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The Utility of Serum Human Epididymis Protein 4 (HE4)
in Patients With a Pelvic Mass
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Aim: Although CA125 is the most widely
used cancer marker in the diagnostic
approach of pelvic masses in women, its
clinical usefulness is limited because it
lacks expression of the antigen in the early
stages of disease. The human epididymis
protein 4 (HE4) is frequently over-ex-
pressed in ovarian cancer, whereas its
expression in normal tissues, including the
ovary, is low. The aim of this study was to
assess the concentration of both HE4 and
CA125 in patients with different forms of
benign and malign pelvic masses.

Methods: The study population included 99
patients with gynecological cancer (46
ovarian, 39 endometrial, 14 cervical) and
40 affected by benign disease (22 endo-
metriosis and 18 benign ovarian mass).
Twelve control subjects were also included
in the study. In all the patients, serum

samples were collected on the day before
scheduled surgery.

Results: The median CA125 and HE4
serum levels were significantly higher
among ovarian cancer patients as com-
pared with healthy subjects and with those
with benign mass, cervical, and endometrial
tumors. The receiver operating character-
istics curve analysis on healthy controls and
patients with ovarian cancers revealed that
HE4 had a significantly higher area under
the curve when compared with CA125 (0.99
vs. 0.91), with a sensibility and specificity of
98 and 100%, respectively.

Conclusions: HE4 seems to be a promising
ovarian cancer marker, and its measure-
ment might improve the diagnostic ap-
proach to patients with pelvic masses. J.
Clin. Lab. Anal. 23:331-335, 2009. © 2009
Wiley-Liss, Inc.
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INTRODUCTION

Ovarian cancer accounts for nearly 4% of all cancers
among women (1), and it is the fifth more common
cause of cancer death in women (2). Mortality is
strongly related to disease stage: the 5-year survival is
higher than 70% in stadium I or II, but decreases to 40
and 20% in stage III or IV, respectively (3). Given the
high mortality rate of patients diagnosed with advanced
cancers, the goal of gynecologists is to make a timely
diagnosis and establish an early surgical and/or che-
motherapic treatment (4). The common symptoms of
ovarian cancer are vague and similar to those observed
in other benign conditions (5). Therefore, a diagnostic
approach based on the use of laboratory serum markers
(mostly CA125) in association with ecocardiographic
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techniques is commonplace in these patients. However,
this approach has several drawbacks, due to the low
sensibility and relatively low specificity of CA125 (6).
The whey-acidic protein human epididymis protein 4
(HE4) gene is frequently over-expressed in ovarian
cancers (7), suggesting that the promoter of the gene is
highly transcriptionally active (8). Moreover, several
studies have analyzed HE4 protein expression in ovarian
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cancers, showing a higher protein expression in serous
an endometrioid hystotype (9). Recent studies have also
shown elevated HE4 protein levels in sera from patients
with ovarian tumors, concluding that HE4 has a similar
sensitivity to CA125, but an increased specificity in
patients with malignancies as compared with those
carrying a benign disease (10,11). Regardless of its over-
expression in ovarian carcinoma, tissue expression of
HE4 has been reported to be increased in some
pulmonary, endometrial, and breast adenocarcinomas,
mesotheliomas, and less often, gastrointestinal, renal,
and transitional cell carcinomas (12). However, the
serum levels of HE4 were not evaluated in these
patients. Therefore, the aim of this study was to assess
the tumor marker levels of both HE4 and CA125 in
patients with different forms of benign and malign
pelvic mass.

MATERIALS AND METHODS
Patient Population

Women diagnosed with a pelvic mass who were
scheduled to undergo radical surgery from October
2007 to July 2008 were eligible for enrolment. The
diseases were diagnosed perioperatively in laparoscopy
or laparotomy, and confirmed by histopathological
evaluation.

Patients affected by ovary cancer had the following
histological subtypes (13): serous (30, 65.2%), endome-
trioid (6, 13.0%), clear cell (1, 2.2%), mucinous
(5, 10.9%), germ cells (1, 2.2%), and ovary metastasis
from gastrointestinal cancer (3, 6.5%). According to the
stadiation criteria of the International Federation of
Gynecology and Obstetrics (FIGO) (14), 10 patients
were in stage I (21.7%), 2 in stage II (4.3%), 25 in stage
1T (54.3%), and 6 (13.0%) in stage IV.

According to World Health Organization/Interna-
tional Society of Gynecologic Pathologists (WHO/
ISGP) classification (15), patients affected by endome-
trial cancer had the following histological subtypes: 36
(92.3%) endometrioid, 1 (2.6%) serous, and 2 (5.1%)
squamous carcinoma. Thirty-two patients (82.1%) were
in stage I, three (7.7%) in stage 11, two (5.1%) in stage
IIT and two (5.1%) in stage IV. Patients with benign
ovarian mass displayed mucinous cystadenoma, serous
cystadenoma, cystic teratoma, or ovarian simple cyst.
Twelve out of the 22 patients with endometriosis
displayed ovarian endometrioma.

Controls subjects were recruited among healthy
hospital personnel undergoing the routine clinical and
biochemical check-up. Each patient and control gave an
explicit and written informed consent for participating
in this study, which has been approved by our
departmental ethical committee.
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Laboratory Methods

Blood samples were collected in the morning before
surgery on patients who had fasted overnight and rested
for 20 min. Blood was drawn in vacuum tubes contain-
ing no additives (Becton-Dickinson, Oxford, UK). After
centrifugation at 1,500g for 10 min at room temperature,
serum was separated, stored in aliquots and kept frozen
at —80°C until measurement.

Serum levels of CA125 were determined using a
chemiluminescent enzyme immunoassay on the Liaison
(DiaSorin, Saluggia, Italy). Intra and interassay coeffi-
cient of variation (CV) for this method are comprised
between 1.4-2.2 and 4.6-5.8%, respectively.

Serum levels of HE4 were determined using ELISA kit
developed by Fujirebio Diagnostic, Inc. (Malvern, PA)
and were performed according to the manufacturer’s
specifications. The HE4 EIA is a solid-phase, noncom-
petitive immunoassay based on the direct sandwich
technique using two mouse monoclonal antibodies, 2HS
and 3D8, directed against two epitopes in the C-WFDC
domain of HE4. The total CV quoted by the manu-
facturer is <10%.

Statistical Analysis

Values were finally reported as median (range). All the
data were analyzed with SPSS statistical software
(version 12.0; SPSS Inc. Chicago, IL). Tumor marker
levels between groups were compared using the
Kruskall-Wallis and Mann—Whitney test. The Spear-
man coefficient (r;) was calculated to quantify correla-
tion between variables. The level of statistical
significance was set at P<0.05.

Receiver operator characteristic (ROC) curves were
assessed for both HE4 and CA125. As no definitive
diagnostic thresholds for these tests have been reported
so far (intended as the cutoff point that separates
normal subjects from cancer subjects), these were
identified as the values showing the best diagnostic
performance according to the ROC curve.

RESULTS

Results of HE4 measurements in different groups are
shown in Table 1. The median CA125 and HE4 serum
levels were significantly higher among all the ovarian
cancer as compared with the sub-group of healthy
subjects (CA125: 497.3 vs. 10.1U/ml, P<0.001; HE4:
166.0 vs. 17.3 pmol/l, P<0.001) and patients with ovary
benign disease (CA125: 497.3 vs. 18.6 U/ml, P<0.001;
HE4: 166.0 vs. 39.4pmol/l, P<0.001). Remarkably,
CA125 and HE4 values were also statistically higher in
patients with ovary cancer as compared with those
suffering from endometrial tumor (CA125: 497.3 vs.



P-value
(K-W)
<0.0001
<0.0001

n=14)
88.0 (14.8-985.5)*"

Cervical cancer
18.8 (6.7-95.7)"

Endometrial cancer
(n=139)

72.2 (7.3-781.8)**

13.5 (6.1-1333.0)*

Ovarian cancer
(n=46)
166.0 (28.9-7437.3)*
497.3 (6.4-7017.0)*

(n=22)
52.3 (14.9-90.9)**

Endometriosis
47.4 (20.0-98.0)*"

Ovarian benign
masses (n = 18)
39.4 (21.4-144.4)**

18.6 (4.9-114.8)%

Controls
subjects (n = 12)
17.3 (8.8-29.4)"

HE4 and CA125 Levels in Different Groups
10.1 (4.3-34.7)*

HE4 and CA125 values were reported as median (range). P-values are evaluated by Kruskall-Wallis test. P-values between groups are evaluated by Mann-Whitney U test. *P<0.05 vs.

controls; #P<0.05 vs. ovary cancer.

HE4, pmol/l
CA125, U/ml

TABLE 1.
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13.5U/ml, P<0.001; HE4: 166.0 vs. 72.2pmol/l,
P=0.004) and cervical tumor (CAI125: 497.3 ws.
18.8U/ml, P<0.001; HE4: 166.0 vs. 88.0pmol/l,
P =0.028). HE4 and CA125 levels in different FIGO
stages of ovary cancer respect to controls are shown in
Figure 1. A positive correlation between CA125 and
HE4 levels (r = 0.74, P<0.001) was observed in patients
with ovarian cancer (n = 46).

The ROC curve analysis of the diagnostic performance
on healthy controls and patients with ovarian cancers
revealed that HE4 had a significantly higher area under
the curve (AUC) when compared with CA125 (Fig. 2).
The sensibility and the specificity of CA 125 using a cut-
off level of 37U/ml were 83 and 100%, respectively
(AUC =0.91, P<0.001), whereas the sensitivity and the
specificity of HE4 using a cut-off level of 30 pmol/l were
98 and 100%, respectively (AUC = 0.99, P<0.001). The
analysis of the diagnostic performances on patients with
ovarian cancers and with benign ovary mass do not show
a better performance of HE4 when compared with
CA125 (AUC =0.87 vs. 0.88).

DISCUSSION

Despite the relatively low prevalence (30-50 cases/
100,000 women), ovarian cancer still represents the fifth
most common cause of cancer death in women (2).
CA125 (MUCI6) is useful for differentiating benign
from malignant pelvic masses and it can be used to
assess response to treatment, but is not sensitive or
specific enough to justify a population screening
(16-18). The major drawbacks of using CA125 as an
initial step in such a screening strategy is that up to 20%
of ovarian cancers lack expression of the antigen (19).
Accordingly, other serum tumor markers that can be
detected in ovarian cancers, especially those lacking
CAI125 expression, might improve the sensitivity for
early detection (20).

HE4, a WAP four disulfide core domain protein, has
been recently identified as the candidate molecular
marker for ovary cancer. It has been previously
established that HE4 is distributed in a region of the
cytoplasm with a perinuclear pattern reminiscent of the
endoplasmic reticulum and the Golgi apparatus (9). In
ovarian carcinoma cells, but not in normal tissues, the
HE4 gene product is N-glycosylated and secreted into
the extracellular environment. Therefore, glycosylated
HE4, with an apparent molecular weight of 25 kDa, may
be secreted and then detectable in the bloodstream of
patients with ovarian carcinoma (9).

In agreement with recent publications (11,21), we
observed that the release of HE4 appears to be earlier
than that of CA125, and HE4 levels are significantly
higher in early stages (FIGO I-II) of patients with ovary
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Serum HE4 (pM) and CA125 (U/ml) concentrations as In-transformation in patients with ovarian cancer in different FIGO stages of

ovarian cancer respect to controls. Early stages, stages I and II; advanced stages, stages III and IV. P values between groups are evaluated by

Mann-Whitney U test.

ROC Curve
Saource of the Curve
W HE4
talds
08
g
_;_ 06~
Il
c
-
[
0.4
0.2
oo T T T T T
00 02 04 08 08 10
1 - Specificity
Fig. 2.  Analysis of the diagnostic performances (ROC curves) on

healthy controls and patients with ovarian cancer (AUC =0.99 for
HE4, AUC = 0.91 for CA125; P<0.0001).

cancer as compared with control subjects. In line with
this finding, CA125 levels are not increased in nearly
40-50% of early stage ovary cancer (20), and the
diagnostic sensitivity of HE4 in early stages is much
higher that that of CA125 (82.7% vs. 45.9%) (11).
Different biochemical explanations can be hypothesized.
First, CA125 levels seem to be more related to cell
growth than HE4 (22). Moreover, HE4 is a high
molecular weight glycosylphosphoinositol-linked glyco-
protein (about 80kDa), different from the secreted
form, which is characterized by an apparent molecular
weight of 25kDa (9,23). It is hence reasonable that the
low molecular weight could explain the early release of
this form. Then, the mechanism of CA125 secretion
from ovarian tumors seems to be more complicated than
that of HE4. In fact, CA 125 undergoes two possible
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events: proteolytic remodeling in the C-terminal SEA
domain with cleavage of the luminal N-terminal domain
(24,25), or alternatively spliced mRNAs are generated
that lack the TM region (23).

The main limitation of HE4 might be the relative low
specificity. Although the serum measurement of HE4
may have an advantage over CA125, because the former
is less frequently raised in patients with nonmalignant
ovary disease (10), we observed that the level of HE4
might also be modestly increased in patients with benign
ovary diseases. However, the magnitude of increase was
ten times lower than that observed in patients with
ovarian cancers (Table 1). Patients affected by endo-
metrial and cervical carcinoma had also higher levels of
HE4 as compared with the control population, but these
values were still significantly lower than those observed
in patients affected by ovary cancer (Table 1). In
agreement to previous observations (26), HE4 but not
CA125 levels are also increased in endometrial cancer
patients, suggesting an additional clinical use for this
marker (26).

Taken together, the results of this investigation attest
that HE4 might be a promising marker for early
differentiation of pelvic masses, showing diagnostic
performances globally better than those of CA125, which
is the conventional marker in the workout of ovarian
cancers. Indeed, large clinical studies are necessary to
support these findings, to confirm our diagnostic thresh-
olds and to assess the potential usefulness of HE4 testing
in the screening of high-risk populations.
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