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Abstract
Introduction IARC released on 14th December the updated Globocan 2020 with new estimates on the global cancer bur-
den, indicating that it has risen to 19.3 million cases and 10 million cancer deaths in 2020. Ovarian cancer is the 8th most 
commonly occurring cancer in women and the 18th most common cancer overall. There were more than 313,000 new cases 
of ovarian cancer in 2020 as per the Globocan 2020. Despite advances in the diagnosis and treatment, there has been little 
change in the mortality rate of ovarian cancer as most of patients were diagnosed at advanced stage. Tumour markers are 
the biochemical substances which are detected in the presence of tumours.Usually they are either the products of tumour 
tissues or secreted from the normal cells which are in the close with tumour tissue (2). Serum CA125 assay has low sensitiv-
ity in the early stages and also can be increased in certain conditions such as menstruation or endometriosis. Many studies 
reported that HE4 is absent in normal ovarian surface epithelium but is expressed specifically in 100% of endometroid and 
serous epithelial ovarian cancers (2). Furthermore, this combined measure can correct the variations in HE4 and CA125 
which are due to other pathology.
Aims and Objective 1. To evaluate HE4 and CA125 in ovarian tumour patients preoperatively. 2. To compare the utility of 
HE4 and CA 125 for diagnosing and distinguishing malignant ovarian tumour.
Materials and Methods In this prospective study, 149 patients of ovarian tumour were evaluated for serum CA125 and 
HE4. Out of which, 18 patients were lost to follow-up. Their levels were determined by the electrochemiluminescence 
(ECLIA) technique. Positive cut-off of CA 125 was taken > 35 U/mL. The HE4 positive cut-off values for premenopausal 
and postmenopausal women were > 70 pmol/l and > 140 pmol/l, respectively. Sensitivity, specificity and predictive value 
were calculated for each tumour marker.
Result In patients with benign diseases, abnormal serum levels of HE4 and CA125 were found in 0.86% and 9.4% of patients, 
respectively. Specificity of HE4 and CA125 of diagnosing benign tumour were 99.03% and 81.55%, respectively. Tumour 
marker sensitivity in ovarian cancer was 100% for HE4 and 85.71% for CA 125. Among patients with ovarian epithelial 
cancer, HE4 (in contrast to CA 125) had significantly higher concentrations than in other malignancies (p < 0.001). In dif-
ferentiating benign gynaecological diseases from malignant ovarian cancer, HE4 was found to be more positive predictive 
than CA125 (96.55% and 55.81%, respectively).
Conclusion In this study, HE4 was found to be more sensitivity and specificity (p < 0.001) for ovarian malignancyas compare 
to CA 125. HE4 is better in diagnosing and distinguishing ovarian cancer from benign ovarian tumour as compare to CA125 
preoperatively. It may be considered as novel ovarian tumour marker.
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Introduction

It is estimated that ovarian cancer to be the third most com-
mon cancer in Indian women and eighth overall as per the 
Globocan 2020 Fact sheet, constituting 1.6% (313,959) of 
all cancer cases and 207,252 death (2.1%) [1].
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It is also a leading cause of death from cancer, with 3.34% 
(24,015) of all cancer deaths in Indian women in the same 
year. five-year survival from ovarian cancer (when diag-
nosed in stage I) is 94%, but only 15% of cases are diag-
nosed at this stage. Most (62%) of cases are diagnosed in 
Stages III and IV and 5-year survival rate of this patient is 
only 28% [2].

The common symptoms of ovarian cancer are vague 
and sometime similar to those observed in other benign 
gynaecological conditions [3], so most patients are diag-
nosed at late stage. The diagnostic approach based on the 
use of CA 125 in association with ultrasonography has been 
suggested for the early diagnosis of ovarian cancer [4, 5]. 
However, this has several drawbacks including low sensi-
tivity and specificity [4]. Abnormal CA 125 serum levels 
can be found in malignancies of different origin including 
epithelial (endometrial, endocervix and lung cancer) and 
non-epithelial malignancies (lymphomas) [6, 7]. Abnormal 
CA 125 serum levels may be also found in several benign 
diseases, mainly those with effusions, liver or renal failure 
and benign gynaecological conditions (ovarian cysts, myo-
mas and endometriosis) [8]. Sensitivity of CA 125 in ovarian 
cancer is mainly related to tumour stage, with abnormal CA 
125 serum levels in found inapproximately 50% of stage I 
patients and 80–90% in patients of stages III–IV [5–9].

Recently, another tumour marker for ovarian cancer has 
been proposed, the HE4 protein. It frequently overexpressed 
in ovarian cancers, especially in serous and endometrioid 
histology [10]. However, HE4 is not specific of ovarian 
cancer and some expression has also been found in other 
malignancies mainly pulmonary and endometrial adenocar-
cinomas, but it is not raised in any benign condition [11, 12]. 
Our study also reported that HE4 was more sensitive and 
specific than CA 125 in benign and malignant conditions 
[13]. Various studies suggest that HE4 has a similar sensitiv-
ity to CA 125, but an increased specificity in patients with 
gynaecological malignancies as compared with those with 
benign gynaecological disease [14, 15].

The aims of this study were:

1 To evaluate the HE4 and CA 125 serum levels in ovarian 
tumour patients preoperatively.

2 To compare the utility of HE4 and CA 125 for diagnos-
ing and distinguishingmalignant ovarian tumour preop-
eratively.

Materials and Methods

Study Design

This prospective observational study was conducted from 
December 2020 to November 2022 at Indira Gandhi Institute 

of medical science, Patna. After proper history and clini-
cal examination, CA125 and HE4 levels were measured 
prior to surgery in patients with radiologically proven pelvic 
mass. Serum HE4 levels vary in smokers and in hormonal 
contraceptive users, thus it always be included in the patient’s 
clinical history. The study was conducted in accordance with 
the principles of the Declaration of Helsinki and Good Clinical 
Practice and was approved by ethical committee. Consent from 
all the patients were taken.

Sample Collection

Patients with ovarian tumour were investigated preoperatively. 
Blood samples for HE4 and CA125 were obtained by venous 
puncture and then collected in 10-ml clothing activating tubes 
(BD Vacutainer Serum Tube, ref. 369,033; Becton–Dickinson, 
Erembodegem, Belgium). Serum tubes were centrifuged at 
800 g for 10 min. Serum was collected, dispensed into multi-
ple cryotubes and frozen at −70 °C. The time between blood 
sampling and freezing of the serum and presence of haemoly-
sis was noted. The targeted time limit between sampling and 
freezing was 4 h. Tumour markers were determined by use of 
a chemiluminescent enzyme immunoassay on an Architect® 
(Abbott Laboratories); we have considered 35 U/mLas the 
upper limits of normality for CA 125. Positive cut-off val-
ues of HE4 for premenopausal and postmenopausal women 
were > 70 pmol/l and > 140 pmol/l respectively. This protocol 
was approved by the ethical committee of the institute.

Statistical Analysis

In this study, sensitivity, specificity and predictive value of 
HE4 and CA125 were calculated. The level of statistical sig-
nificance was set at p < 0.05. Sensitivity was considered as 
the ratio between the numbers of patients with malignancy 
whose marker levels were elevated over the total number of 
patients with malignancy. Specificity was calculated as the 
ratio between the number of patients without malignancy 
and normal tumour marker values by the total number of 
patients without malignancy. Positive predictive values were 
calculated as the ratio among the cases with elevated tumour 
markers and malignancy and the sum of all the cases with 
elevated tumour markers. The negative predictive value 
was calculated by the ratio among the patients with nega-
tive results and without malignancy and the total number of 
patients with negative results.

Result

In this study, 131 patients of ovarian tumour were undergone 
surgery out of which 103 were found benign and 28 were 
found malignant histologically (Tables 1 and 2).
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In this study most of the patients were of postmeno-
pausal age group. Malignant tumours were found mainly 
in more older women (71.43%) with mean age 54.6 years. 
Patients having family history of breast and ovarian cancer 
were found to be significantly associated with ovarian can-
cer. As patients were mostly menopausal and postmeno-
pausal, so we had taken HE4 > 140 pmol/L as significantly 
elevated (Tables 3, 4 and 5).

In this study, we found that CA125 was not significantly 
raised in early stage (stageI) as compare to HE4. CA125 
was raised in 57.14% of patient with stage I ovarian can-
cer, whereas HE4 was raised in 100% patients of early 
malignant ovarian tumour with p value < 0.005. Elevated 

HE4 level corresponds to tumour burden. Higher level was 
found in late stage of ovarian tumour.

Discussion

Carbohydrate antigen 125 (CA 125), sometimes named as 
cancer antigen 125 or tumour antigen 125, is a mucin-type 
glycoprotein, produced by the MUC16 gene and associated 
with the cellular membrane [16]. This biomarker is most 
often used for ovarian lesions. Its upper limit is 35 U/mL 
in pre- and post-menopausal patients [17–21]. However, 
this measurement is not very sensitive in the early phases of 
ovarian cancer (only reported to be elevated in 23 to 50% of 
stage I cases) [16]. Our study also reported to be elevated in 
57.14% in early stagetumour (Table 5). In addition, elevated 
serum CA125 levels may be observed in other physiologi-
cal or pathological conditions (menstruation, pregnancy, 
endometriosis, inflammatory diseases of the peritoneum) 
[20–23]. In a meta-analysis by Dikmen et al. [22], the speci-
ficity of CA125 for detecting ovarian cancer was 78% (95% 
CI 76–80). Suggesting that it was probably not the ideal 
marker for diagnosing ovarian cancer. This study reported 
that sensitivity and specificity of CA125 were 85.71% and 
81.55%, respectively (Table 3).

In practice, CA125 is often measured in cases of ovarian 
cysts, but according to its low specificity and the observed 
increased levels in different physiological situations, it is 
not considered as a very good differentiating biomarker for 
ovarian tumours. For this reason, new biomarkers have been 
evaluated in an attempt to improve early diagnosis of ovarian 
cancer [17].

Human epididymis protein 4 (HE4) is a new biomarker 
which has been currently evaluated for diagnosing ovar-
ian malignant tumours [16]. It is a glycoprotein belonging 
to the family of whey acidic four-disulfide core proteins, 
accounting for its alternative name of WFDC2 and the 
larger protein family called “WAP” for whey acidic pro-
teins. The main genes coding for the WAP proteins are 

Table 1  Histological type and distribution of benign and malignant 
disease

Benign histological 
types

N (103) % Malignant 
histological 
types

N (28) %

Cystadenoma 65 63.11 Epithelial
Serous

20 71.43
Endometriosis 11 10.68

Mucinous 5 17.86
endometroid 3 10.71

Mature teratoma 12 11.65
Functional cyst 5 4.86
Hydrosalpinx 7 6.79
Abscess 3 2.91

Table 2  Distribution of patient according to benign or malignant pel-
vic mass histologically

Abbreviations: NA Not applicable

Variable Numeri-
cal 
display

Benign Malignant p value

Number of cases n (%) 103(78.63%) 28(21.37%) NA
Age (in year) Mean 44.6 54.6  < 0.001%
Postmenopausal n (%) 37(35.92%) 20(71.43%)  < 0.001%
Family history
Breast cancer n (%) 0 1  < 0.001%
Ovarian cancer n (%) 0 1  < 0.001%

Table 3  Distribution of patients according to CA125 and Histopa-
thology

Sensitivity = 85.71%, specificity = 81.55%, positive predictive 
value = 55.81%, negative predictive value = 95.45%

Malignant Benign

CA125 (> 35U/ml) 24 19
CA125(< 35U/ml) 4 84

Table 4  Distribution of 
patients according to HE 4 and 
Histopathology

Sensitivity = 100%, specific-
ity = 99.03%, positive predictive 
value = 96.55%, negative pre-
dictive value = 100%

Malignant Benign

 >Positive 
cut-off 
value of 
HE4

28 1

 <positive 
cut-off 
value of 
HE4

0 102
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mainly located on chromosome 20q12–13.1 [17]. This 
biomarker is weakly expressed in the epithelium tissues 
of respiratory and reproductive organs, but it is overex-
pressed in ovarian tumours, especially in endometrioid 
ovarian cancer [18–20]. In addition, it appears that HE4 is 
not as strongly expressed in clear cell ovarian carcinomas 
as in other epithelial ovarian cancers. HE4 level varies in 
smokers and in contraceptive combining oestrogen plus 
progestin users; simultaneous CA125 evaluation which is 
not affected by these variables should allow better inter-
pretation of abnormal HE4 levels.

The cut-off level of 70 pmol/L is often used for pre-men-
opause patients and 140 pmol/L for menopause patients, but 
sometimes the threshold level of 140 pmol/L is employed.

The combined use of CA125 and HE4 is only sometimes 
studied [24]. Chen et al. [25] reported a specificity of 65.7% 
using the ECLIA immunological method with a cut-off value 
for HE4 of 140 pmol/L. In a different study, using another 
technique to assess serum HE4, the specificity of the asso-
ciation CA125 and HE4 was much better (80%) [24].

Our study suggested that HE4 had higher sensitivity 
and specificity more towards 100% and hence considered 
as more effective ovarian tumour marker. But along with 
CA125, it becomes more novel tumour marker for diagnos-
ing malignant ovarian tumour and hence can be used for the 
proper management and follow-up of ovarian tumour.

Conclusion

To predict the risk of ovarian cancer in patients with sus-
pected ovarian tumour, combination of CA125 and HE4 is 
found to be the best biological diagnostic tool. If the level 
of CA125 and HE4 is increased or only HE4 is raised, it is 
necessary to rule out a malignant lesion and therefore surgi-
cal treatment for histopathological confirmation becomes 
important. Our study report HE4 is very important in dis-
tinguishing malignant ovarian tumour from benign ovarian 
tumour. Though it is costlier than CA125, it is a novel serum 
marker in ovarian tumour.
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