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Abstract The aim of this study is to evaluate the diagnostic
performance of human epididymis protein 4 (HE4), cancer
antigen 125 (Ca125) and the risk of ovarian malignancy
algorithm (ROMA) in discriminating ovarian cancer from
other benign gynaecological diseases. Serum levels of HE4
and Ca125 were measured in 119 women with benign
gynaecological diseases, 29 patients with primary ovarian
cancer, 32 patients with ovarian cancer on chemotherapy
treatment (18 of them with progressive disease), 6 patients
treated and free of disease and 32 healthy women. Sensitivity,
specificity, positive and negative predictive values and posi-
tive and negative likelihood ratios (LR±) were calculated.
Receiver operator characteristic (ROC) curves were construct-
ed, and the areas under the curve (AUC) were calculated. High
serum levels for HE4, Ca125 and ROMA were observed in
cancer patients. HE4 was elevated in 12.6 %, Ca125 in 21 %
and ROMA in 9.2 % in the benign group, but HE4 was not
elevated in endometriosis. The AUC values for HE4, Ca125
and ROMA were 0.92, 0.911 and 0.945 respectively. The
sensitivity for discriminating ovarian cancer from benign
gynaecological diseases was 86.2 % for HE4 and Ca125 and
93.1 % for ROMA. The specificity was 87.4, 78.9 and 90.7 %
for HE4, Ca125 and ROMA. The overall positive likelihood
ratio (LR+) was 6.84 for HE4, 4.1 for Ca125 and 10.01 for

ROMA. In premenopausal women, LR+was 11.86 for HE4,
5.11 for ROMA and 2.02 for Ca125. HE4might be significant
in the differential diagnosis of ovarian cancer. HE4 seems to
be superior to Ca125 in terms of diagnostic performance of all
premenopausal women. ROMA could help to discriminate in
cases with any doubt with a high diagnostic accuracy.
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Introduction

Epithelial ovarian cancer (EOC) is the main cause of death
from gynaecological malignancy in western world [1], and
ovarian cancer has a poor prognosis because its diagnosis is
usually detected in advanced stages. The early stages do not
show any symptoms, or the symptoms are similar to the
gynaecological benign diseases, and the clinical detection
usually occurs in late stages. This delayed detection is com-
mon both in womenwith average risk of ovarian cancer and in
women with high risk of ovarian cancer. If this tumour was
diagnosed at early stage, it might be treated before spreading
to surrounding tissues with a high possibility to have an
optimal cytoreduction surgery [2, 3].

Biomarkers may be a powerful tool to improve diagnosis
and prognosis for patients with ovarian cancer. So far, cancer
antigen 125 (Ca125) is the tumour marker for ovarian cancer
that the Scientific Societies Clinical Guidelines recommends
for the detection of recurrence, monitoring of therapy and
determination of prognosis in women with ovarian cancer
but not for diagnosis in early stages. Ca125 is only recom-
mended (with transvaginal ultrasound) for early detection of
ovarian cancer in women at risk of this disease [4].

The Ca125 sensitivity is low for early stage, and the Ca125
specificity is low because the Ca125 level is high in other
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tumours that are not ovarian cancer as endometrial, cervix and
lung cancers [5–8]. Elevated Ca125 serum level may be also
found in benign gynaecological conditions as ovarian cysts,
myomas and endometriosis [9]. It may be found elevated in
other benign diseases as in patients with liver or renal failure
or effusions [10]. For these reasons, Ca125 is not recommend-
ed for screening and diagnosis of ovarian cancer.

Nevertheless, some remarkable screening studies with
Ca125 and transvaginal sonography (TVS) began at the end
of 1980s and 1990s. The UK Collaborative Trial of Ovarian
Cancer Screening (UKCTOCS) had evaluated with a multi-
modal strategy using the age and the increased Ca125 serum
levels measured annually, in order to select postmenopausal
women for TVS [11]. Preliminary results suggest that multi-
modal strategy is effective at detecting early-stage cancer. This
trial will report on the impact on ovarian cancer mortality in
2015. However, a randomized trial in postmenopausal women
from the Prostate, Lung, Colorectal, and Ovarian (PLCO)
Cancer trial in the USA found that the screening with Ca125
measurements with a fixed cutoff (>35 U/l) and annual
transvaginal ultrasound leads to unnecessary surgery and did
not decrease mortality from ovarian cancer and reported no
mortality benefit with ovarian cancer (OC) screening [12].

In summary, there are controversies about the determina-
tion of Ca125 for the screening of ovarian cancer. But, Ca125
is related to tumour stage when the cancer is diagnosed.
Abnormal Ca125 serum levels are found in approximately
50 % of stage I patients and 80–90 % in patients of stages
III–IV, and Ca125 is a tumour marker for the follow-up
because Ca125 serum levels decrease with the response to
the treatment and increase with the recurrence [6, 13–15].

Other tumour markers for ovarian cancer have been pro-
posed and investigated. Human epididymis protein 4 (HE4)
has been identified as a potential serummarker in the diagnosis
of a pelvic mass [16], and HE4 protein is frequently
overexpressed in ovarian cancers, especially in serous and
endometrioid histology [17, 18]. HE4 also increases sensitivity
for detecting ovarian cancer, particularly in the stage I disease
[18, 19]. Previous studies suggest that HE4 has a similar
sensitivity to Ca125 but has an increased specificity in patients
with malignant gynaecological disease as compared with those
with benign gynaecological disease [20, 21]. However, HE4 is
not specific for ovarian cancer, and abnormal levels also have
been found in other malignancies as lung cancer [22] and
endometrial adenocarcinomas [17, 21–23]. HE4 serum levels
may be high in patients with renal failure or effusions. [21, 24].

It has been reported that HE4 was more specific than
Ca125 in benign and malignant conditions so that HE4 had
a better capacity to distinguish among healthy women and
women with benign disease from those with malignant tu-
mours [18, 20, 21, 23, 25–28]. On the other hand, Ca125
glycoprotein is not expressed in up to 20 % of ovarian cancer
patients [14, 29].

Recent guidelines based on a meta-analysis approach have
suggested HE4 to be used as an aid in ovarian cancer diagno-
sis [30], and some authors have proposed the use of a symp-
tom index, Ca125 and HE4 as an annual first-line screen to
select women for imaging if any two of three tests are positive
warrants for further study [31].

In addition, different studies have proposed the use of a risk
of ovarian malignancy algorithm (ROMA). ROMA relates
Ca125, HE4 and the menopausal status, and it predicts the
probability of risk of ovarian cancer. ROMA improves the
sensitivity and specificity of the combined use of both tumour
markers in patients with abdominal masses [24, 25, 27, 32].

Some authors showed that ROMA had better diagnostic
performance than the widely used risk of malignacy index
(RMI), where M is menopausal status, U is ultrasound find-
ings and C is serum Ca125 level [28].

The aims of this study were the following:

1. To evaluate HE4 and Ca125, alone or with the ROMA to
be used for the diagnosis of ovarian cancer in patients
with gynaecological symptoms

2. To calculate our own cutoff for HE4 in premenopausal
women.

Patients

Our hospital is a specialized centre on cancer treatment. We
have analyzed and compared the Ca125, HE4 and ROMA of
218 women. The studied groups were the following:

1. Twenty-nine patients who came to the hospital with
gynaecological symptoms and were diagnosed for prima-
ry ovarian cancer.

2. Thirty-eight patients with diagnosed ovarian cancer. The
subgroups were as follows:

2.1 Eighteen patients with diagnosed ovarian cancer on
chemotherapy treatment (T OC), they were patients
diagnosed and treated with surgery before (stage I
and II), on chemotherapy treatment at the moment of
the inclusion in the study, and patients with ad-
vanced stages, on chemotherapy treatment at the
moment of the analyses.

2.2 Fourteen patients with progressive ovarian cancer on
chemotherapy treatment (PD), they were patients
who had been diagnosed and treated before, and
they were free of disease for some time that have
relapsed and must be treated with chemotherapy.

2.3 Six ovarian cancer patients without evidence of dis-
ease after treatment (NED).
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3. One-hundred nineteen patients who came to the hos-
pital with gynaecological symptoms and were diag-
nosed for gynaecological benign diseases (BDs) in-
cluding ovarian simple cysts diagnosed by TVS (22
cases), serous cystadenoma (18 cases), endometriosis
(18 cases), myoma (10 cases), teratoma (7 cases),
mucinous cystadenoma (5 cases), atypical endometri-
al hyperplasia (5 cases) and other benign diseases in
minor frequency.

4. Thirty-two healthy women were taken as control group
(CG).

The hormonal status was studied, and the menopause was
defined as the absence of menstrual periods for 12 months.

The 29 patients with primary ovarian cancer were
prospectively evaluated and staged according to conven-
tional FIGO criterion. The patients with stages I and II
were undergoing surgery and adjuvant chemotherapy. In
patients with extensive stages III and IV, there were two
options to treatment: a neoadjuvant chemotherapy,
followed by interval debulking, or a debulking surgery,
followed by chemotherapy.

Four patients were operated and classified as stage I
(13.8 %). Two patients were operated and classified as
stage II (6.9 %). Twenty-tree of the primary ovarian
cancer patients were diagnosed in advanced stages
(79.3 %): 15 patients were stage III (51.7 %), and 8
patients were stage IV (27.6 %).

Tissues were evaluated by experienced pathologists
for diagnosis. The serous carcinoma histology was the
most frequent diagnosis among the women with primary
ovarian cancer patients (17 patients, 58.6 %); the his-
tology of the other cases in these groups were 3 patients
with endometrioid adenocarcinoma, 2 with mucinous
adenocarcinoma, 2 patients with transitional cell carci-
noma, 2 with clear cell carcinoma, 1 with müllerian, 1
with granulose cell, and 1 with fallopian tube.

The exclusion criteria were chronic liver disease or chronic
renal failure.

Written informed consent was obtained from every patient.

Methods

All blood samples were collected on the same day prior to
surgery and prior to chemotherapy. The blood samples were
centrifuged, and the serum was processed within the 4 h of
collection.

The marker serum levels were analyzed with automatic
immunoassays ECLIA, Roche®, and Cobas e 601®. The
cutoff of HE4=140 pmol/l (manufacturer’s protocol), and
the cutoff of Ca125=35 U/ml.

Algorithm ROMA is a mathematical expression that
calculates a predictive index (PI) for premenopausal/
postmenopausal women:

For premenopausal women

PI ¼ −12þ 2:38� Ln HE4½ � þ 0:0626� Ln Ca125½ �

For postmenopausal women

PI ¼ −8:9þ 1:04� Ln HE4½ � þ 0:732� Ln Ca125½ �

And the calculated PI is included in the equation:

predicted probability PPð Þ ¼ exp PIð Þ= 1þ exp PIð Þ½ �

ROMA %ð Þ ¼ exp PIð Þ= 1þ exp PIð Þ½ � � 100

For ROMA, in premenopausal women, the cutoff value
was 11.4 %, and the cutoff value for postmenopausal women
was 29.9 %.

The HE4 cutoff for premenopausal women was 77 pmol/l.
It was calculated at 70 % of sensitivity and 94.1 % of speci-
ficity from the receiver operating characteristic (ROC) curves.

Surgical pathologic samples were tested by a gynaecological
pathologist, and every diagnosis were reviewed and classified
as either benign or malignant. Both tumour marker levels and
ROMAwere compared with the final pathologic diagnosis.

OC patient charts were reviewed to obtain all clinical and
pathological features at the moment of diagnosis and during
the follow-up.

EOC was defined as ovarian, fallopian tube and primary
peritoneal cancer.

Statistical analyses

Statistical differences in marker levels among groups were
evaluated using Kruskal-Wallis test and the Mann-Whitney U
test. Sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) were calculated for each
marker and for ROMA as well.

The predictive probabilities for each model were used to
construct ROC curves, and area under the curve (AUC) value
was calculated. Efficacy value was calculated by the ratio
among patients with cancer and positive results plus patients
without cancer and negative results and the total number of
patients studied.

Positive (LR+) and negative (LR−) likelihood ratios, cor-
responding to sensitivity/(1-specificity) and (1-sensitivity)/
specificity were performed. The positive likelihood describes
the discriminatory properties of a positive test result. A like-
lihood ratio greater than 1 indicates that the test result is
associated with the disease. Positive likelihood ratios above
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10 have been noted as providing convincing evidence, where-
as those above 5 provide strong diagnostic evidence.

The negative likelihood describes the discriminatory prop-
erties of a negative test result. A likelihood ratio less than 1
indicates that the result is associated with absence of the
disease. Negative likelihood ratios below 0.1 have been noted
as providing convincing evidence, whereas those below 0.2
provide strong diagnostic evidence [33].

For all statistical comparisons, a p value of p≤0.05 was
considered significant. Statistical analyses were performed in
SPSS ver. 15.0.

Results

We have compared tumour markers among women with pri-
mary ovarian cancer before any treatment, benign diseases
and healthy women. Significantly higher serum concentra-
tions of HE4, Ca125, and values of ROMA were found in
patients with primary ovarian cancer than in those with benign
diseases (p<0.001) and healthy women (p value <0.001). HE4
and ROMA were higher in benign diseases than in control
group (p=0.008 and p=0.001 respectively). Ca125 serum
levels were higher in benign diseases than in healthy women,
but the data were not statistically significant (p=0.068). It is
shown in Table 1.

We have compared among subgroups of patients with
diagnosed ovarian cancer on treatment or after treatment
(group 2). Significantly higher serum concentrations of HE4,
Ca125, and values of ROMA were found in ovarian cancer
patients on chemotherapy treatment (T OC) than in those
patients without evidence of disease (NED) (p<0.05,
p<0.001 and p<0.05 respectively), and significantly higher
serum concentrations of HE4 were found in patients with
progressive disease (PD) than those ovarian cancer patients
on chemotherapy treatment (p<0.05), see Table 2. Serum
mean values of HE4 and Ca125 in NED patients resemble
those of the benign diseases and healthy women.

After these preliminary results, we have focused the study
on the 29 patients with primary ovarian cancer and the 119
patients with gynaecological benign diseases that were pro-
spectively evaluated.

Levels of both tumour markers and ROMA in patients with
primary ovarian cancer were related to the stage. The 79.3 %
of the patients were advanced stages (III and IV). The median
serum levels and the sensitivity are shown in Table 3. The
sensitivity of HE4 in stage I was 50 versus 100 % of Ca125,
but in stage I, a patient has clear cell carcinoma, and another
patient has transitional cell tumour, and in these histological
types, HE4 is not expressed. In stage II, one of the two patients
had peritoneal effusion.

Serous histology was the most common diagnosis in the
primary ovarian cancer. The sensitivity for both HE4 and T
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Ca125 were 94.1 % and for ROMA 100 %. The medians for
these markers were 481.1 pmol/l (±540.6), 376.6 U/ml
(±2083.9) and 89.9 (±16.8) respectively. The numbers of
cases in the other group were insufficient to calculate statistics.

In patients with benign diseases, the most frequent pathol-
ogies were analyzed, and elevated serum levels of HE4 and
Ca125 were found in 3.4 % (4 of 119) and 21% (25 of 119) of
patients respectively. These cases correspond to false-positive
results. ROMA values were positives in 9.2 % of the cases.
Ca125 was increased in these benign diseases especially in
endometriosis (33.3 %), serous cyst (38.9 %), myoma (20 %)
and teratoma (14.3 %). However, HE4 was not increased in
endometriosis, and HE4 discriminated better than Ca125 and
ROMA in this disease. In other benign pathologies, the per-
centage of false positives for HE4 was lower than those for
Ca125. In benign pathology, false-positive results for HE4
were observed in postmenopausal women (Table 4).

The sensitivity for discriminating primary ovarian cancer
from benign gynaecological diseases was 79.3 % for HE4,
86.2 % for Ca125 and 93.1 % for ROMA, and the specificity
was 96.6 % for HE4, 78.9 % for Ca125 and 90.7 % for
ROMA. The PPV was 85.2 % for HE4, 50 % for Ca125 and
71.1 % for ROMA. The NPV was 95 % for HE4, 95.9 % for
Ca125 and 98.2 % for ROMA.

The diagnosis accuracy of HE4, Ca125 and ROMA was
assessed by estimating ROC and AUC for patients with pri-
mary ovarian cancer versus benign diseases (Fig. 1). The
AUC values for HE4, Ca125 and ROMA were 0.92 (confi-
dence interval (CI) 95 %, 0.874–0.966), 0.911 (CI 95 %,
0.867–0.955) and 0.945 (CI 95 %, 0.94–0.987) respectively.
The highest ROC-AUC was for ROMA, followed by HE4.

We have studied the hormonal status of the primary ovarian
cancer patients, benign disease and control group, and we
have divided them into subgroups of premenopausal and
postmenopausal women.Most of these womenwere postmen-
opausal (66.1 %). Significantly higher HE4 serum levels were
found in postmenopausal women than in premenopausal
women (p<0.001). For Ca125, higher concentrations were
found in premenopausal women, but the values were not
statistically significant (p=0.061).

We have calculated the sensitivity, specificity, PPV and
NPV and the ROC curves and the AUC in these subgroups
based on hormonal status. In premenopausal women group,
the sensitivity was 60 % for HE4, 90 % for Ca125 and 90 %
for ROMA. The specificity was 100 % for HE4, 55.6 % for
Ca125 and 82.4 % for ROMA. The PPV was 100 % for HE4,
37.5 % for Ca125 and 60 % for ROMA. The NPV was 89 %
for HE4,95 % for Ca124 and 96.6 % for ROMA. The AUC
was 0.915 (CI 95 %, 0.789–1.04) for HE4, 0.83 (CI 95 %,
0.699–0.961) for Ca125 and 0.917 (CI 95 %, 0.791–1.04) for
ROMA. In postmenopausal women group, the sensitivity was
89.4 % for HE4, 84.2 % for Ca125 and 94.7 % for ROMA.
The specificity was 95.3 % for HE4, 88.2 % for Ca125 andT
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94.1 % for ROMA. The PPV was 80.9 % for HE4, 61.5 % for
Ca125 and 78.3% for ROMA. The NPVwas 97.5% for HE4,
96.2 % for Ca125 and 98.8 % for ROMA. The AUC was
0.916 (CI 95%, 0.864–0.967) for HE4, 0.94 (CI 95%, 0.898–
0.982) for Ca125 and 0.952 (CI 95 %, 0.91–0.994) for
ROMA.

As in the premenopausal women, the AUC for HE4
was better than the AUC for Ca125; HE4 would have to
be better tumour marker, but the HE4 sensitivity was
60 % versus 90 % for Ca125. Therefore, we have calcu-
lated another cutoff for HE4 for premenopausal women.
The estimated cutoff for HE4 in premenopausal women
was 77 pmol/l at 70 % of sensitivity and 94.1 % of
specificity from the ROC. With this new cutoff for pre-
menopausal women and the cutoff of 140 pmol/l for
postmenopausal women, the sensitivity for HE4 in pre-
menopausal women was 70 %, specificity was 94.1 %,
PPV was 77.8 % and NPV was 91.4 %. The new overall
sensitivity for HE4 was 86.2 % (79.3 % with cutoff=140
pmol/l), specificity was 87.4 %, PPV was 62.5 % and
NPV was 96.3 % (Table 5).

Therefore, with this new cutoff for HE4 in premenopausal
women, the percentage of false positives in benign diseases
increased from 3.4 to 12.6 %. Percentages of simple cyst and
serous cyst increased as well, but no false positive was ob-
served in endometriosis (Table 4).

We have calculated the LR±for HE4, Ca125 and
ROMA of patients with primary ovarian cancer and
the subgroups of premenopausal and postmenopausal
women (Table 5). The best LR±for all cancer patients
with primary ovarian cancer was for ROMA followed
by HE4. However, if we evaluate LR±in the subgroups
of hormonal status, the best LR+in both premenopausal
and postmenopausal groups was HE4 followed by RO-
MA with proved convincing evidence, and the best LR−
was ROMA in all groups of patients.

The patients classified with ROMA as high risk for
having ovarian cancer were 30.6 %, and all the cancer
groups analyzed were 30.5 %. The patients classified
with ROMA as low risk for having ovarian cancer were
69.3 %, and the benign groups together with healthy
woman group were a 67.7 % of the studied cases.
Therefore, the efficacy value for ROMA was 91.2 %.

Discussion

The great screening studies with Ca125 in combination with
ultrasonography in asymptomatic women are not confluent.
The positive predictive value of Ca125 is low to be used as an
initial step in the screening of ovarian cancer [11, 12]. On the
other hand, Ca125 is not an appropriate tool to be used in the
diagnosis of a pelvic mass because of the lack of specificity of
this marker, particularly in premenopausal women with be-
nign gynaecological diseases, mainly related to endometriosis,
and it would be of great help having other tumour markers that
would help to assess the risk of ovarian cancer.

Previous published studies of HE4 have reported a
higher specificity than Ca125 in different benign and
malignant conditions, and algorithm ROMA improved
the sensitivity and specificity, and both tumour markers
were complementary [18–21, 25, 27].

Our hospital is a centre specialized in the treatment of
cancer. Women who come to the hospital are patients that
have gynaecological symptoms and suspicion of having tu-
mour. So far, we used Ca125 as the tumour marker for ovarian
cancer.

In this first evaluation, we wanted to assess whether HE4,
Ca125 and ROMA could help to clarify the diagnosis of
cancer in patients who came to the hospital with
gynaecological symptoms and were diagnosed for primary
ovarian cancer. This would help to optimize the rest of tests
and the treatment for OC.

The results of our study show that serum levels of HE4 and
Ca125 and ROMAvalues are significantly greater in patients
with primary OC than in benign disease and in healthy wom-
en. These results are consistent with those published by other
authors [16, 18, 20, 25, 27, 28, 34–37].

In benign diseases, only 12.6 % were positive for HE4
(cutoff=77 pmol/l for premenopausal and cutoff=140 pmol/l
for postmenopausal women), while 21 % were positive for
Ca125. These results were similar to those obtained byMoore
et al. with 12 % for HE4 and 26 % for Ca125 in benign
diseases using a cutoff for HE4=70 pM [18]. We have ob-
served less false-positive cases in the benign diseases for HE4,
particularly in the endometriosis in that none of the patients
have abnormal results and Ca125 is abnormal in 33 % of
these patients. These results were confirmed with other

Table 3 HE4, Ca125 and ROMA in patients with primary ovarian cancer classified according to FIGO criterion

Stages in primary
OC (FIGO)

N=29 (%) Age±SD % Postmenopausal HE4 median pmol/l
(%) positive

Ca125 median U/ml
(%) positive

ROMA median (%)
positive

Stage I 4 (13.8 %) 52±3.5 100 % 120.6 (50 %) 135.3 (100 %) 48.9 (100 %)

Stage II 2 (6.9 %) 52.5±19 50 % 199.3 (100 %) 1693.9 (100 %) 86.8 (100 %)

Stage III 15 (51.7 %) 48±14.4 87.5 % 313.9 (90.9 %) 190.2 (100 %) 89.9 (100 %)

Stage IV 8 (27.6 %) 56±8.9 75 % 422.4 (100 %) 439.3 (100 %) 91.9 (100 %)
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studies [18, 27, 31, 37]. Therefore, HE4 seems to be a
valuable marker to distinguish patients with ovarian
malignancies from those suffering from the benign ovar-
ian endometriotic cysts.

Significantly higher HE4 serum levels were found in post-
menopausal women than in premenopausal women
(p<0.001). These results were expected, given that HE4 in-
creases with age in healthy people [21, 23, 31, 35]. Ca125 is
higher in healthy premenopausal patients [34, 35], and higher
concentrations of Ca125 in premenopausal women were
found, but our values were not statistically significant
(p=0.061). The cutoff for HE4 and ROMA are vague yet. It
would be essential to define a specific normal range and cutoff
value for premenopausal and postmenopausal women. Differ-
ences in the results among several studies might have been
caused by different numbers and characteristics of patients
and controls, including age, types of benign diseases, cancer
stages and histological subtypes.

HE4 is related with the stage in primary ovarian cancer, and
HE4 increases the sensitivity for detecting ovarian cancer,
particularly in the stage I [18, 19]. Our results are limited by
the small number of cases in stages I–II. Besides, in stage I, a
patient has clear cell carcinoma and another patient has tran-
sitional cell tumour, and in these histological types, HE4 is not
expressed.

The diagnostic accuracy of HE4, Ca125 and ROMA in
discriminating primary ovarian cancer from benign
gynaecological conditions has been verified using ROC anal-
ysis. We have only used the group of primary ovarian cancer
and benign disease patients for calculating the ROC curves.
We did not include healthy women to calculate ROC-AUC
values because the patients coming to our hospital have symp-
toms and suspicious of having tumours. The AUC values for
HE4, Ca125 and ROMAwere 0.92, 0.911 and 0.945 respec-
tively. For other authors, the AUC ranges from 0.85 to 0.96 for
HE4, from 0.81 to 0.95 for Ca125 and from 0.88 to 0.97 for
ROMA [16, 19, 34, 38, 39]. We thought that the AUC among
markers had similar values because of the 66.1 % of our
patients were postmenopausal women, and in this group of
women, Ca125 works well.

Therefore, we have separated the hormonal groups. The
AUC in premenopausal and postmenopausal women indicat-
ed that in premenopausal women, HE4 discriminated better
that Ca125, but in postmenopausal women, Ca125 was
slightly better than HE4. As we have mentioned above,
the 66.1 % of the patients were postmenopausal women
where Ca125 have less false-positive results. The best
results in both groups were for ROMA. Our results were
similar to other studies [21, 33, 36] but are not agreed
with those obtained by van Gorp et al. [36], whose AUC
was slightly better for Ca125 than those for HE4 and
ROMA, in overall patients and premenopausal and post-
menopausal patients.T
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With the calculated cutoff value for HE4 in premenopausal
of 77 and 140 pmol/l in postmenopausal women, the overall
sensitivity was 86.2 % for both HE4 and Ca125, but the
specificity was higher for HE4. The NPV were high and

similar for both: 96.3 % for HE4 and 95.4 % for Ca125, and
the PPV were low for both (62.2 and 50%, respectively). This
was one of the reasons because we calculated the LR±. The
other one was that the group of patients with primary ovarian
cancer was small, and the advantage of using the LR±against
PPVand NPVof the test lies in LR±which does not depend on
the prevalence or the proportion of analyzed patients but only
of the sensitivity and specificity of the test.

The sensitivity was 86.2 % for both markers, but LR+for
HE4 was 6.84, and LR+for Ca125 was 4.1, and this would
mean that it would be more likely to be positive for HE4 in the
presence of cancer. LR+gives the same information than
sensitivity and specificity but expresses also how many times
is more probable of having a positive result in women with
ovarian cancer than in healthy women. This LR+value for
HE4 provides strong diagnostic evidence.

In premenopausal patients, the best LR+was for HE4 with
11.86. This value provides convincing evidence, whereas
LR+for ROMAwas 5.1 (Table 5). This LR+of HE4 provides
strong diagnostic evidence indicating more likely to have an
ovarian cancer than a positive result of Ca125 or ROMA. In
postmenopausal women, the best LR+was for HE4, but the
LR+for ROMAwas positive as well. As we have mentioned

Table 5 Comparison of sensitivity, specificity, predictive positive value
(PPV), predictive negative value (NPV), positive likelihood ratio (LR+),
negative likelihood ratio (LR−) for HE4, Ca125 and ROMA between
patients with primary ovarian cancer and benign diseases and these
parameters in subgroups depending on their hormonal status

Sensitivity Specificity PPV NPV LR+ LR−

Primary OC

HE4 86.2 87.4 62.5 96.3 6.84 0.16

Ca125 86.2 78.9 50 95.4 4.1 0.18

ROMA 93.1 90.7 71.1 98.2 10.01 0.08

P. OC. Premenopausal

HE4 70 94.1 77.8 91.4 11.86 0.32

Ca125 90 55.6 37.5 95 2.02 0.18

ROMA 90 82.4 60 96.6 5.11 0.12

P. OC.Postmenopausal

HE4 89.4 95.3 80.9 97.5 19.02 0.11

Ca125 84.2 88.2 61.5 96.2 7.14 0.18

ROMA 94.7 94.1 78.3 98.8 16.1 0.06

1 - Specificity
1,00,80,60,40,20,0

se
n

si
ti

vi
ty

1,0

0,8

0,6

0,4

0,2

0,0

ROMA
HE4
Ca125

ROC curves

AUC 
HE4=0.920 (CI 95%, 0.874-0.966)
Ca125=0.911 (CI 95%, 0.867-0.955)
ROMA=0.945 (CI 95%, 0.94-0.987) 

Fig. 1 Receiver operating
characteristic curves of HE4,
Ca125 and ROMA for the
discrimination of primary ovarian
cancer (n=29) from patients with
benign gynaecological diseases
(n=119). The area under curve
(AUC) values for HE4, Ca125
and ROMAwere 0.92, 0.911 and
0.945 respectively
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above, the 66.1 % of the patients were postmenopausal wom-
en, where Ca125 have less false-positive results.

The best LR−was for ROMA in every group. It means that
a negative result for ROMA points at a smaller probability of
risk of ovarian cancer than a negative result of HE4, or with a
negative result of ROMA, there are less probability to have an
ovarian cancer than those with a negative result of HE4.

NICE guidelines have reported results from studies com-
paring HE4 and Ca125 for the diagnosis of ovarian cancer in
women with a pelvic mass and showed LR+of 7.75 (CI 95%,
5.45–11.01) for HE4 versus LR+of 6.42 (CI 95 %, 4.02–
10.26) for Ca125. LR−for HE4 was 0.26 (CI 95 %, 0.19–
0.36) and LR−for Ca125 was 0.37 (CI 95 %, 0.31–0.45) [29].

Recent systematic reviews have reported LR+of 10.271
(CI 95 %, 6.982–15.109) and LR−of 0.228 (CI 95 %, 0.181–
0.287) for HE4 [38]. Another study have published LR+and
LR−of 13.0 (CI 95 %, 8.2–20.7) and 0.23 (CI 95 %, 0.19–
0.28) for HE4 and 4.2 (CI 95 %, 3.1–5.6) and 0.27 (CI 95 %,
0.23–0.31) for Ca125 [39]. In the systematic review of Lin
et al., they have also reported LR+of 8.04 (CI 95 %, 4.89–
13.21) and LR−of 0.27 (CI 95 %, 0.22–0.34) for HE4 [40].
All these results of LR±values for HE4 show strong diagnos-
tic evidence.

Li et al. in a meta-analysis study with 11 published works
have compared HE4, Ca125 and ROMA algorithm, and they
have reported that LR+for HE4, Ca125 and ROMA were
12.21, 3.81 and 5.35 respectively and LR−for HE4, Ca125
and ROMAwere 0.22, 0.23, 0.17 respectively. It means that
the best probability of having ovarian cancer with a positive
result is for HE4 followed by ROMA. So, a ROMA negative
result indicates more probability of not having ovarian cancer
that a negative result of HE4 or Ca125 [39]. Our results,
considering the groups of premenopausal and postmenopaus-
al, were agreed with by Li et al. [41].

Conclusions

1. HE4 has similar sensitivity with Ca125 but has better
specificity; HE4 discriminates ovarian cancer from be-
nign diseases of all in endometriosis.

2. HE4 measurement seems to be superior to Ca125 in terms
of diagnostic performance of all in premenopausal
women.

3. HE4 and Ca125 serum concentrations and ROMA algo-
rithm increase the accuracy of ovarian cancer diagnosis.
ROMA can discriminate in cases with any doubt with a
high diagnostic accuracy and provides strong diagnostic
evidence (AUC 0.945 and LR−0.08).

4. It would be necessary for further studies with more pa-
tients to establish the definitive cutoff in premenpausal
and postmenopausal groups for HE4 and ROMA
algorithm.
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