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PROGNOSIS FOR ENDOMETRIAL HYPERPLASIA
PROGRESSION IN PREMENOPAUSAL AND
MENOPAUSAL WOMEN BASED ON THE ANALYSIS OF

CELLULAR IMMUNITY INDICATORS USING
MULTIPARAMETRIC NEURAL NETWORK
CLUSTERING

Many factors play a role in the progression of endometrial
hyperplasia and the increased risk of malignant transformation.
One of the important factors influencing pathological tissue
remodeling is the immune response. However, changes in cellular
immunity have not yet been systematized into specific patterns of
immunological response in hyperplasia. Therefore, the
implementation of easy-to-use and relatively inexpensive
information technologies and risk factor analysis techniques is
particularly important.

The objective of the study was to develop methods for
predicting endometrial hyperplasia progression based on the
analysis of morphological markers and indicators of cellular
immunity using multiparametric neural network clustering.

Materials and Methods. The indicators of the cellular
component of general immunity were determined in 43 pre- and
menopausal women, of whom 31 patients were diagnosed with
endometrial hyperplasia without atypia, and 12 women were
otherwise healthy and formed the control group. For deeper
analysis, we applied an approach based on multiparameter neural
network clustering using NeuroXL Classifier for Microsoft Excel.

Results. In patients with endometrial hyperplasia, suppression
of cellular immunity with a significant decrease in the percentage
of all lymphocyte subpopulations was detected, whereas no
significant changes in the immunoregulatory index were
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observed. It can indicate sufficient compensatory capabilities of
the immune defense. The results of cluster analysis showed that
in order to predict the progression of endometrial hyperplasia
based on the analysis of the cellular immunity, it is important to
consider the combination of reduced levels of CD3+ T-
lymphocytes, CD4+ T-lymphocytes, and CD8+ T-lymphocytes,
and increased levels of CD3+CD56+ NKT-like cells and CD56+
NK cells.

Conclusions. Neural network clustering was used to
objectively classify patients into risk groups for progression of
endometrial hyperplasia based on the results of clustering the
studied indicators, which allows determining the significance of
combined changes in certain parameters for disease progression
prognosis.

Keywords: endometrial hyperplasia, cellular immunity, neural
network clustering.

Corresponding author: Anatolii Televiak, Human Anatomy Department, I. Horbachevsky Ternopil National Medical
University, Ternopil, Ukraine
e-mail: televiak@tdmu.edu.ua

PE3IOME

Ierpo Cenbcbkuii !
https://orcid.org/0000-0001-9778-2499

Ounena Taapiii !
https://orcid.org/0000-0003-1800-9591

Ceitnana Iepsik 2
https://orcid.org/0000-0002-7894-1009

Amnppiii Ceepcriok 3
https://orcid.org/0000-0001-8644-0776

Amnppiii Ciupa !
https://orcid.org/0000-0003-2385-4001

AmnaroJiii TeneB’sik 4
https://orcid.org/0000-0001-7173-400X

Ipuna Mapaxuiok 3

Tersina TosioBaTa !
https://orcid.org/0000-0001-9989-6510

IOpiii Open !
https://orcid.org/0000-0002-5871-5397

Terssna Agam 2
https://orcid.org/0009-0001-1002-7579

! Kadenpa natosoriunoi anaTomii 3
CEeKI[IITHIM KypCOM Ta CyJIOBOIO
MEIUIMHOI0, TepHOMIIECHKII
HaIllOHAIEHIA MEAWIHUN YHIBEPCUTET

imeni [.5. TopbaueBcrkoro MO3 Vkpainu,

TepHomine, Ykpaina

IPOTHO3YBAHHSI IMPOI'PECYBAHHSI TINEPIJIA3II
EHJIOMETPISA y KIHOK MPE- TA
MEHOIIAY3AJIBHOI'O BIKY HA OCHOBI AHAJI3Y
MOKA3HHUKIB  KJITHHHOIO IMYHITETY I3
3ACTOCYBAHHSIM BATATONMAPAMETPHUYHOI
HEMPOMEPEXEBOI KJIACTEPU3AIIIL

Uumano ¢QaxTopiB BimirparoTe poilb y NpOTrpecyBaHHI
rinepriia3ii  eHmoMerTpis Ta 30UIbIIEHHI PHU3UKY 3JIOSKICHOTO
nepepokeHHs. OJHUM 13 BaXJIMBUX YMHHHUKIB, IO BIUIMBA€E Ha
MATOJIOTIYHE PEMOJCIIOBAHHS TKAaHWH, € IMYHHa BIJIOBIIb.
OpHak 3MiHM KIITHHHOTO IMYHITETY Iie HEe CHCTEMaTH30BaHi y
NEBHUX MaTepHax IMYHOJIOTIYHOI BIJMOBiNI NpH rineprasii.
ToMy 0coOIMBO BaXJIMBUM € BIPOBADKEHHS MPOCTHX Y
BUKOPHUCTaHHI Ta  BIJHOCHO  HEAOpPOruX  iH(pOpMamiiHUX
TEXHOJIOTiH Ta METOJIMK aHami3y (paKTOPiB PUHKY.

Meta pociigikeHHs1 — pO3pOOUTH METOIUKH IPOTHO3YBaHHS
MporpecyBaHHs TimepIrasii eHIOMEeTpis Ha OCHOBI aHami3y
MOpP(}OJIOTIYHUX MapKepiB Ta NOKA3HUKIB KIITHHHOI JIaHKH
3arajbHOr0 IMYHITETY i3 3aCTOCYBaHHSM OaraTonapaMeTrpHyHOl
HelipoMepexeBoi Kiactepu3arii.

Martepiaan i meroau. BuzHadeHO TOKa3HUKH KIiTHHHOI
JAHKM  3arajJpHOTO iMyHiTeTy y 43 KIiHOK Tpe- Ta
MEHOIay3aJbHOI0 BiKy, 3 SKMX y 31 Hai€HTKH A1arHOCTOBAHO
rinepmiasiro eHpoMerpis 6e3 arumii, a 12 xiHOK OyJIM MPAaKTHYHO
3I0POBUMM Ta CKJIAIHM KOHTPOJIbHY Tpymry. [t raubmroro aHanisy
Oymo BUKOPHUCTAHO ighiv:ehit i3 3aCTOCYBaHHSIM
GararomapaMeTpu4HOi  HelpoMepekeBOoi  KilacTepusamii  3a
nmonomororo NeuroXL Classifier giust Microsoft Excel.

PesyabTaTH go0cC/dilKeHb. Y XBOpPUX Ha TiNmepruia3iro
SHJIOMETpisl BUABICHO NUPHUTHIYEHHA KIITHHHOTO IMYHITETy 3i
3HAYHUM 3HIDKEHHSM MPOICHTHOTO BMICTYy BCIX CyOmOIyJIsmiit
niMponuTiB, ane O0e3 ICTOTHUX 3MiH IMYHOPEryJIsITOPHOTO
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2 Kadenpa akyuiepcTsa Ta TiHEKOIIOTii
Ne 2, TepHOTITECHKHM HaIlIOHATBHUN
MEINYHAN YHIBEPCUTET iMEeHI

I.4. T'op6aueBcrroro MO3 Ykpainuy,

IHIEKCY, MI0 MOXE CBIYUTU MPO JOCTATHI KOMIIGHCATOPHI
MOXJIMBOCTI IMyHHOTO 3aXHMCTy. Pe3yibTaTH KIIaCTEPHOTO
aHami3y TOoKa3and, [0 Ui MPOTHO3YBaHHS MPOrpECyBaHHS

rimeprua3ii €HIOMETpis Ha OCHOBI aHami3y KIITHHHOI JIaHKU

TepHominbe, Ykpaina 3araJbHOTO
3 .. 3HIKEHHUX
Kadenpa memuanoi inpopmaruku, ) ]
niMponuTie

TepHOMINBCHKUY HAIIOHATLHUA METUIHUN
yHiBepcuteT iMeHi 1.51. 'opbaueBcrkoro
MO3 VYkpainu, TepHoninb, Ykpaina

IMyHITETy Ba)XJIMBO BpaxOBYBaTH IO€IHAHHA
moka3zHukiB CD3+ T-mimgomuris, CD4+ T-
i CD8+ T-mimdouuTiB Ta HiABUIICHUX pIiBHIB

CD3+CD56+ NKT-nonionux kiitue i CD56+ NK-kiaiTuH.
BucnoBku. HeilipomepexeBy kinacrepusalilo 3acTOCOBAaHO 3

METOI0 00’ €KTUBHOTIO BiHHeCGHHH XBOpUX OO I'pylr pU3UKY OO0

4 Kadenpa anaromii moaunu,

IporpecyBaHHs Tilepmnasii eHJZOMeTpis 3a  pe3ynbTaTaMu
TepHONiNbCHKUN HALIOHATBHUA MEAUYHUN KJIACTEPHU3AIi  JOCHIIKYBaHMX MOKa3HHKiB, IO JI03BOJIAC
yHisepcuteT iMeHi 1.51. I'opbaueBcbkoro BU3HAYMTH 3HAYUMICTH CaMe KOMOIHOBAHMX 3MiH IIEBHHX

MO3 Vkpainu, TepHorins, Ykpaina

5 KHII «TepHOMIIBCEKE 06IacHe
MaTOJIOTOAHATOMIYHE OFOPOY»
TepHOMTBCHKOT 00JIACHOT pajH,
Tepuomninb, Ykpaina

mapamMeTpiB Uil IPOTHO3Y NMPOTPECyBaHHS MMaTOJNOTIi.
Kiroudosi

cJ0Ba: Timepmiasis eHIOMeTpis, KIITHHHHNA

IMYHITET, HeHpoMepeKeBa KiIacTepu3allis.

Aemop, eionosioansnuit 3a aucmysannsn: Anamonivu Teneg’sik, kageopa anamomii moounu, TepHoninbcokull

HayioHanbHut Meouunull yrnieepcumem imeni 1A, I'opbauescokoeo MO3 Vkpainu, Tepnonine, Yxpaina

En. nowma: televiak@tdmu.edu.ua

ABBREVIATION
EH — endometrial hyperplasia

INTRODUCTION

Patients' quality of life depends on high-quality and
effective diagnostics and treatment of diseases. First of
all, it is possible to increase the effectiveness of
treatment and diagnostics by the correct prediction of
the disease course. This result can be achieved by using
modern information technologies to analyze numerous
parameters that change during the disease course,
including morphological ones [1-3].

Information support for early diagnosis and
prevention of diseases, timely provision of medical care
to patients from various risk groups and individuals with
socially significant diseases is crucial in improving the
health of the population as a whole [4, 5].

The study of endometrial hyperplasia (EH) is
primarily attributable to the high risk of malignant
transformation, which is rapidly increasing in both
prevalence and mortality [6, 7]. Among gynecological
diseases, hyperplastic processes of the endometrium
account for 15% to 50%. Atypical EH becomes
malignant in 8% to 29% of cases, although EH without
atypia can also develop into endometrial cancer (up to
3%). Hyperplastic processes are known to occur more
often in pre- and menopausal women with an increased
body mass index, but are also observed in half of
infertility cases [8]. Given this, there is a large cohort of
women who require verification of the patterns of

changes in endometrial components (in particular, a
stromal component) during hyperplastic processes, as
well as atypia risk prediction.

One of the important factors that plays a role in
tissue remodeling under pathological conditions is the
immune response. It is known that there are quantitative
and qualitative changes in immune blood cells in benign
and malignant endometrial diseases [9, 10]. However, it
is the local immune response that plays an essential role
in tissue remodeling [11, 12]. T-cells ensure the
restructuring of the stromal component of organs, thus
influencing the functioning part. However, changes in
cellular immunity have not been systematized into
certain patterns during the development of EH.

Thus, the creation of integral immunological
indicators of endometrial disease progression is a
crucial component of improving diagnostic and
therapeutic measures, and therefore the quality of life of

patients, which will certainly be reflected in
demographic indicators. At the same time, the
implementation of easy-to-use and relatively

inexpensive information technologies and methods is
especially important for optimizing the prediction of the
disease progression.

Objective: The study aimed to develop methods for
predicting endometrial hyperplasia progression based on
the analysis of morphological markers and indicators of
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cellular immunity using multiparametric neural network
clustering.

MATERIALS AND METHODS. 43 pre- and
menopausal women were examined, of whom 31
patients had endometrial hyperplasia without atypia, and
12 women were otherwise healthy and formed the
control group. The patients were undergoing treatment
at Ternopil City Communal Hospital No. 2 and district
communal hospitals of Ternopil region (Ukraine).
Inclusion criteria for the study were pre- and
menopausal age (>38 years), histologically confirmed
endometrial hyperplasia without atypia [13, 14], and
signed informed consent to participate in the study. The
control group consisted of 12 women aged >38 years
without EH and concomitant somatic diseases.

The first study group included 11 women without
signs of disease progression (simple hyperplasia), and
the second group included 20 patients with signs of
disease progression (complex hyperplasia) [15, 16]. The
average age of patients in group 1 was (48.8+1.5) years,
in group 2 — (55.3£1.9) years. The control group
consisted of women aged (50.3£1.6) years. With
comparative analysis, indicators were determined by
which the study groups significantly differed from each
other. We also studied combined changes in parameters
during disease progression.

The following indicators of cellular immunity were
analyzed: average proportions (in percent) of T-
lymphocytes, NK-cells, B-lymphocytes, and monocytes

subpopulations. Phenotype indicators for CD3+ T-cells
were identified as CD3+, CD19-; for T-helpers — as
CD4+, CD8-; for cytotoxic T-lymphocytes (T-
suppressors) — as CD4-, CD8+, for NKT-like cells — as
CD3+, CD56+, for NK-cells — as CD3-, CD56+, for B-
lymphocytes — as CD3-, CDI19+, and for
monocytes/macrophages — as CD14+ in each group.
Measurement of cellular immunity indicators was carried
out in the Synevo laboratory (Ternopil, Ukraine). The
flow cytofluorometry method was carried out using a BD
FACSCalibur cytofluorometer (BD Biosciences, USA).
Histological studies of endometrial biopsies were
performed at the Department of Pathology with Autopsy
Course and Forensic Medicine of the I Ya.
Horbachevsky Ternopil National Medical University of
the Ministry of Health of Ukraine using materials from
the Ternopil Regional Pathological Bureau.

Statistical analysis of the study results was
conducted using Excel 2016 and Statistica Version 12
software. The statistically significant difference between
the general group vs. the control group was determined
using the Mann-Whitney test, and between the groups
of patients with vs. without signs of disease progression
— using the Kruskal-Wallis H-test. For a more in-depth
analysis and clustering of patients in the study groups in
order to optimize the prediction of the disease course,
multiparametric neural network clustering was applied
using the NeuroXL Classifier add-in for Microsoft
Excel [17-19].

Table 1 — Immune cell phenotypes in women with and without endometrial hyperplasia

Immune cell phenotype Control group General group
(n=12) (n=31)

CD3+, % 72.53 58.18*

Me (Q1-Q3) (69.16 —75.96) (54.52-61.21)

CD4+, % 36.01 28.13%*

Me (Q1-Q3) (33.64 —38.45) (26.82 —29.78)

CD8+, % 26.13 19.45%*

Me (Q1-Q3) (22.65 -27.10) (18.07 —22.56)

CD4+/CD8+ 1.44 1.44

Me (Q1-Q3) (1.29-1.69) (1.35-1.54)

CD3+ CD56 +, % 6.50 8.46%*

Me (Q1-Q3) (5.14-17.66) (7.53 -13.46)

CD56+, % 10.26 8.86

Me (Q1-Q3) (8.25-12.96) (7.50-11.33)

CD19+, % 9.00 T ATHEE

Me (Q1-Q3) (7.25-12.45) (6.41 — 8.40)

CD14+, 8.45 5.40%

Me (Q1-Q3), % (7.88 - 8.54) (5.00-6.20)

Note: * — p<0.001 vs. the control group, ** —p<0.01 vs. the control group, *** — p<0.05 vs. the control group
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RESULTS AND DISCUSSION. Histological
examination of endometrial biopsies from all patients
revealed signs of endometrial hyperplasia without
atypia. Group 1 included patients with EH variant, in
which an increased number of glandular and stromal
elements without structural reorganization of the
endometrium was histologically detected. Group 2
included patients with EH variant involving a changed
shape of the glands and reduced stromal component,
that is, the presence of structural changes, which
indicated the progression of the disease.

The content of most phenotypes of lymphocytes and
monocytes in the blood of examined women with
endometrial hyperplastic processes (general group)
significantly differed from that of the control group.
Table 1 presents data on CD3+, CD4+, CDS8+,
CD3+CD56, CD56+, CD19+, and CD14+ cell counts.

Table 1 also shows the changes in the
immunoregulatory index (CD4/CD8 ratio). In addition
to the indicators of the general group, the relative
content of immune cells was studied in the blood of
patients with different EH variants (types) (Table 2).

Analysis of cellular immunity indicators in the
general group of examined patients with hyperplasia
revealed a statistically significant decrease in the
average percentages of CD3+ (p<0.001), CD4+
(p<0.001), CD8+ (p<0.001), CD3+CD56+ (p<0.01),
CD19+ (p<0.05), and CD14+ (p<0.001) cells compared
to the control group, while the average percentage of
CD56+ cells did not differ significantly (p>0.05) from
the control group. At the same time, the
immunoregulatory index (CD4+/CD8+) in patients of
the general group did not differ significantly from that
in the control group (p>0.05).

Table 2 — Immune cell phenotypes in women with different variants of endometrial hyperplasia

Study group
Immune cell phenotype Control group Group 1 Group 2
(n=12) (n=11) (n=20)
CD3+, % 72.53 60.23 5791
Me (Q1-Q3) (69.16 — 75.96) (54.52 - 61.62)* (54.41 — 59.42)*
CD4+, % 36.01 28.38 27.40
Me (Q1-Q3) (33.64 —38.45) (28.13 —30.82)** (26.52 —29.36)*
CD8+, % 26.13 20.82 18.58
Me (Q1-Q3) (22.65-27.10) (18.48 —22.83)** (17.51 = 20.12)**
CD4+:CD8+ 1.44 1.37 1.46
Me (Q1-Q3) (1.29-1.69) (1.28-1.52) (1.40 - 1.55)
CD3+ CD56 +, % 6.50 8.24 9.00
Me (Q1-Q3) (5.14 - 7.66) (7.53 — 12.22)** (7.50 — 13.85)**
CD56+, % 10.26 8.59 9.21
Me (Q1-Q3) (8.25-12.96) (6.07 —10.22) (7.65 - 12.50)
CD19+, % 9.00 7.78 6.96
Me (Q1-Q3) (7.25-12.45) (7.18 — 8.50) (6.24 — 7.49)***
CD14+, % 8.45 5.68 5.22
Me (Q1-Q3) (7.88 — 8.54) (5.04 - 6.76)* (5.08 - 6.10)*

Note: * — p<0.001 vs. the control group; ** — p<0.01 vs. the control group, *** — p<(.05 vs. the control group; **** —

p<0.05 vs. the first group

In patients of group 1, a statistically significant
decrease in the average proportions of CD3+ (p<0.001),
CD4+ (p<0.05), CD8+ (p<0.001), CD3+CDS56+
(p<0.01), and CDI14+ (p<0.001) cells was found
compared to the control group, and the average
proportions of CD56+ and CD19+ cells did not differ
significantly (p>0.05) from the controls.

In patients of group 2, there was a statistically
significant decrease in the average percentages of CD3+
(p<0.001), CD4+ (p<0.01), CD8+ (p<0.001),
CD3+CD356+ (p<0.05), CD19+ (p<0.05), and CD14+

(p<0.001) cells compared to the control group, while the
average percentage of CD56+ cells did not differ
statistically significantly (p>0.05) from that of the
control group.

A comparative analysis of cellular immunity
indicators in patients of groups 1 and 2 revealed a
significant (p<0.05) predominance of cytotoxic T-
lymphocytes level in group 1. The average proportions
of other lymphocyte subpopulations in patients in both
groups did not differ significantly (p>0.05). The
immunoregulatory index (CD4+/CD8+ ratio) in women
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of groups 1 and 2 also did not significantly differ from
that in the control group (p>0.05).

In order to establish the significance of combined
changes in the cellular immunity parameters for
predicting disease progression, multiparametric neural
network clustering was performed. This study was
conducted on the basis of the average proportions of
lymphocyte subpopulations in patients of groups 1 and
2: 1 — CD3+ T-lymphocytes, 2 — CD4+ T-lymphocytes,
3 — CD8+ T-lymphocytes, 4 — CD3+CD56+ NKT-like
cells, 5 — CD56+ NK cells, 6 — CD19+ B-lymphocytes,
7 — CD14+ cells. The disease progression indicator 8
(“P”) was recorded opposite each patient in group 1 as
“1” and in group 2 as “2”.

To carry out neural network clustering, we chose the
number of clusters to be equal to two. 32.26% of
patients were classified into the first cluster, and 67.74%
— into the second cluster (Fig. 1a).

The largest relative proportion of patients with
disease progression was found in the 1st cluster. Using
the cluster portrait (Fig. 1b), we determined that the first
cluster also had the lowest values of the average
proportions of CD3+ T-lymphocytes (1, -1.84%), CD4+
T-lymphocytes (2, -2.30%), CD8+ T-lymphocytes (3, -
5.15%), CD19+ B-lymphocytes (6, -7.75%) and the
highest values of CD3+CD56+ NKT-like cells (4,
1.78%) and CD56+ NK cells (5, 6.11%).

Clusters weights

Clusters profiles

Cluster 1

== Cluster 2

b)

Figure 1 — Results of indicator clustering for patients with different variants of endometrial hyperplasia: a) cluster
portrait — values of the studied parameters, including the average proportions of lymphocyte subpopulations and the
disease progression indicators, b) cluster proportions — percentages of patients who fell into a certain cluster

In patients with EH, suppression of cellular
immunity was detected with a significant decrease in the
average proportions of all lymphocyte subpopulations
compared to controls. At the same time, no significant
changes in the immunoregulatory index were found,

which could indicate sufficient compensatory

capabilities of immune defense. In women with EH
progression signs vs. the group of patients without EH
progression, there was only a significantly lower
proportion of cytotoxic T-lymphocytes, while other
indicators of cellular immunity did not differ
significantly. At the same time, the analysis of the
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average proportions of indicators makes it impossible to
establish the value of combined changes in certain
parameters for predicting the disease course,
particular, disease progression.

At the same time, multiparametric neural network
clustering taking into account the combined changes in
cellular immunity parameters can objectively assign
patients to the appropriate cluster — either with disease
progression or with a stable condition. Thus, the results
of cluster analysis showed that in order to predict the
progression of endometrial hyperplasia based on the
analysis of the cellular immunity, it is important to
consider the combination of reduced levels of CD3+ T-
lymphocytes, CD4+ T-lymphocytes, and CD8+ T-
lymphocytes, and increased levels of CD3+CD56+
NKT-like cells and CD56+ NK cells.

In order to optimize the prediction of disease
progression and improve early diagnosis and treatment,
the following algorithm for step-by-step analysis of
examination indicators in patients with EH is proposed.
During the examination, the necessary indicators
(average or relative values) are recorded, and a database
is formed. To determine groups of indicators important
for prediction, cluster analysis of data is performed, in
particular using the NeuroXL Classifier program. In the
future, the established combined changes in indicators,
in particular cellular immunity, can be used in the work
of a gynecologist or family doctor as markers for
predicting disease progression in each individual
clinical case.

The proposed approach, by the example of patients

in

with EH, can be widely used to optimize the prediction
of the course of other diseases when analyzing various
clinical, anamnestic, and laboratory indicators. At the

PROSPECTS FOR FUTURE RESEARCH

same time, a physician will need the help of an IT
specialist only at the first stage. After conducting neural
network clustering of the primary dataset of the studied
parameters, the obtained results can be used in the
future without expert opinion for each individual
clinical case.

CONCLUSIONS

A method for predicting endometrial hyperplasia
progression is proposed in this paper, which includes
the analysis of relative values of cellular immunity
indicators, in particular the average proportions of
lymphocyte subpopulations, and the use of statistical
analysis and neural network clustering algorithms.

Neural network clustering was used to objectively
classify patients into risk groups for endometrial
hyperplasia progression based on the results of
clustering the studied indicators. It allowed the
significance of combined changes in certain parameters
to be determined for disease progression prognosis. The
results of cluster analysis showed that in order to predict
the progression of endometrial hyperplasia based on the
analysis of the cellular immunity, it is important to
consider the combination of reduced levels of CD3+ T-
lymphocytes, CD4+ T-lymphocytes, and CD8+ T-
lymphocytes, and increased levels of CD3+CD56+
NKT-like cells and CD56+ NK cells.

The developed method can be wused by
gynecologists, family doctors, or specialists in other
specialties for early diagnosis of the progression of the
most common diseases in a particular region. It is easy
to use and does not require significant financial costs,
which is important, in particular, in organizing
diagnostic work at the primary level of medical care.

The proposed approach can be used in clinical studies to optimize the prediction of the progression of gynecological
diseases and other disorders in order to correct examinations and develop new methods of treating patients.
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