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Abstract

Objective: Human Epididymis 4 (HE-4) protein, a new candidate for ovarian cancer
detection shows promising diagnostic value for ovarian cancer diagnosis, this study aimed
to assess the diagnostic significance of combined Human Epididymis 4 and Carbohydrate
Antigen 125 (CA-125) serum protein levels in ovarian cancer detection.

Subjects and Methods: A clinical case control study include; forty nine subjects; patients
with ovarian cancer (n=33), non-cancer control group (n=16). Serum protein levels of
HE-4 were measured using an enzyme linked immune sorbent assay (ELISA). All data were
analyzed by SPSS software (version 21.0.0; IPM SPSS, Chicago, IL, USA).

Results: The results showed that increased serum protein concentration of HE-4 (pMol/L) and
CA-125 (U/ml) in the ovarian cancer group mean (SD)/median (range) 329.61+336.55/199
(28.72-1064) and 521.36+572.60/287 (10.50-2377), than non-cancer control group
64.80+38.51/54.53 (21 -160) and 28.35+10.80/28 (10-50) respectively (p<0.05). The
receiver operating characteristic curve, the area under the curve (ROC-AUC) (95%Cl)
values of serum HE-4 was 0.85 (0.74-0.95). The sensitivity and specificity of HE-4 in
diagnosing malignant ovarian tumors was 84.84% and 75.00%, respectively at ideal cutoff
point that provided the best and highest accuracy in our own study and its level was
related to clinical staging.

Conclusion: Our study concludes that HE-4 protein a new candidate biomarker has a
comparable diagnostic value for ovarian cancer detection compared to CA-125 with
better performance of HE4 in our selected group of patients and combined serum protein
levels of HE-4 with CA-125 improve the sensitivity obtained with only one tumor marker
and their level was related to clinical staging. But, due to, “abnormally high concentrations
of CA-125 found in many conditions and little is known about HE-4 diagnostic specificity
till now in other benign and malignant conditions”, both markers can be used for diagnosis
and follow-up of patients taking in consideration their diagnostic specificity.

Keywords: Carbohydrate antigen 125 (CA-125), Human epididymis 4 (HE-4), Ovarian
cancer, WAP Four-Disulfide Core Domain gene 2 (WFDC-2).

Abbreviation: OC: Ovarian Cancer; EOC: Epithelial Ovarian Cancer; FIGO: International
Federation of Obstetrics and Gynecology; NEOCs: Non-Epithelial Ovarian Cancers.
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Introduction

Ovarian cancer is one of the most common, gynecologic
cancers all over the world and the fourth most frequent cause of
lethal malignancy in women [1]; it is incidence is variable with
highest rates reported in North America and Europe [2]. Ovarian
cancer can be curable in early diagnosed cases where the disease
is limited to the ovaries; however, most cases are diagnosed in
advanced stages IlI-1V, according to International Federation of
Obstetrics and Gynecology (FIGO) classification; mortality is
strongly related to disease stage: the 5-year survival is 70% in
stages | or Il but decreases to 0% to 20% in stages Il or 1V,
seeking for markers for diagnosis and improving the survival rate
of patients is crucial [3-5]. Human Epididymis 4 (HE-4) protein, is
the one of the gene product of WAP Four-Disulfide Core Domain
gene (WFDC-2), a new candidate for ovarian cancer diagnosis [6,
7], the exact function of these proteins is poorly understood, but
their status as likely extracellular protease inhibitors suggests
that they may be involved in the regulation of extracellular
matrix, cell migration and cell invasion [8], HE-4 functions is
essential for sperm maturation. It is normally secreted only in
very low concentrations by healthy ovaries [9]. The WFDC-2
gene is located on chromosome 20q12-13.1 www.genecard.
org [10-13]; it is one of 14 homologous genes on this
chromosome that encode proteins with WAP-type four-
disulphide core domains. It was initially identified in epithelial
cells of human epididymis so it is also named Epididymis-Specific
[14, 15]. WFDC-2 gene expression has been found in healthy
epithelial tissues such as the respiratory tract and female
reproductive organs including ovaries and uterus. Hellstrom et,
al. the first report mentioning HE-4 protein as a serum biomarker
for ovarian cancer was published in 2003 [12]. HE-4 serum
protein levels are less affected by menstruation, ovulation and
other benign ovarian conditions (e.g. endometriosis) compared
with the most evaluated marker for ovarian cancer diagnosis CA-
125. Moore et al, 2008 and several other publications [16-18]
used a combination of HE-4, CA-125 serum protein levels for OC
diagnosis and distinguish malignant from benign conditions.
Although HE-4 has shown promise as a complement to CA-125
as reported by many studies with other contradicting result [19,
20], still further assessment is needed. In this study, we aimed to
assess combined HE4 and CA-125 serum protein levels diagnostic
value in selected patients for the study group with ovarian
malignancy.

Subjects and Methods

Subjects

A clinical case control study, the selected patients for our
study groups includes; forty nine subjects; 33 patients with
ovarian cancer, 16 non cancer control group. The patients:
women presenting and diagnosed with a pelvic mass from
March 2015 to March 2016 at National Cancer Institute, Cairo
University. According to the postoperative pathology results, the
patients were classified as; ovarian cancer patients and patients
with benign ovarian diseases. All patients had no other conditions
and received no preoperative chemotherapy and other

treatments. The malignant ovarian tumors, 33 cases include; 20
cases of papillary serous adenocarcinoma, 8 cases of mucinous
adenocarcinoma, and 5 other ovarian cancer types (2 cases
granulosa cell tumor, 1 case neuroendocrine tumor, 1 case
endometroid and | case yolk sac tumor). There are 8 cases of well
differentiated, 13 cases of moderately differentiated, 6 cases of
poorly differentiated and 6 unclassified tumor. According to the
staging method of the International Federation of Gynecology
and Obstetrics (FIGO), clinical staging was classified 11 cases of
stage I, 19 cases of stage Ill and 3 cases of stage IV. Baseline
characteristics of ovarian cancer patients are demonstrated in
Table 1. Non cancer control group include (10 cases) of benign
ovarian diseases; 4 cases benign ovarian cysts, 3 cases thecoma,
2 cases mucinous cystadenoma, case serous cystadenoma and 6
healthy female volunteer.

The OC patients were aged 38 to 74, with an average age
of (52 £ 8.3) years old. Non cancer free group were aged, 20-
70 with an average age of (48 £ 15.6) years. All subjects of our
study were with no breast/thyroid disease, and a history of
other cancers.

Table 1. Patients characteristics and histo-pathological
characteristics of ovarian tumor

Criteria Frequency%
Age

<55 19(57.58)
>55 14(42.42)
Number of Children

Null parity 3(9)
Multiparty 30091)
Family history

Irrelevant (Negative) 31(94.00)
Positive family history of breast cancer 1(3.00)
Positive family history of ovarian cancer 1(3.00)
Histologic type

Serous adenocarcinoma 20(60.60)
Mucinous adenocarcinoma 8(24.20)
Others 5(15.20)
Tumor Grade

Well differentiated 8(24.20)
Moderately differentiated (grade II) 13(39.40)
Poorly differentiated (grade Ill) 6(18.20)
Unclassified 6(18.20)
FIGO Staging

1A 7(21.20)
IB 3(9.10)
IC 1(3.00)
1B 14(42.40)
lc 5(15.20)
1% 3(9.10)
Methods

Peripheral blood samples were obtained from patients,
collection time before patient receive treatment, five-milliliter
venous blood was collected, sample were retained 1 hour at room
temperature, then the blood was centrifuged at 4000 rpm for 10
minutes and serum was drawn and stored at -20 and -80°C until
use. Routine laboratory investigations include; complete blood
count, liver biochemical profile, kidney function. Specific laboratory
investigations include; serum concentration of HE-4 was
determined by Solid Phase Enzyme Immunoassay from XEMA Co,
Itd, Mosco, Russia with cutoff value of 70pMol/L (as suggested by
Moore et al, 2008 [16] and Nolen et al 2010 [21] or 150 pMol/L (as
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suggested in the product insert), serum concentration of CA-125
was determined by ARCHITECT®chemiluminescent enzyme
immunoassay (USA) according to the manufacturer’s instructions
with normal reference range of < 35 U/ml for CA-125. All
procedure was conducted according to the manufacturer's
instructions. Radiological investigations include abdominal
ultrasonography, triphasic CT abdomen and/or dynamic MRI
abdomen with MRI diffusion.

Statistical Analysis

All data were analyzed by SPSS software (version 21.0.0;
IPM SPSS, Chicago, IL, USA). Descriptive summary statistics
are presents for all demographic and baseline characteristics
and measurement. Quantitative data were represented as
mean, standard deviation (SD) and median (range). Categorical
data were represented as number and percent. The distribution
of quantitative variables was tested for normality using
Kolmogorov-Smirnov test, Shapiro-wilk test. For statistical
analysis, the independent samples student (t) test was used
comparing mean between two groups for parametric data,
Mann Whitney tests for two group comparative analysis for

non-parametric data. For categorical data chi-square test and
fisher exact for small value were used. Receiver operating
characteristic curve (ROC) analysis was used to calculate ideal
cutoff value that provide the best and highest accuracy
(minimal false-negative and false-positive results) and
calculate sensitivity and specificity in our own study; we also
determined sensitivity and specificity according to reference
value. All statistical analysis was two sided with an alpha value
(p) of less than 0.05 was considered statistically significant.

Results
Serum HE-4 and CA-125 Protein Concentration Levels

The serum protein level of HE-4 increased in patients with
malignant ovarian cancer than that of non-cancer control
group with statistically significantly difference mean (SD)/median
(range) 329.61+336.55/199(28.72-1064), 64.80+38.51/54.53(21-
160) (p<0.05) and the serum protein levels of CA-125 in patients
with malignant ovarian cancer was statistically significantly higher
than that of non-cancer control group 521.36+572.60/287
(10.50-2377), 28.35+10.80/28(10-50) (p<0.05) for all comparison
Table 2.

Table 2. Serum HE-4, CA-125 protein levels in ovarian cancer and non-cancer group

HE-4 (pMol/L)

CA-125(U/ml)

Mean = SD Median(R) p Mean * SD Median(R) p
Groups
OC group 33 329.61+336.55 199(28.72-1064) 0.001 33 521.36+572.60 287(10.50-2377) 0.00
Non cancer group |16 64.80+38.51 54.53(21-160) 10 28.35+10.80 28(10-50)

Mann-Whitney

*P<0.05 - HE-4, human epididymis protein 4; CA-125, carbohydrate antigen 125; OC, ovarian cancer

Serum HE-4 and CA-125 Protein Concentration Levels
According to Demographic and Clinico-Pathological Data

In malignant ovarian cancer group, the serum protein
level of HE-4 and CA-125 were increased in women >55
women than women <55 with statistically significant
difference was observed with CA-125 only (p=0.04) Table 3.

The serum protein level of HE-4 and CA-125 were increased

in serous than mucinous malignancies with statistically significant
difference comparing the most frequent types in our study
serous from mucinous types. Increased concentrations of both
tumor markers with higher concentrations in combined grade
[1&lll than grade | and in advanced stage combined stage IlI&IV
than in early stage, stage | was with statistically significant
difference Table 3.

Table 3. The serum protein levels of HE-4 and CA-125 according to demographic and clinico-pathological data in ovarian cancer patients

HE-4 (pMol/L) CA-125(U/ml)

N Mean+SD Median(R) Mean+SD Median(R) p
Age
<55 19 293.77+325.12 155.57 (28.27-1064) 048 460.36+£572.46 280(10.52-2377) 0.04
>55 14 378.25+357.81 243.26 (52.65-1053) 604.13+583.53 533(103-2259)
Types
Serous 20 433.55+388.07 226.45 (44.86-1064) 0.02 733.19+£603.79 682(103-2377) 0.00
Mucinous 8 146.07+ 156.85 74.31(28.72-451.36) 83.10+73.04 79.65(10.5-195)
Grades
Gradel 8 146.26+£142.67 90.14(28.72-460.14) 0.05 307.63+310.29 133.50(13.70-730) 0.004
Grade Il Il 19 442.41+396.71 208.26(44.86-1064) 718.00+656.00 642 (10.5-2377)
Stage
Stage | 11 101.80+ 65.21 89.95(28.72-245) 0.001 |196.11+ 328.19 35.50(10.50-960) 0.00
Stage IIl IV 22 443.51+360.27 330.29(44.86-1064) 683.98+604.32 626.50(123.80-2377)

Mann-Whitney

*P<0.05 - HE-4, human epididymis protein 4; CA-125, carbohydrate antigen 125

Positive Frequency Rate of, HE-4 and CA-125 in Each Group

As shown in Table 4, Abnormal serum HE-4 and CA-125
were found in 16 of 20 (80%) and 20 of 20 (100)% of serous
malignancies, 4 of 8 (50%) and 5 of 8 (62.5)% of mucinous
malignancies, abnormal serum HE-4 and CA-125 were found in

19 of 22 (86.36%), and all cases (100%) in advanced combined
stage 1I&IV, and 7 of 11(63.63%) and 6 of 11 (54.54%) cases in
stage |. The difference in proportion and statistical significance
are shown Table 4.
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Table 4. The frequency distribution of HE-4 and CA-125 cases according

to demographic and clinico-pathological datain ovarian cancer patients

HE-4 (pMol/L) CA-125(U/ml)

N Number of positive cases \ Number of positive cases p
Age
<55 19 16 (84.21) 0.90 14 (73.68) 0.04
>55 14 12 (85.71) 14 (100)
Types
Serous 20 16 (80.00) 0.001 20 (100) 0.004
Mucinous 8 4 (50.00) 5 (62.50)
Grades
Grade | 8 5 (62.50) 0.55 7 (87.50) 0.51
Grade Il 1lI 19 15 (78.90) 18 (94.70)
Stage
Stage | 1 7 (63.63) 0.03 6 (54.54) 0.002
Stage Ill IV 22 19 (86.36) 22 (100)

Chi-square or Fisher Exact for small value <5

*P<0.05- CA-125, carbohydrate antigen 125; HE-4, human epid

Diagnostic Value of Separate and Combined Detection of
HE-4, and CA-125 in Ovarian Cancer

Receiver operator characteristic (ROC) curves were
constructed, and the area under the curve (ROC-AUC) with a
95% confidence interval was calculated. Based on the ROC
curve, HE-4 values for the diagnosis of malignant ovarian

idymis protein 4.

tumors were observed that they have high diagnostic value in
ovarian cancer. The Area under the curve (ROC-AUC) (95%Cl)
of HE-4 was calculated 0.85(0.74-0.95). The area under the
ROC curve of serum markers HE-4 and CA-125 and their ideal
cutoff value, sensitivity and specificity were show Table 5 &
Figure 1.

Table 5. Diagnostic value of separate and combined detection of HE-4, and CA-125 in ovarian cancer patients

Diagnostic Value
AUC (95%Cl) Cutoff Sig. Sensitivity Specificity PPV NPP Accuracy

HE-4
All Cases vsControl 0.85 (0.74-0.95). 67.50 0.00 84.84 75.00 87.50 70.50 81.60

70.00 81.81 75.00 87.00 66.66 79.59

150.00 57.57 93.75 95.00 51.72 69.38
Stage | vs Control 0.70(0.50-0.90) 58.17 0.07 63.63 62.50 53.84 7142 62.96
CA-125 0.86 (0.75-0.97) 34.00 0.001 84.84 60.00 87.50 54.54 79.06
Combined HE-4 CA-125 90.90 50.00 85.70 62.50 81.39

ROC Curve ROC Curve
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Figure 1. The receiver operating characteristic curve, the area
under the curve (95%Cl) for HE-4
A) ovarian cancer vs non-cancer group 0.85 (0.74-0.95). / B) ovarian
cancer (stage 1) vs non-cancer group 0.70 (0.50-0.90).

Discussion

Ovarian malignancy is a heterogeneous group of diseases
comprised of invasive epithelial cancers, borderline epithelial
tumors with low malignant potentials and non-epithelial
cancers. Epithelial ovarian cancer is the highest mortality
cancer in obstetrics and gynecology. It is also the fifth leading
cause of female deaths [22]. Siegel et al in 2016; reported
that;, there were 22,280 new cases worldwide with 14,240
deaths [23]. The targets for ovarian cancer screening are the
invasive epithelial cancers as they are responsible for the vast

*P<0.05/ PPV: Positive predictive value; NPP: Negative predictive value

majority of the deaths. Five major subtypes among epithelial
tumors, papillary serous, endometroid, mucinous, clear cell,
and transitional, more than half of all primary ovarian cancers
will be serous epithelial carcinomas [16].

In this study, the majority of the malignant tumors were
epithelial ovarian cancer (EOC), other primary non epithelial
ovarian tumors (NEOCs) include two granulosa cell tumor and
I yolk sac tumor.

CA-125 is the most evaluated marker for ovarian cancer
detection and monitoring. Its level is raised in approximately
50% of stage | and approximately 90% of the stage Il epithelial
cancers [2, 14], although it is widely used, its low specificity with
abnormally high concentrations found in many malignancies of
different origin, “including other gynecologic cancers
(endometrium, endocervix), non-gynecologic conditions and
in premenopausal women limit its diagnostic value especially
as a marker for early diagnosis [24-25].

HE-4 is a new candidate for ovarian cancer diagnosis,
previous result on gene expression stated overexpression in
ovarian cancer types [11, 13], WFDC-2 gene, it's among the
most frequently upregulated genes in epithelial ovarian cancer
based on gene expression profiles [25-30], some expression
has also been found in pulmonary, endometrial, and breast
adenocarcinomas, mesotheliomas, and less often, gastrointestinal,
renal, and transitional cell carcinomas [31, 32].
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Human epididymis protein 4 (HE-4) is recently identified
serum tumor marker, specifically secreted in ovarian cancer
[33], endometrial cancer [34, 35] and gastric cancer [36]. Several
studies suggested HE-4 gene product has similar diagnostic
sensitivity to that of CA-125, with an increased diagnostic
specificity in patients with gynecologic malignancies compared
with those with a benign gynecologic disease [9, 13, 28]. In
contrast, many studies [19, 20, 37], stated that, HE-4 alone or in
combination with CA-125 do not achieve better diagnostic
performance than CA-125 alone. Many studies stated;
combined HE-4 and CA-125 improve the diagnostic value than
each of them alone [3, 7,9, 17, 22].

Our results showed increased serum protein concentration
levels of HE-4 and CA-125 in the sera of the ovarian cancer
group than that of the benign group with statistically significant
difference (p<0.05). Both tumor markers show increased serum
concentrations of HE-4 and CA-125 in sera of the women >55
than that of <55 in OC group with statistically significant
difference was observed with CA-125 only (p<0.05).

The levels of HE-4 were related to histologic types, tumor
grade differentiation and clinical staging. The serous ovarian
cancer was the most frequent histologic type in our study
(60.60%), an increased serum concentration of HE-4 was
observed in serous ovarian cancer compared to mucinous type
with significant difference was observed. Our finding agrees with
result stated by Moore et al., 2008, Escudero et al., 2011 [13, 16],
HE-4 is secreted at high concentration in serous OC and low
levels in mucinous type. The serum concentration levels and the
positive frequency rate of HE-4 were increased with progression
of disease with higher concentration in combined grade II&IlI
(moderate and poor differentiated) and combined stage &IV
(advanced stage) OC than grade | (well differentiated) and stages
| (early stage) OC with statistically significant difference (p<0.05),
the levels of CA-125 was related, histologic type, tumor grade
differentiation and clinical staging.

In selected patients for the study group with ovarian
malignancy, the optimum sensitivity and specificity for HE-4 was
obtained at ROC-AUC a cutoff level of 67.50 (Cancer vs. non
cancer group), the ROC-AUC was 0.85 with sensitivity and
specificity of (84.84% & 75.00%). In addition, we compared the
most common cut-off for HE-4 used in previous investigations at
70 pMol/L and 150 pMol/L, at this cut-off the sensitivity and
specificity were (81.81% & 75.00%) (57.57%8&.93.75%) respectively.
For stage |, HE-4 is a promising biomarker for early diagnosis
ROC-AUC was 0.70 (Ovarian cancer vs. non cancer group) with
sensitivity and specificity of (63.63862.50) (p=0.07),The ROC-
AUC for CA-125 in our study (all cases or stage ) were obtained
at a cutoff level of 34.0 (Cancer vs. non cancer group) the same
with all established recommendation for cutoff value of CA-125
with sensitivity and specificity (84.84&60.00) (54.54860.00).

Due to small sample size, stage | EOC was not divided

into a pre- and postmenopausal group in the analysis, which
could have affected the individual biomarkers performance.

Several studies for serum levels of HE-4 has been already published
that it has sensitivity and specificity were better than CA-125 with
other contradicting finding. Our results shows comparable

diagnostic value was achieved for HE-4 with CA-125 with better
performance of HE4 in our selected group of patients with an
increased diagnostic specificity. Our finding shows combined
HE-4 and CA-125 improve the sensitivity obtained with only one
tumor marker to 90.90% all cases, promising performance in stage
163.63% (p=0.07) indicating the use of HE-4 together with CA-125
may improve the detection of ovarian cancer. Because the number
of serum samples we tested was small, our result was just
preliminary and might have some limits. A larger number of OC
samples need to be detected to substantiate our results and its
possibility for use in clinic in the future.

Our results are in agreement with recent studies
conducted on ovarian cancer stated HE-4 a new marker with
promising result; HE-4 combined with CA-125 is helpful in
diagnosis of epithelial ovarian cancer [22].

Conclusion

Our result shows combined HE-4 with CA-125 serum protein
levels can improve the ovarian cancer diagnosis compared with
use of either marker alone and their level was related to clinical
staging and discriminating malignant from benign conditions with
promising results for HE-4 measurement during early stage but
due to, “abnormally high concentrations of CA-125 found in many
conditions and little is known about HE-4 diagnostic specificity till
now in other benign and malignant conditions”, both markers can
be used for diagnosis and follow-up of patients taking in
consideration their diagnostic specificity.Therefore, HE-4 or CA-
125 is rarely used as a unique parameter in the prediction of
malignancy. Usually, a combination of a patient's medical history,
clinical examination results, imaging data and tumor marker profile
with other laboratory data is used. Further assessment still needed.
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