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Abstract

Background: Ovarian tumors are difficult to diagnose because symptoms are nonspecific, occurring in late stages when the tumor mass
reaches large proportions, when complications arise or when dissemination occurs in neighboring organs. Research over the past decades
has been aimed at clarifying the mechanisms of ovarian oncogenesis, to identify ways of transforming normal cells into a neoplastic cell, as
well as discovering of tumor markers used in the detection of neoplastic processes, along with the synthesis of therapeutic substances,
which would influence its development. Aims: In our study, we aimed to determine the serum concentrations of cancer antigen 125 (CA125),
human epididymis protein 4 (HE4) and the risk of ovarian malignancy algorithm (ROMA) in patients with ovarian tumors, as well as assessing
their diagnostic performance. Furthermore, another objective of the study was to identify a concordant relation between serological and
immunohistochemical (IHC) biomarkers in supporting and aiding the differentiation between benign and malignant tumors, here including
the group of borderline tumors. Patients, Materials and Methods: We accomplished a study that included a group of 92 patients diagnosed
with ovarian tumors (benign and malignant), who were examined and treated between January 2015 and July 2018. The study was conducted
at the Clinics of Obstetrics and Gynecology, “Filantropia” Municipal Hospital of Craiova, Romania. The patients were divided into two groups:
the group of patients with benign tumors, subdivided into pre-menopausal (51 cases, 55.43%) and post-menopausal (30 cases, 32.6%)
patients, and a group of patients who presented with malignant formation (seven cases with malignant tumors, 7.61% and four cases with
borderline tumors, 4.34%, respectively). In parallel, we investigated 35 women as control subjects, who did not have a personal history of
ovarian tumors. Results: In our study, we have observed that for the analyzed parameters, CA125, HE4, and the ROMA index, significantly
higher serum concentrations were detected in the malignant tumor group, when these have been compared to the values obtained for the
pre-menopausal and for the post-menopausal subgroup, respectively. The IHC results also showed different expression patterns for the
different markers studied. Corroboration of the results of the serological biomarkers with the IHC data is necessary and useful for
differentiating borderline tumors and for their final integration as benign or malignant ovarian tumors. This can only be done for the cases
with surgical resections, thus having tissue available. Conclusions: The serum levels of CA125 and HE4, ROMA index and IHC markers for
surgical tissue fragments play a very important role in discriminating and reporting borderline ovarian tumors, as well as benign or malignant
ovarian forms. Due to the superior sensitivity and specificity of CA125 and HE4, we can consider these markers as an alternative or additional
diagnostic criterion to the ROMA index.

Keywords: cancer antigen 125, HE4, ROMA index, IOTA simple rules, immunohistochemical markers.

= Introduction the clinical and intraoperative examination and even at
the histopathological (HP) examination [1].
Non-neoplastic lesions of the ovary are a very common The natural history of ovarian cancer is unknown. The

diagnostic entity, mainly due to the appearance of an
ovarian tumor, often accompanied by abnormal hormonal
manifestations, which can mimic ovarian cancer both at

onset of the disease is a silent, asymptomatic process
and in most cases accidentally diagnosed. There are not
known precursor lesions for ovarian cancer and the amount
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of the time required for the tumor located in the ovary to
diffuse is unknown. So far, regarding the mechanisms of
ovarian carcinogenesis, the hypothesis is accepted that the
different tumors are all derived from the ovarian surface
epithelium (mesothelium) and that any subsequent meta-
plastic changes can lead to the appearance of different cell
types (serous, endometrioid, clear cells, mucinous and
transient, such as Brenner cells) [2, 3].

Ovarian tumors are difficult to diagnose because
symptoms are nonspecific, occurring in the late stages
when the tumor mass reaches large proportions, when
complications occur or when disseminated into neighboring
organs [4-7].

According to estimates by the American Cancer Society
(ACS), ovarian cancer and endometrial cancer are the
most common gynecological cancers. These malignancies
are defined by a relatively high 5-year survival rate (SR)
in the first stage, with the reserved prognosis being
characteristic for the advanced-stage diagnosed forms.
It was also observed that the 5-year SR in the early stages
of ovarian cancer corresponds to 92%, while the 5-year
overall SR is less than 50%. This can be explained by the
fact that out of all malignant ovarian tumors, only 19%
are diagnosed before the extra-ovarian spread due to
reduced symptoms before progression. There is clearly an
urgent need to develop early detection methods for such
diseases [1, 8].

Research over the past decades has been aimed at
clarifying the mechanisms of ovarian oncogenesis, at
identifying ways to transform normal cells into a neoplastic
cell, as well as the discovery of tumoral markers used to
detect the neoplastic process and the synthesis of thera-
peutic substances, which would influence its development.
Also, the performed studies have revealed different methods
for the early detection of ovarian cancer, methods of
differentiating benign or functional cystic tumors from
ovarian malignancies.

Thus, the International Ovarian Tumor Analysis (I0OTA)
Group, using ultrasound (US), has proposed simple rules
to differentiate the two entities, which have been accepted
(since they were proposed in 2008) as the best way to
preoperatively classify ovarian tumors, due to sensitivity,
specificity and diagnostic performance [9-13].

Numerous studies have also highlighted the role of
serum concentrations of cancer antigen 125 (CA125)
[14-19], human epididymis protein 4 (HE4) [20-25]
and later the importance of the risk of ovarian malignancy
algorithm (ROMA) index, in the preoperative evaluation
and diagnosis, as well as in assessing neoplastic progression
or recurrences [26—37].

Aim

In our study, we aimed to determine the serum levels
of CA125 and HE4 and the ROMA index in patients with
ovarian tumors, as well as assessing their diagnostic
performance. We also intended to evaluate the usefulness
of these serum biomarkers together with the IOTA
simple rules and the immunohistochemical (IHC) markers
for surgical tissue fragments, to discriminating and reporting

borderline ovarian tumors, as well as benign or malignant
ovarian forms, in the study area of Dolj County, Romania.

= Patients, Materials and Methods
Patients and study protocol

We completed a study that included a group of 92
patients diagnosed with ovarian tumors (benign and
malignant). They were examined and treated between
January 2015 and July 2018. The study was conducted
at the Clinics of Obstetrics and Gynecology, “Filantropia”
Municipal Hospital of Craiova, Romania. Patients were
evaluated through US, serological, HP and IHC testing and
then included in a risk group, which led to the establish-
ment of the therapeutic protocol with or without surgery.

The patients were divided into two groups: a group
of patients with benign tumors, subdivided into pre-
menopausal (51 cases, 55.43%) and post-menopausal
(30 cases, 32.6%) patients, and a group of patients who
presented with malignant formation (seven cases with
malignant tumors, 7.61% and four cases with borderline
tumors, 4.34%, respectively). In parallel, we investigated
35 women as control subjects, who did not have a
personal history of ovarian tumors.

Demographic characteristics and pathological personal
history data for each subject included in the study were
derived from their medical records. For each patient
enrolled in the study, we have compiled an initial case
assessment, on which we have included cases in this study.

Inclusion and exclusion criteria in the study

Patients between the ages of 19 and 71 years old were
selected, who presented with ovarian tumors, clinically
and diagnosed by way of US, in the gynecology clinics
but also in other specialties (gastroenterology and internal
medicine) after having demonstrated non-specific abdominal
symptoms. The US aspects, as a criterion for inclusion in
the study, were represented by the appearance of suspicious
images. During the aforementioned period, the patients
enrolled in the study completed a medical record, signed
informed consent and were subjected to an investigation
protocol that included a set of quantifiable parameters.
The clinical and serological evaluation was considered and
the subsequent management was adapted for each case.

Samples collection

Samples from all patients included in the study were
collected in the morning, during fasting, by venous puncture,
with the blood collected in vacutainers without anticoa-
gulant, to obtain the serum. After harvesting, the vacutainers
were centrifuged at 3500 rpm for 15 minutes, after which
the separated serum was aliquoted into several cryo-
preservation tubes and then stored at -80°C, until the time
that the serological markers were dosed. For the dosing
of serum markers, they were removed from the ice, an
equal number of cryopreservation tubes were brought to
room temperature, thus avoiding freezing—re-freezing
cycles that can distort the structure of proteins.

Immunological investigations

The serum marker analysis was performed by an
immunoenzymatic technique, enzyme-linked immuno-
sorbent assay (ELISA), quantitative and sandwich method,
according to the working protocol provided by the
manufacturer. Serum CA125 and HE4 were determined
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by using the Fujirebio Diagnostics AB (Gé&teborg, Sweden)
enzyme immunoassay kit (HE4 and CanAg® CA125 EIA)
(https://www.fujirebio-europe.com/sites/default/files/EIA
_Kit Catalogue September 2017 FDAB-034_r0.pdf).

ELISA is a competitive solid-phase immunoenzymatic
method, based on the sandwich technique, where calibrators,
controls, and patient samples are incubated (at the same
time) with biotinylated monoclonal antibodies (MoAbs)
directed to CA125 and HE4 in Streptavidin-plated wells.
During incubation, CA125 and HE4 will be absorbed into
the Streptavidin-coated wells by biotinylated MoAbs. The
wells are then washed and incubated with the second
MoAb labeled with an enzyme in a conjugate [e.g.,
Horseradish Peroxidase (HRP)], which will bind to the
complex formed between the first two reagents, also
through a specific immune response. Following another
washing step, the substrate is then added to each well,
which contains a chromogenic reagent, 3,3°,5,5’-Tetra-
methylbenzidine (TMB). During incubation, an enzymatic
reaction takes place, with the enzyme retained in the well
acting degradative on the chromogenic substrate, which
is colorless. Degradation of the substrate by the enzyme
induces oxidation of the chromogen, which subsequently
becomes a colored compound (a blue color will appear,
the intensity of which is directly proportional to the amount
of CA125/HE4 in the sample needed to be analyzed).
The stop solution is then added to stop the reaction in all
wells and, as a result, the color turns yellow with different
intensities. Color intensity is measured by reading the
optical densities from the threshold detection value of the
kit using a spectrophotometer at a suitable wavelength
(450 nm, or optionally at 620 nm and 405 nm).

Values obtained were expressed in U/mL for CA125
(normal values <35 U/mL) and pmol/L for HE4 (normal
<140 pmol/L), respectively.

ROMA index — calculation formula

ROMA index [38] is used to estimate the risk of
occurrence about ovarian cancer, both in pre-menopausal
women, as well as those in the post-menopausal period,
at which pelvic tumor masses are discovered. Initially,
the predictive index (PI) is calculated separately for pre-
menopausal and post-menopausal women, in accordance
with the values obtained for CA125 and HE4, using
equations (LN — natural logarithm):

(1) to pre-menopausal period women:

12 + 2.38<XLN(HE4) + 0.0626 xLN(CA125)

Table 1 — Immunohistochemical panel of antibodies

(2) to post-menopausal period women:
8.09 + 1.04<xLN(HE4) + 0.732xLN(CA125)

After calculating the value for PI, according to the
category of patients, this value will be entered in the
following equation:

ROMA [%] = exp(PI) / [1 + exp(PD)] X100

As an interpretation: in pre-menopausal women, a
ROMA index >12.5% and in post-menopausal women,
a value of the ROMA index >14.4%, respectively, are
associated with an increased risk of ovarian cancer.

HP and IHC investigations

The collected tissue fragments of the patients taken
in the study were sent for the processing and elaboration
of the HP diagnosis to the Laboratory of Pathological
Anatomy, “Filantropia” Municipal Hospital of Craiova.
The tissues were fixed in 10% neutral buffered formalin
at room temperature and routinely processed. Microtome-
cut sections were stained with Hematoxylin—Eosin (HE)
and Masson’s trichrome (MT). The HP diagnosis was
elaborated, which was next completed by IHC methods.
Immunohistochemistry was performed at the University
of Medicine and Pharmacy of Craiova, within the Research
Center for Microscopic Morphology and Immunology.
A panel of seven biomarkers was utilized, namely (Table 1):
cytokeratin 7 (CK7), in order to identify primitive epithelial
tumors; cytokeratin 20 (CK20) for the differential diagnosis
of a metastasis originating in the gastrointestinal tract;
estrogen receptor (ER) and progesterone receptor (PR),
respectively, the immunolabeling showing the presence
of these receptors on the tumor cells; tumor protein 53
(p53), tumor suppressor gene showing cells that have
undergone certain functional changes, which they have
achieved an antiapoptotic capacity; Ki67 cell proliferation
factor — Ki67 index of cell proliferation and mitotic activity;
B-cell lymphoma 2 (Bcl-2) marker that highlights anti-
apoptotic transformations and leads to pre-neoplastic and
neoplastic changes.

After antigen retrieval and non-specific antigen binding
sites block with a 3% skimmed milk solution, the slides
were incubated overnight, at 4°C, with the primary anti-
bodies. Next day, the excess solution was washed in
phosphate-buffered saline (PBS), and a species-specific
HRP-labeled secondary was incubated on the slides for one
further hour (Nikirei Histofine, Japan). After washing, the
color was developed with the 3,3’-Diaminobenzidine (DAB)
substrate.

Antibody Manufacturer Clone  Antigenic exposure Secondary antibody Dilution Labeling
. . Monoclonal mouse . Covering epithelium of
Anti-CK7 Dako OV-TL 12/30 Citrate, pH 6 anti-human CK7 1:50 the reproductive tract
. . Monoclonal mouse . Glandular digestive
Anti-CK20 Dako Ks20.8 Citrate, pH 6 anti-human CK20 1:50 epithelium
. Monoclonal mouse .
Anti-ER Dako 1D5 EDTA, pH 9 anti-human ERa 1:50 Estrogen receptors
. Monoclonal mouse .
Anti-PR Dako PgR 636 EDTA, pH 9 anti-human PR 1:50  Progesterone receptors
Anti-p53 Dako DO-7 EDTA, pH 9 Monoclonal mouse 1:50 Tumor protein 53
anti-human p53 protein
Anti-Ki67 Dako MIB-1 EDTA, pH 9 Monoclonal mouse 1:50  Cell proliferation factor
anti-human Ki67
Anti-Bcl-2 Dako 124 EDTA, pH 9 Monoclonal mouse 1:50 Oncoprotein

anti-human Bcl-2 oncoprotein

CK: Cytokeratin; ER: Estrogen receptor; PR: Progesterone receptor; p53: Tumor protein 53; Ki67: Cell proliferation factor; Bcl-2: B-cell

lymphoma 2; EDTA: Ethylenediaminetetraacetic acid.
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The obtained slides were imaged with the Nikon 600
optical microscope coupled with a Nikon 5 Mp color
charge-coupled device (CCD) camera.

US examination

Transabdominal and transvaginal US (TVU) play an
important role in assessing ovarian tumor masses. TVU
evaluation has steered the detection of morphological
parameters (sepsis, papillary excitations, increased echo-
genicity, presence or absence of ascites) that could provide
us with a useful positive predictive value in the diagnostic
evaluation of ovarian lesions. Also, the examination was
completed by studying tumor vascular characteristics using
the Doppler color US. US, especially through the trans-
vaginal approach, is the method of choice in the detection
of ovarian tumors. Although the sonographic characteristics
of the annexes are not standardized and reproducible, US
may point to HP diagnosis, despite it being unable to
substitute it by establishing suggestive elements.

The ovarian tumor formations analyzed were charac-
terized according to the IOTA simple rules [9], which
grouped these formations into two categories: malignant
(M) ovarian formations and benign (B) ovarian formations.
When it comes to interpretation, it is recommended to
classify the tumor as malignant based on the following
aspects: the presence of at least one of the M rules, to which
is added the absence of a B rule. Instead, identifying the
presence of at least one of the B rules, to which the absence
of M rules is added, recommends that the tumor mass be
considered benign. If both M and B rules are identified
to be present, then it is considered that the tumor mass
cannot be classified into a category. Also, a situation may
arise where no rules can be identified, in which case the
tumor formation cannot be classified (Table 2).

Table 2 — IOTA simple rules and US rules to be able to

include ovarian tumor formations in the two categories:

benign ovarian tumor and malignant ovarian tumor,
respectively

M rules
M1 — Solid but irregular tumors

B rules

B1 — Unilocular cyst

B2 - Presence of solid
components with the
largest solid component
<7 mm

B3 — The presence of the
acoustic shadow

B4 — Detection of a smooth
multilocular tumor having
the largest diameter
<100 mm

B5 — Avascular

M2 — Ascites

M3 — Highlighting at least four
papillary structures

M4 — Detection of solid,
irregular, multilocular
tumors with the largest
diameter 2100 mm

M5 — Intense vascularization

IOTA: International Ovarian Tumor Analysis; US: Ultrasound.

Ethical approval

The study was carried out in full compliance with the
ethical principles contained in the Declaration of Human
Rights adopted in Helsinki, in 1975, as revised in 2008.
All individual participants voluntarily joined this study
and provided written informed consent. To achieve the
objectives proposed in this study, we obtained the ethical
approval from the University of Medicine and Pharmacy
of Craiova — Committee of Ethics, Academic and Scientific
Deontology, No. 103/30.09.2013.

Statistical analysis

Data collected from patients’ medical records were
stored and processed by utilizing the Microsoft Excel and
Data Analysis module, while statistical processing was
performed using GraphPad Prism 5 Trial Version. In
order to compare the means of two or more groups and
to determine the significance of the differences between
groups, we used nonparametric tests, Mann—Whitney or
Kruskal-Wallis test. The correlations between the mean
concentrations of the different markers/indices (CA125,
HE4, ROMA index), according to the analyzed subgroup
(a subgroup of pre-menopausal and post-menopausal
patients), as well as the expression of the strong correlation
between two parametrical, were performed using the
Pearson’s correlation coefficient. The difference between
the two sample means was considered significant at the
95% significance level (p<0.05); all tests were two-
sided.

The diagnostic accuracies of the investigated markers
were evaluated using the analysis of the receiver operating
characteristic (ROC) curves. In order to ascertain the
diagnostic performance, we used the area under the ROC
curve (AUC), accompanied by the 95% confidence interval
(95% CI) and the p-value calculated for the statistical
difference between the calculated AUC and AUC=0.5
(marker weak discriminator). The threshold values corres-
ponding to the highest performance were determined and
for different optimal cut-off values, obtained at each marker,
we calculated the indicators which assess the quality of the
analyzed markers: sensitivity (Sn), specificity (Sp) and
Youden’s index (Sn + Sp — 1). The ROC curve analysis
was useful for comparing the diagnostic accuracy of the
determination of serum concentrations of CA125, HE4,
the ROMA index, and IOTA simple rules, following the
diagnosis of ovarian tumor formations.

= Results
Clinical characteristics of the study patients

In this pilot study, we have included 92 patients with
ovarian tumors. The patients were divided into two groups,
the group of patients with benign tumor (81 patients,
88.04%), subdivided in subgroup 1, with pre-menopausal
patients (51 cases, 55.43%) and subgroup 2, with post-
menopausal patients (30 cases, 32.6%), and the group of
patients who presented with malignant formation (seven
cases with malignant tumors, 7.61% and four cases with
borderline tumors, 4.34%, respectively).

The mean age was 35.18 years [standard deviation
(SD) 6.83] in the pre-menopausal subgroup, 61.28 years
(SD 3.51) in the post-menopausal cases and 646.71 years
(SD 7.11), respectively, for the malignant tumor group.
The chi-square test denotes a statistically significant
difference between the mean age of the two-analyzed
subgroups (p1: p<0.0001), 93.33% of the patients were
older than 50 years. We also found statistically significant
differences between the mean age of the malignant tumor
group and the post-menopausal group (pi: p=0.027,
p<0.05) (Table 3).
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Table 3 — Demographic characteristics of the study
patients

Benign tumor

Malignant
Parameters Pre- Post- tumor
menopausal menopausal (n=11)
(n=51) (n=30)
Age [years]
19-24 17 (33.33%) - -
25-34 15 (29.41%) - -
35-39 19 (37.26%) - 1(9.09%)
40-49 - 2 (6.67%) -
50-59 - 9 (30%) 4 (36.36%)
60-69 - 17 (56.67%) 5 (45.46%)
70-79 - 2 (6.67%) 1(9.09%)
Mean+SD 35.1846.83 61.284+3.51 64.7117.11
Demographic distribution
Urban 40 (78.54%) 10(33.33%) 8 (72.73%)
Rural 11 (21.57%) 20 (66.67%) 3 (27.27%)
Length of lactation 767 10.44 12.35
[months]
Age of menarche 12.2 14.1 14.1
[years]
Oral contraception 34 17 5
HRT 17 10 4
Increased BMI 36 18 7
Associated pathology
Nutrition disorders 8 6 -
Card_iovascular 14 5 4
diseases
Hypothyroidism 5 6 -
Benign mammary 10 9 3
pathology

n: No. of cases; SD: Standard deviation; HRT: Hormone replacement
therapy; BMI: Body mass index; *Statistically significant p-value; pt:
Statistically significant differences between the mean age of the two
analyzed subgroups; pt: Statistically significant differences between
the mean age of the malignant tumor group and post-menopausal

group.

Analyzing the two subgroups according to the area of
residence (rural or urban) parameter, we have noticed that
in the pre-menopausal subgroup, urban patients were pre-
dominant (40 cases, 78.43%), unlike the post-menopausal

subgroup where rural patients predominated (20 cases,
66.67%). Distribution by age group revealed a higher
incidence in group 19-24 years, 17 cases (33.33%) and
in group 25-34 years, 15 cases (29.41%), suggesting a
high incidence of ovarian pathology in the fertile period
of the woman (Table 3).

These higher rates of occurrence of ovarian tumor
formations, as well as the correlation with these age
ranges, can be explained by the more frequent infectious
pathology, the early onset of sexual life, the increase
of the incidence of sexually transmitted diseases, the
relationships with several partners, as well as by the
increased incidence of pelvic inflammatory disease, which
seems to be involved in late ovarian neoplasms.

Biomarkers values

In our study, we determined that the mean values of
CA125, HE4, and ROMA index, ascertained in the group
of patients with malignancies, were significantly higher
statistically when compared to the values obtained in
the benign tumor formations subgroups (Table 4). The
mean value of CA125 in the malignant tumor group was
89.75 U/mL (95% CI 72.31-107.19), significantly higher
than the value of the post-menopausal subgroup at
24.12 U/mL (95% CI 19.89-28.35) (»p<0.0001) and
20.76 U/mL (95% CI 14.91-26.61) (p<0.0001) for the
pre-menopausal subgroup, respectively.

HE4 in the malignant tumor group had mean level
of 216.12 pmol/L (95% CI 188.53-243.71), which was
statistically higher than the value of the post-menopausal
subgroup at 85.46 pmol/L (95% CI 67.62-103.3)
(»<0.0001) and 47.35 pmol/L (95% CI 36.72-57.98)
(»<0.0001), respectively, for pre-menopausal subgroup.

Also, the ROMA index mean value in the malignant
tumor group was 38.55% (95% CI 29.13-47.97), in the
post-menopausal subgroup was 11.75% (95% CI 10.48—
13.02) (p<0.0003) and 6.89% (95% CI 4.68-9.10) in
pre-menopausal subgroup, respectively, the differences
being statistically significant (p<0.0001).

Table 4 — Mean serum concentrations of investigated serological markers (CA125, HE4 and ROMA index) in ovarian

tumor groups
Control Benign tumor formations groups Malignant. tumor p-value
Parameters group Pre-menopausal Post-menopausal formations
subgroup subgroup group pt Pt
Patients (n) 35 51 30 11
CA125 [U/mL] (mean+SD) 14.06+5.23 20.76+5.85 24.12+4.23 89.75+£17.44 <0.0001* <0.0001*
HE4 [pmol/L] (meanSD) 35.38+9.42 47.35£10.63 85.46+£17.84 216.12+27.59 <0.0001* <0.0001*
ROMA index (meanSD) 3.25+1.04 6.89+2.21 11.75+1.27 38.55+9.42 <0.0003* <0.0001*
IOTA index [%] - 2.09+1.94 2.1+1.73 7.09+5.36 <0.0001* 0.0151*

CA125: Cancer antigen 125; HE4: Human epididymis protein 4; ROMA: Risk of ovarian malignancy algorithm; IOTA: International Ovarian
Tumor Analysis; n: No. of cases; SD: Standard deviation; *Statistically significant p-value; pt: mean concentrations indicate statistically
significant differences in the malignant tumor group and the post-menopausal subgroup; pt: mean concentrations indicate statistically significant

differences in the malignant tumor group and the pre-menopausal subgroup.

HP and IHC results

The microscopic features were grouped based on the
qualitative analysis in benign serous ovarian (Figure 1)
and low malignant potential (borderline) forms together
with low and high-grade malignant ovarian tumors
(Figure 2).

For all the antibodies used, we analyzed the epithelial,
not the stromal, immunolabeling. IHC analysis was
quantified at the nuclear and cytoplasmic levels by
qualitative reactions, as follows: (—) negative reaction;
(+) weakly positive reaction; (++) moderately positive
reaction; (+++) intensely positive reaction (Table 5).
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Table 5 — Reaction to immunohistochemical markers

Antibody CK7 CK20 ER PR p53 Ki67 Bcl-2

Benign
ovarian + - + + + - +
tumors

Borderline
ovarian ++ -— ++ ++ + + ++
tumors

Malignant
ovarian +++ -— +++ A+ ++ ++
tumors

CK: Cytokeratin; ER: Estrogen receptor; PR: Progesterone receptor;
p53: Tumor protein 53; Ki67: Cell proliferation factor; Bcl-2: B-cell
lymphoma 2; “---“: Negative reaction; “+": Weakly positive reaction;
“++”: Moderately positive reaction; “+++”: Intensely positive reaction.

The THC staining patterns differ when it comes to the
markers which were studied. In benign serous ovarian
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tumors, a moderately positive cytoplasmic reaction can
be observed for CK7 (Figure 1C), ER (Figure 1E), Bel-2
(Figure 1H), a nuclear positive focal reaction for Ki67
(Figure 1G), moderately positive nuclear reaction for
p53 (Figure 1D), intensely positive nuclear reaction for
PR (Figure 1F), cytoplasmic negative reaction for CK20
(Figure 1I). In malignant ovarian tumors, a moderately
positive cytoplasmic reaction can be observed for Ki67
(Figure 2G), intensely positive cytoplasmic reaction for
CK7 (Figure 2C), moderately positive nuclear reaction
for Bel-2 (Figure 2H), intensely positive nuclear reaction
for p53 (Figure 2D), as well as for hormonal receptors
ER (Figure 2E) and PR (Figure 2F), respectively.

Immunostaining for CK20 (Figure 21) was negative at
the cytoplasmic level, which confirmed the non-digestive
profile of the ovarian tumors.

24 AR I S T [,

Figure 1 — Microscopic features of benign and low-grade borderline serous ovarian tumors: (4) HE staining, x100;
(B) Masson’s trichrome staining, x100; (C) Moderately positive intracytoplasmic and membranous immunostaining for
anti-CK?7 antibody, x200; (D) Moderately positive nuclear immunostaining for anti-p53 antibody, especially in borderline
type, x100; (E) Moderately positive nuclear immunostaining for anti-ER antibody, x100; (F) Intensely positive nuclear
immunostaining for anti-PR antibody, %x100; (G) Nuclear positive focal immunostaining of around 10% for anti-Ki67
antibody, x100; (H) Moderately positive intracytoplasmic immunostaining for anti-Bcl-2 antibody, x200; (I) Negative
membranous and cytoplasmic immunostaining for anti-CK20 antibody, x200. HE: Hematoxylin—Eosin; CK7: Cytokeratin 7;
p53: Tumor protein 53; ER: Estrogen receptor; PR: Progesterone receptor; Ki67: Cell proliferation factor; Bcl-2: B-cell

lymphoma 2; CK20: Cytokeratin 20.
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trichrome staining, x100; (C) Intensely positive intracytoplasmic and membranous immunostaining for anti-CK7 antibody,
x200; (D) Intensely positive nuclear immunostaining for anti-p53 antibody, x100; (E) Strongly positive nuclear immuno-
staining for anti-ER antibody, x100; (F) Intensely positive nuclear immunostaining for anti-PR antibody, x200; (G) A 30%
Ki67 positivity index — immunostaining for anti-Ki7 antibody, x100; (H) Moderately positive intracytoplasmic immuno-
staining for anti-Bcl-2 antibody, x200; (I) Negative membranous and cytoplasmic immunostaining for anti-CK20 antibody,
x200. HE: Hematoxylin—Eosin; CK7: Cytokeratin 7; p53: Tumor protein 53; ER: Estrogen receptor; PR: Progesterone
receptor; Ki67: Cell proliferation factor; Bcl-2: B-cell ymphoma 2; CK20: Cytokeratin 20.

Correlations between CA125, HE4, ROMA
index, IOTA index and the IHC markers

Concentrations of both biomarkers, CA125 and HE4,
were not correlated with each other in all of the analyzed
subgroups (Table 6). We also found, in the pre-menopausal
subgroup, a highly statistically significant correlation
between HE4 serum concentrations and ROMA index
(strong positive correlation — r=0.737, p=0.0005), in
the post-menopausal subgroup a statistically significant
correlation between CA125 serum concentrations and
IOTA index (positive correlation — r=0.382, p=0.028),
and highly statistically significant correlations between
CA125 and HE4 serum concentrations (strong positive
correlation — =0.643, p=0.014) and between CA125
serum concentrations and ROMA index (strong positive
correlation — 7=0.857, p=0.024) in the malignant tumor

group.

Diagnostic performance of CA125, HE4,
ROMA index and IOTA simple rules

Comparing the ROC curves and AUC, for all patients
included in the study, for the four analyzed markers
(Table 7), we could see that the highest diagnostic accuracy
in distinguishing patients with benign ovarian disorders
from ovarian neoplasia can be done using the ROMA
algorithm, with the highest detection (100% accuracy to
diagnose properly an affected person), followed by CA125
(99.2% accuracy), with better performance than HE4 (98.3%
accuracy) but weaker than IOTA index (81% accuracy).

The ROC analysis revealed that the ROMA index
indicated the presence of ovarian tumors with an accuracy
of 100%, using the percentage of 19.05% as a threshold
value, with the power to distinguish between cases pre-
senting ovarian tumor formations (benign and malignant)
from the healthy considered cases (95% CI: 1.000—-1.000,
»<0.0001). In this instance, we obtained the following
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probability ratios (likelihood ratio — LR) of the positive
and negative results, calculated based on optimal and
specific cut-off values: LR(+) = 21.25 and LR(-) = 1.08,
where both the sensitivity and specificity have a maximum
percentage of 100%; Youden’s index was 1.000.

Table 6 — Correlations between I0TA index, CA125,
HE4, ROMA index

Parameters IOTA CA125 HE4 ROMA
index [%] [U/mL] [pmol/L] index
Pre-menopausal
IOTA index [%] r=0.079 r=0.003 r=0.208
p=0.578 p=0.985  p=0.138
=0.106 =0.003
CA125 [U/mL] i =
p=0.453  p=0.983
HE4 [pmol/L] _F0.737
p=0.0005*
Post-menopausal
IOTA index [%] r=0.382 r=0.268 r=0.101
p=0.028* p=0.132 p=0.576
CA125 [UimL] r=0.053 r=-0.105
p=0.769  p=0.560
=-0.1
HE4 [pmol/L] _=0.165
p=0.359
Malignant tumor group
IOTA index [%] r=0.643 r=-0.143 r=0.071
p=0.139 p=0.783  p=0.906
=0.2 =0.
CA125 [U/mL] =0.250  r=0.643
p=0.595  p=0.014*
=0.857
HE4 [pmol/L] _r=0.857
p=0.024*

IOTA: International Ovarian Tumor Analysis; CA125: Cancer antigen
125; HE4: Human epididymis protein 4; ROMA: Risk of ovarian
malignancy algorithm; r. Pearson’s correlation coefficient; *Statistically
significant correlations.

Table 7 — Diagnostic accuracy of the investigated markers

In the case of CA125, the calculated threshold value
with the power to distinguish between the cases presenting
ovarian tumor formations (benign and malignant) from
the healthy considered cases was 34.07 U/mL and, with
this value, the diagnostic affinity of CA125 was 99.2%
(95% CI: 0.974-1.01, p<0.0001). The LR of the positive
and negative results, calculated based on optimal and
specific cut-off values were LR(+) = 42.5 and LR(-) =
1.02, with a maximum sensitivity of 100% and lower
specificity than the ROMA index — 98.82%; Youden’s
index was 0.882.

Furthermore, for HE4, the calculated threshold value
with the power to distinguish between the cases presenting
ovarian tumor formations (benign and malignant) from
the healthy considered cases was 152.6 pmol/L and using
this value, the diagnostic affinity was 98.8% (95% CI:
0.965-1.011, p<0.0001). The LR of the positive and
negative results, calculated based on optimal and specific
cut-off values were LR(+) = 28.33 and LR(-) = 1.01,
with the same sensitivity encountered in the case of
ROMA index and CA125 of 100%, and a specificity
lower than that of CA125 — 97.28%; Youden’s index
was 0.728.

In the subgroup analysis, the diagnostic performance
(AUC) was 0.98 for CA125, 1.000 for HE4 and ROMA
index and 0.806 for IOTA index, in the pre-menopausal
women subgroup, which showed significant statistical
differences among the parameters. Also, in the post-
menopausal women subgroup, AUC was 1 for CA125
and ROMA index, 0.97 for HE4 and 0.813 for IOTA
index, with significant statistical differences among the
parameters.

Parameter AUC accuracy  Cut-off value p-value Sensitivity [%] Specificity [%] Youden’s index
Total

CA125 0.992 34.07 <0.0001 100.00 98.82 0.882

HE4 0.983 152.60 <0.0001 100.00 97.28 0.728

ROMA index 1.000 19.05 <0.0001 100.00 100.00 1.000

IOTA simple rules 0.810 2.395 0.009 85.71 64.71 0.504
Pre-menopausal

CA125 0.980 33.86 <0.0001 100.00 96.15 0.615

HE4 1.000 130.10 <0.0001 100.00 100.00 1.000

ROMA index 1.000 18.01 <0.0001 100.00 100.00 1.000

IOTA simple rules 0.806 2.395 0.012 85.71 63.28 0.489
Post-menopausal

CA125 1.000 49.24 <0.0001 100.00 100.00 1.000

HE4 0.970 152.60 <0.0001 100.00 96.37 0.637

ROMA index 1.000 20.23 <0.0001 100.00 100.00 1.000

IOTA simple rules 0.813 2.34 0.007 85.71 66.31 0.520

AUC: Area under the curve; CA125: Cancer antigen 125; HE4: Human epididymis protein 4; ROMA: Risk of ovarian malignancy algorithm;

IOTA: International Ovarian Tumor Analysis.

= Discussions

Screening for ovarian cancer is a challenge for
clinicians, being a subject which is still under-explored
at both the national level and internationally, although
many criteria have been established, the results are still
quite controversial, with more studies being needed. An

early preoperative diagnosis, by non-invasive methods
of benign/malignant nature of the annexes, facilitating
the choice of an optimal therapeutic attitude, including
conservative attitude, is necessary due to a very important
aspect being the high incidence of these formations
during the reproductive period [39].

About the pathology seen in gynecological oncology,
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due to the antigenic potential of the surface epithelium,
there is a multitude of tumor markers, with related studies
designated as having high relevance and being the
subject of numerous internal and international scientific
communications.

A histological screening for ovarian cancer is not
possible given the difficult access to ovarian tissue. Thus,
a serum test for screening or biomarker platforms would
be helpful to help diagnose cancer, detect recurrence and
as a means to monitor response to treatment.

When it comes to establishing a panel of biomarkers
useful in cancer detection, especially in the early stages
of the disease, imaging studies continue to play a critical
role in confirming or invalidating these biomarker tests.

In Romania, ovarian cancer is the third cause of death
by malignant pathology, being the fifth place in terms of
incidence after breast, cervical, colorectal and lung cancer.
The global incidence of ovarian cancer is 2% and in
Romania, it reaches 4.6% [40], likely due to the lack of
an early detection program.

TVU is one of the most commonly used methods for
early detection of ovarian cancer. Campbell et al. used
the first transabdominal US to assess ovarian cancer in
asymptomatic patients. In their study, despite obtaining
a maximum sensitivity of 100% for a transabdominal US,
the specificity was slightly lower (97.7%) and predictive
value of 1.5% was noted. Such findings led to the hypo-
thesis that transabdominal US is not sufficiently effective
in distinguishing between benign and malignant cystic
tumor formations and is, therefore, less suited to assessing
ovarian tumors than TVU [41]. Finkler et al. [42] and
Bourne ef al. [43] shed light on the efficacy of advanced
US along with serum CA125, leading to an increase in
the early detection of both ovarian cancers as well as a
decreased mortality rate in ovarian cancer.

The IOTA Group made an important contribution in
developing and validating two models of logistic regression
based on US (LR1 and LR2), which estimate the risk of
malignancy in the adnexal tumors. In clinical practice,
the detected adjacent masses can be classified according
to the “simple rules” of IOTA. IOTA index is based on
the identification of simple features during conventional
US examination and has a high sensitivity. However,
the rate of false positives is high. Approximately 40—
50% of women with malignant and inconclusive IOTA
findings have benign ovarian tumors [44]. Testa et al.
have reported an analysis of studies in which they found
that all IOTA strategies (logistic regression models 1 and
2, LR1, LR2; simple descriptors, SRs; and combinations
of the above) proved to be superior when compared to the
risk of malignancy index (RMI) for predicting malignancy,
having achieved considerable sensitivities between 90—
96% and also specificities of 74-79% [45].

Initial data related to CA125 functions was first
reported in 1981 by Bast, who found that CA125 acts as
an actively secreted transmembrane protein. Serum levels
of more than 80% have been reported in women diagnosed
with epithelial ovarian neoplasm [46], for which studies
have shown that it is the only tumor marker significantly
correlated with epithelial ovarian neoplasm [47—49]. Despite
many promising features of CA125 for the diagnosis
and monitoring of ovarian lesions, there are also several

disadvantages. It has been observed that in women with
non-malignant gynecological pathology, such as benign
ovarian cysts, as well as endometriosis, CA125 serum
levels tend to be higher than normal values, agreed to be
unanimously accepted at 35 U/mL. These important
findings, to which false-positive results were added, as
well as reduced specificity, led to the notion of limiting
CA125’s use as a diagnostic and prognostic marker for
ovarian cancer [50].

HE4 is a marker for early detection of ovarian cancer.
Normal ovarian tissue has a minimal expression of HE4,
whereas overexpression occurs in ovarian cancer patients.
When combined with CA125, HE4 raises the level of
sensitivity for ovarian cancer detection. HE4 is consistently
expressed in ovarian cancer patients and has demonstrated
increased sensitivity and specificity above CA125 as a
single marker. An elevated serum level for HE4 and
CA125 would suggest ovarian cancer, while an elevated
CA125 without an increase in HE4 could indicate a benign
condition. A high CA125 and a normal HE4 level suggest
the presence of another type of cancer (e.g., endometrial).
Studies show the benefit of the combined use of CA125
and HE4 as a diagnostic test, useful in discriminating
between benign and malignant ovarian tumors [36].

The ROMA algorithm is a simple score that has
excellent diagnostic performance for malignant ovarian
tumor detection in post-menopausal and less in pre-
menopausal patients.

In our study, relating to the analyzed parameters,
CA125, HE4 and ROMA algorithm, we have obtained
significantly higher serum concentrations in the malignant
tumor group when compared with the values obtained
for the pre-menopausal and respectively for the post-
menopausal subgroup.

Post-data processing, it can be seen that in the pre-
menopausal subgroup HE4 serum values correlated strongly,
positively and were statistically significant, concerning
the ROMA index. By contrast, when evaluating the post-
menopausal subgroup, serum values of the ROMA index
were statistically significant and positively correlated with
those of CA125.

Our results are the first of their kind in the literature
in our region, Dolj County, Romania. These results are
comparable to those obtained in various other centers
for multicentre studies or meta-analyses.

Our study aims to analyze the diagnostic performance
of these parameters to differentiate between patients with
benign ovarian disorders from patients with ovarian
neoplasia. The data we have obtained suggests that both
HE4 and CA125 have lower diagnostic accuracy compared
to the ROMA algorithm. As such, for patients, overall, it
can be stated that the ideal way to differentiate between
those with benign ovarian disorders from those with
ovarian neoplasia, would be to do so using the ROMA
algorithm, with the highest detection (100% accuracy to
diagnose properly an affected person), followed by CA125
(99.2% accuracy), with better performance than HE4
(98.3% accuracy) but weaker than IOTA index (81%
accuracy).

Analyzing the subgroups, we can say that diagnostic
algorithm models can be developed to determine the risk
of malignancy, to be more reliable and easier to apply.
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Thus, in the pre-menopausal subgroup, it was observed
that the model of the diagnostic association between the
ROMA index and HE4, in the way of discriminating
between patients with benign ovarian disorders from
those with ovarian neoplasia, both parameters had 100%
sensitivity and specificity. On the other hand, in the
post-menopausal subgroup, the association between the
ROMA index and CA125 was observed and in these
cases, for both parameters, sensitivities, and specificities
were also at 100%. Due to the superior sensitivity and
specificity of CA125 and HE4, we can consider these
markers as a viable alternative or further diagnostic addition
to the ROMA algorithm.

Corroboration of the results of the serological
biomarkers with the IHC ones is necessary and useful
for differentiating benign and malignant ovarian tumors.
This can only be done for operating cases. This study used
the HP classification of ovarian tumors from 2014 [51].

The THC profile of the antibodies used corresponds
largely to that of the literature. Thus, in the case of benign
and low-grade ovarian tumors of our studied cases, CK7
has a weak or moderately positive reaction. In the case
of the malignant tumors of the studied cases, the reactivity
of CK7 is similar to that described in the literature, being
intensely positive [52].

The negative reaction for CK20, both cytoplasmic and
nuclear, is common in our study and the results described
by other authors [52]. Immunostaining in benign tumors
for ER and PR hormonal receptors is moderately or
intensely expressed, while other authors have identified
their low expression [53, 54]. In the malignant tumors
of our study, there is an intensely positive reaction for
ER and PR, results that are similar to those found in the
literature [53, 55], associated with pS3 overexpression and
increased tumor proliferation by the Ki67 immunomarking,
respectively [56]. Immunolabeling for p53 shows a weakly
or moderately positive nuclear reaction for the benign
tumors studied and intensely positive for the malignant
ones. Other authors indicate a negative or poorly positive
nuclear marking in the benign ones [57, 58]. By contrast,
for malignancies, the results are similar to our study,
according to those published by other authors [56, 59—
61]. The IHC results for Ki67 immunoexpression of our
study for ovarian (benign and malignant) tumors are
similar to the results reported by other authors [56, 62],
respectively lower Ki67 index in benign tumors and
moderately increased in malignant ones. The results of our
study on the expression of Bcl-2 apoptotic markers in
benign tumors are weakly positive, while in borderline
and malignant tumors, it is moderately positive. The
study of the specialized literature mentions high values
with diffuse intense staining in high-grade malignancies
[61, 63-65].

=& Conclusions

The serum levels of CA125 and HE4, ROMA index
and IHC markers for surgical tissue fragments play a very
important role in discriminating and reporting borderline
ovarian tumors, as well as benign or malignant ovarian
forms. Due to the superior sensitivity and specificity of
CA125 and HE4, we can consider these markers as an
alternative or additional diagnostic criterion to the ROMA

algorithm. Our study, as well as other studies conducted
in various centers and areas around the world, has limi-
tations related to its retrospective, descriptive nature and
its data collection — a small sample size. Taking into
account that the data collected and processed by us was
taken over from the “Filantropia” Municipal Hospital,
Craiova, Romania, we tend to believe that the results
obtained can be underestimated. Further studies are needed
to reproduce our findings in different ethnic groups with
larger sample size.
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