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Summary

The problem of finding reliable clinical and morphological criteria for diagnosis and
prognosis of serous borderline ovarian tumors, their relationship with the risk of developing of
low-grade serous ovarian carcinomas (LGSC) in future is still relevant.

This study is devoted to research and highlight of precursors that allow dividing women
with serous borderline ovarian tumors (SBOT) into risk group for occurrence of LGSC within
next 5 years.

The study included 22 patients with FIGO stage I-Il SBOT aged 24 to 46 years,
9 (39.13%) of whom were diagnosed with high-grade serous ovarian carcinoma next 5 years.
Two study groups were formed: the control group (n = 13), which included patients with SBOT
without further development of LGSC, and the main group (n =9), which included women with
emerging LGSCs. We studied expression of immunohistochemical markers Ki-67, MMP-9,
p53, Bcl-2, E-cadherin, and also a diameter and localization of the tumor.

As a result of the study, it was found that patients with diameter of the SBOT>10 cm
(x* = 6.0, p <0.03), FIGO stage II (> = 4.7, p <0.03) and Ki-67 expression >10% (x> = 9.03,
p <0.03) have a high risk of developing LGSC within next 5 years. In the group of women
who underwent LGSC development, there was a tendency to more pronounced expression of
MMP-9 (y* = 4.18, p <0.04) and moderate and pronounced expression of Bcl-2 (x> = 9.66,
p = 0.008).

According to our data, markers Ki-67, MMP-9, Bcl-2 are prognostic and can be used
as markers of LGSC risk in women with a history of SBOT. Tumor diameter >10 cm is also a
predictor.
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1. Introduction

Borderline ovarian tumors (BOT) were first described by Howard Taylor in 1929
and had characteristics of "semi-malignant", since despite tendency to disseminate along
peritoneum, they had a favorable prognosis. In 1971, the International Federation of Obstetrics
and Gynecology (FIGO) also implemented this group of neoplasms in classification, calling
them “tumors with low malignancy potential” (Hauptmann et al., 2017).

BOT stands at 15-20% of all tumors of the mentioned localization, while in histological
structure the leading place (from 53 to 65%) is given to serous borderline ovarian tumors.
(Davydova et al., 2021). Approximately 30% of SBOT are bilateral (Davydova et al., 2021)
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(Ozer et al., 2012) Women of reproductive age in the age range of 30-40 years are susceptible
to development of SBOT, (Davydova et al., 2021), the average age of patients, according
to WHO, is 43 years old (Herrington, C. S., 2020). In contrast to malignant neoplasms of
the ovaries, 75% of SBOT is diagnosed at an early stage (IA, IB stages according to FIGO)
(Hauptmann et al., 2017).

According to 2020 WHO classification of tumors of female reproductive system, a small
percentage of women with low-grade serous carcinomas had a history of SBOT. Although,
according to WHO data, LGSC stands at only 5% of all ovarian carcinomas, an interesting and
clinically important aspect is the identification of possible objective clinical and morphological
predictors of LGSC occurrence in patients with a history of SBOT.

Despite the relatively favorable prognosis of PCOS, there is still no consensus on the
criteria for aggressiveness and prognostic markers for these neoplasms. The disputability of this
section of tumors of the female reproductive system is also confirmed by repeated changes in
the classification of the WHO.

Numerous previous studies have shown that tumor size, FIGO stage, morphometric
parameters (nuclear area, cell area, nuclear-cytoplasmic ratio) and expression of certain
immunohistochemical markers can serve as prognostic criteria for malignant and borderline
tumors.

The aim of our study was to detect prognostic criteria for LGSC occurrence in patients
with PCOS anamnesis I and II according to FIGO.

2. Materials and methods

2.1. Clinical material

Clinical material in our study was medical cards, paraffin blocks and slides of patients
who underwent bilateral or unilateral oophorectomy in the period from 2013 to 2018 at the
Kharkov Regional Clinical Oncological Dispensary, Kharkov Institute of Medical Radiology
and Oncology named by S.P. Grigoriev and Kharkov Military Medical Clinical Center of
Northern Region. The study included 22 tumors: 13 SBOT without subsequent development of
LGSC within 5 years (control group) and 9 SBOT of patients in whom LGSC was found in the
next 5 years (study group).

The histological type of tumors was determined on the basis of viewing slides stained
with hematoxylin-eosin according to the standard technique.

SBOT and LGSC were staged according to FIGO classification. The age of patients
and the diameter of the tumor were taken from pathologists’ conclusion . The division of
tumors by diameter into samples <10 cm and >10 cm was performed in accordance to the study
by Hatice Ozer et al. (Ozer et al., 2012). From each clinical case, 1 block was selected for
immunohistochemical (IHC) studies.

2.2. Immunohistochemical studies

The material for research by immunohistochemistry method was fixed with 10% neutral
formalin for 24 h, embedded in paraffin, 4 um sections were prepared, which were applied to
highly adhesive Super Frost glasses and dried at 37 °C for 18 hours. De-masking heat treatment
was performed by boiling the sections in citrate buffer (pH 6.0). To visualize primary antibodies,
an UltraVision Quanto Detection Systems HRP Polymer (Thermo scientific) detection system
was used. DAB (diaminobenzidine) was used as a chromogen.
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Primary monoclonal antibodies (MCAT) from DAKO (Denmark), TermoScientific
(Germany) and Diagnostic BioSystems (USA) were used. The expression of such markers was
studied: Ki-67 (MiB-1, Termo Scientific), MMP-9 (Collagenaza IV, Diagnostic BioSystems),
p53 (SP5, Termo Scientific), Bel-2 (clone124, Dako Cytomation), E-cadherin ( EP7004, Termo
Scientific).

To assess intensity of immunohistochemical label of markers Bcl-2, E-cadherin and
MMP9, a semi-quantitative scale 0-3 + was used: 0 — no expression, + — weak, ++ — moderate,
+++ — pronounced reaction. To assess the immunohistochemical label of p53, percentage of
nuclei staining was considered: 0= no staining, 1= <10% of nuclei, 2 = 10-50%, 3 = 51-80%
and more than 80% = 4.

To assess the immunohistochemical label Ki-67, percentage of stained nuclei was
considered: <10% — absence or very weak proliferative activity, 11-50% — weak proliferative
activity, 51-80% — moderate proliferative activity, more than 80% — high proliferative activity.

2.3. Statistical analysis

The relationship between the studied traits was researched using the nonparametric
Pearson test with Yates' correction. The nonparametric Mann-Whitney test was used to process
data of immunohistochemical studies and study relationship between the signs. A significance
level of p<0.05 was considered significant.

3. Results and discussion

The patients’ age in the control group varied from 24 to 44 years, the median was
39.54 + 1.47 years. The age range study group was from 32 to 46 years, the average age in this
group is 39.33 = 1.27. Age differences in two groups were insignificant (p> 0.05). The age of
occurrence of SBOT in the study groups was significantly lower than in Cirstea's A.E. et al.
study, where the average age was 47.1 years (Cirstea et al., 2018), and according to the World
Health Organization data (Herrington, 2020), which can be explained by the characteristics of a
particular sample.

Table 1 presents the main clinical and morphological features of the patients.

Table 1
Clinical and pathohistological characteristics of the studied cases
Serous borderline ovarian tumors
Control group Study group Significance
(n=13) (n=9)
Age 39,54+1,47 39,33+1,27 p >0,05
Right 6 (46,1%) 4 (44,4%)
Localization Left 3 (23,1%) 5 (55,6%) x*=4,3, p=0,1
Bilateral 4 (30,7%) -
. <10 cm 11 (84,6%) 3(33,3%) .
Size >10 cm 2 (15.4%) 6(66.7%) | X 00p<003
1 9 (69,2%) 2 (22,2%)
0, o
FIGO stage IIIII 4 (30_’8 %) ! (77_’8 %) x’=4,7, p<0,03
v - -
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According to the literature (Herrington, 2020), approximately one third of SBOT
is bilateral. In our study, the proportion of bilateral tumors in the control group accounted
for 30.7% of cases, which roughly coincides with the indicated information. We did not find
statistically significant differences between tumor localization and the probability of LGSC
occurrence in the future (y> =4.3,p=0.1).

Tumor diameter less than 10 cm was observed in 11 (84.6%) cases in the control group
and in 3 (33.3%) cases in the main group. A tumor of 10 cm or more in diameter was found
in 2 (15.4%) cases in the control group and in 6 (66.7%) cases in the main group. When
comparing the two groups, it was revealed that SBOT with subsequent development of LGSC
is associated with a size of >10 cm (p <0.03). Our research findings are consistent with those of
Ozer H. et al. (Ozer et al., 2012) There is also a direct strong correlation between the size of the
tumor and its proliferative activity (r, = 0.84, p <0.01).

The development of LGSC in women with a history of SBOT is associated with FIGO
stage II (p <0.03).

Table 2 shows distribution of cases according to the degree of expression of the
immunohistochemical label Ki-67 and p53.

Table 2
Distribution of cases by the degree of expression of the immunohistochemical
label Ki-67 and p53

IHC-marker Con(t;0=11§;‘0up Stu((iz;gglioup Significance

Ki-67 x?=9,03, p<0,03
0 5 0
<10% 4 1
10-50% 3 3
51-80% (1) 5
>80% 0

P53

0 5 6 x’=2,96, p=0,2
<10% 5 3
10-50% 3 0
51-80% 0 0
>81% 0 0

Ki-67 is a protein, whose expression is traditionally associated with the proliferative
activity of tumors (Menon et al., 2019) and their aggressiveness (Li et al., 2015) (Sun et
al., 2018). In our study, the SBOT group with subsequent development of LGSC showed a
significantly higher expression of Ki-67 compared to the control group with an increase of
number of observations with marker expression more than 80% (n = 5/9). When comparing
the study group with the control group, it was revealed that SBOT, which were subsequently
associated with the development of LGSC, is characterized by Ki-67 expression >10%
(2 =17.24, p <0.007). So, the expression of Ki-67 <10% was observed among the control group
in 9 (69.2%) cases out of 13, and in the study group it was in 11.1% (n = 1/9). According to
many studies, level of Ki-67 expression is a more sensitive predictor of malignant phenotype
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and possible tumor recurrence compared to its size. (Lowe et al., 2012) (Grimm et al., 2019)
(Gottwald et al., 2013). Also, according to the study by Yu N. et al., Increased expression
of Ki-67 and E-cadherin play an important role in oncogenesis and progression of serous
borderline tumors (Yu et al., 2017).

Numerous studies have noted the important role of p53 gene as a tumor suppressor due
to the control of cell proliferation (Jin, 2005). Mutations in this gene are most likely genetic
breakdown, found in many human tumors; therefore, level of p53 expression is one of the
most studied in immunohistochemical panel for malignant neoplasms diagnosis of various
localization (Corney et al., 2008). A few studies indicate a high frequency of p53 mutations
in poorly differentiated serous ovarian carcinomas and a rare occurrence of such genetic
abnormalities in LGSC and SBOT. (Zeren et al., 2014) (Corney et al., 2008). Many researchers
describe more pronounced expression of p53 in SBOT and serous ovarian carcinomas in its
absence in benign and borderline serous tumors of female gonads (Kaygusuz, 2011) (Ozer et
al., 2012). In our study, there was a weak and moderate degree of p53 expression in SBOT
without further development of LGSC, while in SBOT group with the subsequent development
of highly differentiated serous ovarian carcinoma, expression p53 was absent in 6 (66.67%)
cases or there was a weak degree of expression in 3 (33.33%) cases. Changes in p53 expression
were not significantly different in two study groups (p = 0.2).

Table 3 shows the expression intensity of markers MMP-9, bcl-2 and E-cadherin.

Table 3
Distribution of cases by the intensity of expression of IHC markers MMP-9,
bcl-2, and E-cadherin

IHC-marker Con(tlll'0=11§;‘oup Stu;lz;ggl;oup Significance
MMP9 x’=4,18, p<0,04
0 10 3
Low 3 6
Moderate 0 0
Pronounced 0 0
Bcl-2
0 0 0 7°=9,66, p=0,008
Low 6 0
Moderate 5 2
Pronounced 2 7
E-cadherin
0 0 0 1*=9,89, p=0,007
Low 0 4
Moderate 5 5
Pronounced 6 0

Matrix metalloproteinase MMP-9 is a remodeling endopeptidase that promotes local
invasion and metastasis in tumors (Pdrvanescu et al., 2015). It is one of the main biomarkers
of serous ovarian cancer. (Huang H., 2018) According to literature, in serous borderline
ovarian tumors, lower expression of MMP-9 is observed than in serous cancers (Sakata, 2000).
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In our study, the PCOS group with the subsequent development of highly differentiated serous
carcinomas was characterized by a more pronounced expression of MMP-9 (p <0.04). Weak
expression was observed in the main group in 6 (66.67%) cases out of 9, while the control
group was characterized by the absence of MMP-9 expression in 10 (76.92%) cases out of 13.
The obtained results, in our opinion, may indicate malignancy of the SBOT followed by the
development of LGSC with an increase in the level of MMP-9 expression. Such fact requires
more close clinical observation of the patient.

Graph 1 shows a direct strong correlation between the expression level of Ki-67 and
MMP-9 of the studied tumors (r, = 0.84, p <0.05). This dependence, in our opinion, may be
associated with a higher capacity of SBOT for microinvasion.

Graph 1. Linear dependence of the expression of the IHC marker MMP-9 and Ki-67

Expression of apoptosis regulator Bcl-2 also has conflicting values. In some studies, its
more pronounced expression in malignant tumors is noted as compared to borderline serous
neoplasms of ovaries (Zeren et al., 2014)(Kaygusuz et al, 2011), in others, more pronounced
expression is noted in borderline tumors compared to benign and malignant neoplasms (Ozer
et al., 2012). The trend towards moderate and pronounced expression of Bcl-2 was observed
in the study group (y* = 3.87, p <0.05). In general, the group of SBOT with the subsequent
development of LGSC is characterized by an increase in the level of expression of bcl-2, which,
in our opinion, may indicate a more aggressive biological behavior of SBOT in this category
of patients.

Higher expression of E-cadherin in many studies is observed in borderline tumors
compared to serous ovarian cancers. In our study, decrease of E-cadherin expression in the main
group compared with the control group was insignificant (p = 0.07). The group SBOT without
further development of LGSC is characterized by a pronounced and moderate expression
of E-cadherin (y* = 4.36, p <0.04), which was observed in 38.46% (n = 5/13) of cases and
in 15.38% (n = 2/13) cases, respectively.
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Insignificant associated signs were relationship between tumor diameter and expression
of p53 (r, = 0.149, p = 0.1) and relationship between tumor FIGO stage and expression
of E-cadherin. (r, =-0.284, p = 0.1).

4. Conclusions

Currently, issue of diagnosis and prognosis of borderline serous ovarian tumors remains
insufficiently studied. The available literature about recommended panel of immunohistochem-
ical markers and their significance as predictors are contradictory. There is also insufficient
information about biological behavior of SBOT and their relationship with occurrence of LGSC
in future. Clinically, ability to predict appearance of highly differentiated serous ovarian car-
cinoma in women is very important, because it will allow detecting malignant neoplasms at
earlier stages with constant monitoring of patients at risk.

In our study, it was found that the risk of LGSC occurrence within 5 years in women with
a history of serous borderline tumors increases with tumor diameter >10 cm. Also, women who
have SBOT proliferative activity >10% should be regularly monitored. At risk are also patients
with SBOT, detected at FIGO stage II of disease. In women with developed LGSCs, a moderate
and pronounced expression of bcl-2 was observed in BOT, which can also serve as a predictor.

Interest in further research into LGSC risk in women with SBOT anamnesis is evident.
Evaluation of morphometric parameters in serous borderline ovarian tumors in women with the
subsequent development of low-grade serous ovarian carcinoma and correlation of the obtained
data with expression of immunohistochemical markers are promising for subsequent studies.
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