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Background. Liquid biopsy has emerged as one of the most
promising approaches in modern oncological diagnostics, enabling the
detection of tumor-derived components in biological fluids using
minimally invasive methods. In recent years, this technique has attracted
increasing attention in gynecologic oncology, particularly in the study of
endometrial cancer.

Aim. Perform a bibliometric analysis of scientific publications
dedicated to the application of liquid biopsy in endometrial cancer
research.

Materials and methods. The analysis was conducted using the
Scopus database and covered publications from 1956 to January 30,
2026.

Results. In total, 736 relevant documents were identified and
analyzed. Bibliometric visualization and network analysis were
performed using the software VOSviewer. The results demonstrated a
significant increase in publications after 2016, indicating growing
scientific interest in the clinical potential of liquid biopsy for cancer
diagnostics and monitoring. Geographic analysis revealed that the
largest contributions to this field come from China and the United
States, followed by several European countries. Subject-area analysis
showed a strong interdisciplinary nature to the research, with medicine,
biochemistry, chemistry, computer science, and chemical engineering
being the most represented disciplines. Cluster analysis identified four
major research directions: oncology, gynecologic oncology, molecular
biology, and diagnostic technologies. Chronological analysis revealed a
gradual shift in research focus from traditional clinical diagnostic
approaches to molecular and integrative technologies involving
circulating tumor DNA, microRNA, and exosomes. gies involving
circulating tumor DNA, microRNA, and exosomes.
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Conclusions. The results confirm the growing scientific and clinical
importance of liquid biopsy as a promising tool for early detection,
monitoring, and personalized management of endometrial cancer.
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ctDNA, biomarkers, oncogynecology.
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POJIb PIIMHHOI BIOINCIi B JIATHOCTHIII
EHJIOMETPIIO: BIBJIIOMETPUYHUI AHAJII3

PAKY

Beryn. Pimunna Oiomcis crama OJHHM i3 HaWMEpCHEKTHBHIIINX
MiAXOMIB Y Cy4acHi OHKOJIOTIYHIN JiarHOCTHII, IO TO3BOJISE BUSABIISATH
KOMIIOHCHTH ITyXJIMHHOTO TIOXODKEHHS B OIONOTIYHMX piIUHAX 3a
JIOTIOMOTOI0 MaJIOiHBa3MBHHX METOZIB. B ocTaHHI pokW Il METOIWKa
TIPUBEPTAE Bce OUIBITY yBary B TiHEKOJIOTIYHIM OHKOJIOTIi, 30KpemMa y
BUBUECHHI PaKy €HJOMETPIs.

Merta. [IpoBectn 0i0nmioMeTpUUHHMK aHai3 HAyKOBHX ITyOJiKaIlii,
MPUCBSIYEHNX 3aCTOCYBaHHIO piakoi Oiomcii B AOCHIKEHHSIX paky
enmomerpis. Marepiaau Ta MeromM. AHaN3 TPOBOAMBCA 3
BUKOPHCTaHHIM 0a3u JaHMX Scopus Ta OXOIUTIoBaB myoOuikauii 3 1956
poky mo 30 ciuas 2026 poky.

PesynabTtaTn. 3aramom Oyno BHUSBICHO Ta IpoaHallizoBaHO 736
BiJIIOBITHUX JOKYMEHTIB. biOIioMeTpHyHy Bi3yali3amilo Ta MEepe:KeBHH
aHaii3 OyJ0 BHKOHAHO 3a JOMOMOTOI0 IPOTPaMHOIO 3a0e3NeyeHHs
VOSviewer. Pe3ynmpraTé TpOAEMOHCTPYBAIN 3HAYHE 301NBIICHHS
KiJIbKOCTI myOdikanii micnst 2016 poky, IO CBITYUTH MPO 3POCTAIOYMI
HAyKOBHH iHTEpec /0 KIIHIYHOrO NOTeHIany piakoi Oiomcii st
JIIarHOCTUKHU Ta MOHITOpUHTY paky. ['eorpadivynuii anani3 mokasas, mio
HaWOUIbIINI BHECOK Y 1II0 Taiy3b pobisiTe Kurait ta Criony4veni ltary,
a TaKkoX KiIbKa €BpONEHChKHX KpaiH. AHali3 mnpeaMerHoi o0JacTi
MOKa3aB CWJIBHUH MDKIUCHUIUIIHADHUA XapakTep IOCHiKESHHS, e
HAWOUTBII TIPEACTABICHUMH JIUCIHMIUIIHAMH € MEIUIMHA, OioXiMis,
ximis, iHpopMmaTnka Ta XiMiuHa imkeHepis. KiactepHuid anami3
BU3HAYMB YOTUPWU OCHOBHI HANpPsIMKH JIOCITI/PKEHb: OHKOJIOTIS,
TiHEKOJIOTiYHA OHKOJIOTiSl, MOJIEKYyJsipHa Oioyoris Ta IiarHOCTHYHI
TexHoJorii. XPOHOJOTIYHUI aHali3 BHSBHB IOCTYIIOBE 3MIIICHHS
(hoKycy HOCHIDKEHb Bi TPAmUIHHUX KIIHIYHUX (IATHOCTUYHHUX
MIAXOMIB 0 MOJICKYJIAPHUX Ta IHTETPATUBHUX TEXHOJOTIH, IO
BKITI0Ya0Th IUpKytotody myxiauaHy JJHK, mikpoPHK Ta ex3ocomu.

BucHoBkn. Pe3ynbraTé MiATBEPIKYIOTH 3pPOCTAI0OYy HAYKOBY Ta
KIHIYHY  BajXJIMBICT  pigUHHOI  Olomcii sk
IHCTpyMEHTY  JUIi  PaHHBOTO
MIEPCOHATI30BAaHOTO JIIKYBaHHS paKy €HIOMETDisl.

KnaouoBi  cnoBa:  pimuHHa  Oiomcis,  pax

6i6miomeTprunmii anainis, ctDNA, Giomapkepu, OHKOTiHEKOJIOT i1,
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BUABJICHHS, MOHiTOpI/IHFy Ta

CHJIOMETPis,
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INTRODUCTION

Endometrial cancer (EC) is one of the most common
gynecological cancers worldwide, with an increasing
incidence [1]. Early diagnosis of the disease remains a
pressing problem in modern oncology. Currently, no
validated screening methods can be recommended for use
in the general population. Although advanced EC has a
poor prognosis, timely diagnosis can improve long-term
treatment outcomes and increase patients' survival [2].
Effective early diagnosis is key to improving prognosis
and reducing mortality, but existing methods, particularly
invasive endometrial biopsies, have limitations: they can
be uncomfortable for patients, technically difficult, and,
in some cases, impossible to perform or yield insufficient
tissue for analysis [3]. The last decade has brought
advances in molecular classification, which reveal more
accurate prognostic factors and the possibility of
personalized adjuvant treatment. There is currently no
consensus on early detection strategies for endometrial
cancer, diagnostic methods,
hysteroscopy and endometrial biopsy, are invasive,
expensive, and have low specificity [4]. Endometrial
sampling is associated with the risk of discomfort,
bleeding, infection, and uterine perforation. In addition,
in many cases, biopsy does not provide sufficient
diagnostic information and yields only a partial picture of

and current such as

the tumor's molecular and morphological heterogeneity
[5]- Liquid biopsy is a key element of the personalized
oncology of the future, high
informativeness, minimal invasiveness, and the potential
for comprehensive molecular profiling of the tumor,
opening new opportunities for early diagnosis and disease
prognosis [6]. This method allows real-time observation
of molecular changes in the tumor without surgical
intervention, opening the door to monitoring the
treatment of cancer patients [7]. The possibility of
multiple sampling makes liquid biopsy particularly
valuable for dynamic monitoring of tumor progression,
especially when a traditional biopsy is not possible, and
for in-depth study of tumor evolution, invasion, and
metastasis. [8]. Liquid biopsy has demonstrated clinical
utility across many cancer types and is already integrated
into practice [9,10]. Its use in EC may now gain greater
recognition, making liquid biopsy an attractive concept in
gynecological oncology [11].

The aim of this work is to perform a bibliometric

as it combines

analysis and data systematization on the use of liquid
biopsy in the diagnosis of endometrial cancer.
MATERIALS AND METHODS
A search for studies on the use of liquid biopsy in
the diagnosis of endometrial cancer was conducted in
the Scopus database using the keywords “endometrial
carcinoma”, “endometrial adenocarcinoma”, ‘“uterine

EERNT3

neoplasms”, “endometrial fluid”, and “liquid biopsy”
from 1956 to 2026. A total of 736 scientific publications
were analyzed. The selected studies were systematized
by year of publication, study type, subject area, and
country of publication using the Scopus bibliometric
tools and VOSviewer software (Leiden University,
https://www.vosviewer.com/). VOSviewer was used to
analyze co-authorship among countries/regions, authors,
institutions, and authors' keywords. Filtering and
selection of publications were carried out according to
the specified inclusion/exclusion criteria (presence of
keywords, semantic relevance to the topic).

RESULTS

The term liquid biopsy was introduced into the
scientific literature around 2010, when researchers
began to describe the detection of circulating tumor
cells (CTCs) and circulating tumor DNA (ctDNA) in the
blood of patients with various types of cancer as an
alternative to traditional tissue biopsy [12]. However,
the scientific basis for this direction dates back much
further. Free nucleic acids in human blood were first
described in 1948, which laid the foundation for further
study of circulating DNA [13]. In 1977, publications
showed that circulating DNA levels were significantly
elevated in patients with cancer, providing the first
empirical evidence for the diagnostic use of circulating
DNA [14]. In 1989, researchers identified that part of
this circulating DNA is of tumor origin, and in 1994,
specific RAS mutations in circulating DNA were
discovered, characteristic of tumor cells [15]. In the
history of liquid biopsy as a diagnostic method, the
1950s are considered the period of the emergence of
molecular biology and the understanding of the genetic
mechanisms of tumor processes, which later formed the
basis for the development of modern technologies for
ctDNA analysis. Today, liquid biopsy is defined as a
non-invasive diagnostic method that the
detection and analysis of tumor markers in biological
fluids, most often in blood, including CTCs, ctDNA,
cfRNA, exosomes, and other components secreted by
tumor cells [7].

allows

In parallel with the development of the concept of
analyzing circulating tumor components in blood, a
research direction on biological fluids obtained by
aspiration from pathological foci emerged. Since the
middle of the 20th century, fine-needle aspiration
biopsy (FNA) has been actively used as a minimally
invasive method of cytological diagnosis of tumors.
Later, the development of molecular biology and the
introduction of PCR, next-generation sequencing
(NGS), and digital PCR allowed the use of aspirates not
only for cytomorphological assessment, but also for
molecular profiling of tumors [16]. Thus, along with the
classical concept of liquid biopsy, based on the analysis
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of peripheral blood, a separate direction was formed -
liquid biopsy of aspirates, which involves the study of
tumor markers in fluid obtained from cysts, pleural or
peritoneal effusion, lymph nodes, thyroid nodes, breast
tumors, and other pathological formations.

Therefore, due to the rapid growth in the number of
scientific publications describing various markers,
methods for their detection, and clinical applications,
there is an urgent need to systematize this data through
bibliometric analysis, which enables us to reflect the
field's development trends and identify promising areas of
research.

Select yeor range to analyze: 1956

Documents by year

Documents

0 -, e T 4

1956 1962 1968 1974 1580

1986

Bibliometric analysis of scientific literature

During the bibliometric analysis of the scientific
literature, which we conducted using the Scopus database
for the period from 1956 to 2026, 736 publications were
identified using keywords related to uterine neoplasia,
endometrial carcinoma, and liquid biopsy. The liquid
biopsy method was first described in the 1950s, but rapid
growth in interest in this topic began in 2016, with a peak
in 2022-2025, confirming the relevance and prospects of
research on using liquid biopsy for the diagnosis of
uterine oncopathology (Fig. 1).

to 2026

1992 1998 2004 2010 2016 2022 2028

Year

Figure 1. Result of visualization of the chronology of publications on this topic using the tools of bibliometric

analysis of the Scopus database

The steady increase in publications on liquid biopsy
in endometrial cancer over recent years indicates
growing scientific interest in the field and its prospects
in clinical practice.

Analysis of the geographical distribution of
scientific publications on liquid biopsy shows that the
leading positions in research are occupied by China and
the USA, which are significantly ahead of other
countries in the number of publications. European
countries, in particular Spain, the United Kingdom, and
Italy, demonstrate significant scientific activity, while
Australia, Germany, Japan, Canada, and Poland have
moderate indicators (Fig. 2). This geographical
distribution of publications indicates the heterogeneity
of the development of scientific activity, which
determines for future international
initiatives and cooperation in the field of liquid biopsy.

Thematic analysis of 736 articles divides them into
10 main subject areas, among which medicine,
biochemistry, chemistry, computer science and
chemical engineering predominate, which indicates the
interdisciplinary nature of research on liquid biopsy in

priority areas

the diagnosis of endometrial cancer (Fig. 3). The
dominance of medical and biochemical research
indicates the clinical focus of this topic and its
importance for oncological practice. A significant
proportion of publications in chemistry and chemical
engineering reflects the active development of analytical
methods and technologies for biomarker detection. The
involvement of computer science underscores the
growing role of bioinformatics, machine learning, and
the analysis of large datasets in improving the accuracy
and efficiency of diagnostic approaches. Overall, the
results obtained emphasize the complex nature of
research and confirm the prospects of integrating
diverse scientific areas to further develop liquid biopsy
in oncology and gynecology.

According to the results of bibliometric network
visualization using VOSviewer, all publications can be
grouped into four main thematic clusters: oncology,
oncogynecology, molecular biology, and diagnostics,
reflecting the key areas of scientific effort in this field
(Fig. 4).
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Figure 2. Result of visualization of the distribution of publications on a given topic by geographical
distribution using the bibliometric analysis tools of the Scopus database
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This clustering reflects the structural organization of
modern research on liquid biopsy in endometrial cancer
and underscores the complex nature of this scientific
problem. The oncology cluster includes works devoted
to the general mechanisms of carcinogenesis, tumor
molecular heterogeneity, and the clinical aspects of the
course of oncological diseases. Its dominance
underscores the fundamental role of liquid biopsy in
understanding tumor biology and assessing discase
prognosis. The oncogynecological cluster focuses on the
specific features of endometrial cancer, including early
diagnosis, risk stratification, and a personalized
approach to patient treatment. The presence of a
separate cluster confirms the growing interest in
adapting liquid biopsy methods specifically to the needs
of clinical oncogynecology. The molecular biology
cluster comprises studies aimed at identifying and
characterizing  biomarkers, particularly circulating
tumor DNA, microRNA, and other molecular
components for non-invasive diagnostics. This indicates
an active search for molecular targets and a desire to
increase the sensitivity and specificity of diagnostic
methods. The diagnostic cluster unites works devoted to

e ey @
e s

quid biopsy

a2

o oo
o Ay Sugrosti

contralled study - Mesaboism®

s30~e

sl

o o
Soacetgradng
@ gy
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the development, optimization, and clinical validation of
liquid biopsy methods, as well as the integration of the
latest analytical and digital technologies into the
diagnostic process. Its formation indicates a gradual
transition from experimental research to the practical
application of the obtained results.

In summary, the results of the cluster analysis
confirm the interdisciplinary nature of the research and
demonstrate the evolution of scientific approaches —
from fundamental molecular research to clinically
oriented diagnostic solutions. This emphasizes the
prospects of liquid biopsy as a key tool in modern
oncogynecology and justifies the feasibility of further
comprehensive research in this area.

A chronological analysis of scientific publications,
based on overlay visualization of bibliometric networks
in the VOSviewer program, identified three main stages
in the evolution of research on the use of liquid biopsy
in the diagnosis of endometrial cancer. The color
gradation of key terms reflects the sequential transition
from clinical and descriptive approaches to molecularly
oriented and technologically complex research (Fig. 5).

genetics

horaco huril coll

Figure 5. Result of the visualization of the patterns of chronological development of this topic using

VOSviewer bibliometric analysis tools

The first stage (= 2014-2016) is clinical and
diagnostic. At the initial stage, studies were focused
mainly on traditional clinical and instrumental methods of
endometrial cancer diagnosis. During this period, terms
related to clinical practice and patient population
characteristics predominate, in particular postmenopause,
uterine bleeding, transvaginal echography, hysteroscopy,
endometrial biopsy, retrospective study, and case-control
study. The main focus was on assessing the diagnostic
value of standard methods, analyzing risk factors, and
examining the clinical manifestations of the disease.
Liquid biopsy at this stage was considered fragmentary
and mainly as an auxiliary or promising approach,

without clearly established methodological standards.
The second stage (= 2017-2019) is molecular biology.
The second stage is characterized by increased interest in
the molecular mechanisms of carcinogenesis and the
active introduction of molecular biology methods. In
bibliometric networks, the keywords genetics, gene
mutation, DNA methylation, microRNA, protein
expression, immunohistochemistry, and high-throughput
sequencing appear and gain importance. During this
period, liquid biopsy began to be recognized as a source
of molecular biomarkers reflecting the tumor's genetic
and epigenetic heterogeneity. Research focuses on
identifying prognostic and diagnostic markers and on
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comparing liquid biopsy results with tissue sample data.
The third stage (= 2020-2022) is integrative and
technological. At this stage, the focus shifts towards
integrating liquid biopsy into personalized medicine and
clinical patient management algorithms. The terms liquid
biopsy, circulating tumor DNA, exosome, metabolomics,
proteomics, real-time polymerase chain reaction, cancer
prognosis, survival, and treatment response are dominant
in the network. Research in this period aims to assess the
clinical efficacy of liquid biopsy for early diagnosis,
disease monitoring, minimal residual disease detection,
and prediction of treatment response. Interdisciplinary
approaches that combine molecular data with
bioinformatic analysis and digital technologies are
increasingly playing an important role.

Thus, the chronological analysis demonstrates a
consistent evolution of scientific research — from
traditional clinical methods through in-depth molecular
studies to modern integrative and technology-driven
approaches. This confirms the growing role of liquid
biopsy as a key tool in modern diagnostics and
personalized treatment of endometrial cancer.

DISCUSSION

The results of the bibliometric analysis confirm that
liquid biopsy has gradually transformed from an
experimental concept into a promising tool of modern
oncogynecology. The revealed dynamics of publications
are consistent with the historical development of this
direction: from the fundamental discoveries of circulating
nucleic acids in the middle of the 20th century to the
active introduction of highly sensitive molecular genetic
technologies into clinical practice over the past decade.
As shown in the classic review by Thierry et al. (2016),
advances in molecular biology, genomics, and analytical
methods laid the foundation for the emergence of liquid
biopsy as a diagnostic modality [15].

The rapid increase in publications observed in our
analysis after 2016 correlates with the spread of high-
throughput sequencing technologies, digital PCR, and
methods for analyzing circulating tumor DNA [17, 18].
These technologies have overcome key limitations of
early studies, such as low tumor material concentrations
in blood and insufficient analytical sensitivity. This is of
particular importance for endometrial cancer, as the
disease is characterized by significant molecular
heterogeneity, which limits the capabilities of traditional
tissue biopsy.

Thematic analysis demonstrated a clearly expressed
interdisciplinary nature of the research, with medicine
and biochemistry dominating, while chemistry, chemical
engineering, and computer science also play significant
roles. This is consistent with modern ideas of liquid
biopsy as an integrative technology that combines clinical
oncology, molecular diagnostics, and bioinformatics. The

growing share of research in computer science reflects
the need to process large molecular datasets and the use
of machine learning methods to interpret results and
improve diagnostic accuracy.

Cluster analysis using VOSviewer identified four
main areas of research that reflect the logic of this field's
development. Oncology and oncogynecology clusters
emphasize the clinical significance of liquid biopsy not
only for early diagnosis but also for predicting disease
course and assessing treatment response. In this context,
the results are consistent with those of Lukasiewicz et al.
(2021), who demonstrated the promise of liquid biopsy
for increasing diagnostic accuracy in endometrial cancer,
particularly when combined with biomarker approaches
[7].

The identification of a molecular biology cluster
supports the intensive search for specific biomarkers.
Considerable attention is paid to ctDNA, the most studied
component of liquid biopsy, which can reflect the tumor's
mutational profile, DNA methylation levels, and genetic
instability [18,19]. Studies show that ctDNA can be used
to detect relapse early, often before clinical or
radiological signs of disease progression [20]. In addition
to ctDNA, microRNA, exosomes, and circulating tumor
cells are of increasing interest. In particular, exosomes are
considered stable carriers of molecular information that
reflect the functional state of tumor cells and their
interactions with the microenvironment [21]. In the
context of endometrial cancer, these components have the
potential to increase diagnostic sensitivity when
combined with other biomarkers, as confirmed by
systematic reviews [7, 22]. These components are
considered potential indicators of minimal residual
disease and early recurrence, which is particularly
relevant for postoperative monitoring of patients with
endometrial cancer.

The diagnostic cluster, in turn, demonstrates a gradual
transition from laboratory studies to clinical validation of
methods, a necessary condition for their implementation
in medical care standards. This is consistent with current
recommendations, which consider liquid biopsy a
promising addition to standard diagnostic methods rather
than a complete replacement [12, 23, 24]. For
endometrial cancer, this is especially important, since
traditional tissue biopsy does not always reflect
intratumoral heterogeneity and dynamic molecular
changes.

Chronological analysis confirmed the evolution of
scientific approaches from clinical-descriptive to
integrative-technological. Early works were focused on
traditional diagnostic methods, while modern research is
oriented towards personalized medicine, where liquid
biopsy is considered a tool for dynamic monitoring of the
tumor process. This shift aligns with global trends in




Eastern Ukrainian Medical Journal. 2026;14(2): 338-347

oncology and the concept of precision medicine, which 2016, there has been a rapid increase in scientific
prioritizes non-invasive, repeatable, and highly accurate publications, reflecting interest in its clinical
diagnostic methods [7, 25]. However, despite significant application for the diagnosis and monitoring of
scientific progress, the results of the bibliometric analysis endometrial cancer. The studies are interdisciplinary,
suggest that certain limitations persist. These include the combining medicine, molecular biology, analytical
lack of standardized protocols for sample collection and chemistry, and bioinformatics. Chronological and
analysis, variability in results across laboratories, and the cluster analyses indicate an evolution from clinical-
limited number of large-scale, prospective clinical trials. descriptive methods to integrative, technology-
This emphasizes the need for further multicenter studies oriented approaches that use ctDNA, microRNA, and
and the development of unified methodological exosomes as promising biomarkers.
approaches. Along with the classical concept of liquid biopsy,
Overall, the analysis confirms that liquid biopsy is based on the analysis of peripheral blood, a separate
one of the most dynamic and promising areas of modern direction has emerged: liquid biopsy of aspirates,
gynecological oncology. Its further development, which involves the study of tumor markers in fluid
integrating interdisciplinary approaches and clinical obtained from various pathological formations.
validation, has the potential to significantly change the Despite significant progress, the implementation of
diagnosis, prognosis, and personalized treatment of liquid biopsy is limited by the lack of standardized
endometrial cancer. protocols and large-scale clinical trials. All this
CONCLUSIONS highlights the high potential of liquid biopsy for the
Bibliometric analysis showed that liquid biopsy has diagnosis, prognosis, and personalized treatment of
transformed from an experimental approach into a endometrial cancer, with further methodological
promising tool in modern oncogynecology. Since integration and clinical validation.

PROSPECTS FOR FUTURE RESEARCH

Despite significant progress in the application of liquid biopsy and the analysis of circulating tumor DNA (ctDNA)
in clinical oncology, several aspects remain poorly understood. First, there is an urgent need to standardize sample
collection, processing, and analysis methods, as different technologies and laboratories exhibit significant variability in
results, limiting their comparability. Second, increasing the sensitivity and specificity of ctDNA detection, especially in
early stages of the disease or in patients with minimal residual tumor, opens the door to the development of new
platforms and sequencing strategies. Third, integrating ctDNA with other biomarkers, such as circulating tumor cells,
exosomes, and protein markers, may provide more comprehensive and reliable diagnostics, prognosis, and monitoring
of therapeutic response. Large prospective clinical trials are needed to determine optimal sampling time points, correlate
ctDNA levels with clinical outcomes, and assess the impact of liquid biopsy on treatment choices. Finally, the cost-
effectiveness and accessibility of ctDNA technologies are critical for their widespread implementation into routine
practice, opening up the prospect of personalized oncology.

AUTHOR CONTRIBUTIONS

All authors substantively contributed to the drafting of the initial and revised versions of this paper. They take full
responsibility for the integrity of all aspects of the work.

FUNDING

This study was conducted with the financial support of grants from the Ministry of Education and Science of
Ukraine No. 0126U000779 “Liquid biopsy of the endometrium: development of an innovative approach to in vitro
diagnostics of oncopathology”.

CONFLICT OF INTEREST

The authors have no conflict of interest to declare.

ETHICAL CONSIDERATIONS

The study was conducted without involving human subjects.

345



Eastern Ukrainian Medical Journal. 2026;14(2): 338-347

12.

REFERENCES

Sung H, Ferlay J, Siegel RL, Laversanne M,
Soerjomataram I, Jemal A, Bray F. Global cancer statistics
2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J
Clin. 2021;71(3):209-249.
https://doi.org/10.3322/caac.21660.

Crosbie EJ, Kitson SJ, McAlpine JN, Mukhopadhyay A,
Powell ME, Singh N. Endometrial cancer. Lancet.
2022;399:1412-1428.

Karkia R, Wali S, Payne A, Karteris E, Chatterjee J.
Diagnostic accuracy of liquid biomarkers for the non-
invasive diagnosis of endometrial cancer: A systematic
review and meta-analysis. Cancers (Basel).
2022;14(19):4666.
https://doi.org/10.3390/cancers14194666.

Shen Y, Yang W, Liu J, Zhang Y. Minimally invasive
approaches for the early detection of endometrial cancer.
Mol Cancer. 2023;22(1):53.
https://doi.org/10.1186/512943-023-01757-3.

Shen Y, Shi R, Zhao R, Wang H. Clinical application of
liquid biopsy in endometrial carcinoma. Med Oncol.
2023;40(3):92. https://doi.org/10.1007/s12032-023-01956-
4.

Mohanty A, Mohanty SK, Rout S, Pani C. Liquid biopsy,
the hype vs. hope in molecular and clinical oncology.
Semin Oncol. 2021;48(3):259-267.
https://doi.org/10.1053/j.seminoncol.2021.06.002.
Lukasiewicz M, Pastuszak K, Lapinska-Szumczyk S,
Rozanski R, Bienkowski M, Stokowy T, Ratajska M, Best
MG, Wiirdinger T, Zaczek AJ, Supernat A, Jassem J.
Diagnostic accuracy of liquid biopsy in endometrial
cancer. Cancers (Basel). 2021;13(22):5731.
https://doi.org/10.3390/cancers13225731.

Ashley CW, Selenica P, Patel J, Wu M, Nincevic J,
Lakhman Y, Zhou Q, Shah RH, Berger MF, Da Cruz Paula
A, Brown DN, Marra A, lasonos A, Momeni-Boroujeni A,
Alektiar KM, Long Roche K, Zivanovic O, Mueller JJ,
Zamarin D, Broach VA, Sonoda Y, Leitao MM, Friedman
CF, Jewell E, Reis-Filho JS, Ellenson LH, Aghajanian C,
Abu-Rustum NR, Cadoo K, Weigelt B. High-sensitivity
mutation analysis of cell-free DNA for disease monitoring
in endometrial cancer. Clin Cancer Res. 2023;29(2):410-
421. https://doi.org/10.1158/1078-0432.CCR-22-1134.
Alimirzaie S, Bagherzadeh M, Akbari MR. Liquid biopsy
in breast cancer: A comprehensive review. Clin Genet.
2019;95(6):643—660. https://doi.org/10.1111/cge.13514.
Asante DB, Calapre L, Ziman M, Meniawy TM, Gray ES.
Liquid biopsy in ovarian cancer using circulating tumor
DNA and cells: Ready for prime time? Cancer Lett.
2020;468:59-71.
https://doi.org/10.1016/j.canlet.2019.10.014.

. Nikanjam M, Kato S, Kurzrock R. Liquid biopsy: Current

technology and clinical applications. J Hematol Oncol.
2022;15(1):131. https://doi.org/10.1186/s13045-022-
01351-y.

Alix-Panabieres C, Pantel K. Liquid biopsy: From
discovery to clinical implementation. Mol Oncol.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

2021;15(6):1617-1621. https://doi.org/10.1002/1878-
0261.12997.

Mandel P, Métais P. Nucleic acids in human blood plasma.
C R Acad Sci Paris. 1948;226:241-243.

Leon SA, Shapiro B, Sklaroff DM, Yaros MJ. Free DNA
in the serum of cancer patients and the effect of therapy.
Cancer Res. 1977;37:646-650.

Thierry AR, El Messaoudi S, Gahan PB, Anker P, Stroun
M. Origins, structures, and functions of circulating DNA in
oncology. Cancer Metastasis Rev. 2016;35(3):347-376.
https://doi.org/10.1007/s10555-016-9629-x.

Eszlinger M, Lau L, Ghaznavi S, Symonds C, Chandarana
SP, Khalil M, Paschke R. Molecular profiling of thyroid
nodule fine-needle aspiration cytology. Nat Rev
Endocrinol. 2017;13(7):415-424.
https://doi.org/10.1038/nrendo.2017.24.

Wan JCM, Massie C, Garcia-Corbacho J, et al. Liquid
biopsies come of age: Towards implementation of
circulating tumour DNA. Nat Rev Cancer. 2017;17:223-
238. https://doi.org/10.1038/nrc.2017.7.

Heitzer E, Haque IS, Roberts CES, Speicher MR. Current
and future perspectives of liquid biopsies in genomics-
driven oncology. Nat Rev Genet. 2019;20(2):71-88.
https://doi.org/10.1038/s41576-018-0071-5.

Bettegowda C, Sausen M, Leary RJ, Kinde I, Wang Y,
Agrawal N, et al. Detection of circulating tumor DNA in
early- and late-stage human malignancies. Sci Transl Med.
2014;6(224):224ra24.
https://doi.org/10.1126/scitranslmed.3007094.

Tie J, Wang Y, Tomasetti C, Li L, Springer S, Kinde I, et
al. Circulating tumor DNA analyses as markers of
recurrence risk and benefit of adjuvant therapy for stage I11
colon cancer. JAMA Oncol. 2019;5(12):1710-1717.
https://doi.org/10.1001/jamaoncol.2019.5667.

Kalluri R, LeBleu VS. The biology, function, and
biomedical applications of exosomes. Science.
2020;367(6478):eaau6977.
https://doi.org/10.1126/science.aau6977.

Chang YS, Fang HY, Hung YC, Ke TW, Chang CM, Liu
TY, Chen YC, Chao DS, Huang HY, Chang JG.
Correlation of genomic alterations between tumor tissue
and circulating tumor DNA by next-generation sequencing.
J Cancer Res Clin Oncol. 2018;144(11):2167-2175.
https://doi.org/10.1007/s00432-018-2747-9.
Alix-Panabiéres C, Pantel K. Clinical applications of
circulating tumor cells and circulating tumor DNA as
liquid biopsy. Cancer Discov. 2016;6(5):479-491.
https://doi.org/10.1158/2159-8290.CD-15-1483.
Siravegna G, Marsoni S, Siena S, Bardelli A. Integrating
liquid biopsies into the management of cancer. Nat Rev
Clin Oncol. 2017;14(9):531-548.
https://doi.org/10.1038/nrclinonc.2017.14.

Merker JD, Oxnard GR, Compton C, Diehn M, Hurley P,
Lazar AJ, et al. Circulating tumor DNA analysis in patients
with cancer: American Society of Clinical Oncology and
College of American Pathologists joint review. J Clin
Oncol. 2018;36(16):1631-1641.
https://doi.org/10.1200/JC0O.2017.76.8671.

346



Eastern Ukrainian Medical Journal. 2026;14(2): 338-347

I'mpsiBenko Haranist [BaniBHa - KaHOMIAT MEMYHUX HAayK, JOLEHT Kadenpu naroioriynoi aHaromii, Cym/1Y, By
XapkiBcbka, 116, M. Cymu, Ykpaina, 40007 (e-mail: n.gyryavenko@med.sumdu.edu.ua).

Mockanenko PoMan AHAPiIHOBHY - TOKTOP MEANYHHUX HAYK, podecop, 3aBiayBay kadeapu naToJoriaHol
anaromii, Cym/J1Y, Byn. XapkiBcebka, 116, M. Cymu, Ykpaina, 40007 (e-mail: r.moskalenko@med.sumdu.edu.ua).

KinTtenko Jlroaqmuna [BaHiBHA - KaHAKAAT GIONOTIYHUX HAYK, AOUEHT Kadeapu mopdoorii, CymAY, ByI1.
XapkiBcrka, 116, M. Cymu, Ykpaina, 40007 (e-mail: Lkiptenko@med.sumdu.edu.ua).

347



