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METASTATIC OVARIAN CANCER: BIBLIOGRAPHIC
ANALYSIS

Introduction. Ovarian cancer is an oncogynecological disease
with high mortality. High mortality caused by this pathology is
associated with diagnosis at the I11-IV stage of the disease. This
stage of the disease is characterized by metastasis and reflected in
the 5-year survival rate, decreasing to 30.2 %. At the same time,
when diagnosed at the I-11 stage, this indicator is 92.6%.

The aim of the work is bibliometric analysis and generalization of
data from scientific sources on the study of ovarian cancer
metastasis.

Materials and methods. Information was searched on electronic
resources of the Scopus, Web of Science, PubMed, and Google
Scholar databases using the keywords "ovarian cancer" and
"metastases.” An online platform for monitoring and analyzing
scientific sources was used for bibliometric analysis. We used
several VOSviewer bibliometric network visualization system tools
and SciVal (Scopus) modern citation requirements.

Results. It has been established that metastasis of ovarian cancer
can occur in several ways and depends on the conditions of the tumor
microenvironment. The influence of E-cadherin, MMP-2, and
transglutaminase-2 on metastasis processes was evaluated. Also, the
role of cytokines in the invasiveness of the tumor process and
metastasis was established. The results of bibliometric analysis of
scientific sources showed that over the past 20 years, the number of
publications on ovarian cancer metastasis has increased
significantly, and the most widely given topic is studied in the USA
and China.

Conclusions. Metastasis of ovarian cancer can occur in several
ways and depends on the conditions of the tumor microenvironment.
It was found that among the analyzed 496 publications, the most
relevant directions are molecular-biological and signaling pathways,
which are described in many ways in scientific sources on ovarian
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cancer metastasis. The calcification of peritoneal metastases and
their formation mechanism are currently not investigated, and there
is no thorough explanation that may become a perspective for further
research.
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METACTATUYHUI PAK IEYHUKIB: BIBJIIOT PA®TYHUI
AHAJII3

Bcmyn. Pak sieqHMKIB — 116 OHKOT1HEKOJIOTIYHE 3aXBOPIOBAHHS 3
BHCOKOIO CMEPTHICTIO. BHCOKa CMEpTHICTh CIPHYHMHECHA JaHOIO
MaToyori€r0 MoB’si3aHa i3 miarHocTyBanHsM Ha mizHix (I11-1V)
m-1v
XapaKTepU3yIOThCS TPOILECAMH METacTa3yBaHHS, IO MAaE CBOE
BiMOOpaXeHHsT HA 5-TH PIYHIA BIDKMBAHOCTI, 3HIKYIOYHCH [0
30,2 %. B Toit xe gac, mpu giarHoctyBaHHI Ha [-II cramisx maHwmii
MOKa3HUK cknagae 92,6 %.

CTaI[iHX 3aXBOPIOBAHHA. CTa,I[i'l. 3aXBOPIOBAHHA

Memorw pobomu € 0i0TIOMETPUYHHUN aHAJI3 Ta y3arajlbHEHHS
JaHUX HAYKOBHX JKEPEN IIOJ0 BHBYCHHS METACTa3yBaHHS DPaKy
sie4HUKIB. Byio mpoBeneHo momyk iHdopmanii Ha eNeKTPOHHHX

pecypcax 6asu mammx Scopus, WebofScience, PubMed Tta
GoogleScholar 32 kITIOYOBHMH  CIOBaMH ~ «paK  SIEYHHKIBY,
«MeractasyBaHHs». Jlng  GibmiomeTpuuHOoro  aHamizy  Oyna

3aCTOCOBaHa OHJIAWH IUIaT(opMa IIOAO0 MOHITOPHHIY Ta aHaji3y
HAYKOBHX JDKEPEN 3 BUKOPHCTAHHIM pSy IHCTPYMEHTIB CHCTEMH
noOysoBu Bisyamizaiii 6ibmiomerpudannx Mepexx VOSviewer ta
cyvacHux BuMor ruryBanus SciVal (Scopus).

Pesynvmamu. BetaHOBIIEHO, IO MeTacTa3yBaHHS PaKy S€YHHUKIB
MOXe BiZI0yBaTHCh JIEKUIbKOMa HIISXaMU Ta 3aJIeKUTh BiJ] YMOB
NyXJMHHOTO MikpooroyeHHs. OIiHEHO BIUIMB Ha IPOLECH
Mmetacta3dyBaHHs E-kaarepuny, MMP-2, Tpancriayraminazu-2. A
TaK0X, BCTAHOBJIEHO POJIb LUTOKIHIB B 1HBa3UBHOCTI ITYXJIMHHOTI'O
npolecy Ta MeTacTasyBaHHs. Pesynbpratd  0i0110METPHYHOTO
aHaI3y HAyKOBHUX JDKEpell IPOJEMOHCTPYBAIH, IO 3a ocTaHHI 20
POKIB TIOMITHO 3pocia KUTbKiCTh MyOIiKaIiil mpo MeTacTa3yBaHHS
paKy S€YHHKIB Ta HAHOULTBII IIMPOKO JAaHA TEMAaTHKa BUBYAETHCS Y
CIIA Ta Kurai.

Bucnosok. MetactazyBaHHsI paKy SIEYHHKIB MOXXE BilOyBaTuCh
JEKiTbKOMa [UISIXaMH Ta 3aJeKdTh BiJl yMOB IyXJWHHOTO
MIKpOOTOYEHHs. BusABIeHO, MO cepea mpoanHamizoBaHux 496
myOmikamid HAHOUTBII aKTyadbHUMH HANpPSIMaMHU € MOJICKYJISIPHO-
OloNOTiYHMIA Ta CHUTHANBbHI HUISXH, IO JOCHTh OaraTorpaHHO
OIUCYEThCS B HAYKOBUX JKEpeJax LIOJ0 METACTa3yBaHHS paky
seqyHukiB. Kamprudikaiis mNOepuTOHeaNpHIX MeTacTa3iB Ta i
MEXaHi3M YTBOPEHHS € Hapasi He JOCHiIPKeHHH Ta HeMae
I'PYHTOBHOTO TIOSICHEHHS, IO MOXXE CTaTH IIEPCHEKTHBOIO B

o JaJIbIIINX ,Z[OCJ'Ii,Z[)KCHL .
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INTRODUCTION / BCTYII Materials and methods

The literary data, which contained information on
the ways of metastasis of ovarian cancer, were
studied. We searched for information on ovarian
cancer metastasis in electronic databases such as

Ovarian cancer is one of the leading causes of
mortality among the female population in
gynecological diseases. Since no effective ovarian
cancer screening program has been developed to

date, this pathology, in most cases, is manifested by Scopus, Web of Science, PubMed, and Google
metastatic spread [1, 2]. In 15.7% of cases, ovarian Scholar using the keywords “ovarian cancer” and
cancer is diagnosed at the I-11 stage of the disease, “metastasis”. For bibliometric analysis, an online
and in 60-70% of patients at the 1111V stage, that is, platform ~ was established - for - monitoring  and
the stage of metastasis, where the 5-year survival analyzing international scientific research using
rate drops to 30.2%, at the same time with 111 is visualization tools and modern SciVal citation
92.6% [3]. About 80% of women with 11—V stages metrics. Also, several tools for building and
of ovarian cancer experience progression or viSL;aIizing bibliometric networks VOSviewer were
used.

recurrence of the tumor process. This leads to a

decrease in indicators of working capacity and Results and discussion
quality of life of the female population, which We analyzed the scientific sources of the Scopus

constitutes a medical and social problem on a global database, ~which included 496 publications.
scale. Typical for the metastatic process of ovarian Electronic sources were formed into a database using

cancer is intra-abdominal spread, which is manifested the keywords “ovarian cancer” and “metastasis.

by peritoneal carcinomatosis [3, 4]. The most According to the results of the bibliometric analysis,
common sites of distant metastases of ovarian cancer it was established that the number of publications on
are the pleura, lungs, heart, and lymph nodes [5, 6]. this topic over the past 20 years shows a growing

The work aims to conduct a bibliometric trend, which indicates the relevance of this issue

analysis and generalize data from scientific sources (Fig. 1).
containing information on ovarian cancer metastasis.

Documents by year

60
50
40

30

Documents

20

0 [ . o aPa.
1950 1957 1964 1971 1978 1985 1992 1999 2006 2013 2020 2027

Year

Figure 1 — Visualization of the number of publications from 1950 to 2023 using bibliometric analysis of the
Scopus database

354



Every year, the incidence rate of ovarian cancer
shows a growing trend. About 315,000 new cases of
ovarian cancer are registered worldwide per year [7].
The highest incidence was found in Central and
Eastern Europe, reaching 10.7 per 100,000 female
population. In Northern Europe, the indicator was
8.8 per 100,000 female population [8]. At the same
time, the incidence rate for North America and
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Southeast Asia reached 8.1 per 100,000 population
[9, 10]. This, in turn, is reflected in the interest of
scientists in these countries in this issue. Therefore,
based on bibliometric analysis, it was established
that metastasis of ovarian cancer is widely studied in
the United States of America and China. The
slightest interest in this topic is observed in countries
such as Italy and Hong Kong (Fig. 2).
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Figure 2 — The result of visualization of the number of scientific researches in Asia and Europe

A bibliometric analysis of publications in the
Scopus database between 1950 and 2023 using the
keywords "ovarian cancer" and "metastases” showed
that the number of articles in this field has increased
significantly over the past ten years, with the
majority of studies conducted in the United States,
China, and with a noticeable lag in the number,
South Korea. These publications can be divided into
4 clusters, mainly devoted to molecular biological
aspects (101), studies of signaling pathways and
pharmacological perspectives of treatment (99),
discussion of clinical and diagnostic data (92), and
experimental studies in animal models (33) (Fig. 3).

Among the most exciting and widespread areas
of publishing activity are the ways of metastasis of
ovarian cancer because the process of metastasis in
ovarian cancer differs from the model of
hematogenous metastasis, which is characteristic of
most cancers of other localizations [11]. The stages
of intra- and extravasation characterize this model
before the development of metastasis in one or
another organ [12]. However, the metastatic process
of ovarian cancer is somewhat more straightforward.
After the tumor cells have separated from the
primary tumor, they can be both single cells and their
clusters, metastasizing according to the passive
mechanism [13]. This mechanism is carried out by

the physiological movement of peritoneal fluid to the
peritoneum and omentum.

Before ovarian cancer tumor cells detach and
begin their metastatic journey, they undergo
epithelial-mesenchymal  transformation.  This
facilitates further attachment of epithelial cells to the
basement membrane, weakening intercellular
connections between tumor cells. An essential role
in the adhesion of neighboring epithelial cells is
played by E-cadherin, which is a membrane
glycoprotein located at the junctions of cell
adhesions [14]. E-cadherin binds to actin
microfilaments in the cytoplasm via a- and (-
catenin, thereby promoting attachment of epithelial
cells to each other. In general, the loss of E-cadherin
in ovarian cancer correlates with epithelial-
mesenchymal transformation, contributing to
invasion [15].

Based on clinical data, it is known that ovarian
cancer spreads quite quickly inside the abdominal
cavity but rarely metastasizes outside of it. An
exciting feature of ovarian cancer is that tumor
implants penetrate the layers of mesothelial cells but
rarely reach the deep layers of the peritoneum [16].
Ovarian cancer tumor cells, attaching to mesothelial
cells, increase the regulation of MMP-2, which
further cleaves extracellular matrix proteins such as
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fibronectin and vitronectin into smaller fragments.
This promotes stronger attachment of tumor cells to
smaller pieces due to a5B1-integrin (fibronectin
receptor) and avp3-integrin (vitronectin receptor).
Therefore, MMP-2 directly affects adhesion and
early metastasis [17, 18].

An equally important role is played by
transglutaminase in the metastasis of ovarian cancer.
Transglutaminase is an enzyme of predictive value
that is overexpressed on ovarian cancer tumor cells

treatmentoutcome
computer assisted tomography
aged, 80@nd over

case g@port o lymph nod@metastasts

, @8 middi@aged
male aw

adenocarcinoma

“carbgplatin clinicaljarticlgy

carcipoma

cytoreductive surgery secafidary

i |
paclitaxe ®

cancer chegnotherapy

antineopl@stic agent prior@urnal

ovary rgfastal
drug efficacy L )

o ovaria

(]

reiiew 4
ovarianftanagy metastasis * ova.
hermesantig

peritonedjjjeoplasms cancer{ivasion

-

o mu’{\zeﬂul&(sp.’w\d s cahceqgrodh disease peogression
o o . . *
etabolism @ ogmudin blosymhesis

peritonafim tumor MoK @ cUftgs

periton@l cavity,
- ° ﬁeli adhesion
oméitum
mesothalial cells VOB anirgglcell @
. . Integrin
immugology coculture +
peritgneum
adipacyte
- .
macrgphage

o interlakin8 @
cell @iture drugiffect

mesothgum cell
adipose tissue o *
epithelial cells

mice, inbwed c57b

)
advariced cancer  cancer @ognosis

protain ps3

giseaE exacerbation

cytakine
temoPmicrgghviroment
scattesfactor

flbro@ectin 5 ntineoplatic activity

and secreted into ascites. Transglutaminase-2
modulates the extracellular matrix through Ca2+-
dependent protein binding, enhancing cell adhesion.
Also,  transglutaminase-2 induces  protein
phosphatase-2 degradation and activating protein,
which directly affects the regulation of MMP-2
activity. In addition, transglutaminase-2 promotes
epithelial-mesenchymal transformation and
enhances ovarian cancer metastasis processes by
activating oncogenic signaling [19].
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Figure 3 — The result of visualization of the thematic distribution of ovarian cancer metastasis using

VOSviewer bibliometric analysis tools

Even though the metastatic spread of ovarian
cancer through intraperitoneal dissemination had a
dominant position, scientists continued to look for
alternative ways of metastasis [20]. The tendency of
metastases in the omentum tissue by implantation
was known. In addition, when the primary lesion was
detected in patients with ovarian cancer,
transperitoneal, distant metastases, and
submesothelial disease were visualized, which were
not associated with peritoneal dissemination. This
indicates a hematogenous route of metastasis [21].

Feng et al. established that the premetastatic
niche in ovarian cancer is one of the main conditions
for metastasis. The premetastatic niche is a tumor
microenvironment previously formed thanks to
exosomes. Exosomes are produced by the primary
tumor and are the so-called "green light" for

metastasis [22]. They create an optimal environment
for the growth and progression of the tumor process.
This environment is mediated by immune
suppression, angiogenesis, tumor-associated
fibroblasts (CAFs), and macrophages, thereby
promoting remodeling of the ovarian tissue stroma.
CAFs are reprogrammed stromal cells that directly
influence tumor initiation and progression,
remodeling of the extracellular matrix, and
metastasis [23,24]. Ovarian tumor cells are known to
be able to convert adipose mesenchymal stem cells
into CAFs by overexpressing a-smooth muscle actin.
Thus, the transformation of the stroma of the ovarian
tissue into a tumor is mediated by the transmission
of signals from the exosome to the site of the
metastatic lesion with the help of cytokines (VEGF,
IL-6, IL-8, IL-10) [25]. VEGF, by activating the
proliferation, survival, and migration of tumor cells,




as well as the formation of blood vessels and ascitic
fluid, plays a vital role in the malignancy of the
tumor process and metastasis. VEGF participates in
the intraperitoneal spread of the tumor process,
promoting neovascularization and permeability of
vessels, which leads to the invasiveness of the
procedure and the development of peritoneal
carcinomatosis [26, 27].

A rather exciting phenomenon is the case
described by Elhamady about the calcification of
peritoneal metastases of ovarian cancer [28].
However, the mechanism of calcification of ovarian

CONCLUSIONS / BACHOBKH

Metastasis of ovarian cancer can occur in several
ways and depends on the conditions of the tumor
microenvironment. According to the results of the
bibliometric analysis of 496 publications of the
Scopus database using the tools of the SciVal service
for the keywords "ovarian cancer" and "metastasis"

cancer metastases has not been investigated, and
there is no thorough explanation. However, the
relationship between calcification and tumor
metastasis is quite common [29]. Instead,
calcification (pathological biomineralization) of
ovarian cancer is one of the clinical and
morphological signs of serous ovarian carcinomas in
the early diagnosis of this pathology [30, 31].

Limitations of the study: This research include
publications only in Scopus database from 1950 to
31.08.2023.

for the period 1950-2023, it was established that the
majority of scientific publications are in the field of
medicine. A total of 4 main clusters were identified,
the most relevant directions are molecular-biological
and signaling pathways, described in many ways in
scientific sources on ovarian cancer metastasis,
discussion of clinical and diagnostic data and
experimental studies in animal models.
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