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Summary

Purpose of investigation: HE4 (human epididymis protein 4) is suggested to be used as a potential new biomarker to identify ovar-
ian malignancies from benign adnexal masses. The aim of this study was to evaluate HE4, in comparison with CA125 and Risk of
Ovarian Malignancy Algorithm (ROMA) index in benign gynecological diseases and ovarian cancer, and additionally to determine the
reference range for HE4 in healthy Turkish women. Materials and Methods: CA125 and HE4 serum levels were determined in 96 pa-
tients with benign gynecological diseases, 47 patients with ovarian cancer and 106 healthy women using a specific analyzer. CA125 and
HE4 cut-offs were 35 U/ml and 70 pmol/L, respectively. Results: HE4 had significantly higher concentrations in ovarian cancer than
benign gynecologic disorders (p < 0.005). Tumor marker sensitivity in ovarian cancer was 78% for HE4, 63% for CA125, and 88% for
ROMA index at 95% specificity. A significantly higher area under the Receiver operator characteristic (ROC) curve was obtained with
HE4 and ROMA index than CA125 in the differential diagnosis of benign gynecological diseases versus ovarian cancer (0.929, 0.955,
and 0.781, respectively). Reference limits for serum HE4 in healthy Turkish women was determined as 28.9 - 62.4 pmol/L for pre-
menopausal and 23.7 - 152.4 pmol/L for postmenopausal women. Conclusions: In the diagnosis of ovarian cancer, HE4 had higher sen-
sitivity, as a single tumor marker. The sensitivity of HE4 and ROMA index in postmenopausal women was higher than premenopausal

women for detecting ovarian cancer.
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Introduction

Ovarian cancer is the most frequent cause of death from
gynecological cancer and second most commonly diagnosed
gynecologic malignancy in Europe and United States. This
cancer affects mainly women in postmenopausal state with
a peak at 55-65 years. Patient’s medical history, clinical ex-
amination, imaging data, and tumor marker profile is used
to differentiate malign ovarian masses from benign disor-
ders. Since ovarian cancer is asymptomatic at early stages
and no effective screening approach is available, 80-90% of
ovarian cancer patients are diagnosed with advanced stage
disease and five-year survival rates are less than 30%; that
is why it has historically been called the “silent killer” [1-4].
Tumor markers can be used for screening, early detection
of cancer, diagnostic confirmation, prognosis, monitoring
disease, response to therapy, and detection of recurrence.
An ideal tumor marker should be highly specific to a certain
type of cancer and highly sensitive in order to avoid false
positive results, and it should also be inexpensive for screen-
ing the target population [5].

CA125 (carbohydrate antigen 125) is a high molecular
weight glycoprotein that is present in the fallopian tube ep-
ithelium, endocervix, endometrium, peritoneum, pleura,
and pericardium [6]. CA125 is the most widely used tumor
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marker in ovarian cancer but has low sensitivity for detec-
tion of cancer in the early stages; only 20-30% of patients
are diagnosed at an early stage whereas 80-90% of patients
are diagnosed at Stages III-1V. Additionally, 20% of ovar-
ian cancers do not express CA125 antigen [7,8]. The lack
of specificity of CA125 is due to its elevated levels in many
benign gynecologic diseases (endometriosis, myomas,
ovarian cysts), non-gynecological malignities (pancreatic,
breast, bladder, liver, lung), and physiological conditions
such as pregnancy and menstruation [9,10]. Therefore, a
new tumor biomarker or combination of biomarkers with
high sensitivity is needed for screening, early detection of
ovarian cancer, and evaluation of response to treatment.

HE4 (human epididymis protein 4) is a novel tumor
marker approved by the United States FDA for diagnosis
and monitoring of progressive disease in patients with ep-
ithelial ovarian cancer. HE4 is a 25kD whey acidic protein
with a four disulfide core that is predominantly expressed
in epithelial cells of the epididymis, respiratory epithelium
of proximal airways, and the normal female reproductive
tract [11]. Recently, it was shown that dual marker combi-
nation of HE4 and CA 125 increased the sensitivity and
specificity of either marker alone for the detection of ovar-
ian and endometrial cancer [12-14].
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Table 1. — CA 125. HE4 and ROMA index values in benign gynecologic diseases and ovarian cancer.

CA125 (U/ml) HE4 (pmol/l) ROMA index

Mean Median Min. Max. Mean Median Min. Max. Mean Median Min. Max.

Benign Postmenopausal (n=13)  14.6  12.1 5.1 529 499 461 299 929 10.3 95 3.8 176
gynecologic Premenopausal (n=83) 385 186 3.5 3917 48.5 443 149 1029 8.0 5.9 05 318
diseases Total (n=96) 352 181 3.5 3917 48.7 449 149 1029 8.3 6.9 05 318
Postmenopausal (n=33)  646.4 274.6 74 3347 517.5 2372 369 1500 662 776 11.5 999

Ovarian Ca Premenopausal (n=14) 176.2 1074 7.2  660.7 2633 1574 359 12711 551 725 5.6 99.6
Total (n=47) 493.6 2097 7.2 3347 441.8 2309 359 1500 626 762 56 999

The aim of this study was to assess the clinical value of
preoperative HE4 in comparison with CA125 and ROMA
(Risk of Ovarian Malignancy Algorithm) index in patients
with benign gynecological diseases and ovarian cancer. In
this study, the authors also evaluated HE4 levels in healthy
Turkish women at different ages.

Materials and Methods

In this study, 96 benign gynecologic disorders and 47 ovarian
cancer were evaluated for the diagnostic sensitivity of CA125,
HE4, and ROMA index. Additionally, 106 healthy Turkish women,
aged between 20-80 years, were analyzed to find a reference range
for serum HE4 levels. The study was approved by the Local Ethi-
cal Committee of Hacettepe University, Faculty of Medicine.

All blood samples were obtained preoperatively and collected
in ten-ml serum separator tubes (SST). Within four hours of col-
lection, the blood samples were centrifuged at 1,500 g for ten min-
utes, the serum was separated, and stored at —80°C. CA125 and
HE4 were analyzed in parallel using a specific system. The assay
for HE4 and CA125 are both two-step chemiluminescense mi-
croparticle immunoassays (CMIA). In the first step, serum sam-
ples were incubated OC 125 coated or anti-HE4 coated para-
magnetic microparticles. OC 125 antigen or HE4 antigen present
in the serum bind to the OC 125 coated or anti-HE4 coated mi-
croparticles. In the second step, acridinium-labeled conjugate was
added following washing step in the CA125 assay or HE4 assay.
Chemiluminescent reaction was measured by relative light units
which directly reflects CA125 or HE4 concentrations in the serum
samples. The upper limits of normality was 35 U/ml for CA125
and 70 pmol/L for HE4.

The ROMA index is a predicative probability algorithm that in-
corporates CA 125, HE4 and menopausal status to distinguish be-
nign from malignant adnexal masses, and has been approved by the
United States FDA [15]. In this study, ROMA index was calculated
using logistic regression analysis according to Moore RG et al. [12]:

For premenopausal women, Predictive index (PI) =

-12.0+2.38 xXLN(HE4)+0.0626xLN(CA125)

For postmenopausal women,

Predictive index (PI) =

-8.09+1.04xLN(HE4)+0.732XxLN(CA125)

The suggested cut-oft value for ROMA index is 13.1% in pre-
menopausal women is 27.7 % in postmenopausal women.

All surgical pathologic samples were examined by a gyneco-
logic pathologist following the surgery, and each diagnosis was re-
viewed and classified as either benign or malignant.

Statistical Analysis

All the data were analyzed with SPSS statistical software (ver-
sion 19.0). Tumor marker values between groups were compared
using Kruskal-Wallis test. The level of statistical significance was

set at p < 0.05. Cross-validation analysis was performed to obtain
the sensitivities at set specificities of 80%, 90%, and 95%. Re-
ceiver operator characteristic (ROC) curves were constructed and
the area under the curve (AUC) was compared between each
tumor marker and marker combination using a non-parametric
method. Reference limits for HE4 in healthy Turkish women was
calculated by parametric method.

Results

Among the ovarian cancer patients, there were 14 pre-
menopausal and 33 postmenopausal women. The benign
patient population consisted of 83 premenopausal women
and 13 postmenopausal women. In the benign group there
were 11 adenoma, 21 endometriosis, 30 ovarian cysts, 28
leomyomas, and six mucinous cyst adenoma. The mean age
was 42 + 10 for benign gynecologic diseases (pre-
menopausal: 40 + 9, postmenopausal: 55 + 6), and 56 + 14
for ovarian cancer (premenopausal: 41 + 10, post-
menopausal: 62 + 10). Additionally, 106 healthy Turkish
women (59 premenopausal, 47 postmenopausal), aged be-
tween 20-80 years, were evaluated to find a reference range
for HE4.

The mean, median, minimum and maximum values of
CA125, HE4, and ROMA index are given in Table 1. Com-
parison of the postmenopausal benign group to the pre-
menopausal benign group did not show a statistical
difference between the median levels of the CA125, HE4,
and ROMA index (p > 0,05, respectively). CA125 levels in
ovarian cancer were significantly higher than benign gyne-
cologic diseases in postmenopausal women (p < 0.05), but
not in premenopausal women (p > 0.05). Significantly
higher HE4 levels and ROMA index was observed in ovar-
ian cancer compared to benign gynecologic diseases both in
postmenopausal and premenopausal women (p < 0.05), but
a significant difference was not present in either HE4 lev-
els or ROMA index between pre and postmenopausal ovar-
ian cancer patients (p > 0.05). The utility of CA125, HE4,
and ROMA index in discriminating benign gynecological
disorders from ovarian cancer is given in Figure 1 by box-
plot graphics.

The ROC curve analysis for evaluating the utility of
HE4, CA125, and ROMA index in the diagnosis of ovar-
ian cancer versus benign gynecologic diseases are shown
in Figure 2. For the differential diagnosis of ovarian can-
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Table 2. — The AUC values and the sensitivities of CA125,
HE4, and ROMA index in ovarian cancer.

ROC Sensitivity
AUC (95% CI) 80% 90% 95%
Specificity ~ Specificity Specificity

CA 125
Premenopausal ~ 0.752 (0.63-0.81) 69 69 62
Postmenopausal  0.876 (0.73-0.95) 78 78 67
Overall 0.781 (0.69-0.84) 70 65 63
HE4
Premenopausal ~ 0.897 (0.75-0.91) 85 69 69
Postmenopausal  0.937 (0.82-0.98) 85 85 85
Overall 0.929 (0.87-0.96) 87 78 78
ROMA
Premenopausal ~ 0.905 (0.81-0.94) 85 77 69
Postmenopausal  0.986 (0.88-0.99) 96 96 96
Overall 0.955 (0.90-0.98) 93 90 88

Table 3. — The sensitivity (%), specificity (%), PPV (%),
and NPV (%) values in ovarian cancer

Sensitivity ~ Specificity PPV NPV
% % % %
CA125
Premenopausal 64.3 71.1 27.2 92.1
Postmenopausal 60.6 82.3 85.2 48
Overall 61.7 73.9 53.7 79.7
HE4
Premenopausal 78.5 89.1 55 96.1
Postmenopausal 84.8 92.3 96.6 70.6
Overall 91.4 79.5 89.5 82.9
ROMA index
Premenopausal 83.3 88 62 96
Postmenopausal 96.3 90.3 89.3 92.3
Overall 89.7 94 85.4 95.7

PPV= positive predictive value; NPV= negative predictive value.

cer, AUC for HE4, and also ROMA index was significantly
higher than CA 125 alone (p < 0.05) both in premenopausal
and postmenopausal patients. The AUC values of ROMA
index and HE4 were almost similar to each other, but
ROMA index showed a higher AUC than HE4. The com-
bination of CA125 and HE4 using ROMA algorithm
gained the highest sensitivity at 80%, 90%, and 95% speci-
ficity in overall ovarian cancer patients. The AUC values
and the sensitivities of CA125, HE4, and ROMA index are
shown in Table 2.

In the differential diagnosis of ovarian cancer, HE4 and
ROMA index have higher sensitivities both in pre-
menopausal and postmenopausal women compared to
CA125. The sensitivity of CA125 was similar both in pre
and postmenopausal periods. The sensitivity of HE4 and
ROMA index in postmenopausal women was higher than
premenopausal women. As seen in Table 3, HE4 has the
highest positive predictive value (PPV) and specificity in
the differential diagnosis of pelvic masses in post-
menopausal women.
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Figure 3. — Serum HE4 levels in healthy Turkish women
aged between 20-80 years.

In this study, the authors also examined serum HE4 lev-
els of healthy Turkish women on the basis of age and
menopausal status to refine normal ranges for this novel
biomarker. Samples were collected from 106 healthy
women aged between 20 and 80 years. For serum HE4 lev-
els, the minimum value was 18.4 pmol/L, and the maxi-
mum value was 232 pmol/L. The authors observed that
HE4 levels increased by age, especially after age 60 as seen
in Figure 3. Median serum HE4 levels was 43 pmol/L for
premenopausal women and 52.3 pmol/L for post-
menopausal women; a significant difference was observed
in the median HE4 levels. For Turkish women, serum HE4
normal range was determined as 28.9 - 62.4 pmol/L for pre-
menopausal period and 23.7 - 152.4 pmol/L for post-
menopausal period at 5 - 95 % confidence interval. The
cut-off points are found as 65.4 U/ml for CA125, 85.4
pmol/L for HE4, and 17.85% for ROMA index in Turkish
women.

Discussion

The aim of this study was to evaluate the diagnostic per-
formances of HE4 and ROMA index compared to CA125
in Turkish women. CA125 is the present gold standard for
the differential diagnosis of pelvic masses. Unfortunately,
low diagnostic sensitivity and specificity is the most im-
portant problem with CA125 both in pre- and post-
menopausal women. Several novel tumor markers such as
soluble mesothelin-related peptide (SMRP), HE4, CA72-
4, activin, inhibin, osteopontin, OVX1, M-CSF, LPA,
prostasin, kallikrein, epidermal growth factor (EGFR), and
ERBB?2 (Her2) have been evaluated in patients with ovar-
ian cancer. HE4 had the highest sensitivity as a single
marker and dual marker combination of CA125 and HE4
had a greater sensitivity than either marker alone [16, 17].
Currently, the combination of multiple markers and algo-
ritms is promising for ovarian cancer.
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Jacobs et al. [18] developed the Risk of Malignancy
Index (RMI) algorithm for predicting the risk of malig-
nancy in women with a pelvic mass which employs pelvic
ultrasonography (USG), CA125 and menopausal status.
The following equation was used to calculate RMI: USG x
Menopause x CA125. Unfortunately, USG imaging data
can show variability between users and centers, which is
the weakness of RMI algorithm. Recently, Moore et al. [12]
developed the ROMA index, dual marker combination of
CA125 and HE4 together with the menopausal status, to
classify pre- and postmenopausal women into high and low
risk groups. When RMI and ROMA index were compared
for ovarian cancer patients, the ROMA index (94.3%)
achieved a significantly higher sensitivity than RMI
(84.6%) at 75% specificity [19].

Ovarian cancers usually occur in postmenopausal state
with a peak between 55-65 years. Recent studies have
shown that ROMA algorithm and HE4 were better than
CA125 significantly in postmenopausal women in the dis-
tinction of ovarian cancer from benign diseases but not in
premenopausal women [20-22]. These findings go along
with the present results as the authors observed the highest
AUC (0.955) and higher sensitivities at 80%, 90%, and
95% specificities for ROMA index in postmenopausal
ovarian cancer. They have also shown that both HE4 and
ROMA index were significantly higher than CA125 alone
in postmenopausal ovarian cancer (p < 0.05). The present
results indicate that HE4 has the highest PPV and speci-
ficity in the differential diagnosis of benign diseases versus
ovarian cancer.

Moore et al. [17] found that HE4 levels were elevated
only in 12% patients relative to CA125 levels which were
elevated in 26% patients with benign gynecological dis-
ease. In the present study, false positivity rate was 10% for
HE4, 26% for CA125, and 32% for ROMA index in pa-
tients with benign gynecological disease, indicating that
HE4 has a greater specificity for benign disease than
CA125 alone. Huhtinen ef al. [13] conclude that measuring
HE4 in addition to CA125 provides a more accurate tool
for the differential diagnosis of ovarian cancer and en-
dometriosis.

Some recent studies [17, 21, 23] have reported that HE4
has higher benefits for the early stage of ovarian cancer.
When the present authors analyzed cancer patients diag-
nosed at Stage I and IT (n = 26), CA125 was high only in
eight patients (30%), whereas HE4 was elevated in 17 pa-
tients (61%), and ROMA index was positive in 13 patients
(50%). The present results also support that HE4 alone had
a significantly higher sensitivity than CA125 in Stage I dis-
ease and can be used for the early detection of ovarian can-
cer. The addition of CA125 to HE4 for the calculation of
ROMA index decreased the sensitivity in patients with
Stage I disease. Therefore, for the early detection of ovar-
ian cancer, it has been suggested that the best algorithm is
to classify patients at high risk with high HE4 levels and to

determine the risk by ROMA index for patients with normal
HE4 and high CA125 levels [24].

Anastasi et al. [25] suggested that HE4 levels are sig-
nificantly higher in ovulatory phase than follicular phase
of the menstrual cycle, but with no difference after 35
years of age. In contrast, Hallamaa et al. [26] have shown
that menstrual cycle has no significant effect on HE4 lev-
els, therefore HE4 measurement can be carried out at any
phase of menstrual cycle and during hormonal medication
such as use of contraceptives, extending the benefits for
its use.

Compared with CA125, HE4 is inversely influenced by
age, CA125 is higher in healthy premenopausal women,
whereas HE4 tends to be higher in postmenopausal women
[22]. Moore et al. [27] have shown that elevations in HE4
levels emerged with age after 40 years; the upper 95" per-
centile for HE4 was 89 pmol/L for premenopausal women,
128 pmol/I for postmenopausal women, and 115 pmol/L for
all women. The median HE4 levels for premenopausal
women (46.6 pmol/L) were significantly lower than post-
menopausal women (57.6 pmol/L). Bolstad et al. [28] have
shown that HE4 levels in Nordic population increase with
age; 9% higher at 40 years, 20% at 50 years, 37% at 60
years, 63% at 70 years, and 101% at 80 years compared to
20 years. Therefore, any algorithm for detection of cancer
involving HE4 should include age of the patients. In
healthy Turkish women, the present authors observed that
HE4 levels increase by age, especially after menopause.
Normal reference limit was determined as 28.9 - 62.4
pmol/L for premenopausal women and 23.7 - 152.4 pmol/L
for postmenopausal women. In healthy Chinese women
(age ranged from 21 to 81 years), the upper limits of the
95% percentile intervals were 82.62 pmol/L for HE4,
30.91 U/ml for CA125, and 19.27 for ROMA by electro-
chemiluminescence immunoassay (ECLIA) [29].

Recent studies [30, 31] have assessed the prognostic
value of preoperative serum HE4 levels and reported high
HE4 levels is a marker of ovarian cancer aggressiveness
and poor prognosis. It has been shown that urine HE4 lev-
els can also be used for the diagnosis of both early and late
stages of ovarian cancer and follow-up of the therapy [32].

Conclusion

In this study, the authors observed that HE4 has very
good accuracy for the differential diagnosis of benign dis-
eases and ovarian cancer, therefore serum HE4 measure-
ment can be used as a preoperative test for predicting
benign or malign nature of pelvic masses. The authors can
comment that serum HE4 levels improve the specificity of
laboratory identification of ovarian cancer; high serum
HE4 with high CA125 may suggest the presence of gyne-
cologic malignancy whereas high serum CA125 levels
without elevated HE4 would direct towards benign gyne-
cologic diseases.
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