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Usefulness of HE4 protein in differentiation of pelvic masses in woman

Andrzej Brenk, Piotr Bodzek, Mikotaj Bali§, Aleksandra Barbachowska, Iwona Janosz, Anita Olejek

Department of Gynaecology, Obstetrics and Oncological Gynaecology, Medical University of Silesia, Poland

Abstract

Introduction: HE4 protein (human epididymis protein-4), which is the fourth subfraction of human epi-
thelial protein, is a glycoprotein widely used as a tumor marker in ovarian cancer. If was first discovered in the
epididymal epithelium and recognized as a protease inhibitor contributing to sperm maturation. The plasma
HE4 concentration may also be increased in gynecological pathologies other than ovarian cancer.

Material and methods: The study was conducted between 2016 and 2017 among patients hospitalized
in the Academic Department of Gynaecology. A total of 191 women were examined. Depending on the type of
pathology which was the reason for hospitalization, 4 groups of patients were identified in the study. The first
of these included 30 patients with ovarian cancer, the second 33 patients with benign ovarian lesion, the third
50 patients with endometrial cancer, and the fourth 28 patients with leiomyomas.

Results: The highest concentration of HE4 protein was found in women with ovarian cancer, and it was
statistically significantly higher compared to all other groups. Lower HE4 protein concentration than in women
with ovarian cancer was reported in women with endometrial cancer, but it was statistically significantly higher

compared to patients with uterine fibroids.

Conclusions: This marker may have significant clinical value in the differentiation of benign ovarian pathol-
ogy from ovarian cancer. The study confirms the validity of using HE4 results in the assessment of potential

malignancy of ovarian and endometrial lesions.
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Introduction

HE4 protein (human epididymis protein-4), which is
the fourth subfraction of human epithelial protein, is
a glycoprotein widely used as a tumor marker in ovar-
jan cancer. It is coded by the WFDC2 gene in the 20%
chromosome. It was first discovered in the epididymal
epithelium and recognized as a protease inhibitor con-
tributing to sperm maturation. WFDC2 gene expression
was confirmed in the epithelia of the female reproduc-
tive organ, breast, epididymis, vas deferens, respiratory
epithelium, distal renal tubules, intestine and salivary
glands [1, 2]. HE4 protein is currently used successfully
as a molecular marker of ovarian cancer. A study pub-
lished in 2008 by Moore et al. [3] demonstrated that
it had the highest sensitivity (72.9%) and specificity
(95%) from among all tested proteins as markers of
ovarian cancer. Higher sensitivity was demonstrated
only by correlating HE4 with the CA125 marker [4]. Cur-
rently, due to favorable results, determination of serum
HE4 and CA125 protein levels is the basis of the ROMA
algorithm (Risk of Ovarian Malignancy Algorithm) used

in pre-operative diagnostics, which qualifies patients
for low or high risk of ovarian tumor malignancy [5].

The plasma HE4 concentration may also be in-
creased in gynecological pathologies other than ovarian
cancer. Endometrial cancer is the most common cancer
of the female reproductive organs in highly developed
countries. Such a high incidence of this type of cancer
is attributed, inter alia, to the growing percentage of
obese women in society [6]. HE4 protein may prove po-
tentially useful in prognosis as well as in assessing the
degree of differentiation and clinical progression, and
thus in the selection of appropriate surgical treatment
of this cancer [7, 8]. There are no conclusive data on the
usefulness of assays of this protein in benign reproduc-
tive organ neoplasms, such as uterine fibroids or benign
ovarian lesions.

Aim of the study

The aim of the study was to evaluate the concentra-
tion of HE4 protein in women with uterine fibroids, ovari-
an benign pathology, and endometrial cancer, and perform
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comparative analysis of the values obtained in patients
with ovarian cancer and a control group which consisted
of women without gynecological diseases. An additional
aim was to analyze the impact of surgery on the results of
laboratory tests for HE4 protein concentration.

Material and methods

The study was conducted between 2016 and 2017
among patients hospitalized at the Department of Gy-
naecology of an academic hospital. A total of 191 wom-
en were examined. Depending on the type of pathology
which was the reason for hospitalization, 4 groups of
patients were identified in the study. The first of these
included 30 patients with ovarian cancer, the second
33 patients with benign ovarian lesion, the third 50 pa-
tients with endometrial cancer, and the fourth 28 pa-
tients with uterine fibroids. All mentioned patients
were treated surgically (all had laparotomy performed).
The control group consisted of healthy women without
gynecological diseases (n = 50). The approval of the
Bioethical Commission was obtained for the tests. All
patients were fully informed about the purpose of the
study and agreed in writing to participate.

HE4 protein levels were determined by the ELISA
method using the Human HE4 in PicoKine ELISA Kit.
Patients in all groups were analyzed for the results of
routine laboratory tests, which in women who under-
went surgery were performed twice (before and after
the operation) and once in the control group. Statistical
analysis of obtained results of HE4 concentrations and
laboratory results was carried out.

Statistica 13.1 was used for statistical analysis (Dell
Inc. 2016, Dell Statistica, data analysis software sys-
tem, version 13. software.dell.com).

The results for variables on the nominal scale are pre-
sented by means of frequency tables. In the case of quan-
titative variables, basic measures of descriptive statistics
were calculated: arithmetic mean, median, quartiles and
standard deviation. The consistency of the distribution
of variables with the normal distribution was studied us-
ing the Shapiro-Wilk test. Since the distributions, includ-
ing the key HE4 parameter, differed significantly from
the normal distribution, nonparametric methods were
used to verify the hypotheses. With inter-group compar-
isons the Mann-Whitney U test was used (in the case of
two-sample comparison, the ANOVA Kruskal-Wallis rank
test was used together with post hoc Dunn (for more
than two groups), or, in case of qualitative variables, the
chi-square test. The Wilcoxon pair order test was used
to compare the values of the parameters measured be-
fore and after the surgery. Correlation analysis was per-
formed using the Spearman rank correlation coefficient.

The significance level a = 0.05 was assumed. The
results were considered statistically significant when
the probability (p) value was < 0.05.

Resulis

The highest concentration of HE4 protein was found in
women with ovarian cancer and it was higher compared to
all other groups (222.7171 +281.3557 pmol/l). Lower HE4
protein concentration than in women with ovarian cancer
was reported in women with benign ovarian pathology
(115.7327 +152.8528 pmol/l), but it was higher compared
to patients with endometrial cancer (75.9415 +50.2508
pmol/l). The lowest levels of HE4 protein were obtained
in the group of women with uterine fibroids (40.7888
+18.6948 pmol/l) as well as the control group (23.0660
+5.1591 pmol/l). The values of HE4 protein concentrations

Table 1. HE4 protein concentrations in the examined groups of women

Main HE4 concentration Median Lower quartile Upper quartile Standard
(pmol/1) deviation (SD)
Ovarian cancer (n = 30) 222.7171 98.4211 67.7595 254.6587 281.3557
Benign ovarian pathology (n = 33) 115.7327 72.6372 56.9078 94.4842 152.8528
Endometrial cancer (n = 50) 75.9415 55.5565 50.3285 89.2465 50.2508
Uterine fibroids (n = 28) 40.7888 36.9906 28.5223 50.4926 18.6948
Control group (healthy) (n = 50) 23.0660 22.5500 20.0000 26.9000 5.1591

Table 2. Summary of significant relationships (p-values) between HE4 protein concentrations in patient groups

Subsidiary: Ovarian cancer  Benign ovarian pathology = Endometrial cancer Uterine fibroids Control group
HE4 (p/mol/l) R: 138.57 R: 118.71 R: 106.85 R: 67.857 R: 30.520
Ovarian cancer > 0.05 > 0.05 0.000001 0.000000
Benign ovarian pathology > 0.05 > 0.05 0.000639 0.000000
Endometrial cancer > 0.05 > 0.05 0.027233 0.000000
Uterine fibroids 0.000001 0.000639 0.027233 0.013978
Control group 0.000000 0.000000 0.000000 0.013978
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in the examined women are presented in Table 1, and the
list of all significant relationships between HE4 protein con-
centrations in each group are found in Table 2.

After analyzing the obtained laboratory results and
performing a comparison with the concentrations of
the HE4 protein in the studied women, a number of sta-
tistically significant linear correlations were obtained.
In the ovarian cancer group, there were demonstrated
positive linear correlations between preoperative urea
and HE4 concentrations (p = 0.004646) (Fig. 1) and be-
tween the difference in protein concentration before
and after surgery and HE4 (p = 0.013066) (Fig. 2). In
this group of patients, negative linear correlations were
found between the difference in INR after and before
surgery and HE4 concentration (p = 0.006316) and be-
tween the difference in urea concentration after and be-
fore the surgery and HE4 concentration (p = 0.000958).
In the group of patients with benign ovarian lesions,

Spearman’s R = 0.502614

a positive linear relationship was found between
pre-operative creatinine concentration and HE4 protein
concentration (p = 0.030206) (Fig. 3). In the group of
patients with endometrial carcinoma, three positive lin-
ear correlations were confirmed: between blood eryth-
rocyte concentration before surgery and HE4 protein
concentration (p = 0.043639), between potassium ion
concentration prior to the operation and HE4 protein
concentration (p = 0.001391) (Fig. 4), and between the
INR measured after surgery and protein HE4 concen-
tration (p = 0.022856). In the same group of patients,
two negative linear correlations were found: between
the difference in hematocrit after and before surgery
and HE4 protein concentration (p = 0.036541), and be-
tween the difference in potassium ion concentration
after and before surgery and HE4 protein concentration
(p = 0.020467) (Fig. 5). In the group of women with
uterine fibroids, HE4 protein concentration positively

Spearman’s R = 0.447881
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Fig. 1. Positive linear correlation between preoperative urea
and HE4 protein concentration in ovarian cancer group
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Fig. 2. Positive linear correlation between the difference in pro-
tein concentration before and after surgery and HE4 protein
concentration in ovarian cancer group in ovarian cancer group
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Fig. 3. Positive linear correlation between pre-operative cre-
atinine concentration and HE4 protein concentration in be-
nign ovarian lesions group

3.2 L I I I I L I I I I I L I
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
HE4 (pmol/l)

Fig. 4. Positive linear correlation between pre-operative po-
tassium ions concentration and HE4 protein concentration in
endometrial cancer group
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Fig. 5. Negative linear correlation between the difference in

potassium ion concentration after and before surgery and

HE4 protein concentration in endometrial cancer group
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correlated with preoperative glucose concentration
(p = 0.027304) and in healthy women a negative linear
correlation was found between C-reactive protein con-
centration and HE4 protein concentration (p = 0.038470).

In addition, it was found that HE4 protein concen-
tration in patients with uterine fibroids in whom the
uterus was removed was significantly lower than in pa-
tients who had resolved to remove the uterus and only
removed myomas (respectively 37.50379 +19.62376 vs.
52.83362 +6.95128 pmol/|, p = 0.009789). In the same
group of patients whose adnexa were removed on both
sides, HE4 protein concentration was significantly low-
er than in patients who had not had appendages re-
moved bilaterally (respectively 32.56840 +13.83890 vs.
47.91306 +£19.81778 pmol/l, p = 0.028718).

Discussion

The usefulness of determination of HE4 protein con-
centrations as a tumor marker in women with ovarian
cancer has been well documented for years [5, 9, 10].
This fact is also confirmed by our research; the concen-
tration of this protein was clearly the highest among all
patients (Table 1). It seems, however, that the diagnos-
tic potential of this glycoprotein may be much greater.
In 2014, Li et al. [11] proved that the higher the HE4
level in the plasma of women with endometrial cancer,
the greater their mortality, the higher the clinical stage,
the lower the degree of differentiation and the worse
the prognosis. The same authors also reported higher
HE4 protein levels in women with atypical hypertrophy
of endometrium in comparison to healthy women with
normal endometrium [11]. There is a similar study con-
cerning the clinical stage, the degree of differentiation
and prognosis conducted by a Polish team, which leads
to the same conclusions [12]. This may be of great clin-
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ical importance, as the initial histologic grade and the
tumor size have an impact on overall survival in en-
dometrial cancer [13]. The work of Brennan et al. [14]
shows that the higher the HE4 protein concentration,
the higher is the risk of cancer infiltration to the outer
half of the myometrium, which substantially increases
the risk of metastatic lesions in the lymph nodes. Con-
sequently, during intra-operative examination and con-
firmation of a high degree of differentiation with a HE4
level below 70 pmol/l, lymphadenectomy may be abort-
ed, as the risk of detecting tumor metastases in the
lymph nodes is extremely low [14]. In addition, Abbink
et al. [15] reported the usefulness of HE4 protein con-
centration assay in detecting distant metastatic foci in
cases of endometrial cancer, when its concentration is
significantly higher than during local recurrence. In this
function it performs significantly better than CA125,
which was found elevated only in 37% of patients, com-
pared to 67% for HE4. Increase in HE4 heralded a re-
currence at a median of 126 days before the onset of
clinical symptoms. The combined efforts of Czech and
Danish researchers [16] allowed for the creation of the
HE4ren formula, which allows the concentration of the
HE4 protein to be compared to the glomerular filtration
rate. It allows comparison of HE4 marker concentration
results in women with decreased glomerular filtration
with results of patients with normal kidney function.
This study shows the effectiveness of HE4ren in the
prediction of the depth of the infiltration of the myo-
metrium, which is of great prognostic value for patients
with uterine body cancer [16]. In addition, a modern
algorithm (RERT) was developed that allows highly ef-
fective determination of clinical progression according
to International Federation of Gynecology and Obstet-
rics (FIGO), based on such data as age, BMI, fertility,
menopausal status, use of oral contraception, hormone
replacement therapy, hypertension and serum HE4 and
CA125 concentrations. This allowed the clinical stage of
the disease to be determined with sensitivity and spec-
ificity of 90% and 76%, respectively. The algorithm can
be useful in determining the prognosis and selection of
appropriate therapy before surgery as well as determin-
ing the necessary scope of the operation itself [17]. The
cited studies prove the usefulness of the determination
of HE4 protein concentrations in women with endome-
trial cancer, which is also confirmed by our research, but
it seems that the combination of HE4 protein assays
with CA125 tumor antigen is an ideal solution that can
detect endometrial cancer with the greatest sensitivity
and specificity, plan treatment and anticipate relapses.
Dong and his colleagues are of a similar opinion [18].
The usefulness of the HE4 and CA125 protein as-
says in differentiating benign changes from female
reproductive organ malignancy has been analyzed in
many studies. According to a study by Moore et al. [19]
on a group of over 1000 women with pathologies such
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as ovarian cancer, endometrial cancer, teratoma, my-
oma, inflammation or endometriosis, in the majority
of benign tumors located in the reproductive organs,
elevated HE4 concentrations are found in only 8% of
patients, with elevated CA125 in 29%. HE4 protein lev-
els increased mainly in ovarian cancer and endometrial
cancer. Uterine fibroids, which are the most common
benign tumor of this organ, were accompanied by an
increase in HE4 concentration above the 95 percentile
only in 5% of cases [19]. These observations confirm
the results obtained in our work; HE4 protein concen-
trations were clearly higher in the case of malignant
lesions compared to benign ones, both in the ovary
and in the endometrium. This opinion is shared by
researchers from the Pomeranian Medical University
[20], who found that in patients with BRCA1 mutation,
the concentration of HE4 marker increases in ovarian
cancer and endometrial cancer, and does not grow in
non-malignant changes in the female reproductive or-
gans such as uterine fibroids, inflammation, endome-
triosis or benign ovarian tumors. High expression of
HE4 protein in ovarian and endometrial cancer patients
with higher clinical stage and lower degree of cell differ-
entiation may also be related to the presence of ascites.
Itis a condition which occurs in the majority of patients
with advanced ovarian and endometrial cancer. It can
be a factor inducing epigenetic cell changes leading to
increase in malignancy, which has been proved in vitro
in HEK 293 cells [21]. Among those patients who did
not have an active cancer process, HE4 levels were low,
such as in the healthy population, but any (even slight)
increase in the level of this protein was indicative of an
active proliferative process within the ovary, fallopian
tube or endometrium [20]. Another study that confirms
that HE4 works well for differentiating pelvic tumors
from benign to malignant is the work of Goff et al. [22].

In recent years, attempts have been made to cor-
relate laboratory biochemical parameters with the
prediction of ovarian cancer progression and predict
the presence of cancer cells in the lymph nodes [23].
In addition, it is important to take into account some
comorbidities that may occur in patients with ovarian
or endometrial cancer as factors that can change the
prognostic value of HE4 [23-26]. In our study we found
a number of significant linear correlations between HE4
protein concentrations in particular groups of patients
and some laboratory tests performed both before and
after surgery. The most interesting appear to be correla-
tions between concentrations of potassium ions, total
protein, and INR levels and concentrations of the pro-
tein HE4 in some groups of patients (Figs. 2, 4 and 5).
This is confirmed by the fact that the interpretation
of the HE4 protein itself may be subject to a certain
margin of error, and thus we should combine HE4 with
other tumor markers in clinical practice. Positive linear
correlations between HE4 protein concentration and re-

nal function assessment parameters (urea, creatinine)
may be related to the increase in HE4 concentration
described by Yuan and Li [24] in women with renal dys-
function. In our studies, we observed this correlation in
both women with ovarian cancer and with benign ovar-
ian changes (Figs. 1 and 3). In women with advanced
cancer, undoubtedly, a disorder of kidney function
may occur, which may explain the occurrence of this
relationship. In patients with benign ovarian changes,
it seems that this relationship may be caused by the
pressure of the lesion, often large in size, on the ureters,
which makes urinary outflow from the kidney more dif-
ficult. In spite of our expanded research on these phe-
nomena [27], there is still no reference to our results in
the literature.

To sum up, we can conclude that HE4 protein con-
centration is increased in various tumors. Currently, the
highest clinical importance of this marker is attributed
to the differential diagnosis of pelvic lesions. It helps in
distinguishing between benign and malignant lesions,
and together with CA125, it may facilitate the diagno-
sis of recurrence or progression of ovarian cancer and
endometrial cancer. The importance of this protein has
been described in the planning of the scope of surgery
in case of endometrial cancer, in determining the clini-
cal stage of this cancer and prognosis. It is also of great
importance in detecting local recurrences and distant
metastases of endometrial cancer.

Conclusions

Protein concentrations of HE4 have different values in
the reviewed gynecological pathologies. This marker may
have significant clinical value in the differentiation of be-
nign ovarian pathology from ovarian cancer — the results
obtained by us show that the average concentrations of
HE4 in a group with ovarian cancer and endometrial can-
cer are higher than in the group of patients with benign
change of the ovary or myoma. The study confirms the
validity of using HE4 results in the assessment of poten-
tial malignancy of ovarian and endometrial changes. On
the other hand, we must realize the clinical imperfection
of HE4 protein as a tumor marker, because an increase or
a decrease can be influenced by laboratory parameters
of patients and comorbidities.
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