the limitations of using single serum tumor 

markers in the diagnosis of malignant tumors, a variety of 

tumor markers have been combined to reduce the rate of 

misdiagnosis and to improve the diagnostic efficiency. The 

present study analyzed the levels of HE4, CA125, CA19-9, 

and CEA in the serum of 458 patients with ovarian tumors. 

The results showed that the expression levels of HE4, CA125, 

CA19-9, and CEA in the serum of patients with ovarian 

cancer were significantly higher than those in patients with 

benign ovarian tumors.

Further analysis demonstrated that the sensitivity and 

specificity of the four tumor markers differed from each other 

for ovarian tumor diagnosis. The sensitivity and specificity of 

HE4 were 63.78% and 96.56%, respectively. The sensitivity 

and specificity of CA125 in turn were 62.75% and 70.61%, 

respectively. The sensitivity and specificity of CA19-9 were 

35.71% and 79.01%, respectively. The sensitivity and speci-

ficity of CEA were 38.78% and 88.5%, respectively.

In our previous study, we analyzed serum HE4 and CA125 

in combination with ROMA in 63 patients with malignant 

pelvic tumors and found that HE4 had a higher diagnostic 

value for ovarian cancer than CA125.9 The present study 

included 196 patients with ovarian cancer and revealed a sat-

isfactory specificity of HE4 in the diagnosis of ovarian cancer. 

The overall specificity of HE4 (96.56%) in the diagnosis of 

ovarian cancer was significantly higher than that of CA125 

(70.61%). ROMA demonstrated a sensitivity of 81.12% and 

a specificity of 83.97%.

For the diagnosis of malignant ovarian tumors, the results 

showed that HE4 had the highest specificity, CA125 had high 

sensitivity, and CA19-9 and CEA had lower sensitivity. After 

various combined tests, we found that the combined use of 

two tumor markers had higher diagnostic sensitivity than 

single tumor marker. When HE4 and CA125 were combined, 

the specificity and sensitivity of the diagnosis were 80.1% 

and 69.08%, respectively. The diagnostic sensitivity increased 

to 88.52% and 90.82% when three or four tumor markers 

were used together. AUC showed that the combination of 

three or four tumor markers did not significantly improve the 

diagnostic efficacy when compared with the combination of 

HE4 and CA125.

Conclusion
HE4, CA125, CA19-9, and CEA are of great value in the dif-

ferential diagnosis of benign and malignant ovarian tumors. 

HE4 has a satisfactory specificity in the diagnosis of ovarian 

cancer. There are nearly no clinical symptoms or signs at 

the early stage of most ovarian cancer patients. If one of the 

markers (the cutoff values were 140 pM for HE4, 35 U/mL 

for CA125, 27 U/mL for CA19-9, and 5 ng/mL for CEA) 

is found to be elevated in the patients with a pelvic mass, 

further examinations were recommended.

The combined use of the tumor markers has more advan-

tages than single tumor marker in the screening and diagnosis 

of malignant ovarian tumors. Serum HE4 and CA125 in 

combination with ROMA can be used as an efficient tool 

to screen and diagnose clinical ovarian malignancies, and 

combined detection of serum HE4 and CA125 levels was 

advised for all female patients suspected of pelvic mass. 

However, the combined detection of three or four markers 

failed to improve the diagnostic efficacy when compared 

with the combination of HE4 and CA125.
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