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ARTICLE INFO                                         ABSTRACT 
 

 
 
 

HE4, Human epididymis protein is a whey acidic domain containing protein. It has serine protease 
inhibitor activity and also provides immunity against microorganisms. HE4 has emerged as a 
potential biomarker for the diagnosis of epithelial ovarian cancer. Limited success has been achieved 
using CA125 (Cancer Antigen 125), which is the only biomarker used for ovarian cancer. CA125 
shows low sensitivity and specificity in the diagnosis of early stage ovarian cancer (OC). HE4 has 
major advantage over CA125 as it helps to distinguish malignant masses from benign one. Several 
studies have shown the up regulation of serum HE4 values in ovarian cancer. Trials are going on to 
examine its role as a serological tumor biomarker and as a target for gene based therapy. HE4 has also 
led to the development of Risk of malignancy algorithm (ROMA) which helps to identify the risk of 
development of malignancy in an ovarian mass.   
In this review, we are going to discuss about the discovery, of HE4, its biological significance and its 
role as a potential biomarker in the diagnosis of ovarian cancer. 
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INTRODUCTION 
 

Ovarian cancer (OC) is the most prevalent gynecological 
malignancy. Its incidence rate increases with age and post-
menopausal status (1). Ovarian tumors are classified into three 
major categories—surface epithelial-stromal tumor, sex cord-
stromal tumor and germ cell tumor. Surface epithelial tumors 
account for approximately 60% of all ovarian tumors and also 
90% of malignant ovarian tumors (2). The high death rate of 
OC is due to its delayed diagnosis and higher tendency of 
metastasis and recurrence (1). 
 

Methods of screening ovarian cancer 
 

Screening test for OC is neither cost-effective nor practical. 
Three screening tests are currently used: bimanual pelvic 
examination, cancer antigen (CA125) and transvaginal 
ultrasound. The bimanual pelvic examination lacks sensitivity 
and specificity. It is estimated that physical examination 
detects only 1 in 10,000 ovarian carcinomas in asymptomatic 
women. Ultrasound is expensive and also has limited 
specificity and sensitivity (3). The radioimmunoassay for CA 
125, a tumor-specific antigen [CA 125, discovered initially by 
Bast and colleagues in 1983 (4)] is the only biomarker used for 
the evaluation of adnexal masses for epithelial ovarian cancer 
(4-5). CA 125 is elevated in 80% of ovarian carcinomas, but if 
the tumor is limited to ovary only, the raised value of CA 125 
has been seen only in 50% of cases.  CA 125 may also be 
elevated in women with benign ovarian disease and in 
otherwise healthy women(3). 

 

High serum CA-125 level is seen in conditions like cirrhosis, 
congestive heart failure, primary liver cancer, especially in 
cases where ascites is present. Due to such low specificity of 
CA-125 it cannot be considered a suitable marker of ovarian 
cancer. 
 

HE4 structure and function 
 

HE4 protein was first identified by Kirchhoff et al. in 1991. 
They characterized HE4 by differential cDNA screening 
method on human epididymal tissue which demonstrated the 
localization of HE4 mRNA in the distal region of epididymal 
duct (8, 9). WFDC2 gene codes for HE4 protein with a WAP 
(whey acidic protein) domain (15). This domain is 
characterized by four-disulphide core arrangement of 50 amino 
acids, including eight cysteines. They are secreted by pro-
inflammatory cells and have serine protease inhibitor activity. 
They play a role in natural defense against microorganisms 
(10). HE4 plays major role in migration and adhesion of 
ovarian cancer cells. HE4 knockdown studies have shown 
tumor growth inhibition (11). 
 

Tissue expression 
 

Drapkin et al. studied HE4 expression in ovarian and non-
ovarian malignant tissue using immunohistochemistry. He 
observed diverse HE4 expression in the subtypes of ovarian 
cancer whereas there was no expression in non-ovarian 
carcinoma. HE4 was positive in 93% of serous, 100% of 
endometrioid and in 50% of clear-cell tumors, but no 
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expression was observed in mucinous tumor (12). By knowing 
the expression pattern of HE4, histopathologic diagnosis could 
be attained. It should be taken into consideration in future 
studies which examine the role of HE4 as a serological tumor 
biomarker (13). 
 

HE4 putative marker for ovarian cancer  
 

HE4 has emerged as a valuable biomarker for ovarian cancer 
after the findings by Hellstrom et al. in 2003. They constructed 
a fusion protein consisting of HE4 fused with mouse or human 
Ig Fc domains. Mice were immunized with the mouse-derived 
Ig Fc-HE4 fusion protein and the resultant hybridomas were 
screened against the human derived Ig Fc-HE4 fusion protein, 
upon which two monoclonal antibodies2H5 and 3D8 were 
generated and recognized as HE4 epitopes. These monoclonal 
antibodies were then used for the construction of a double- 
determinant (sandwich) ELISA, which has been used for 
detection of HE4 in serum. Their study demonstrated 
comparable specificity and sensitivity for HE4 and CA 125 
and they also demonstrated that HE4 was less frequently 
elevated in patients with benign gynecological conditions (14). 
The molecular weight of HE4 is 25kD, which is below the 
glomerular filtration cutoff. Due to this HE4 levels have also 
been found to be higher in the urine of ovarian cancer patients 
when compared with urine from healthy individual or benign 
diseases. Consequently, urinary HE4 may serve as a 
noninvasive method for the diagnosis and monitoring of 
ovarian cancer (15). 
 

Higher HE4 levels are also associated with conditions like 
lung cancer (16, 17) chronic kidney disease (18) and kidney 
fibrosis (19). These conditions must be assessed while 
interpreting HE4 levels in ovarian cancer (20). 
 

Apart from malignancy there are many other factors that cause 
increase in serum HE4 level. CA 125 decreases with age 
whereas HE4 levels increases with age. It was observed that, 
the upper 95th percentile levels of HE4 was 128 pM in 
postmenopausal women with respect to premenopausal healthy 
women which is 89pM. HE4 levels are also affected by 
pregnancy: pregnant women have low levels of HE4 in 
comparison to non pregnant premenopausal women (21). 
Older women with late menarche and smokers have high 
levels of HE4 when compared with appropriate controls (22). 
Factors like menstrual cycle, endometriosis, estrogen and 
progestin contraceptive usage do not alter serum levels of HE4 
(23). 
 

Risk of malignancy algorithm (ROMA) 
 

ROMA, risk of malignancy algorithm combines CA 125 and 
HE4 value along with the menopausal status into a predictive 
index, which is used to calculate the probability of ovarian 
cancer in an adnexal mass. ROMA has been approved by FDA 
for distinguishing malignant from benign pelvic masses for 
recurrent and progressive disease in 2008 (24).ROMA 
classifies patients as being at a low or at a high risk for 
malignant disease using the following algorithms (25).  
 

In Premenopausal women  
 

Predictive index (PI) = -12.0+ 2.38 * LN(HE4) + 0.0626 * LN 
(CA125) 
 

In Postmenopausal women  
 

Predictive index (PI) = -8.09+ 1.04 * LN (HE4) + 0.732 * LN 
(CA125) 

 
Predicted probability 
 

(PP)= 100*exp (PI)/ (1+exp(PI)) 
 Pre-menopausal women:  
o PP ≥ 12.5%= high risk of finding EOC  
o PP < 12.5%= low risk of finding EOC 
 Post-menopausal women:  
o PP ≥ 14.4% = high risk of finding EOC  
o PP <14.4% = Low risk of finding EOC 

 

In the premenopausal group, the algorithm had a sensitivity of 
92.3% and specificity of 75.0% and in the postmenopausal 
group, the sensitivity and specificity were 76.5%and 74.8% 
respectively (24). 
  

Recurrence and Monitoring 
 

Initial studies have shown the role of HE4 in detecting 
recurrent ovarian cancer. When advanced stage ovarian cancer 
patients are assessed with the following markers- CA125, 
HE4, MMP-7, and mesothelin after surgery and chemotherapy. 
HE4 level increases prior to recurrence with a lead time of 4.5 
months. The level of HE4 is elevated prior to the rise of 
CA125. It has also been observed that some patients, which are 
negative for both CA125 and imaging, have elevated HE4 
level (26). In a recent prospective case control study, HE4 has 
been found to detect recurrent ovarian cancer with 74% 
sensitivity and 100% specificity at a cutoff value of HE4 70 
pmol/L. Using a combination of HE4 and CA 125 the overall 
sensitivity increased to 76%. A combination of CA 125 and 
HE4 may offer better lead times and sensitivity for the 
detection of recurrent ovarian cancer (27). 
 

HE4 levels may aid in monitoring response to therapy. Serum 
levels of HE4 obtained at the time of diagnosis of ovarian 
cancer differed significantly from levels following complete 
clinical remission (324.1 pMvs 23.3 pM,) indicating a possible 
role in monitoring response to therapy (28). 
 

CONCLUSION  
 

In the past decade, HE4 has emerged as a novel biomarker for 
ovarian cancer. Studies have proven superiority of HE4 over 
CA125 as a biomarker for ovarian cancer. HE4 has this major 
advantage of distinguishing between benign & malignant 
tumor over CA 125. HE4 leads to the development of ROMA 
algorithm that distinguishes benign from malignant pelvic 
masses. It was also been observed that some patients were 
negative for both CA125 and imaging studies but they show 
increased HE4 levels, thereby leading to its role in monitoring 
the response to therapy and detecting recurrences.  
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