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Ab s t r Ac t
Introduction: Ovarian cancer is the third leading site of cancer among women in India. 70% of ovarian cancers are diagnosed with advanced 
disease leading to high fatality rate. Human epididymis protein 4 (HE4), also known as WAP four disulphide core 2 (WFDC2), is a novel protein 
and is one of the more promising biomarkers for improving diagnostic performance in ovarian cancer detection.
Aim: To evaluate a new tumor marker, HE4, in comparison with CA-125 in diagnosis of ovarian cancer and benign gynecological diseases.
Material and Methods: Pre-operative serum HE4 and CA-125 were determined in 146 patients with benign gynecologic diseases and 100 
patients with malignant gynecologic cancers (64 were epithelial ovarian cancers patients). HE4 and CA-125 cutoffs were 140 pmol/L and 35 
kU/L, respectively. Sandwich Elisa, biotin-labelled antibody kit was used for HE4.
Results: HE4 demonstrated better specificity than CA 125 in benign gynecologic disease patients, with abnormal concentrations in 1.3% and 
33.6% , respectively. A significantly higher area under the ROC curve was obtained with HE4 than with CA 125 in the differential diagnosis of 
gynecologic diseases (0.875 vs 0.723; p=0.0001). Both markers were clearly related to stage (HE4:p=0.004; CA-125: p=0.001).) and histopathological 
type (HE4: p =0.003 and CA-125:p =0.009 in serous papillary ovarian cancer). 
Conclusion: HE4 has significantly higher diagnostic specificity than CA 125, and the combination of CA-125 and HE4 improved the detection 
of ovarian cancer in all stages and histological types. HE4 use may be important in the differential diagnosis of ovarian cancer.
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Ovarian cancer is the most lethal gynecological cancer. In India, 
ovarian cancer is the third leading site of cancer among women, 
trailing behind cervix and breast cancer. The age-adjusted incidence 
rates of ovarian cancer vary between 1.7 and 15.2 per 100,000 
population in different parts of the country. An increasing trend 
of this cancer has been observed since 1982 to date.1

Ovarian cancer is primarily diagnosed in the post-menopausal 
women of the age group 55–64 years; 90% of the tumors are 
epithelial in origin.2-5 Germ cell tumor, usually diagnosed in the 
20s, and sex cord stromal tumors which can be diagnosed at any 
age, form the remaining 10% of the ovarian tumors.6 Early course 
of the disease is asymptomatic and late stage disease symptoms 
are non-specific. Consequently, >75% of the tumors are diagnosed 
at an advanced stage. Mortality parallels disease stage: stages I and 
II have >70% of 5 year survival rate which drastically falls to <20% 
in stages III and IV.7 Early detection when tumors are small and 
still confined to the ovaries represents the best hope for mortality 
reduction and long term disease control.

CA-125 is the most commonly utilized tumor marker in ovarian 
carcinoma. CA-125 levels in conjunction with the imaging data and 
patient’s medical and clinical findings are used to differentiate 
a benign from a malignant adnexal mass. Ultrasound and 
computed tomography scans though important, but equipments, 
experience and proper training may not be available at all centers 
in a developing country. Measuring serum CA-125 levels are more 
feasible but CA-125 concentrations are also increased in several 
benign gynecologic conditions like ovarian cysts, myomas and 
endometriosis.7-10,11 Likewise, benign effusions, renal or liver failure 
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and even pregnancy and menstrual cycles have an influence on the 
CA-125 concentrations.11-13 This highlights the need of a simple, 
inexpensive biomarker that can be used alone or in combination 
with CA-125 to improve its sensitivity and specificity.

Some markers, including mesothelin, CA-72-4, inhibin, 
kallikreins, and osteopontin, have been investigated to complement 
CA-125 and to improve its sensitivity for early detection. Among 
these human epididymis protein 4 (HE4), is one of the most 
promising markers with better sensitivity and specificity than 
CA-125 for gynecological malignancies. It is a protein initially 
identified in the epithelium of the distal epididymis and may be 
involved in sperm maturation; it is also called WFDC2 because of its 
molecular structure, containing 2 whey acid protein domains and 
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a 4-disulfide-bond core with 8 cysteine residues. HE4 is expressed 
in the normal epithelium lining the male and female genital tracts 
(but not in normal ovarian epithelium), upper respiratory tract, and 
ducts of the salivary glands and breast, kidneys, gastrointestinal 
tract and endometrium. HE4 is strongly upregulated and 
overexpressed in ovarian carcinomas.14 Pathological conditions 
like lung adenocarcinomas, cystic fibrosis lungs, endometrial 
cancer, breast cancer, transitional cell carcinomas may also show 
overexpression.14-16

This study was undertaken (1) to evaluate serum HE4 
concentrations in benign and malignant gynecologic diseases (2) to 
explore the clinical usefulness of HE4 (3) to compare the diagnostic 
performance of HE4 with that of CA-125.

MAt e r i A l A n d Me t h o d s
246 patients (146 benign gynecological cases, 100 malignant 
gynecological cases) were enrolled after approval from the Ethics 
Committee. The inclusion criteria were: patients diagnosed with a 
pelvic mass of suspected ovarian origin, availability of complete 
clinical records, informed consent and agreement to have additional 
testing for new markers, clinical and histological diagnosis with 
staging and grading of ovarian cancer, where required.

Exclusion criteria were: pregnancy, and significant concomitant 
diseases such as chronic heart failure, and severe chronic liver or 
renal disease.

Blood samples were collected in serum separator tube (SST) 
and allowed to clot for 30 minutes at room temperature before 
centrifugation for 15 minutes at 1000 x g. Serum was removed, 
aliquoted and stored at ≤-20 °C, for analysis within 3 months.

CA-125 was measured on Beckman coulter Access 2 
immunoassay based on chemiluminiscence.. Cut off was 35 kU/L. 
Serum HE4 concentrations were measured using solid phase 
quantitative sandwich enzyme immunoassay technique (RnD 
Systems). Assay was run according to manufacturer’s protocol. Cut 
off for HE4 was 140 pmol/L. Serum creatinine concentrations were 
measured in all the participants (patients and controls) by use of 
Jaffe’s alkaline picrate method on AU400 (Olympus Diagnostics); 
values below 1.3 mg/dL (115 μmol/L) were defined to be within the 
reference range. All the other relevant clinical information were 
taken from patient’s file.

stAt i s t i c A l An A lys i s

Data was analyzed on Excel and SPSS 21.0 software. Median 
values were calculated for skewed data. Mann-Whitney U test and 
Kruskall-Wallis test were used to compare the statistical significance 

between categories. The level of significance was set at p<0.05. 
ROC curves were drawn to assess and compare the roles of HE4 
and CA-125.

re s u lts

Patient Characteristics
The serum of 246 patients were analyzed: 146 (59.3 %) had benign 
disease and 100 (40.7 %) had malignant disease. Benign gynecologic 
group was younger and evidently premenopausal. Malignant 
gynecologic group was comparatively older, more likely to be 
post menopausal and having a family history of ovarian or breast 
cancer (Table 1).

Tumor Characteristics
The most common benign ovarian tumours were ovarian cysts 
(cystadenomas (n = 48), cystadenofibromas (n = 24), endometriomas 
(n = 33), fibroids (n = 29) and endometrial polyps(n = 06). Other 
benign tumors (06) encountered were mature teratoma (02), 
hydrosalpinx (01), functional cyst (01), struma ovarii (01), leydig cell 
tumor (01). Amongst 100 gynecological cancers: epithelial ovarian 
cancers (EOC) (64), endometrial cancers (17), endocervical cancers 
(10), squamous cell carcinoma (09). Most of the EOC were of high 
grade and were diagnosed at an advanced stage (Table 2).

Tumor Marker Levels
Interestingly, HE4 showed a higher diagnostic specificity than CA15 
in benign gynecologic disease patients. Only 1.3% of the benign 
gynecologic disease patients had HE4 concentrations above the 
reference interval, compared to 33.6% for CA-125 (Tables 3 and 4).

In malignant samples the median (SE) concentration of HE4 
was 116.8 (25.4) pmol/L and of CA 125 was 44.2 (47.9) kU/L. The 
most common malignancy for which patients exhibited increased 
concentrations of HE4 and CA 125 was epithelial ovarian cancer 
(75.2% and 80% of samples, respectively). Significantly higher 
HE4 (p = 0.001) and CA 125 (p = 0.01) serum concentrations were 
found in patients with ovarian cancer than in patients with other 
gynecologic cancers (p = 0.001) (Table 5).

Table 6 shows the serum HE4 and CA-125 concentrations in 
different stages and histological types of ovarian cancer patients, 
excluding 1 patient with renal failure. Both HE4 and CA-125 
were well-related to the tumor stage with significantly higher 
concentrations in stages III and IV (HE4: p = 0.004; CA-125: p = 0.001) 
than in stages I and II. Both the markers, however, did not show 

Table 1: Patient characteristics

Variable Numerical display Benign gynecologic ds Malignant gynecologic ds  P value

Number of cases
Age in years
Post menopausal
Smoking
Oral Contraceptives
HRT
F/H BC
F/H OC

n (%)
Mean (SD)
n %
n %
n %
n %
n %
n %

146 (59.3)
46.3 (16.0)
55/146 (37.7)
33/146 (22.6)
46/146 (31.5)
24/146 (16.4)
23/146 (15.7)
03/146 (2.1)

100 (40.7)
57.8 (12.6)
74/100 (74.0)
19/100 (19.0)
30/100 (30.0)
08/100 (08.0)
26/100 (26.0)
05/100 (05.0)

NA
<0.001
<0.001
0.457
0.682
0.053
0.009
0.028

HRT, hormone replacement therapy; F/H, family history; BC, Breast carcinoma; OC, ovarian carcinoma
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significant differences between stage III and IV. For stages I-II, HE4 
and CA-125 individually demonstrated a sensitivity of 58.3% and 
50% respectively, which on combination increased to 75%. Likewise, 
for stages III and IV, sensitivity on combination approached to 96%. 
Serum concentrations of HE4 (p = 0.009) and CA-125 (p = 0.003) were 
significantly higher in serous papillary ovarian tumor than other 
histological types. Diagnostic sensitivity on combination, improved 
across all histological types and both markers were well-related to 
the histological type of ovarian cancer.

ROC Curves
ROC curves were plotted to compare the diagnostic performances 
of HE4 and CA-125 in (A) gynecologic cancers vs benign gynecologic 
diseases and (B) ovarian cancer vs other gynecologic diseases. A 
significantly higher area under the curve was observed with HE4 
in comparison to CA-125 (0.875 vs 0.723, p = 0.0001 and 0.903 vs 
0.797, p = 0.0003).

di s c u s s i o n
In clinical practice, serial serum CA-125 measurements and 
ultrasonography are used as an aid to diagnose early ovarian cancer 
in asymptomatic post menopausal women.7,10,17 One major fallacy 
with using CA-125 as a screening tool is that about 20% of the 
ovarian tumors do not express the antigen.7-10,17 It therefore seems 
prudent to combine CA-125 with new tumor marker(s) to increase 
its diagnostic efficacy.7,9,10,17,18

An important concern for CA 125 is its low diagnostic specificity. 
Several benign and malignant diseases, other than ovarian cancers 
may show abnormal CA-125 concentrations.7-11,19,20 This lack of 
specificity may be confounding in some benign gynecologic 
diseases such as endometriosis, commonly diagnosed in 
premenopausal women. Despite these controversies, CA 125 
is still being used in the differential diagnosis of pelvic masses, 
assessment of response to treatment, and as a prognostic factor 
for early diagnosis of recurrence.7,8,10

HE4 protein is encoded by WAP four-disulfide core domain 
2 (WFDC2) gene which is frequently over-expressed in ovarian 
carcinomas.14 In ovarian cancers, but not in normal tissue, this HE4 
protein gets N-glycosylated with an apparent molecular weight 
of 25 kDa. Then it is secreted into the extracellular environment 
to become detectable in the blood or urine of patients via 

Table 2: Tumor characteristics- histolological type and distribution

Benign gynecologic disease

Cystadenoma/cystadenofibroma 72

Endometriosis 33

Fibroids 29

Endometrial polyps 06

Mature teratoma 02

Hydrosalpinx 01

Functional cyst 01

Struma ovarii 01

Leydig cell tumor 01 

Total 146

Malignant ovarian disease

Epithelial ovarian cancers 64

Endometrial cancers 17

Endocervical cancers 10

Sq. cell carinoma cervix 09

Total 100

FIGO stage –(only for EOC) 

I 11 

II 02

III 26

IV 05

Total 64

Histological type (only for EOC)

Serous 46

Mucinous 08

Others 10

Endometroid 03 

Clear cell 02

Mixed 02

Carcinosarcoma 02

Undifferentiated 01

Total 64

Table 3: Serum concentrations of HE4 and CA-125 in benign gynecologic diseases (Summary)

Study participants 
(n)

HE4 >140 pmol/L
n (%) Median pmol/L Range pmol/L

CA-125> 35 kU/L
n (%) Median kU/L Range kU/L

 146  2/146 (1.3)  46.5  4.6–320.7  49/146 (33.6)  22  5–319

Table 4: Serum concentrations of HE4 and CA-125 in benign gynecologic diseases

Study 
participants (n)

HE4 >140 
pmol/L Median pmol/L IQR pmol/L CA-125>35 kU/L Median kU/L IQR kU/L

Ovarian cysts
Fibroids
Endometriosis
Endometrial
 polyps
Others

72
29 
33

06
06

0/72
1/29 
0/33
0/06
1/06

53.7
48.1
40
43.7
43.9

40.8- 68.0
33.9- 73.2 
34.3-50.7
30.8-54.6
37.5- 52.5 

20/72
12/29 
14/33
02/06
01/06

11.3
29.1
25.5
10.5
9.8

7.4–19.5
11.6–45.5
10.7–54.9
6.8–20.7
5.7–15.9

IQR, interquartile range
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enzyme immunoassay[16, 20]. It is highly stable on a wide range 
of pH and temperature. Other tissues like lung, endometrial, 
and breast adenocarcinomas, mesotheliomas, and rarely, kidney 
gastrointestinal, and transitional cell cancers have also reported 
some expression.18,19 Previous studies indicate that normal ranges 
for HE4 are 51.3- 78.4 pmol/l (females) and 43.4–69.7 pmol/L 
(males).21,22

We found that HE4 serum concentrations were less likely to 
be increased in benign gynecologic conditions than CA-125. Here 
HE4 was increased in only 1.3% (2/146) of patients with benign 
gynecologic disease where as CA 125 showed an increase in 
33.6% (49/146) of patients with benign gynecologic conditions. 
None of our 33 patients with endometriosis had high HE4 serum 
levels whereas 42.4% patients had high CA 125 concentrations. 
These results establish the correctness of previously published 
findings and distinctly prove the usefulness of HE4 in the 
differential diagnosis of ovarian carcinoma from other gynecologic 
conditions.9,11-15,21-25

Similar to other tumor markers, renal failure is the most 
important source of false positivity during the exposition of HE4 
results. So, in patients with renal failure or those with abnormal 
serum creatinine concentrations, HE4 results should be interpreted 
cautiously.26,27 This is vital, because acute renal failure may be found 
in some patients undergoing chemotherapy. Therefore we excluded 
1 ovarian cancer patient with renal failure from our study.

HE4 has been advocated as a promising biomarker for ovarian 
cancer. HE4 showed higher median concentrations and diagnostic 
sensitivity in ovarian carcinoma than the clinically more popular 
CA-125. Our data corroborate with previous studies of HE4 in ovarian 
or gynecologic tumors. Minor differences observed may be due to 
population characteristics.9

Both HE4 and CA-125 were well-related to the tumor stage and 
histological type. Diagnostic sensitivity of HE4 was similar or higher 
than CA-125 in early stages, and CA-125 showed marginally higher 
sensitivity in advanced stages. Significantly higher differences in the 
median concentrations were observed for both HE4 and CA-125 in 
early stages than in advanced disease. This may be due to the lower 
concentrations of the biomarkers in the early stages. The point to 
consider is that both the biomarkers are complementary showing 
much higher diagnostic sensitivity in combination. Nonetheless, 
the specificity of the combination dropped due to the high CA-125 

false positivity in other gynecologic conditions, especially in pre-
menopausal women.

ROC curve shows the higher HE4 diagnostic specificity and 
similar diagnostic sensitivity compared with CA-125, accounting for 
the more pragmatic approach of HE4 in the differential diagnosis 
of gynecologic diseases.9,15

Limitations
These are hospital referred patients, so do not necessarily represent 
the true distribution of cancer subtypes. Reference levels for 
the Indian population could be calculated and used for better 
diagnostic performances of serum HE4.

One well recognized source of false-positivity with CA-125 is 
the presence of effusions. Studies have shown that effusions had 
less influence on HE4 results than on CA 12529 but we have not 
evaluated patients with benign or malignant effusions separately.

Abnormal serum concentrations have also been reported in 
other non-gynecologic cancers like Non small cell lung carcinoma 
(NSCLC) , liver cancers.27,30 So we humbly understand that there is 
scope of further studies on these aspects.

co n c lu s i o n
HE4 showed higher diagnostic specificity than CA-125 in benign 
gynecologic diseases. It demonstrated its usefulness in the 
differential diagnosis of ovarian from non-ovarian gynecologic 
cancers. It was well related to the stage and histological type and 
the combination of HE4 with CA-125 enhanced the diagnostic 
sensitivity for ovarian tumors.
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Table 5: Serum concentrations of HE4 and CA-125 in malignant gynecologic diseases

Study participants (n) HE4 >140 pmol/L Median pmol/L IQR pmol/L CA-125 >35 kU/L Median kU/L IQR kU/L

Ovarian Ca
Endometrial Ca
Endocervical Ca
Sq cell Ca

64
17
10
09

48 (75)
04 (23.5)
03 (30)
0

357
117.6
118.7
66.9

17.2–7341
16.1–503.6
16–503.8
31–126

51 (80)
09 (53)
05 (50)
02 (22.2)

154
179
169
22.2

2–8630
3–8340
3–8240
10–649

Sq cell Ca, squamous cell carcinoma

Table 6: Serum HE4 and CA-125 in patients with ovarian cancer (excluding those with RF or creatinine >1.3 mg/DL) 64–1 = 63

HE4>140 
pmol/L 
n/N%

Median (SE) 
pmol/L

Range 
pmol/L

95th 
percentile 
pmol/L

CA-125>35 
kU/L n/N%

Median (SE) 
kU/L

Range 
kU/L

95th 
percentile 
kU/L

One or both 
positive n/N%

Stage I-II (N = 12)
Stage III (N = 26)
Stage IV (N = 25)
Serous (N = 45)
Mucinous (N = 8)
Others (N = 10)

7/12 (58.3)
21/26 (80.1)
20/25 (80)
38/45 (84.4)
04/08 (50)
06/10 (60)

193.4 (47.3)
415.3 (82.8)
501.6 (157.1)
492 95.3)
109.2 (43.6)
153.6 (96.1)

45–954.1
17.2–2787
22–7341
17.2–7341
25–636.4
43.2–1651

 902
 1916.3
2090
2083.6
636.4
1651

6/12 (50)
22/26 (84.6)
21/25 (84)
38/45 (84.4)
05/08 (62.5)
06/10 (60)

38.1 (27.5)
162 (191.7)
366 (175.6)
220.5 (143.4)
62 (36.2)
75 (131.8)

7–514
2–8630
10–735
2–8630
8–514
7–2210

485.5
3367.3
2801.5
3225.8
514
2210

9/12 (75)
25/26 (96.2)
24/25 (96)
44/45 (97.7)
06/08 (75)
07/10 (70)
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