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Dear readers!

We are pleased to welcome you to the pages of our next issue of the
journal "Oncology and Radiology of Kazakhstan"!

Oncology and radiology continue to offer us new opportunities,
innovations, and updates. We are purposefully introducing new technologies
and expanding our capabilities in this field.

We hope that this issue of the journal will be informative for specialists in
oncology and radiology. The current issue offers a wide range of scientific
research and practical recommendations for improving medical care. The
authors study the role of extracellular neutrophil traps in the development
of breast cancer; share the expereience of organ-preserving treatment of
Wilms' tumor of the horseshoe kidney, discuss the surgical treatment and
reconstruction of recurrent ameloblastoma of the mandible complicated by
orostomy, and many other urging issues.

We wish you to reach new horizons, engage in interesting research, and
find successful solutions to current problems!

Respectfully Yours,
Dilyara Kaidarova,
Editor-in-Chief of the “Oncology and Radiology of Kazakhstan” journal
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ABSTRACT

Relevance: According to the statistics and reporting documentation, 23,732 cases of cancer were treated at Almaty Oncology Center
(AOC) in 2024, with 69.8% of services provided by Day Patient Radiation Therapy and Chemotherapy Departments of the Center.
The concept of AOC development envisions the expansion of patients’ access to hospital-substituting forms of medical care. In this
context, analyzing the activities of the day hospital for chemotherapy is an important area that contributes to the improvement of care
organization for cancer patients in outpatient settings.

The study aimed to analyze the performance of the Almaty Oncology Center’s Day Patient Chemotherapy Department from 2019
to 2024.

Methods: The Day Patient Chemotherapy Department performance analysis relied on primary reporting and documentation forms.
Key indicators such as the number of hospitalized patients and recorded adverse events were extracted from the Damumed electronic
medical record system. The study was part of the framework of the IRN BR24993051 project.

Results: During the study period, the number of patients admitted to the AOC Day Patient Chemotherapy Department increased by
124.17% due to the growth in the registration of new cancer cases in Almaty and the transition to hospital-replacing care. The average
stay increased by 38% over five years, primarily due to the expansion of chemotherapy regimens in line with national diagnostic and
treatment protocols for cancer patients in Kazakhstan. The number of adverse events has also increased from 602 to 18,202 cases,
corresponding with the rise in the number of patients over the past 5 years (2019-2024).

Conclusion: The performance analysis of the Day Patient Chemotherapy Department highlights the need to enhance the department’s
staffing capacity, increase the number of available beds, and implement electronic queue systems. It is also necessary to enhance
outpatient care for patients experiencing adverse events, which places a significant burden on the AOC Day Patient Chemotherapy

Department personnel.

Keywords: inpatient replacement care, chemotherapy, cancer center.

Introduction: According to the Order of the Minister of
Health and Social Development of the Republic of Kazakh-
stan dated June 7, 2023 No. 106, under sub-item 95), item
1, Art. 7 of the Code of the Republic of Kazakhstan “On the
health of the people and the health care system” dated
September 18, 2009, the creation of organizational condi-
tions for increasing the availability of modern medical care
for cancer patients, taking into account the resource ca-
pabilities of the state, is the concept and key point in the
development of healthcare in the field of oncology in Ka-
zakhstan [1].

According to international recommendations, global
health care needs to be restructured to reduce the excess
number of inpatient beds and simultaneously increase the
number of less expensive day care beds [2].

According to the data from the National Cancer Reg-
istry, as of January 2025, 231,019 people were registered
with malignant neoplasms (MN) in the Republic of Kazakh-
stan. In 2024, 40,148 people with cancer were registered
for the first time in the country, with women accounting
for 55.5% (23,406) of cases and men for 44.5% (17,887). In
2024, 12,703 fatal cases were registered [3].

In Almaty, according to the National Cancer Registry,
5,209 people were registered with newly diagnosed ma-
lignant neoplasms as of January 1, 2025, and 1,356 cases
were fatal [4]. Almaty is among the regions with the high-
est incidence rates, above the national average.

According to the Almaty Oncology Center (AOC) Sta-
tistics Department and reporting documentation, 23,732
cases of malignant neoplasms were treated at the Cen-
ter in 2024, with Day Patient Radiation Therapy and Che-
motherapy Departments accounting for 69.8% of all cas-
es of care.

The AOC development concept includes expanding
patient care through inpatient replacement services [5,
6]. In this regard, studying the work of the Day Patient
Chemotherapy Department is a crucial step in expand-
ing care for cancer patients as an alternative to inpatient
services.

The study aimed to analyze the performance of the Al-
maty Oncology Center’s Day Patient Chemotherapy De-
partment from 2019 to 2024.

Material and Methods: The analysis of the work of the
Day Patient Chemotherapy Department was carried out

4 Oncology and Radiology of Kazakhstan, Ne2 (76) 2025
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using the main accounting and reporting forms of docu-
mentation:

Updated information from official reports of regional
oncology dispensaries - “Report on malignant neoplasms”
(accounting form No. 7) for the city of Almaty for 2019 and
2024;

Card of a patient with a diagnosis of malignant neoplasm
established for the first time in life (registration form 090/U);

030-6/y “Dispensary observation checklist”;

Data from the National Cancer Registry (Electronic Reg-
istry of Cancer Patients) on malignant neoplasms;

International Classification of Diseases, 10th revision
(ICD-10), on localizations.

Figures of the number of hospitalized patients and
registered adverse events (AEs) were obtained from the
“Damumed” electronic medical records database.

The study was conducted within the framework of the
research scientific project BR24993051 on the topic “De-
velopment of an intelligent urban system based on loT and
data analysis” to assess the current situation of inpatient
replacement care at the AOC.

Results: Over the analyzed period, the number of pa-
tients in the Day Patient Chemotherapy Department of the
AOC increased by 124.17% due to the growth in the num-
ber of new cancer cases registered in Almaty, as well as the
transition of AOC to inpatient replacement care (Table 1).
The average stay of patients over the past 5 years has in-
creased by 38% due to the expansion of chemotherapy
options (the introduction of new drugs in Kazakhstan, ex-
pansion of the list of chemotargeted and immunotherapy
drugs) used according to the protocol for cancer diagnos-
tics and treatment in the Republic of Kazakhstan.

Table 1 - Number of patients with malignant neoplasms treated in the Day Patient Chemotherapy Department of the AOC

for 2019, 2022, and 2024, abs.

Indicator Years
2019 Growth, % 2022 Growth, % 2024
Patients discharged 6857 78.2 12217 25.8 15 370
Bed days 42452 142.5 102947 48.9 153326
Average patient stays, days 6.2 35.5 8.4 19 10

The expansion of staffing in the Day Hospital Chemo-
therapy Department is worth noting (see Table 2). The
need to expand the staffing of medical, nursing, and regis-
tration personnel (those who enter data into the electron-
ic system) was justified.

In terms of treatment, the admission rate for main no-
sologies has increased significantly over the analyzed pe-
riod, by more than 100% (Figure 1). Worth noting that pa-
tients with blood system diseases or advanced cases were
referred for treatment to a 24-hour chemotherapy hospital.

Table 2 - Staffing of the Day Patient Chemotherapy
Department for 2019 and 2024, abs.

. Years
Indicator
2019 2024
Doctors 11 15
Nursing staff 9 14
Paramedical personnel 4 3
Registrars 2 3
Total 26 35

Pak ronosbl U Wen

pak xenyaka

pak LWenKkn MaTku

MOYEBbLIBOOALLMX MyTEN

pak rnerkoro

paK AM4YHMKOB

KPP
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6824
5883

0 1000 2000 3000 4000 5000 6000 7000 8000

2024

m2022

u2019

Cancer nozologies (top to bottom): Head and Neck; Stomach; Cervix; Urinary Tract; Lung; Ovary; CRC; Mammary Gland
Figure 1 - Comparison of the number of patients by nosology, 2019, 2022, and 2024
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In 2024, 18,202 AEs were registered in patients receiv-
ing chemotherapy at the Day Patient Chemotherapy De-
partment. Most (92%) were grade | AEs, which isa 37.7% in-
crease compared to 2019.

The trend analysis revealed several factors contrib-
uting to the increase in AE registration. Firstly, the in-
troduction of digital recording and monitoring sys-
tems provided a more comprehensive and detailed
registration of side effects, including mild clinical man-
ifestations that could previously remain undocument-
ed or underestimated, resulting in a significant impact.
Strengthening pharmacovigilance, increasing alertness
of medical personnel, and improving the quality of out-
patient monitoring also contributed to the increase in
the detection of AEs.

Additionally, in 2024, there was a wider use of high-in-
tensity and heavy chemotherapy regimens with significant
toxicity. This was reflected in an increase in the number

of grades II-IV AEs, particularly neutropenia (2,745 cases),
nausea and vomiting (7,868 cases), and diarrhea (6,695 cas-
es). It should be taken into account that one patient could
experience several different AEs during treatment, which
also increases the total number of AEs recorded. For exam-
ple, one patient could simultaneously experience neutro-
penia, nausea, and toxic hepatitis, each of which was re-
corded as a separate AE.

In 2024, 113 grade IV AEs were registered. This fact re-
quires special attention in the context of individual risk as-
sessment when prescribing toxic treatment regimens and
the need for timely correction of therapy.

Thus, the increase in the total number of AEs in 2024
was most likely associated with an objective increase in
the toxic burden on patients resulting from the use of
more aggressive chemotherapy regimens, as well as an im-
provement in the AE recording system due to the digitali-
zation of clinical practice (Tables 3, 4).

Table 3 - Adverse events in patients after chemotherapy in the Day Patient Chemotherapy Department in 2019, abs.

Side effects Grade 0 Grade | Grade Il Grade lll Grade IV
Leukopenia ; 176 159 13 .
Anemia
Thrombocytope-nia - - - 35 -
Diarrhea - 42 25 - -
Nausea - 92 31 -
Vomit - 18 1" - -
Cardiotoxicity - - - - R
Toxic hepatitis - - - - -
Total - 328 226 48 -

Table 4 - Adverse events in patients after chemotherapy in the Day Patient Chemotherapy Department in 2024, abs.

Side effects Grade | Grade Il Grade Il Grade IV
Neutropenia - 2488 211 46
Anemia - 104 25 1
Thrombocytopenia - 119 21 8
Nausea, vomiting - 7023 845 -
Diarrhea - 6580 103 12
Neurotoxicity and phlebitis - 18 19 -
Allergic - 28 3 -
Cardiotoxicity - - 3 -
Toxic hepatitis - 388 111 46
Total - 16748 1341 113

Discussion: The obtained results indicate a significant
change in the indicators of chemotherapy care in the day
hospital of the AOC over the analyzed period. The 124.17%
increase in hospitalizations of patients diagnosed with
malignant neoplasms is primarily due to the growth in the
registration of new cases of malignant neoplasms in Al-
maty, as well as the gradual transition to a hospital-substi-
tuting model of care. This trend corresponds to the global
trend of increasing the availability of antitumor therapy in
outpatient settings while maintaining the quality of med-
ical care [7].

The analysis of the average inpatient stay showed a
38% increase, from 6.2 to 10 days. This was due to the ex-
pansion of the range of antitumor drugs used, including
chemotargeted agents and immunotherapy, within the

framework of updated clinical protocols. Such growth also
indicates an increase in the complexity and duration of
treatment courses, requiring more time under the super-
vision of specialists.

The dynamics of the department’s staff deserve special
attention. The increase in the number of doctors, mid-lev-
el and junior medical personnel, as well as residents, by
34.6% (from 26 to 35 people) confirms the institutional
strengthening of the department and its readiness to han-
dle an increased patient flow. The expansion of the staff is
especially relevant due to the need for prompt data entry
into electronic systems and monitoring of patients’ con-
ditions.

The analysis of the nosological structure of cases, pre-
sented in Figure 1, also revealed a significant increase in

6 Oncology and Radiology of Kazakhstan, Ne2 (76) 2025
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the number of hospitalizations in key areas of oncology,
likely due to improved patient routing and earlier disease
detection.

Notably, the number of AEs following chemotherapy
has also increased along with the increase in the number
of hospitalized patients. Thus, compared to 602 AEs reg-
istered in 2019, by 2024 their number increased to 18,202,
i.e.,, by almost 2924%. The increase in the proportion of
grade | AEs from 54.4% to 92% may indicate improved
monitoring, early detection, and possibly the use of less
aggressive treatment regimens to control the severity of
reactions. At the same time, the occurrence of 113 grade
IV AEs in 2024 requires special attention and further anal-
ysis to minimize risks and optimize treatment regimens.
The noted changes reflect both quantitative and qualita-
tive gains in the provision of specialized oncological care,
confirming the effectiveness of the selected model of the
Day Patient Chemotherapy Department in the context of
increasing cancer incidence.

Conclusion: Consequently, the number of cases treat-
ed at the AOC Day Patient Chemotherapy Department
has increased due to a growing number of patients be-
ing admitted for all localizations, the registration of new
cancer cases, and the transition to inpatient replacement
care at the Day Department. The AE indicators (few-
er grade 2-3 AEs and more grade 1 AEs) suggest an im-
provement in the selection of patients for day treatment,
as well as an improvement in the criteria for admission to
a 24-hour hospital. However, despite the increase in staff
numbers, the workload on medical personnel remains
high. The staff of the day hospital chemotherapy depart-
ment provides treatment to patients in 3 shifts. This sit-
uation dictates the need not only to increase the num-
ber of personnel and beds in the department and create
electronic queues, but also to expand the possibilities
of outpatient treatment of patients with AE, which are a
burden for the staff of the Day Patient Chemotherapy De-
partment.
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AHJIATIIA

AJIMATBI OHKOJIOTUSIIBIK OPTAJIBIFBIHIAFBI OHKOJIOT USLIBIK HAYKACTAP/IBI
YKYWEJI EMJAEYJE CTAIIUOHAPJBIK KOMEK KOPCETY/I TAJIJIAY

P.K. Ockenbaesa', K.b. Kanneesa', H.A. I36azambemoé?, P.O. Boramoberoea®, III.T. Ilazunoé*

1«K. M. CoTbaes atbiHparbl Kasak ynTTeIK 3epTTey TexHukanslk yHuepcuteTi» KEAK, Anmatel, KasakctaH Pecnybnmkach;
2«Anmatbl oHKonorusnbIk aucnaxcepi» LLXKK MKK, Anmatel, Kasakctan PecnyGnmkack

©3ekminizi: CmamucmukaneiK xaHe ecen bepy KyxammapslHa calikec, 2024 Xblsbl AIMAamsl OHKOI02UANbIK ducnaHcepiHoe (AOQ) 23 732
OHKOJ102UA/bIK aypy emoesoi, OHbIH iwiHOe opmanelkMblH KyHOI32i CMayuoHApbIHbIH Caynenik mepanus xaHe xumuomepanusa 6enimuwenepi
Kbi3MemmiH 69,8 naleizbiH kepcemmi. AOO 0ameimy MyXblpbIMOAMacel nayueHmmepoiH MeOUUYUHAbIK KeMeKmiH cmayuoHapobl
anmacmelpamelH myprepiHe KomxemimoiniziH keHetimyoi ke30eldi. Ocel mypFblda xumuomepanus 60lbIHWA KYHOI32i cmayuoHap KbiamemiH
manoay ambyniamopusblK Xaroatioa OHKOM02UAbIK HAYKACMApFa Kemek kepcemyoi ylbiMOacmelpyobl Xeminodipyae biknasa ememiH MaHbi30bl
6arbim 60716In MabeinaokI.

3epmmey makcamel — AiIMamel OHKOJI02UAbIK OpMAJTblFbIHbIH KYHOI32i XUuMUuomepanusaelk CMayuoHapbiHeiH 2019-2024 xwblndapoarsl
JKYMbICbIH Mmanoay.

9d0icmepi: Xumuomepanus 60UbIHWA KyYHOI32i CMAYUOHAPObIH XYMbICbIH MAnday KyXammamaHsiH Hezi3zi ecen xaHe ecen 6epy HbICAHOapbIH
natidanaHa omelpein Xypeizinoi. AypyxaHara Xamkel3blFaH HAaykacmap MeH mipKeseeH XarbIMcbi3 Kybblaibicmap caHbiHblH Kepcemkiwmepi
Damumed 0epekmep 6a3acbiHbiH 371eKMPOHObI MEOUYUHAbIK KAPMACbIHAH a/1biHA0bI. 3epmmey BR24993051 xo6acwl ascbiHOA Xypei3inoi.

Hamuxenepi: TandaHraH Ke3eHOe KyHOi3ei cmayuoHapoa kamepi icikmepi 6ap Haykacmapoel XuMuomepanuasa Xamebisy 124,17%-ra
apmmel. 3epmmey Hamuxenepi 6acmankbl xaroalinapobl mipkeyodiH yFarobiHa 6alinaHeicmel, COHOAl-aK CMAyUOHAP/IbIK anMacmelpameiH
KeMekKe Kewy ecebiHeH HaykacmapOel 20CNUMAnu3ayuanayobiH apmkaHelH kepcemmi. CoHbIMeH Kamap, CoOHFbl 5 xbln0a (2019 xwlnoaH 2024
XblnFa 0eliiH) nayueHmMmepOiH aypyxaHard Xamki3y CaHbIHbIH ©CYiMeH XarbIMcbl3 Kybblnbicmaposbl mipkey 602-0eH 18 202 xaroalira OeliH ecmi.
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KopbimbiHObI: KyHOi32i cmayuoHap xymeicblH manoay 6eniMmHiH KaoprelK aieyemiH keHelimy, 6enimwedeei mecek-opblH CaHbiH kebelimy,
371eKmpOHObI Ke3eK Kypy, COHOau-ak KyHOi32i cmayuoHap Kbi3MemkepsiepiHe xumuomepanus YWiH ayblpmnadsblK mycipemiH KeaeHci3
Xaroalnapel 6ap Haykacmapsa amoysnamopriblK KOMeK Kepcemy MyMKiHOIKmepiH keHelimy KaxemminieiH kepcemeoi.

TyliiHOi ce30ep: cmayuoHapobl anMacmelpadmelH KOMeK, XUuMUuomepanus, OHKOJ/I02UA/IbIK OpMa’ibiK.

AHHOTAIUSA

AHAJIN3 OKA3AHHMS CTAIITMOHAP-3AMEIIAIOIIER TOMOIIIA B CACTEMHOM JIEYEHUU
OHKOJIOTHYECKUX NTAIUMEHTOB B AIMATHUHCKOM OHKOJIOI'HYECKOM LHEHTPE

P.K. Ockenbaesa', K.Bb. Kanneesa', H.A. [30azamoemos’, P.O. Bonamobexosda®, IIL.T. ITazunoe*

'HAO «Kasaxckuit HaLmoHanbHbIt MCCreAoBaTENbCKIN TEXHUYECKWIA YHBEPCUTET UMeHM K.W. CaTnaesay, Anmatel, Pecnybnuka Kasaxcta,
KM Ha MXB «AnMaTuHCKMil OHKOMOrUYeckui LieHTp», Anmarsl, Pecnybnuka Kasaxcrau

Axmyansrnocms: [10 OanHbIM cMamucmuku u Om4emHo-yyemuot popmvl OOKYMeHmayuu 8 AimamuHckom onkonozuveckom yeumpe (AOL])
3a 2024 2. nponeueno 23 732 cayuaes 3HO, npuuém na 00110 OHEGHbIX CMAYUOHAPOS NYYe6ol mepanuu U xumuomepanuu npuutiocs 69,8%
6cex ciyuaes okazanus nomowu. B pamxax xonyenyuu paseumusa AOL] npedycmompeno pacuupenue 0ocmyna nayuenmos Kk cmayuonap-
3amewarnyum Gopmam MeOUuYuHcKol nomowu. B amom konmexkcme ananus 0eamenbHOCmu OHe8HO20 CMAYUOHAPA XUMUOMEPANUU ABIACMC
BAJICHLIM HANPABACHUEM, CHOCOOCMBYIOWUM COBEPUIEHCINBOBANUIO OPAHUSAYUU NOMOWU OHKOIO2UYECKUM RAYUEHMAM 6 amMOy1amopHblX
VCIOBUSIX.

Lenb uccnedosanusn — npoananuzuposams pabomy OHe6HO20 CIMAYUOHAPA XUMUOMEPANUYU ATMAMUHCKO20 OHKOJIO2UHECKO20 YeHmpd 3d
2019-2024 ze.

Memoovi: Ananus pabomul OHe6HO20 CMAYUOHAPA XUMUOMEPANUY Dbl NPOGEOeH C UCNONIb308ANUEM OCHOGHLIX YUEMHO-0MYEemHbIX (hopM
dokymenmayuu. [lokazamenu 4ucia 2oCnUMAanu3upPOBAHHLIX NAYUECHMOS, 3APe2UCPUPOBAHHBIX HediceramenbHulx asnenutl (HA) ezamul u3
NeKMpPOHHLIX ucmopuil bonesznetl bazvl Damumed. Hccredosanue nposedeno 6 pamkax npoexkma UPH BR24993051.

Pesynomamer: 3a ananusupyemviii nepuoo KoIuwecmeo nayuenmos onesnoeo cmayuonapa xumuomepanuu AOL] yeeruuunocw na 124,17%
3a cuem pocma pe2ucmpayuy nepeudHslX CIyudes, a maxdice nepexood Ha CmayuoHap-3amewaiowyio nomows. Ipu smom, ¢ yeeauuenuem
Yycna 20CRUMAIU3ayuu NayueHmos 3a nociednue 5 iem (¢ 2019 no 2024 z2.) ommeuaemes pocm pecucmpayuu HA ¢ 602 0o 18 202 crnyuaes.

3akntouenue. Ananus pabomuvl OHe6HO20 CMAYUOHAPA AKMYATUZUPYE He0OX00UMOCHb PACUUPEHUS KAOPOB020 NOMEHYUAd OMOeNeHUs,
yeeauenus Kouko-mecm 6 omoeneHuu, co30anus 2NeKmpoHHbIX odepeodetl. Takoice mpedyemcs pacuupums 803MOAICHOCU AMOYIAMOPHOU
nomowu nayuenmam ¢ HA, komopule nosicames bpemenem na nepconan OHe8HO20 CMAYUOHAPA XUMUOMEPANUU.

Knrouesvle cnosa: cmayuonap-3amewjaronas nomouyb, XumMuomepanus, OHKOYeHmp.
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AHHOTADIMA

Relevance: Breast cancer (BC) ranks first in terms of prevalence among all malignant neoplasms in women in the Republic of
Kazakhstan. Over the period 2015-2024, there has been a steady increase in the incidence, with the disease increasingly being detected
in older women. Despite ongoing screening programs, breast cancer remains a significant cause of cancer mortality. For the first
time, a comprehensive 10-year analysis of national breast cancer data was conducted with an assessment of the dynamics of morbidity,

mortality, stage, and five-year survival.

The study aimed to analyze changes in the incidence, mortality, survival, and stage of BC in women in the RK from 2015 to 2024 to
assess the effectiveness of measures for early detection and treatment of the disease.

Methods: The BC incidence and mortality analysis for 2015-2024 was based on official statistical reports (forms No. 7 and No.
090/U) and data from the national cancer registry. Demographic indicators were obtained from open sources of the Agency for Strategic
Planning and Reforms of the Republic of Kazakhstan. Statistical processing was performed using SPSS software (version 23.0) with
descriptive statistical methods, including calculating the means, confidence intervals, and trend rates.

Results: During the study period, the incidence rate of BC increased from 45.7 to 47.6 per 100,000 women, while mortality decreased
from 14.2 to 7.8. Five-year survival rose by 81%, from 16,740 to 30,267 patients. The proportion of early-stage diagnoses (I-11) increased
from 81.5% to 88.7%, and stage III cases nearly halved. The highest incidence was recorded in the 65-69 age group.

A link has been established between screening coverage and mortality reduction. The results obtained refine and expand the previously
presented regional data, providing a basis for improving preventive programs and enhancing the effectiveness of cancer care.

Conclusion: Kazakhstan demonstrates a steady rise in BC incidence alongside a reduction in mortality and improvements in early
diagnosis. These trends affirm the effectiveness of screening programs and oncologic care, although the stable rate of stage IV diagnoses
highlights the need to eliminate barriers to timely medical consultation.

Keywords: epidemiology, breast cancer, Kazakhstan, incidence, mortality, survival, screening.

Introduction: Breast cancer (BC) occupies a leading
place in global oncological statistics. In 2020, 2.3 million
new cases were registered, which is 11.7% of all malignant
neoplasms (MN), and 685 thousand deaths, making it the
fifth leading cause of cancer death. In women, it accounts
for about 25% of all MN and 16% of cancer deaths, rank-
ing first in incidence in 159 countries and mortality in 110
[1]. In 2022, the annual incidence remained at 2.3 million,
and the mortality rate was about 670 thousand. BC occurs
in women of all ages after puberty, but the risk increases
with age. In countries with a high development index, the
probability of getting sick is 1 in 12, and dying is 1 in 71; in
countries with a low Human Development Index (HDI), 1 in
27 and 1 in 48, respectively [2]. High incidence rates (>80
per 100,000) are recorded in developed countries — West-
ern Europe, Australia, and the USA. The lowest rates are in
Central America, Africa, and South Asia. However, the mor-
tality rate is higher in countries with transition economies,
which is associated with limited access to early diagno-
sis and treatment. The main factors of growth are repro-

ductive, hormonal, and behavioral (alcohol, obesity, phys-
ical inactivity), as well as the expansion of mammographic
screening in developed countries [1].

According to the World Health Organization (WHO),
mammography screening every 2 years is recommend-
ed in resource-rich countries for women aged 50-69 years
without high risk [3]. The American Cancer Society recom-
mends annual screening beginning at age 45, with the op-
tion to begin at age 40 and continue as long as general
health and life expectancy >10 years allow [4].

In Kazakhstan, breast cancer remains the most common
malignant disease in women. According to the national ep-
idemiological study, 22 cases were registered in the period
2017-2021. 736 new cases, which is 14% more than in pre-
vious years. The largest number of diagnoses occurred in
2019 and 2021 (4945 and 4939, respectively). The most vul-
nerable age category is women aged 65-74. In 44.6% of
cases, the tumor was localized in the upper outer quad-
rant of the mammary gland (C50.4). At early stages (I-lI),
the disease was detected in 67.2% of cases, while stage IV
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was diagnosed in only 4.6% of patients. Ethnic distribution
showed a predominance of women of Kazakh nationali-
ty (48.1%), followed by Russians (33.1%) [5, 6]. An in-depth
analysis within the ethnic group of Kazakh women showed
that breast cancer accounts for 26.3% of all registered cas-
es of malignant neoplasms and is the cause of 8.7% of all
cancer deaths in this population [7]. Risk factors are divid-
ed into modifiable (obesity, physical inactivity, alcohol, hor-
mones, radiation) and non-modifiable (age, BRCA1/2, TP53,
PALB2 mutations, early menarche, late menopause, no
childbirth). Physical activity, breastfeeding, and abstinence
from alcohol have a protective effect [8].

In women with BRCA1/2 mutations, the risk of breast
cancer reaches 69-72%, and ovarian cancer amounts to
17-44% by the age of 80 [9]. Molecular biological diag-
nostics of breast cancer includes assessment of expres-
sion of hormonal receptors (estrogen and progesterone),
HER2 receptor, and level of proliferative activity by the Ki-
67 marker. This approach allows identifying the subtype of
HR-positive tumors for which targeted and hormonal ther-
apy regimens have been developed and successfully used
[10]. Breast cancer is a heterogeneous disease with a pro-
nounced genetic component. It has been established that
mutations in the BRCA1/2, TP53, PTEN, and other genes sig-
nificantly increase the risk of breast cancer, which empha-
sizes the importance of introducing genetic screening and
personalized preventive strategies [11].

The study aimed to analyze changes in the incidence,
mortality, survival, and stage of BC in women in the RK
from 2015 to 2024 to assess the effectiveness of measures
for early detection and treatment of the disease.

Materials and methods: The analysis of the dynam-
ics and structure of breast cancer morbidity and mortality
among the female population of the Republic of Kazakh-
stan for the period 2015-2024 was conducted based on of-
ficial statistical reporting data provided by health authori-
ties. The incidence and mortality rates per 100,000 female
population, five-year survival, and distribution of cases by
disease stage at the time of primary diagnosis were esti-
mated. Descriptive statistics were used as research meth-
ods, including calculation of mean values, confidence
intervals, and average annual growth or decline rates. Of-
ficial statistical and registration sources were used to con-
duct the epidemiological analysis. Information on malig-
nant neoplasms was selected by localization codes under
the International Classification of Diseases, 10th revision
(ICD-10). The sample was based on data from the Electron-
ic Registry of Cancer Patients (National Cancer Registry), as
well as annual forms of state statistical reporting, includ-
ing form No. 7 “Report on Malignant Neoplasms” for the
period 2015-2024 and individual cards of primary cancer
patients (form No. 090/U). To calculate the demographic
coefficients, the materials of the Statistics Agency of the
Republic of Kazakhstan were used, reflecting the number,

age, and sex structure of the population of the Republic of
Kazakhstan for the period under review.

Results: In 2015-2024, the total number of patients reg-
istered with malignant neoplasms increased from 156,280
t0 231,019. The number of those who survived more than 5
years after diagnosis increased from 79,387 to 125,858. The
indicators for breast cancer also show growth: the number
of patients increased from 31,352 to 51,484, and the five-
year survival rate increased from 16,740 to 30,267. The pro-
portion of breast cancer among all malignant neoplasms
increased from 20.1% in 2015 to 22.3% in 2024 (Fig. 1).

Dynamics of intensive and standardized rates of breast
cancer incidence (2015-2024). Over the analyzed period,
there has been a steady upward trend in both intensive
and standardized rates of breast cancer incidence among
the female population. The incidence rate increased from
48.8 per 100,000 women in 2015 to 55.1 in 2024, reaching
its maximum for the entire analyzed period. The standard-
ized rate also increased - from 45.7 to 47.6 per 100,000.
There is a general upward trend, with a significant decline
in 2020 and a subsequent rise, which may be due to fluctu-
ations in screening coverage and the influence of external
factors (e.g., the COVID-19 pandemic) (Fig. 2).

From 2015 to 2024, Kazakhstan has seen a steady down-
ward trend in both intensive and standardized breast can-
cer mortality rates. The intensive rate decreased from 15.4
to 10.1 per 100,000 women, and the standardized rate de-
creased from 14.2 to 7.8. A particularly pronounced de-
crease was noted after 2021, which may reflect increased
diagnostic and treatment efficiency (Fig. 3).

Comparison of incidence, mortality, and the ratio be-
tween them by intensive indicators (2015-2024). Figures 2-4
reflect the dynamics of intensive (crude) indicators of inci-
dence and mortality from breast cancer per 100,000 wom-
en in Kazakhstan, as well as the ratio between them (%).
Over the analyzed period, incidence increased from 48.8
to 55.1, while mortality decreased from 15.4 to 10.1. This
led to a decrease in the relative case-fatality rate from
31.6% to 25.9%.

The most pronounced decrease in mortality was ob-
served in 2022 (up to 20.5%), after which the indicator in-
creased slightly. Such dynamics indicate an improvement
in diagnostics and treatment, with a simultaneous increase
in detection (Fig. 4).

Comparison of standardized incidence, mortality rates,
and their ratio (2015-2024). Figures 2-4 also present stan-
dardized (by age) incidence and mortality rates from
breast cancer in Kazakhstan and their ratio in percentage.
Over the period from 2015 to 2024, incidence increased
from 45.7 to 47.6 per 100,000 women, while mortality de-
creased from 14.2 to 7.8, which reflects an almost twofold
decrease. The mortality-to-incidence ratio (CFR) decreased
from 31.1% in 2015 to 16.4% in 2024, with the lowest value
in the last two years (Fig. 5).
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Legend: Y axis — Share of breast cancer cases among all MNOs (%), X axis — Breast cancer shares curve (years)
Figure 1 — The share of breast cancer in the total number of malignant neoplasms in Kazakhstan, 2015-2024 (%)
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Legend: Y axis — Breast cancer incidence (per 100,000 female population), X axis — Years; Blue line — Intencive rates;
Red liine - Standardized rates
Figure 2 - Dynamics of intensive and standardized incidence of breast cancer in Kazakhstan,
2015-2024 (per 100,000 women)

A comparative analysis of the structure of stages at the
time of primary diagnosis of breast cancer in 2015 and 2024
demonstrates a clear positive trend towards earlier detec-
tion of the disease. In 2015, the bulk of cases were at stag-
es I-Il, which together accounted for 81.5% of all registered
diagnoses. At the same time, stage Ill accounted for 13.8%
of cases, and stage IV, 4.7%, which indicated a relatively
high level of early diagnosis even at the initial stage of the

period under review. By 2024, the structure of detection
was clarified by dividing stages | and II. The first stage was
diagnosed in 37.4% of cases, the second in 51.3%, which in
total amounted to 88.7% of early detection. The propor-
tion of patients with stage Il decreased almost twofold,
to 7.1%, while stage IV remained at a comparable level of
4.2%. Thus, over the decade, there has been a steady im-
provement in the rates of timely treatment and diagno-
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sis. The increase in the proportion of early stages with a
simultaneous reduction in later forms of the disease in-
dicates the effectiveness of the mammographic screen-
ing programs implemented in the country, increased pub-
lic awareness, and improvements in the work of primary

health care. At the same time, maintaining the proportion
of stage IV at the same level requires additional attention,
taking into account both regional differences in the avail-
ability of diagnostics and the characteristics of the course
of the disease in certain groups of patients (Fig. 6).

15,4

» &6 K

(Ha 100 000 MeHwMH)
[+)]

[MHaMKKa NOKasaTeneii cmepTHocT or PMK

2015 2016 2017 2018

2019

g IHTEHCHBHbIE NOKa3aTENN

2020 2021 2022 2023

wiy CTAHBPTU30BAHHBIE NOKA3aTENN

2024
fopbl

Legend: Y axis — Breast cancer mortality trends (per 100,000 female population), X axis — Years; Blue line - Intencive rates;
Red liine - Standardized rates
Figure 3 - Dynamics of intensive and standardized mortality from breast cancer in Kazakhstan,
2015-2024 (per 100,000 women)
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Figure 5 - Standardized incidence & mortality rates and their ratios in breast cancer in Kazakhstan, 2015-2024 (per 100,000 women)

51,50%

m 2015

13,80%

(21} n
CraauAa Npv BbIABNEHUH

20,00%
4,70%

|
w

10,00%

YAenbHbIM BEC HOBbIX CIyYaes
PMX (%)

0,00%

60,00%

§ 51,30%

g seoox

S 37,40%

% __ 4000%

@© R

o &

3 X 3000%

=2 u 2024

®a

= 20,00%

Fel

3

5 10,00% 7.1.. 4,20%

g . |

>

000 B
| ] n v
CTaguAa Npu BbIABNEHUMN

A

B

Legend: Y axis — Share of new breast cancer cases (%); X axis — Stage at detection
Figure 6 - Distribution of breast cancer cases by stage at detection, Kazakhstan: A —in 2015, B - in 2024

An analysis of the age structure of breast cancer in-
cidence showed a clear tendency for rates to increase
with age. The lowest incidence rates are observed in age
groups up to 25 years, where the values do not exceed
3.7 per 100,000 women. From the age of 30, a gradual
increase is observed: from 14.6-16.3 per 100 thousand
among women aged 30-34 years to maximum rates in
the 60-64 and 65-69 age groups. The highest incidence
rate was recorded in the 65-69 age category: 198.2 per
100 thousand in 2015-2019 and 194.7 per 100 thousand
in 2020-2024. They are followed by the 60-64 year old
group (169.5 and 171.0 per 100 thousand) and 70+ (140.6
and 137.8 per 100 thousand), which confirms the predom-

inant development of the disease in older age groups. It
is clear that the increase in morbidity in the second five-
year period compared to the first was observed in all age
cohorts starting from 35 years and was most pronounced
in the 35-39-year-old group (an increase from 30.9 to
35.4 per 100 thousand) (Fig. 7).

Discussion: The obtained data reflect global trends in
oncology: an increase in morbidity with a simultaneous
decrease in mortality from breast cancer. This may be due
to improved accessibility of diagnostics, the introduction
of screening programs, modernization of oncology ser-
vices, and more active oncology alertness among both the
population and primary care physicians.
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Similar epidemiological shifts have been recorded
in some CIS countries. Thus, in the Republic of Belarus,
standardized incidence rates of breast cancer have in-
creased significantly in all regions over the past decades,
especially in Minsk, which confirms a real increase in in-
cidence rates that is not due solely to population aging

[12]. In the Russian Federation, over the period 2000-2015,
the standardized incidence rate increased by 30.4%, with
the largest increase in the group of women aged 65-79,
which is consistent with the results of the present analy-
sis, where the peak incidence rate is also observed at the
age of 65-69 [13].
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Figure 7 - Comparison of breast cancer incidence by age groups in Kazakhstan,2015-2019 and 2020-2024

Data from the Kyrgyz Republic confirms that breast can-
cer often affects Kyrgyz women at a younger age, with the
highest increase recorded at the ages of 40-49 and 50-59 [14].
This requires adaptation of screening approaches depending
on the ethnic and age characteristics of the populations. Sim-
ilar findings are presented in studies on Uzbekistan and Ta-
jikistan: mortality from breast cancer has a significant impact
on the life expectancy of women, and the highest incidence
is recorded at the age of 40-59 [15]. These data emphasize the
universality of the breast cancer problem in the region and
the need for coordinated interstate efforts for early diagnosis,
access to treatment, and prevention. In Kazakhstan, despite
the introduction of a national screening program, significant
regional differences in incidence and mortality rates remain.
According to previous studies, higher rates were recorded in
the North Kazakhstan, Pavlodar, and Karaganda regions, as
well as in Almaty, which is probably due to higher availabili-
ty of diagnostics and oncological care [16]. The increase in the
proportion of breast cancer among all malignant neoplasms
(from 20.1% to 22.3%) may be due to both the growth of the
female population and improved screening coverage. A sig-
nificant increase in the number of patients under observation
for more than 5 years (almost doubling in a decade) confirms
the positive dynamics in survival rates.

A significant increase in the proportion of stages I-Il at the
time of diagnosis indicates the effectiveness of the screen-
ing program implemented in Kazakhstan. At the same time,

thereis a decrease in the frequency of detection of the disease
at stage lll by almost two times. However, the proportion of
stage IV remains stable, which requires a separate analysis of
the reasons for late treatment in this group of patients.

The increase in the share of early detection of breast
cancer in the Republic of Kazakhstan (up to 88.7% in 2024)
demonstrates the effectiveness of the implemented preven-
tive measures. However, the stable share of stage IV, as well as
the increase in incidence in young women, indicates the need
for further improvement of the age structure of screening and
increased cancer alertness among primary care physicians.

The increase in incidence in older age cohorts, especial-
ly after 50 years, emphasizes the importance of targeted pre-
vention and expanded coverage within age-specific screen-
ing. The steady decline in standardized mortality rates against
the background of increasing incidence can be interpreted
as a result of improved quality of treatment, including drug
and surgical care, the introduction of a multidisciplinary ap-
proach, and expanded access to high-tech medical care. How-
ever, persistent regional and age differences require addition-
al attention from the healthcare system, including sociological
studies of the reasons for late treatment, barriers to screening,
and the level of public awareness.

Dynamics of stages of breast cancer detection (2015 and
2024) A comparative analysis of the stage of the disease at pri-
mary diagnosis in 2015 and 2024 demonstrates a positive trend
towards earlier detection of breast cancer. In 2015, the propor-
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tion of patients in whom the disease was detected at stages |-II
was 81.5%, of which 13.8% were at stage llland 4.7% at stage IV.

In 2024, stage | accounted for 37.4% of cases, stage Il —
51.3%, which in total means the early detection rate of 88.7%.
An increase in early detection compared to 2015 reflects pos-
itive dynamics in breast cancer timely diagnosis. 7.1% of cases
were detected at Stage lll, and 4.2% at Stage IV.

The share of early diagnosis (stages I-ll) increased by 7.2
percentage points over the decade, while the share of stage lll
decreased almost twofold, from 13.8% to 7.1%. This indicates
an increase in the effectiveness of screening programs and
early patient referrals, as well as the development of the early
diagnosis system as a whole.

Conclusion: Thus, in the period from 2015 to 2024, the Re-
public of Kazakhstan has seen an increase in breast cancer in-
cidence, while mortality has decreased and early detection
rates have improved. These trends indicate a positive impact
of screening programs, increased diagnostic activity, and the
development of cancer care in the country. Continuation and
expansion of preventive measures, as well as targeted cover-
age of vulnerable age groups, should become a priority for
further reducing cancer mortality from breast cancer.
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AHJIATIIA

KA3BAKCTAHJAFBI CYT BE3I KATEPJII ICIT'THIH SIIMAEMHAOJIOTI'UACHI:
2015-2024 KBIJIJAPJAFBI CBIPKATTAHY IIBLJIBIK, OJIIM-KITIM/II
KOHE AYPYJbIH CATBIJIAPBIH TAJIJAY

JLE. Aitoapos', C.E. Ecenmaesa', C.JK. Xaiidapos*, C.0. Ocukoaesa®, A.M. Aiidaposa*

!«KasakcTaH-Peceit meguumHanblk yHusepcuteTis» MEBBM, Anmatel, KasakctaH Pecny6nmkach;
[leHcaynblk cakTay FbinbiMu OpTanbifbl, LLISHsWKaHb yHUBEPCUTETI, LLIaHEYKaHb, KbiTail Xanbik Pecnybnukacs!;
3«Kasak OHKOMOrst XaHe paauonorust FuinbIMU-3epTTey MHCTUTYTHI» AK, Anmarsl, KasakcTaH Pecnybnukacs!;
“«C.K. ActheHausipos aTbiHfarbl Kasak ynTTbik MeauumHa yHusepeuteTi» KEAK, Anmatel, Kasakctan Pecnybnmkach

©3ekminiai: Cym 6e3i kamepni iciei (CbKI) KazakcmaH PecnybnukaceiHOarel atiendepoe 6apnelk kamepi icikmepdiH mapasnyel 60olbiHWa
6ipiHwi opbiHOa. 2015-2024 xblndap KeseHiHOe CblpKammarywsliblkmelH mypakmel ecyi 6alikanaoel, 6ys1 pemme aypy e20e xacmarsl monmap-
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Oarwl aliendepoe Xui aHbIKManaowl. Icke aceipwisibin XAMKaH CKpUHUHemiK 6ardapnamanapra kapamacmat, CbKI oHkono2usblK enim-ximiMmHiH
MaHbI30bl cebebi 6o16in Kana 6epedi. AnFaw pem celpkammaywelsibiK, ©1iM-Ximim, ke3eHOiNiK xaHe 6ec Xbl0blk eMip cypy OUHAMUKACbLIH 64-
Fanal omoipein, CbKI 6oleiHWa ynmmeolk 0epekmepee KeweHOi 10 Xbl0blK manoay xypeizinoi.

3epmmeydin makcameol — aypyobl epme aHblKkmMay XxaHe emoey XeHiHoezi ic-wapanaposiH muimoinieiH 6aranay makcamelHoa KP atiendepoe
CBKI2015-2024 xe110ap0arsl aypywaHoblk, eaimMm-ximim, emip cypy xaHe camoiniblk KepcemkiwumepiHoezi e32epicmepdi manoay.

9dicmepi: CbK| 6olibiHwa aypywaHobik neH eniM-ximimHiH manoayel 2015-2024 xwindap apanviFeiHoa N7 xaHe N°090/Y HbicaHoapel, coHOau-
aK OHKOJO2UASILIK peaucmp Oepekmepi Hezi3iHOe Xypeai3inoi. [Jemoepagpusnuik kepcemkiwumep KP CmpameeusneiK xocnapnay xaHe pegpopmanap
azeHmmieiHiH awlk 0epekmepiHeH aneiHObl. Cmamucmukansik eHoey SPSS 6aroapnamaceiHeiH (23.0 HycKkacel) KemMeziMeH cunammamarnslk cma-
mucmuka 30icmepiH K00aHy apKbisibl Xypei3indi: opmawia MaHoep, CeHimMOi apasnbikmap xaHe KepcemkiumepoiH e32epy KapkblHbl ecenmesoi.

Hamuxxenepi: Tanoay keseHiHOe CbKI 6olibiHwia aypyuwaHOblkmeiH kepcemkiwi 100 000 alienze wakkaHoa 45,7-0eH 47,6-Fa dediH ecmi, an
enim-ximim 14,2-0eH 7,8-z2e deliiH memeHOedi. becxwbinobik emip cypy 81%-ra apmein, 16 740-meH 30 267 nayueHmke OeliiH ecmi. AypyobiH epme
camoinapeiHoa (I-1l) aHeikmarny yneci 81,5%-0aH 88,7 %-Fa OeliiH xorapwinadsi, an lll camelHbIH yiieci eki eceze XybIK Kblckapobl. EH xorFapel aypy-
WaHobIK 65-69 Xac apasnviFbIHOGrel monma mipkesoi.

CKpUHUH2NeH Kammy MeH eJiM-XimiMHiH memeHoeyi apacelHOa 6alinaHbic opHAMbIIObI. AZIbIHFAH HOMUXesep GYpPbIH YCbIHbLIFAH OHIpiK
0epekmepdi HaKMbL1aliobl XaHe KeHelimedi XaHe NPoGUIAKMUKAbIK 6ar0apaamanapobl Xeminoipy xoHe OHKOI02UA/IbIK KOMeKmMiH muimoini-
2iH apmmuelpy ywiH Hezi3 601a anaoel.

KopbimeiHowbi: Kazakcmaroa ChKI aypywaHObiFbIHbIH mypdkmel ©cyi aacelHOa enim-ximimHiH memeHoeyi MeH epme 0udzHOCMUKa OeHze-
UiHiH »)aKcapyel 6alikanaosl. by ypoicmep ckpuHUHemMiK 6ar0apaamanapobiH XXaHe OHKOI02UA/IbIK KOMeKmiH muimoiniziH kepcemedi, anadioa IV
camel0arsl xaroatinapobiH mypakmel OeHeeli epme Xye2iHy andbiHOaFbl Kedepainepoi Xoto KaxemmieiH kepcemeoi.

TytuiinOi ce30ep: snudemuosiozus, cym 6e3i Kamepni iciei, Kazakcmat, aypywaHoblK, eaiM-imim, emip cypy, CKDUHUHe.

AHHOTANMSA

SMUAEMHUOJIOT A PAKA MOJOYHOM )KEJIE3bI B KABAXCTAHE: AHAJIN3
3ABOJIEBAEMOCTH, CMEPTHOCTH Y CTAJIUM 3ABOJIEBAHUS B 2015-2024 TOJAX

JLE. Aiioapoé', C.E. Ecenmaesa', C.JK. Xaiidapoé*, C.0. Ocukoaesa’, A.M. Aiidaposa*
HYO «KasaxcraHckuit-Poccuiickinit MeauumMHCKui yHusepeuteT», Anvarsl, Pecnybnvka Kasaxcrah;
HayyHbli LIeHTP 30paBooxpaHeHis, LUaHbuaHbCkuii yHUBEpCHTET, LLaHbuXaHb, KuTaiickast HapoaHas Pecnybnuka;
3AO «Kasaxckuit Hay4HO-MCCNEe0BATENbCKMUIA MHCTUTYT OHKONOMAK U paauonoruny, Anmatel, Pecnybnuka Kasaxcrak,
! Al T v Yy p !
*HAO «Kasaxckuit HaumoHanbHbIi MeguuMHckuin yHusepeuTeT umenm C.0. ActeHausiposay, Anmatsl, Pecrybnuka KasaxctaH

Axkmyansnocme: Pax monounou smcenesvr (PMIK) 3anumaem nepgoe mecmo no pacnpocmpanénnocmu cpeou 8cex 310KaAUeCmEeHHbIX
HoB00Opaszosanuil y scenuun 8 Pecnybnuxe Kazaxcman. 3a nepuoo 2015-2024 22. ommeuaemces ycmouuugsiti pocm 3a601e8aemMocmu, npu
amom PMOK 6cé uawe viagnsemcs y scenyun cmapuux go3pacmuulx epynn. Hecmomps na peanuszyemvie ckpununeosgvie npozpammol, PMIK
ocmaémes 3HauUMOU NPUYUHOU OHKOJIO2UYECKOU cMepmHocmu. B 0annom ucciedosanuu enepevle nposedén komniekchwiil 10-nemuuii anaius
HayuoHanbHelx oannwix no PMOK ¢ oyenxoil Ounamuku 3aboneeaemocmu, cCMEpMHOCHU, CMAOUTIHOCMU U NAMULEIHEL BbIJCUBAEMOCTIL.

Llens uccnedosanus — npoananuzuposams UsMeHeHus 6 NOKA3amensix 3a001e6aemMocmu, CMEPMHOCIU, BbIJHCUBAEMOCTIU U CIMAOUUHOCTU
PaKa Monounou dceneswvl y dcenuyun 6 Pecnyonure Kazaxcman 3a 2015-2024 200v1 ¢ yenvio oyenku 3¢hpekmusHocmu Meponpusimuil o paHHemy
BbIABILEHUIO U TIeUeHUIO 3a00eBANUSL.

Memoowr: Ananusz 3abonesaemocmu u cmepmuocmu om PMIK ¢ PK 3a nepuoo 2015-2024 ze. evinonnen Ha ocHose 0anuwix gopm No7 u
Ne090/Y, a makaice ceedenuii onkonoeuueckoeo peecmpa. /lemoepaguueckue nokazamen noiyuensl U3 OMKPbIMbIX UCMOYHUKO8 Aeenmemea
no cmpame2uueckomy nianuposanuio u pegpopmam PK. Cmamucmuueckas o6pabomka ocywecmensiacy ¢ npumenenuem SPSS (sepcus 23.0)
€ UCNONbL30BAHUEM MEMOO08 ONUCAMENLHOU CMAMUCIUKU, BKIIOUAS PACYEM CPEeOHUX 3HAYEHUll, 006EPUMENbHbIX UHMEPBANO8 U MeMNO8
usMenenus nokasameseil.

Pesynomamor: 3a ananuzupyemolii nepuod cmaHOapmu3uposantviil nokasamens 3aboneeaemocmu PMIK evipoc ¢ 45,7 0o 47,6 na 100 000
JICEHWUH, 8 MO 8PeMsl KAK CMePMHOCmy cHusunacs ¢ 14,2 0o 7,8. I[lamuiemuss sviocusaemocms yeeauuunace Ha 81% — ¢ 16 740 oo 30 267
nayuenmox. /ona eviasnenus Ha pannux cmaousx (I-11) nosvicunaco ¢ 81,5% oo 88,7%, a oona Il cmaouu chusunace noumu 606oe. Haubonvuas
3a60/K68aeMOCIb OMMEUEHA 6 803pacmuol epynne 65-69 iem.

Yemanosnena cenzv medncoy oxeamom CKpuHUHeOM U CHUdICeHuem cmepmuocmu. Ilonyuennvle pe3yibmamol YmouHAOm u pacuupsaiom
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noGblUeHUs YPPHEKMUBHOCIU OHKOLOSULECKOU NOMOUJU.
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ABSTRACT

Relevance: Effective intensive therapy of complications arising from malignant neoplasms of the hepatopancreatoduodenal
region remains an urgent task. It aims to eliminate energy deficiency, restore body weight, and normalize plastic processes that
are disrupted due to severe hypercatabolism, increased body needs for nutrients, and the development of intoxication syndrome,
especially in the postoperative period.

The study aimed to research the key aspects of nutritional support in patients with tumors of the hepatopancreatoduodenal region
by studying and comparing the effectiveness of isolated enteral, parenteral, and mixed nutritional therapy in the early postoperative
period.

Methods: The study involved 91 patients over 18 years old with hepatopancreatobiliary malignancies. Patients were divided
into three groups depending on the type of nutritional support. The study assessed nutritional status indicators, including screening
results, body mass index, basal metabolic rate, and key laboratory indicators: the level of [ymphocytes in the blood, total protein,
total bilirubin, and ALT and AST activity.

Results: With parenteral nutritional support according to the screening protocols used, by Days 10-12, 17 patients maintained a
“normal” nutritional status, 14 patients had “moderate malnutrition” with regression of “severe malnutrition” in 1 patient (3.2%). In
the mixed nutrition group, by Days 10-12 of the postoperative period, there was an increase in patients with “moderate malnutrition”
according to the SGA and NRI scales by 10% and 6.7%, respectively, with complete elimination of signs of “severe malnutrition”

according to the given nutritional assessment scales (p<0.005).

Conclusion: In the group with isolated parenteral nutrition, sufficient effectiveness in stabilizing and maintaining the nutritional
status of patients was achieved, which was manifested in an increase in the number of patients with “moderate” and “normal”
nutritional status, as well as a decrease in the number of patients with severe and moderate nutritional deficiency.

Mixed nutritional support can be considered a promising alternative to parenteral nutrition since the indicators of the nutritional
status of patients achieved in this group were statistically similar to the results of parenteral therapy.

Keywords: nutritional status, nutritional deficiency, nutritional support, sipping, oncology, nutrition, tumors of the

hepatopancreatoduodenal region.

Introduction: Treatment of hepatopancreatoduodenal
tumors and their complications is one of the key tasks of on-
cologists and intensive care specialists. The relevance of this
problem is due to the increase in the number of patients
with oncological diseases of the abdominal cavity, which re-
quire external energy supplementation and correction of
nutritional status in the postoperative period. This growth is
observed even against the background of improvement of
non-invasive diagnostic methods for tumors of the abdomi-
nal cavity and hepatopancreatoduodenal zone [1, 2].

Tumors of the hepatopancreatoduodenal zone occu-
py a special place among malignant neoplasms, as they
are often accompanied by complications such as me-
chanical jaundice, liver failure, and nutritional deficiency
in the perioperative period, which significantly increases
the risk of death.

To identify nutritional deficiencies, screening methods
recommended by the international clinical nutrition asso-

ciations ASPEN (American Society of Clinical Nutrition and
Metabolism) and ESPEN (European Society of Clinical Nu-
trition and Metabolism) are used. These methods include
patient questionnaires, the use of standard anthropomet-
ric and laboratory indicators, which allow for an objective
assessment of nutritional status and the degree of its im-
pairment [3, 4].

Early detection of tumors and assessment of nutrition-
al status at the outpatient examination stage could re-
duce the risk of complications through the use of mod-
ern screening methods and assessment scales (Subjective
Global Assessment, SGA; Nutritional Risk Index, NRI). These
tools allow the timely initiation of nutritional therapy in
combination with surgical treatment [4, 5].

Particular attention should be paid to the prevention of
early postoperative complications, since up to 70-80% of
cancer patients suffer from varying degrees of nutrition-
al deficiency. This condition is aggravated by severe hy-
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percatabolism and an increased need for nutrients, which
contributes to the development of complications in the
postoperative period.

The choice of the optimal nutrition method remains
a pressing issue for many clinicians and researchers. The
need for an individual approach is due to the complexity
of surgical interventions in the hepatopancreatoduodenal
zone. However, existing methods and strategies are still in-
sufficiently covered in the literature, which emphasizes the
need for further study and implementation of these ap-
proaches in clinical oncology.

The study aimed to research the key aspects of nutri-
tional support in patients with tumors of the hepatopa-
ncreatoduodenal region by studying and comparing the
effectiveness of isolated enteral, parenteral, and mixed nu-
tritional therapy in the early postoperative period.

Objectives of the study: 1) to conduct a comparative as-
sessment of the dynamics of nutritional deficiency and nu-
tritional status of patients operated on for malignant tu-
mors of the hepatopancreatoduodenal zone in the early
postoperative period using isolated enteral, isolated par-
enteral and mixed types of nutrition; 2) to analyze the dy-
namics of protein and carbohydrate metabolism, the via-
bility of liver function in cancer patients operated on for
malignant tumors of the hepatopancreatoduodenal zone
using the presented types of energy supplementation in
the early postoperative period. This material is a continu-
ation of the previous article [6], in which we analyzed the
main aspects and published the intermediate result. This
article contains the final results of the study, discussions,
and conclusions.

Materials and Methods: This prospective, longitudi-
nal, parallel study and retrospective analysis of treatment
results involved 91 patients over 18 years old with hepato-
pancreatobiliary malignancies, including 49 men and 44
women.

Depending on the volume, severity, and prevalence of
the oncological process, the appropriate volume of sur-
gical intervention was undertaken, which was radical or
palliative: 1) resection of various segments of the liver; 2)
hemihepatectomy; 3) transhepatic drainage of the right
and left hepatic duct; 4) bypass gastroenteroanastomosis
or cholecystoenteroanastomosis with interintestinal ente-
ro-enteroanastomosis according to Brown; 5) gastro-pan-
creatoduodenal resection; 6) corporocaudal resection of
the pancreas with splenectomy.

The most common (84.7%) were combined surgical in-
terventions affecting the intestines, liver, and pancreas si-
multaneously. This was due to the significant volume and
growth of the oncological process in this area, which was
associated with complete temporary intestinal failure in
the early postoperative period.

In some patients (n=28, 30%), the disease was ac-
companied by obstructive jaundice, which required a
preliminary or intraoperative decompression of the bile

ducts. Postoperative jaundice lasted for 15.5+3.3 days

on average.

Group | included patients on enteral nutrition after sur-
gery (n=30); Group Il - patients on parenteral nutrition
(n=31); and Group Il - patients on mixed nutrition as a

type of partial parenteral nutrition regimen (n=30).

At the first stage, the clinical condition of patients was
assessed according to the SGA and NRI screening proto-
cols before surgery and on Days 10 and 12 after surgery.

A comparative assessment of the clinical effectiveness
of using types of nutritional support in a complex of ther-
apeutic measures after the specified operations in the
hepatopancreatoduodenal zone was carried out.

The main indicators of nutritional status were also as-
sessed: body mass index (weight was measured before
surgery, on Day 10 and Day 12), basal metabolic rate (cal-
culated using the Harris-Benedict equation based on the
patient’s anthropometric data (gender, age, weight and
height), laboratory indicators: blood lymphocytes, total
protein, total bilirubin, ALT, AST levels, related to routine
methods of assessing nutritional status [6, 7].

In each group of patients, nutritional support in the
postoperative period was carried out from Day 2, based on
the average calculated value of energy requirement of 35
kcal/kg, using highly concentrated glucose solutions (10%,
20%), which allowed achieving the required energy sup-
ply in the postoperative period without increasing the vol-
ume of daily volume support. 20% glucose solutions were
administered from Day 3 till the transfer of patients to the
specialized department. To assimilate separately adminis-
tered glucose, short-acting insulin was used at the rate of 1
U of insulin per 4 grams of dry glucose [8-10].

Patients in the group with isolated enteral nutrition
were given nutritional mixtures through a nasogastric
tube at a rate of 25-35 ml/single administration in a total
volume of 500-700 ml/day, with a subsequent increase in
volume in the following days by 10-20%, provided that it
was absorbed. The frequency of administration of the mix-
ture varied depending on the clinical condition of the pa-
tients and the results of laboratory examination. In this
case, the maximum rate of administration of the mixture
did not exceed 125 ml/hour. Administration was carried
out for 18-20 hours during the day, then a break was tak-
en, usually at night.

Patients in the mixed feeding group received com-
bined nutritional support parenterally from Day 2. Once
intestinal peristalsis appeared, vomiting and severe gas-
trointestinal paresis were absent, and they were provided
with oral or nasogastric tube feedings at the specified rate.
In case of persistence of gastrointestinal paresis, the per-
centage of the enteral part was reduced in favor of paren-
teral dosing of plastic materials to ensure the required dai-
ly caloric intake [10, 12].

Methods of statistical data analysis

The quantitative and qualitative indicators obtained
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during the study were analyzed using descriptive and ana-
lytical statistics. Pairwise comparisons of laboratory indica-
tors were performed depending on the time of the survey
using the Wilcoxon T-test, significance level a (taking into
account the Bonferroni correction). The Friedman criterion
was used to analyze repeated measurements.

The resulting level of statistical significance “P” charac-
terized the compliance of the distribution with the normal
law (if p>0.05, the distribution was considered to corre-

spond to the normal distribution; if p<0.05, the distribu-
tion was considered to not correspond to the normal dis-
tribution. The level of statistical significance was fixed at
the error probability level of 0.05.

Results: The nutritional status of patients in all three
groups before surgery and during Days 10-12 after surgery
relative to the clinical scales for assessing nutritional sta-
tus, SGA, and NRI was assessed as normal, moderate, and
severe malnutrition (Figures 1-3).
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Figure 1 - Dynamics of nutritional status of patients in Group 1 with
enteral support
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Figure 2 - Dynamics of nutritional status of patients in Group 2 with
parenteral support

As can be seen from the data presented in Figures
1-3, in the preoperative period, according to the SGA
scale, 24 patients of Group 1 (80%), 19 patients of Group
2 (61.3%) and 17 patients of Group 3 (56.7%) had a nor-
mal nutritional status before surgery compared to pa-
tients with “moderate” and “severe” malnutrition. The
assessment of the nutritional status before surgery us-
ing the NRI scale made it possible to confirm the nutri-
tional status in the overwhelming majority of patients in
all groups (n=62) as relatively “normal” or true negative

(normal) nutritional status [1, 2, 5]. True positive (moder-
ate malnutrition) nutritional status was observed in 26
patients, and severe malnutrition in 3 patients. The NRI
data in this period had a strong correlation with the SGA
scale results (p<0.005).

On Days 10-12 after surgery, the results of the assess-
ment according to the SGA scale remained unchanged in
patients of Group 1; according to the NRI assessment scale,
an increase in “moderate malnutrition” was noted per pa-
tient (3.3%).
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Figure 3 — Dynamics of nutritional status of patients in Group 3
with a mixed type of nutritional support

With parenteral nutritional support, 17 patients had
“normal nutrition”, 14 patients had “moderate malnutri-
tion,” with regression of “severe malnutrition” in 1 pa-
tient (3.2%). In the mixed nutrition group, there was a
complete elimination of signs of “severe malnutrition”
according to the given scales (p<0.005), but with an in-
crease of 10% (SGA) and 6.7% (NRI) of patients with “mod-
erate malnutrition”.

In patients in the groups with enteral and parenteral
nutrition, by the end of these types of energy supplemen-
tation (10-15 days), the level of basal metabolism was ob-

served to approach its initial values — 2500.1+£353.4 kcal/
day and 2350.0+330.5 kcal/day, respectively, which indi-
rectly confirmed the effectiveness of the types of nutri-
tional support used.

With a mixed type of nutrition, a statistically signifi-
cant approach of the basal metabolic rate to its initial val-
ues was noted at an earlier stage - by Days 6-8 after sur-
gery (2250.0+105.2 kcal/day), which allows us to conclude
that this option of nutritional support is more effective in
covering the energy costs of patients in comparison with
isolated types of nutrition (p<0.03) (Figure 4).
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Figure 4 - Comparative analysis of the dynamics of the basal metabolic
rate in patients of the three groups in the early postoperative period,
kcal/day

The presented analysis of the dynamics of the basal
metabolic rate in patients of three groups indicates an ear-
lier detection of the compliance of the basal metabolic
rate in patients with a mixed type of nutrition compared to
the initial one, which may, in turn, indicate a faster “cover-
age” of the energy deficit in patients after surgery, despite
the increased number of patients with “moderate malnu-
trition”.

In this case, it can be argued that what is important
is not so much the speed of covering the calculated val-
ue of the basal metabolism, but the target effectiveness
of the type of nutrition used to eliminate nutritional de-
ficiency.

Evaluation and subsequent analysis of the average re-
sults of laboratory examination in groups of patients in a
comparative aspect showed a relatively slow and gradu-
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al decrease in the level of total blood protein by Day 5 af-
ter surgery, on average, by 6.8+0.95% of the initial values,
which, apparently, was due to increased catabolism and
ongoing protein losses (exudation, drainage, etc.) with a
fairly reliable increase by the end of nutritional support, on

Thus, a statistically significant increase in the level of
total blood protein was noted in the mixed nutrition group
(p=0.004). In the groups with enteral and parenteral nutri-
tion, differences in the dynamics of the level of total pro-
tein were found at the level of statistical tendency: p=0.108

average by 8.47% of the initial values.

and p=0.129, respectively (Table 1).

Table 1 - Laboratory parameters of blood tests by study groups

Groups
Laboratory Group 1 (n=30) Group 2 (n=31) Group 3 (n=30)
indicators C n -
Before surgery DaysSJ?g;?yafter Before surgery Dayssagg;r?yafter Before surgery DayssJ?g;rZyafter
: 52.2-62.4+6.2 g/l | 58.0-68.2+5.1 g/l | 53.8-61.4+4.2 g/l ] 56.5-65.4+5.2 g/l |60.0-70.2+4.2 g/l
Total protein (M=55.6 gl) (M=61.3 g/l) (M=57.3gll)y | 99:0-63:3+3.7.0/l | "y=52 3°g1) (M=58.7 g/l)
Lymohocvtes 8.4-16.0+4.2% 16.1-23.5+4.2% 10.2-14.7+3.1% 11.6-19.4+4.3% 7.8-16.3+4.2% | 12.4-23.7+4.0%
ymphocy (M=11.2%) (M=8.95%) (M=8.95%) (M=10.35%) (M=15.4%) (M=19.9%)
ALT and AsAT 78.2% 40.15% 81.6% 66.7% 72.6% 63.8%

When analyzing the change in the number of blood
lymphocytes, it should be noted that before the op-
eration, the relative level of blood lymphocytes in the
three groups was significantly reduced (25.9+3.7%),
but, given the methods and volumes of the operation,
the stress of the cellular and humoral links of the im-
mune system, the dynamics of their level was expressed
in the form of a statistically significant increase in the
level of lymphocytes in the postoperative period by
Days 10-12 — a stable increase in the level of blood lym-
phocytes by Day 10 after surgery by 8.95% (p=0.000)
in Group 1, 10.35% (p=0.003) in Group 2, and 10.91%
(p=0.000) in Group 3.

A comparative analysis of the dynamics of the ALT and
AST blood levels in the study groups on Days 10-12 after
surgery revealed an initial excess of their normal values af-
ter surgery in some patients, by tens of times on Day 1, fol-
lowed by a decrease.

In particular, the dynamics of blood transaminase lev-
els in most patients of Group 1 (n=23, 78.2%) by Day 10
were expressed as a decrease in ALT (by 32.1%) and AST (by
40.15%) from the initial preoperative level.

The overwhelming majority of patients in Group 2
(81.6%, n=26) also showed a statistically significant de-
crease in the level of these blood transaminases, on aver-
age, by 72.2% by Day 5 and by 66.7% by Day 10 after sur-
gery compared to the baseline.

With a mixed type of nutritional support, by Day 5 af-
ter surgery, the average statistically significant decrease in
transaminases was, on average, up to 72.6% of the initial
values (p=0.000), by Day 10, their level decreased to 63.8%
of the previous value achieved on Day 5 (p=0.008).

Regarding the dynamics of the level of total bilirubin in
the blood, it should be noted that its high values persisted
during Day 1 after surgery, which was most likely due to
temporary swelling of the bile ducts and difficulty in the
outflow of bile into the intestinal lumen, which caused the
total bilirubin in the blood to exceed the norm by more
than 10 times (p=0.000).

On average, on Days 5-7, all study groups showed a
5-6-fold decrease in their level from the baseline, with a
gradual decrease to normal values by Days 10-12, which
persisted in some patients until their discharge (p=0.004).

In comparative quantitative equivalent, in patients of
Group 1, a decrease in the level of total bilirubin was re-
corded, on average, by 12.7% only by Day 10 after sur-
gery (p=0.187). In Group 2, the total bilirubin in blood de-
creased on average by 40.09% by Day 5 and by 45.0% by
Day 10 from the baseline (preoperative period) (p=0.002).

Patients in the 3rd group showed a slower regression
of this indicator: a decrease, on average, of 20.0% by Day 5
and 44.0% by Day 10 after surgery.

Discussion: Assessing the results of the study, in par-
ticular the dynamics of nutritional status according to the
NRI and SGA scales, it can be noted that the most pro-
nounced tendency to normalize nutritional status was ob-
served with parenteral support. This was expressed in an
increase in the number of patients with “moderate malnu-
trition” by an average of 9.7% (n=3) on both scales, which
was associated with the complete elimination of severe
nutritional deficiency, and not with an absolute increase
in the number of patients with “moderate malnutrition”.

Similar results in terms of stabilization of nutrition-
al status were demonstrated by the group with a mixed
type of nutrition, where an increase in the proportion of
patients with “moderate malnutrition” by 10% and 6.7%
on the scales was also noted, which is also associated with
a complete regression of severe nutritional deficiency. In
this group, despite the lack of a significant increase in pa-
tients with “moderate malnutrition”, an improvement in
laboratory parameters and a more rapid restoration of the
basal metabolic rate were observed.

Patients receiving isolated enteral support demon-
strated relatively better results according to the assess-
ment scales. The increase in the number of patients with
“moderate malnutrition” in the postoperative period
was only 3.3% (n=1) according to the NRI scale. However,
in comparison with other groups, this category did not
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show complete elimination of moderate nutritional defi-
ciency and the transition of patients to the category with
“normal” nutritional status, which indicates the absence
of pronounced dynamics of nutritional improvement in
this group.

The results of this work, indicating the presence of nu-
tritional deficiency in patients before surgery, are consist-
ent with the studies of V. M. Khomyakov and A. D. Ermoshin
(2015). Their work presents data on the use of nutritional
status screening scales (NRS, SGA, and NRI) to assess the
condition of cancer patients at the preoperative examina-
tion stage. This made it possible to promptly identify early
signs of nutritional deficiency and develop recommenda-
tions for the initiation of early nutritional support aimed at
reducing the risks of postoperative complications and ac-
celerating the recovery of patients [1].

Confirmation of the presence of nutritional deficien-
cy in patients with pancreatic cancer before surgery is
also presented in the study by N. Bibby et al. (2023). Their
work analyzed data from 137 patients who underwent sur-
gery for the underlying disease. The results showed that in
62.3% of patients, malnutrition led to a weight loss of more
than 5%, and in 29.2% of hospitalized patients, more than
10% of the initial weight over the past 6 months [5].

The improvement in nutritional status in the postop-
erative period noted in this study was achieved due to the
nutritional methods used. According to their data, the av-
erage weight gain in patients was 1.8% over two weeks,
with an overall improvement in weight of 7.9%. Similarly, in
the study by N. Bibby, an increase in the Patient-Perform-
ing Subjective Global Assessment (PG-SGA) scale was ob-
served by an average of 6.19% [5].

The dynamics of the restoration of the basal metabol-
ic rate, as reflected in the trend analysis, show that with
enteral and parenteral support, it reached the initial val-
ues only by Days 10-12 after surgery (2500.1+353.4 kcal/
day and 2350.0+330.5 kcal/day, respectively). However,
with the mixed type of nutritional support, the basal met-
abolic rate approached the initial value (2250.0+105.2 kcal/
day) faster by Days 6-8 after surgery. This acceleration,
however, was not accompanied by an earlier restoration
of independent nutrition of patients and did not ensure
the complete elimination of moderate nutritional deficien-
cy. Instead, an increase in the number of patients with this
type of nutritional status disorder was noted.

The correspondence between the level of the calculat-
ed basal metabolism and the “energy intensity” of the to-
tal nutritional subsidy with a mixed type of nutrition and
isolated enteral support is probably due to the preserva-
tion or restoration of parietal digestion in the gastrointes-
tinal tract in the early postoperative period, even in the
presence of intestinal paresis of varying degrees.

The dynamics of protein metabolism showed that by
the time patients were transferred from intensive care to a
specialized department, the mixed type of nutritional sup-

port provided a more pronounced and statistically signifi-
cantincrease in the level of total blood protein.

The increase in the level of blood lymphocytes record-
ed in all groups can be considered as the body’s response
to surgical intervention, which probably indicates a posi-
tive effect of these changes on the immune status of pa-
tients.

An increase in the level of blood lymphocytes may in-
directly indicate a positive effect on the immune status of
patients when using all studied types of nutrition in the
postoperative period in this contingent.

As for the dynamics of the level of transaminases and
total bilirubin in the blood, statistically significant increas-
es in the levels of ALT and AST, and, to a lesser extent, to-
tal bilirubin, are observed in patients of all three groups
(n=91, 100%). These changes can be explained, first of all,
by the surgical intervention itself and its volume, as well
as by the underlying disease of the hepatopancreatoduo-
denal zone, which is associated with the development of
cytolytic syndrome against the background of cholestasis.

Between Days 5-6 and Days 10-12 post-surgery, blood
transaminase levels decreased. A strong direct correla-
tion was observed between the total bilirubin level in the
blood and the decrease in transaminase levels in patients
across all groups. This is probably due to the creation of
adequate intraoperative bile outflow due to drainage of
the bile ducts and elimination of the cause of mechanical
jaundice (tumor).

Although nutritional support had a certain effect on
the dynamics (including the decrease) of serum transam-
inases and total blood bilirubin, surgical intervention also
played a significant role in these changes. It contributed
to the improvement of bile outflow, the elimination of
mechanical jaundice (tumor removal), and a resulting de-
crease in the severity of cytolytic syndrome due to the sur-
gical intervention.

The results of this study, aimed at targeted and early
initiation of nutritional support in the considered group
of patients, closely correlate with the results of the me-
ta-analysis by F. Yang et al. (2018), taking into account the
results of 2307 cases from 26 studies. This meta-analy-
sis emphasizes the effectiveness of early initiation of nu-
tritional support as a safe and manageable means of fa-
cilitating the recovery of patients in China. In particular, it
contributes to a more rapid recovery of gastrointestinal
motility and a reduction in the duration of postoperative
hospital stay of patients [8].

Conclusion: 1. According to the NRI and SGA nutrition-
al status assessment scales, parenteral and mixed nutri-
tion throughout the study period demonstrated higher ef-
ficacy in stabilizing the clinical condition of patients and
in reducing severe nutritional deficiency compared to the
group receiving isolated enteral nutrition.

2. A mixed type of nutrition in the postoperative peri-
od in patients operated on for malignant neoplasms of the
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hepatopancreatoduodenal zone, based on the totality of
the dynamics of clinical and laboratory indicators, can be
considered as an alternative method of isolated parenter-
al nutrition, mainly due to the complete regression of se-
vere nutritional deficiency and the preservation of a high-
er percentage of patients with a “normal” nutritional status
in the perioperative period.

3. Although the rate of restoration of the calculated lev-
el of basal metabolism approaches the initial values before
surgery, this indicator, regardless of the type of nutrition-
al support, cannot serve as a completely reliable criterion
for the effectiveness of nutrition in the postoperative peri-
od, since there is no clear correlation between the dynam-
ics of its values and the elimination of different degrees of
nutritional deficiency.

In patients with malignant tumors of the hepatopan-
creatoduodenal zone, when there is an indication for nu-
tritional support in the early postoperative period, it is
necessary to assess the degree of nutritional status using
the SGA and NRI screening scales. In signs of mild nutri-
tional deficiency, one of the three methods of nutritional
support is allowed: isolated enteral, isolated parenteral, or
mixed nutrition, due to their statistically equivalent effect
on the level of basal metabolism and laboratory test re-
sults. In cases of moderate and severe nutritional deficien-
cy, it is recommended to use a mixed type of nutritional
support, which promotes faster restoration of protein bal-
ance, a decrease in the value of basal metabolism, and, in
this regard, a reduction in the duration of hospitalization.

It is recommended to begin nutritional support from
Day 2 after surgery, regardless of the scope of the surgi-
cal intervention, the severity of the patient’s condition in
the preoperative period, and the degree of the initial nu-
tritional status, to avoid worsening nutritional deficiency.
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AHJIATIIA

TEONATONAHKPEATOXYOJEHAJBABI ICIKTEPI BAP HAYKACTAPJBI TAFAMIBIK
KAMTAMACHI3 ETY: ONEPAIIUSIIAH KEWTHIT KESEHJETT KAPKBIHABI TEPATIMSTHBIH
HEII3I'1 3JIEMEHTI

IILK. /lasanoé', 3.P. Tauwumemos', C.B. ITnacoeckan’

I«KaparaHasl MeguumHansik yHueepcuteTi» KEAK, Kaparanabl, KasakctaH Pecnybnukace

Oszexminizi: ['enamonankpeamooyoOeHanbObl auMAaKmuly Kamepil ICIKMepiHeH MYbIHOQUMbIH ACKbIHYLAPOblY MUIMOI  KAPKbIHObL
mepanuscel e3ekmi mocene Ooavin Kaia oepedi. On dHepeus Manwbliviebll J4Coi02d, OeHe CANMAZbIH KAINbIHA Keamipyee JiCoHe ayblp
2UnepramadonU3MHIY HOMUNCECIHOe OY3blLI2aH NIACMUKATLIK NPoYecmepOi KANbINKA Keamipyzae, a23aHbly KOPeKMik 3ammapaa Kajicemminiein
apmmuipy2a HeoHe UHMOKCUKAYUS CUHOPOMBIH OAMbImYy2d OA2blMmai2am, ocipece onepayusoan Ketinei kezenoe.
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Markcamoir: Onepayusioan xetlinei epme Kezenoe 2enamonankpeamooyo0eHanbobl auMakmoly icikmepi b6ap Haykacmapoa mamakmanyoul
Kammamacols emyoiy Hezizel acnekmiiepin 3epmmey.

doicmepi: 3epmmey cenamonankpeamoodyooenanvovl aumakmoly Kamepui icikmepi oap 18 scacman ackan 91 naygacma acypeizinoi.
Hayxacmap mazamovlx Konday mypine 6atiianvlcmul yuwl monka 66aiHoi. 3epmmey CKPUHUHE HOMUCENEPIH, OeHe CANIMA2bIHbIY UHOEKCIH,
0a3a160b1 MEMAOOIUZM HCLLIOAMOBLZbIH JHCOHE HEe2i32I 3ePMXAHANIbIK KOpCemKiumepol Koca an2anod, mamakmany KyuiHiy Kopcemriumepin
6azanaovl: Kandazwl umpoyummepoiy Oeneelli, Haanvl aKysis, seainsvl ounrupyoun scone ALT scone AST bencendiniei.

Homuacenepi: Konoanviiean cKpunuHemiK Xxammamanapea colkec napenmepanboi mamaxmanyosl Koaday kesinoe 10-12-wi kynoepi 17
HayKacma «Kauiblnmoly Mamakmany Kyui cakmanowel, 14 naykacma 1 naykacma (3,2%) «ayvlp s#cemrinikciz mamaxmanyy pecpeccuscblMer
«opmawa mamagmanoay» 6010sl. Apanrac mamagmanovipy moouvinoa onepayusoan Ketinei kezeyniy 10-12-wi Kynoepinoe bencinepoiy moavik,
orcouvinyvimern SGA owcone NRI wikananapel boitbinwa «opmawa mamakmanoaysly oap naykacmapowiy coukecinue 10% scone 6,7% apmywl
batikanovl. Bepineen mamakmanyovl 6a2aiay WKAIACLIHA COUKEC «ayblp dcemKinikciz mamaxkmanyy (p<0,005).

Kopoimoinowvi: Oxwaynanzan napenmepanvoi mamakmany mooviHoa nayueHmmepoiy mamakmany icaz0atiblh mypaKmaHoblpy HoHe
cakmayoa Heemriiikmi muiMOLIIKKe KOl JcemKi3iN0L, Oyl «Opmamiay HeoHe «Kaiblnmoly MaMakmany icazoativl 6ap nayuenmmep CaHvIHblH
ocyimeH Kopinoi, COHOAl-aK ayblp JdcoHe opmauia mamaKmany manuibliviebl 6ap HayKacmap CaHblHbly MmoMeHoeyi.

Tamakmanyovl Ko10ayouly apaiac mypi, 63 Ke3ecinde, NApeHmepanbObl MamMakmanyovly nepcnekmusmi oOaramacsl peminoe
Kapacmuipliybl MYMKIH, OUMKeHi 0Cbl monmasavl nayuenmmepoiyy mamaxmany ica20aublHblly Kopcemxkiumepi napeHmepaivosl mepanus
HomudIcenepine Cmamucmukaiblk nypoe yKkcac 60a0bl.

Tyuindi cozoep: mamaxkmawny xHcazoaiivl, Ma2amoblK HeemiCneyuiniK, masamovlk KAMmMamdacsl3 emy, HCymy, OHKOI02Us, MAMAKmawy,
2enamonankpeamo0y00eHaIbObl AUMAKmbly icikmepi.

AHHOTANUA

HYTPUIIMOHHASA NOAJAEPKKA NTAIHUEHTOB C OITYXOJISIMUA
TEODATOIMAHKPEATOAYOJEHAJIBHOM 30HbI:
KJIOUYEBOM JIEMEHT UHTEHCUBHOM TEPATIMU B TOCJIEOINEPAIIMOHHOM IEPUO/IE

IIILK. Tasanos', 3.P. Taumemos', C.B. Ilnacosckan’
'HAO «KaparaHauHckuii MeanumHCKIl yHuBepeuTeTy, Kaparanaa, Pecnybnuka Kasaxctan

Axmyanvnocmov: IDpdexmuenas UHMEHCUBHAS MePanus OCLONCHEHUN, 603HUKAIOWUX NPU 310KAYECHBEHHbIX HO08000PA306AHUAX
eenamonankpeamooyo0eHanvHoll obracmu, ocmaemca axkmyanvhoil sadaueil. Ona nanpaeiena na ycmpauenue sHepeodeduyuma,
60CCMAHOBIIEHIE MACCHl MeNd U HOPMANUAYUIO NIACMUYECKUX NPOYeccos, KOMopble HAPYWAIOMCA 6 pe3ylbiname GblpadiCeHHO20
eunepramadonUu3Ma, NOSLIUEHHVIX NOMpPeOHOCMell OpeaHu3Ma 6 NUMAMEeNbHbIX 6eujecmeax U paseumus UHMOKCUKAYUOHHO20 CUHOPOMA,
0C00EHHO 6 NOCTIEONePAYUOHHOM NePuooe.

Lens uccnedosanus—ynyuuienue HympuyuoHHO20 CIamyca OHKOL02U4eCKUX D0IbHbIX NOCIe ONepayull Ha 2enamonankpeano0y00eHaibHoll
30He 3a CYEM U3YYeHUs U CPABHEHUA IPDEKMUBHOCTNU US0IUPOEAHHOU IHMEPANLHOU, NAPEHMEPATbHOU U CMEULAHHOU HYMPUYUOHHOU mepanuu
6 panHull NOC1e0nepayuoHHbll Nepuoo.

Memoowi: B uccnedosanuu yuacmeosan 91 nayuenm cmapuie 18 1em ¢ 310Ka4ecmeeHHbIMU ONYXONAMU 2eNamonaHKpeano0y00eHalbHOl
3ombl. [layuenmol Ovlau pasoeneHvl HA Mpu epynnvl 8 3A6UCUMOCHIU OM MUNA HYMPUYUOHHOU noddepicku. B pamkax ucciedosanus ovina
npogeoeHa oyenka nokazamesell HympuyuoOHHO20 CIMAmycd, KI0Yas pe3yibmamsl CKPUHUHEA, UHOEKC MACCbl mend, 8elUYUHY OCHOBHO20
obMena, a maxace KI0Yegvle 1aOOPAMOpHble NOKA3AMeNU: YPO8eHb TUMPOYUNos 6 Kposi, obwezo beixa, obueeo obunupybuna, a maxice
axmuenocmu AnAT u AcAT.

Pesynomamur: Ilpu napenmepanshoti HympuyuoHHOU no00epiICKe CO2NACHO UCNONb3YeMbIM CKpuHuHe-npomokonam x 10-12 cymxam
17 nayuenmos coxpauaAnu «HOPMANbHGILY HYMPUYUOHHLIL cmamyc, 14 nayuenmos — «ymepenHoe He0O0eOaHuey npu pezpecce «maxicen020
nedoedanusny y 1 nayuenma (3,2%). B epynne cmewannozo numanus x 10-12 cymxam nocreonepayuonnozo nepuooa Hadaooanocs yseauienue
YUCIA NAYUEHMO8 CO CMamycom «ymeperroe neooedanuey no wrkaiam SGA u NRI na 10% u 6,7%, coomeemcmeeHHo, npu NOIHOU TUKEUOAYUU
NPUBHAKOS «MsANHCeN020 Hedoedanusy no ykazauuvim wxaiam (p<0,005).

3axnrwuenue: B epynne c u301upoGaHHLIM NAPEHMEPANLHLIM NUMAHUEM Oblla O0O0CMUSHYmMda O00CMAmMOYHASA SPPeKmueHOCMb 6
cmabuauzayu U N0O0ePHCAHUY HYMPUYUOHHO2O CINAMYCA NAYUEHINO8, YO NPOABULOCH 8 YEeTUUeHUN YUCIA NAYUEHINO08 C «YMePEeHHbIMY
U KHOPMALHOIMY HYMPUYUOHHLIM CMANMYCOM, 4 MAKJICe COKPAUeHUU KOMUYecmed OONbHbIX ¢ MACeNOU U YMEPEeHHOU HYMPUYUOHHOU
Hedocmamounocmulo. CMewlanuvlil mun HympuyuoHHoOU N000ePICKU, 8 C6010 0uepedb, MONCem PACCMAMpUSAmves KAK NepcneKmueHas
anbmMepHamuea napeHmepalbHOMy NUMAHUI0, NOCKONbKY NOKA3ament HympuyuoHHo20 CImamyca RayuerHmos, 00CmusHymole 6 OGHHOU 2pynne,
OKA3ANUCL CINAMUCTIUYECKU CXOHCUMU C PE3VIbMAMAMU NAPEeHMePAIbHOU Mepanuu.

Kniouesvle cnosa: nuwjesoli cmamyc, HympuyuoHHas HeOOCmMamoyHoCmb, HyMPUYUOHHAS NOOOEPICKA, OHKONO02Us, NUmManue, onyxouu
2enamonankpeamooyo0eHaIbHOl 30HbL.
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ABSTRACT

Relevance: High-grade serous ovarian cancer (HGSOC) is characterized by pronounced genomic instability, frequent mutations
in BRCAI/2 genes, and high clinical and molecular heterogeneity. In some patients, the disease is accompanied by a homologous
recombination deficiency (HRD), which causes sensitivity to poly (ADP-ribose) polymerase (PARP) inhibitors. However, the efficacy of
these drugs remains limited in BRCA wild-type patients.

This study aimed to analyze and describe a clinical case of BRCA-negative serous ovarian cancer complicated by multiple
progressions and the formation of drug resistance.

Methods: This study presents a clinical case of a patient with a common form of HGSOC, without mutations in BRCA1/2 genes but
with a moderately positive HRD status. Molecular genetic analysis was performed by next-generation sequencing using the Foundation
Medicine platform. The effectiveness of the treatment was assessed through positron emission tomography combined with computed
tomography, magnetic resonance imaging, and computed tomography, alongside serial measurements of the CA-125 tumor marker.

Results: The patient underwent cytoreductive surgery followed by five successive lines of chemotherapy, including platinum-based
regimens, bevacizumab, liposomal doxorubicin, gemcitabine, and olaparib as a PARP inhibitor. Although transient partial responses
were achieved, the disease subsequently progressed. Molecular genetic analysis confirmed the absence of BRCAI/2 mutations and
revealed an HRD score of 20.1%, indicative of limited sensitivity to PARP inhibition. As the patient’s general condition declined, a
transition to palliative care was initiated in February 2025. The patient passed away in March 2025.

Conclusions: The presented case highlights the limited therapeutic possibilities in BRCA-negative HGSOC with moderate HRD
status and demonstrates the need to develop new personalized treatment strategies in patients with an unfavorable molecular profile.

Keywords: high-grade serous ovarian cancer (HGSOC), BRCA-negative status, homologous recombination deficiency (HRD),
PARP inhibitors, clinical case, chemotherapy, molecular profiling.

Introduction: High-grade serous ovarian carcinoma
(HGSOCQ) is the most common and aggressive histological
subtype of epithelial ovarian cancer. This disease is charac-
terized by pronounced genomic instability, a high frequen-
cy of somatic and germinal mutations, impaired DNA re-
pair mechanisms, and activation of cellular stress signaling
pathways. In most cases, the tumor develops against the
background of molecular disorders in the TP53, BRCA1/2
genes, or other elements of the homologous recombina-
tion system. HGSOC is clinically characterized by an ag-
gressive course, early intraperitoneal dissemination, and
pronounced histological and molecular heterogeneity,
complicating treatment response prediction and necessi-
tating a personalized therapeutic approach [1, 2]. Accord-
ing to the international cancer registries, the median 5-year
survival rate in patients with advanced HGSOC does not ex-
ceed 27%. This is significantly lower than in low-grade or
early-stage tumors, where the survival rate can reach 70-
90%. The main reasons for such unfavorable outcomes are
late diagnosis, pronounced heterogeneity of the tumor, a
tendency to rapid intraperitoneal spread, and the devel-
opment of chemoresistance after the first courses of thera-
py [3,4]. According to molecular genetic studies, about 30-

35% of HGSOCS are associated with disorders in the BRCA1
or BRCA2 genes, including germinal and somatic muta-
tions and epigenetic inactivation, such as hypermethyl-
ation of promoter regions. These molecular defects lead
to homologous recombination deficiency (HRD), forming
the so-called HRD phenotype [5]. HRD is a central mech-
anism underlying genomic instability in epithelial ovari-
an cancer. It is associated with impaired high-precision re-
pair of double-stranded DNA breaks. According to current
molecular studies, signs of HRD are detected in approxi-
mately 50% of patients with HGSOC. This phenotype forms
the therapeutic vulnerability of the tumor to poly (ADP-ri-
bose) polymerase (PARP) inhibitors, whose action is based
on the principle of synthetic lethality. In this regard, deter-
mining the HRD status is of key importance for choosing
personalized therapy and evaluating the potential effec-
tiveness of PARP inhibitors in this category of patients [6-8].
Poly inhibitors (ADP-ribose) polymerases (PARP) were ini-
tially developed as a maintenance therapy for patients with
recurrent ovarian cancer who have achieved a complete
or partial response to repeated chemotherapy with plati-
num preparations. Their clinical efficacy was convincingly
demonstrated in three large, randomized phase I trials —
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NOVA (ENGOT-OV16), SOLO-2 (ENGOT-OV21), and ARIEL3
— where there was a significant improvement in progres-
sion-free survival (PFS) compared to placebo. The results
of these studies led to the approval of niraparib, olaparib,
and rukaparib as maintenance therapy for recurrent plat-
inum-sensitive ovarian cancer, regardless of the presence
of mutations in BRCAT/2 or other biomarkers. This expand-
ed the indications for using PARP inhibitors and confirmed
their role as one of the key components of a personalized
approach to treating recurrent tumors [9, 10].

This study aimed to analyze and describe a clinical case
of BRCA-negative serous ovarian cancer complicated by
multiple progressions and the formation of drug resistance.

Materials and methods: This paper presents a clinical
case of a patient with a common form of HGSOC under ob-
servation at the Almaty Cancer Center. An integrated ap-
proach was used to assess the molecular and immunohis-
tochemical profile of the tumor.

A next-generation molecular genetic sequencing
(NGS) study was performed in Foundation Medicine Inc.’s
(USA) laboratory to assess the mutation status. The test
evaluated mutations in the BRCA1/2 genes and the level of
genomic instability (HRD), which revealed the absence of
BRCA mutations and the HRD status of 20.1%.

An immunohistochemical study of the tumor tissue
was performed using antibodies to the WT1, PAX8, p53,
p16, Ki-67 markers, estrogen and progesterone recep-
tors (ER/PR), and the folate a receptor. The study was per-
formed on the VENTANA BenchMark ULTRA (Roche) plat-
form using the BN3.2 monoclonal antibody (Novocastra/
Leica). Mutation-specific overexpression of p53 and Ki-67
at 30% and moderate and strong expression of folate re-
ceptor a in 35% of tumor cells were found. Expression of
ER and PR was absent.

In contrast to the clinical case described in our pre-
vious article [11], which documented a rare BRCAT muta-

tion (p.181T>G; p.Cys61Gly) associated with prolonged tu-
mor stabilization exceeding three years, this patient had
no BRCA1/2 mutations and an HRD score of 20.1%, indicat-
ing limited expected benefit from PARP inhibitor therapy.
Variations in the molecular profile proved to be critical de-
terminants in selecting therapeutic strategies, prognos-
tication of treatment response, and prediction of disease
trajectory. Disease progression and therapeutic response
were dynamically monitored through serial imaging stud-
ies, including magnetic resonance imaging (MRI), comput-
ed tomography (CT), and positron emission tomography/
computed tomography (PET/CT), complemented by se-
quential measurements of serum CA-125 levels.

Clinical case:

Patient Information: Patient A. was 42 years old at the di-
agnosis. She presented in February 2022 with clinical signs
necessitating immediate surgical intervention. Primary cy-
toreductive surgery was performed with an extensive sur-
gical approach, including total abdominal hysterectomy
with bilateral salpingo-oophorectomy, resection of the
round ligament of the liver, excision of a tumor mass from
the left paracolic gutter, total omentectomy, and pelvic
and para-aortic lymph node dissection. Histological analy-
sis confirmed HGSOC, FIGO stage IIIC (pT3C pN1c MO).

Between March and June 2022, the patient received six
cycles of chemotherapy consisting of carboplatin (AUC 5)
and paclitaxel (175 mg/m?), administered intravenously ev-
ery 21 days. A favorable treatment response was observed,
as evidenced by a decline in the CA-125 tumor marker level
to 32 U/mL by July 2022.

In June 2022, the tumor molecular genetic profiling
was done by NGS using Foundation Medicine Inc. USA). No
pathogenic variants were identified in the BRCA1/2 genes,
indicating a BRCA wild-type status. The HRD score of 20.1%
evidenced moderate genomic instability and suggested
limited sensitivity to PARP inhibitor therapy (Figure 1).
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Figure 1 — Molecular genetic and immunohistochemical analysis was performed using next-generation sequencing
(FoundationOne® CDx, Foundation Medicine, Cambridge, USA)
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An immunohistochemical study of the tumor was also
performed at the Charité University Hospital (Berlin, Ger-
many). Mutational type of p53 expression, Ki-67 prolifera-
tive activity index at the level of 30%, expression of folate
receptor a in 35% of tumor cells, and negative expression
of hormone receptors ER and PR were found.

To evaluate the disease extent, a PET/CT scan per-
formed in February 2022 revealed increased metabolic ac-
tivity in the mesenteric lymph nodes (SUVmax 3.8-6.1). Fol-
low-up imaging in November 2022 showed no evidence of
disease recurrence (Figure 2).

In December 2022, the clinical case was reviewed
during a multidisciplinary consultation at the Kazakh In-
stitute of Oncology and Radiology, with the participation
of specialists from Charité University Hospital. Considering
the absence of disease recurrence on the PET/CT scan from
November 2022 and a platinum-free interval exceeding
six months, the patient was classified as platinum-sensi-
tive. Based on the results of the discussion, repeated plati-
num-containing chemotherapy in combination with bev-
acizumab is recommended, followed by the appointment
of a PARP inhibitor when the disease stabilizes.

_—

Q.°

Figure 2 - PET/CT scan: A - an increased metabolic activity in
the abdominal lymph nodes (arrows), consistent with active
disease (February 2022); B - a marked reduction in metabolic
activity of previously hypermetabolic lymph nodes
(November 2022)

From April to September 2023, the patient underwent
six cycles of second-line chemotherapy consisting of car-
boplatin (AUC 5), paclitaxel (175 mg/m?), and bevacizum-
ab (15 mg/kg), administered intravenously every 21 days.
The treatment was well tolerated. A positive treatment re-

sponse was observed, reducing the CA-125 tumor mark-
er level from 115 to 48 U/mL. Follow-up PET/CT imaging in
August 2023 demonstrated decreased metabolic activity
in the previously affected lymph nodes, consistent with a
partial metabolic response (Figure 3).

Figure 3 — A PET/CT scan from August 2023: reduced metabolic activity in the affected lymph
nodes (arrows) indicates a favorable response to second-line chemotherapy

From October 2023 to February 2024, the patient re-
ceived maintenance therapy with olaparib at a dose of
300 mg twice daily. This regimen was initiated following
a favorable response to second-line treatment and was
in alignment with international guidelines for the use of
PARP inhibitors in patients with platinum-sensitive disease

despite the absence of BRCA mutations. However, in March
2024, both biochemical and radiological evidence of dis-
ease progression was observed: CA-125 levels increased to
151 U/mL, and PET/CT imaging revealed new metabolically
active lesions in the cervical, mediastinal, para-aortic, mes-
enteric, and paracaval lymph nodes, as well as radiophar-
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maceutical uptake in the skin of the neck and the anterior
abdominal wall (Figure 4).

From April to June 2024, the patient received chemo-
therapy consisting of paclitaxel at a dose of 160 mg admin-
istered intravenously on days 1, 8, and 15 of each 21-day cy-
cle, in combination with bevacizumab 15 mg/kg every 21

days. A total of three cycles were completed. During treat-
ment, the patient developed grade 2 leukopenia. A PET/CT
scan performed in July 2024 revealed signs of peritoneal
carcinomatosis, ascites, and enlargement of the mesenter-
ic and para-aortic lymph nodes, along with cystic lesions
in the liver suspected to be of metastatic origin.

Figure 4 - PET/CT image: New metabolically active lesions
in the lymph nodes, the skin of the neck,
and the abdominal wall

From July to October 2024, the patient received se-
quential chemotherapy with continued use of bevacizum-
ab. Two cycles of liposomal doxorubicin (40 mg/m2 in-
travenously) with bevacizumab (15 mg/kg) were initially
administered. Due to the absence of clinical or biochemi-
cal improvement, the treatment regimen was modified to
include three cycles of gemcitabine (1000 mg/m? on days
1 and 8 of each 21-day cycle), again combined with beva-
cizumab at the same dosage. Despite these interventions,
no objective treatment response was achieved. PET/CT
and MRI scans performed in October 2024 revealed multi-
ple metastatic lesions in the liver and peritoneum (Figure
5), as well as bilateral pleural effusions.

A CT scan performed in February 2025 confirmed in-
testinal obstruction, multiple hepatic metastases, and bi-
lateral pleural effusions. Due to progressive clinical dete-
rioration, the patient underwent laparotomy, followed by
a relaparotomy with gastrostomy and cecostomy. At that
time, the CA-125 level exceeded 1100 U/mL, and the pa-
tient’s performance status was assessed as ECOG 3. In
light of the lack of therapeutic response, the extensive
progression of the disease, and the overall decline in clin-
ical condition, a decision was made in February 2025 to
transition the patient to palliative care. Despite support-
ive measures, the patient succumbed to disease progres-
sion in March 2025.

Figure 5 — Axial pelvic MRI: Signs of peritoneal carcinomatosis. The T2-weighted image (left) and
diffusion-weighted image (right) reveal irregular thickening and nodularity along the peritoneal
surfaces (arrows), consistent with metastatic peritoneal involvement
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Results: The patient underwent complex treatment,
including cytoreductive surgery, five lines of chemo-
therapy, targeted therapy, and maintenance treatment
with a PARP inhibitor. After the first line of chemother-
apy, partial remission was achieved with a biochemical
decrease in CA-125 levels to 32 U/ml. PET/CT from No-
vember 2022 showed no signs of relapse. Considering
the platinum sensitivity (over more than 6 months), re-
peated platinum-containing chemotherapy in combi-
nation with bevacizumab was started in April 2023. At
the end of six cycles, partial metabolic remission was
achieved, and the CA-125 level decreased to 48 U/ml.
Since October 2023, maintenance therapy with olaparib
was performed, but by March 2024, biochemical and vi-
sual progression was recorded: an increase in CA-125 to
151 U/ml and the detection of active metastatic lymph
nodes. Due to documented disease progression, treat-
ment with weekly paclitaxel in combination with bev-

acizumab was initiated between April and June 2024.
However, follow-up PET/CT imaging revealed continued
disease spread. Subsequent chemotherapy regimens
incorporating liposomal doxorubicin and gemcitabine
likewise failed to elicit an objective response. Trends in
CA-125 levels throughout treatment, showing initial re-
sponse followed by progressive elevation during later
lines of therapy and transition to palliative care (Figure
6), and PET/CT imaging from October 2024 demonstrat-
ed multiple metastatic lesions. NGS revealed no patho-
genic mutations in BRCA1/2 and HRD score of 20.1%, in-
dicative of moderate genomic instability and limited
expected benefit from PARP inhibitor therapy. Due to
disease progression and functional decline (ECOG per-
formance status 3), the patient was transitioned to palli-
ative care in February 2025. A fatal outcome was record-
ed in March 2025 (Table 1).
The timeline of this clinical case is provided in Table 1.

600 -
Progression on 44stn lines
500 1
400
300
200
Cytoreduction + o N
1004 1lstline of chemotherapy / Transition to
5 palliative care
Start of 2nd line simiihesind
01 3 (platinum + BEV) s
v N o v 43 P
QQ‘/O \\\' v.Q (,)QaQ v_ﬂ\q «©
Date / Stages

Figure 6 — Changes in CA-125 levels during treatment

Table 1 - Timeline of the clinical case of BRCA-negative serous ovarian cancer with multiple progressions and drug

resistance
Date Event
February 2022 Initial presentation and primary cytoreductive surgery. Diagnosis: HGSOC, FIGO IlIC.
March - June 2022 First-line chemotherapy (carboplatin + paclitaxel), favorable response (CA-125 decrease to 32 U/mL).
June 2022 NGS: BRCA-negative, HRD 20.1% confirmed.
November 2022 PET/CT: No signs of recurrence.

April - September 2023
decreased to 48 U/mL.

Second-line chemotherapy (carboplatin + paclitaxel + bevacizumab): partial metabolic response, CA-125

October 2023 - February 2024

Maintenance therapy with olaparib.

March 2024

A progression was detected: CA-125 increased to 151 U/mL; new metastatic lesions on PET/CT.

April - June 2024

Third-line chemotherapy (weekly paclitaxel + bevacizumab): the progression continued.

July - October 2024
no response.

Fourth-line chemotherapy: liposomal doxorubicin + bevacizumab; switch to gemcitabine + bevacizumab;

October 2024 MRI and PET/CT: Liver metastases, peritoneal carcinomatosis, pleural effusion.
February 2025 Intestinal obstruction: palliative surgeries (gastrostomy, cecostomy); ECOG 3; transition to palliative care.
March 2025 Patient deceased.

Discussion: The presented clinical case illustrates the
course of FIGO IlIC HGSOC in a BRCA-negative patient
with moderate genomic instability. Despite complete

cytoreductive surgery, two consecutive platinum reg-
imens, targeted therapy with bevacizumab, and main-
tenance treatment with olaparib, the disease was char-

Oncology and Radiology of Kazakhstan, Ne2 (76) 2025

29



CLINICAL CASES

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

acterized by a progressive and resistant course [12]. In
contrast to the clinical case presented in a previous-
ly published paper [11], where the detection of a rare
BRCAT gene mutation (p.181T>G; p. Cys61Gly) allowed us
to achieve long-term stabilization of the tumor process
for more than three years on the background of PARP-in-
hibitor therapy; in our case, the molecular profile was
different [13].

The patient had no mutations in the BRCA1/2 genes,
and the HRD level was 20.1%, indicating a limited sensitiv-
ity to PARP inhibitors. Despite similar maintenance ther-
apy with olaparib, the effect was short-lived, and disease
progression was recorded [14]. This highlights the impor-
tance of molecular profiling in the early management of
patients with epithelial ovarian tumors. In addition, high
p53 expression, absence of ER/PR receptors, and moder-
ate folate a receptor expression (35%) reflect the aggres-
sive molecular phenotype of the tumor.

Repeated changes in chemotherapy regimens, in-
cluding liposomal doxorubicin, gemcitabine, and weekly
paclitaxel, did not provide a stable response. These lines’
lack of clinical efficacy highlights the limitations of avail-
able treatment strategies in patients with an unfavorable
molecular profile. In conditions of aggressive course and
cumulative toxicity, timely transition to palliative care
plays a key role.

Conclusions: The presented clinical case of HGDOC,
FIGO stage IlIC, in a BRCA-negative patient with moder-
ate genomic instability (an HRD score of 20.1%) illustrates
an aggressive disease course with limited response to
multi-line therapy. Despite optimal primary cytoreduc-
tion, sequential platinum-based chemotherapy, and tar-
geted antiangiogenic therapy, the patient experienced
recurrent relapses and multiple episodes of disease pro-
gression. The absence of BRCA1/2 mutations and a bor-
derline HRD score likely contributed to reduced sensitiv-
ity to PARP inhibition and the lack of durable treatment
response. This case highlights the urgent need to devel-
op novel individualized treatment strategies and identi-
fy additional therapeutic targets in patients with unfa-
vorable molecular profiles. Emphasis should be placed
on early detection of resistance predictors and the im-
plementation of truly personalized oncologic care tai-
lored to the genetic and phenotypic characteristics of
the tumor.
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AHJIATIIA

BRCA-TEPIC AHAJIBIK BE3/1H JKOFAPBI JIOPEJKEJI CEPO3/Ibl KATEPJII ICIT1,
KAHUTAJIAHATBIH YJEVI:
KJIUHUKAJIBIK JKAFIAWIBI

A.E. Aiioapoe'?, C.2K. Xaiidapoé®, /I.P. Kaiioaposa®, H.A. H36azambemos®, P.0. Bonaméexosd’®,
JLE. Aiwoapoé', A.M. Aiidaposa®, JK.M. Amankynoe*

I«KasakcTaH-Peceit meguumHanblk yausepcuteTi» MEBBM, Anmatsl, KasakctaH Pecny6nmkach;
2«AnmaTbl oHkonoruanblk optansifbly LLXKK KMK, Anmartsl, Kasakcran Pecnybnukacsl;
3MleHcaynblk cakTay FbinbiMi OpTanbifbl, LLIsHbWKaHE yHBEpCUTETI, LLIsHb4YKaHb, KbiTalt Xanklk Pecnybnmkacs!;
“«C.XK. ActheHamsipos aTbliigarbl Kasak ynTTblk MeauumHa yHusepeuteTin KEAK, Anmathl, KasakctaH Pecnybnukacsl;
SAO «Kasak OHKONOrMs xaHe paanonorus FeinbiMu-3epTTey MHCTUTYTbI» AK, Anmatel, KasakctaH Pecnybnukach

Oszexkminizi: Ananvik 6e30iy dcozapvl 0opediceni cepozovl Kamepii iciei (HGSOC) aiikbin eenomovis mypaxcoizoviknen, BRCAI/2
2enoepinoe2i JHcui Mymayusiapmen JHCoOHe HCO2apbl KIUHUKALBLK JHCOHE MONEKVIANbLK 2enmepo2eHoiiiknen cunammanaost. Keiibip nayxacmapoa
aypy comonozusinvik pekomounayusinely (HRD) scemicneywinicimen dipee owcypedi, oyn PARP uneubumopaapvina ce3immanoblkmsl myobipaobsl.
Anaiioa, byn npenapammapowiy BRCA-acabativt mypi icikmepoezi muimoiniei wiekmeyii 601vin Kaaiaobl.

3epmmey maxcamol — Oiprewe yoeymen scone dopice me3iMoinikmiy Kaivinmacyvimen ackvinean BRCA-mepic ananvlk 6e30in cepo30bi
Kamepii iciei 6ap Haykacmol emMOeyOiy KIUHUKATBIK HCA20AUbIH MANOAY HCOHE CUNAMMAY.

AQoicmep: Byn sepmmey BRCAI/2 zendepinde mymayusicul d1cok, oipax opmawa oy HRD mopmebeci 6ap HGSOC scannvt ghopmacwr bap
HAYKACMblY KIUHUKATLIK dicaz0aubii ycbinaovl. Moaexynanvik-ecenemukanvik manoay Foundation Medicine nnameopmacevinda xeneci ypnar
CeKBEHYUACHL APKbLIbL HCYp2ei3indi. Emoeyoiy muimoiniei CA-125 icik mapkepin cepusiivlk onueymMen Kamap KOMnblomepik momozpagpusmen
6ipikmipineen NO3UMPOHObI-IMUCCUATBIK MOMOSPADUA, MAZHUMMT PE3OHAHCHIbL MOMOPAPUSA HCOHE KOMNBIOMEPTIK MOMOZPAPUsL APKbIIbL
bazananovi.

Homuocenepi: Haykac yumopedykmuemi onepayusoan emmi, COOAH KeliH NAamuHa He2izinoeei pedcumoepoi, besayuzymabmol,
MUNOCOMANBIK, OOKCOPYOUYUHOi, 2emyumabunoi sxcone noau(AL4D-pubosa) nonumepasa (I1APII) uneubumopnapel onanapubmi Koca aieanod,
XUMUOMEPANUSIHbIY KAMAapblHaH bec bazvlmul Hcypeisindi. Omneni iwinapa peakyusiapaa Kol HCemKisiieeHiMeH, KeUiHHeH aypy ACKbIHbIN
kemmi. Monexynanvik-eenemuranvis manoay BRCA1/2 mymayusnapeinsiy scoxmolebin pacmaosl sxcone HRD 20,1% kepcemkiwin anvikmaovl,
byn ITAPIl mescenyine wexkmeyni ce3immanovikmel kepcemeodi. Haykacmuiy swcannvt dcazoavivl Hawaprazanovikmat, 2025 swcvlidviy
AKNAHbLIHOA NALIUAMUBMIK KOMeKKe Kowy 6acmanosl. Haykac 2025 scoindviy Haypels atiblhoa Katimolc 6010bl.

Kopvimutnowt: ¥Ycoinoinean owcazoau opmawia HRD mopmebeci 6ap BRCA-mepic HGSOC npenapammapuitbiy wexmeyni emoix
MYMKIHOIKmMepiH Kepcemeoi HcoHe KOAachl3 MOIeKYAAIbIK Npodui 6ap HayKacmapowvl emMoeyoiy H#ana rHeekeaeHoipiieen Cmpamezusiapbit
a3ipaey Kaxcemminiein kepcemeo.

Tyitin ce30ep: ananvix 6e30iy dcozapwi dopedrceni ceposzovl Kamepii iciei (HGSOC), BRCA-mepic cmamycel, 20MOL02USNBIK pEKOMOUHAYUS
manwwliavievl (HRD), ITAPII uneubumopnapotl, KIUHUKALLIK JCA20AtbL, XUMUOMEPANUSsL, MOLEKVAAIbIK NPOPUILOEY.

AHHOTANUS

BRCA-HEIT'ATUBHBIN CEPO3HBINA PAK SMYHUKOB BHICOKOM CTEINEHU
3JJOKAYECTBEHHOCTH C PEIIUJIUBUPYIOIIUM ITPOT'PECCUPOBAHUEM:
KJIUHUYECKHUM CJOYUYAN

A.E. Aiioapoe'?, C.2K. Xaiioapoé®, /I.P. Kaiioaposa®, H.A. H36azamoemos’, P.0O. Bonamoéexosa’,
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Axmyanvnocmy: Ceposnvill pak AUYHUKOE 6bICOKOU cmenenu 310Kkauecmeennocmu (high-grade serous ovarian cancer, HGSOC)
XApaxkmepuzyemcsi 8blPaANCEHHOL HeCMAOUIbLHOCMbIO 2eHOMA, yacmbimu mymayusimu 6 2enax BRCA1/2 u 6blcokotl KIUHUYECKOU U MOJIeKYIAPHOU
2emepoceHHOCmbl0. Y HeKOmopvlX NayueHmos 3ab0ie6anue conposoHcoaemcs O0euyumom 2omon0cuyHol pexomodounayuu (homologous
recombination deficiency, HRD), ymo obyciasnusaem uyscmeumenvHocnmos K uneubumopam nonu(AJ@-puboso)norumepaser (I1API). Oonaxo
aghpexmusrocmo smux npenapamos npu BRCA ouxozo muna ocmaemcsi 02paHuyeHHOL.

Henv uccnedosanus — npoananuzuposams u onucamy KauHudeckuil caydai nevenus nayuenmcu ¢ BRCA-necamugnviym cepo3nblm pakom
SAUYHUKOB, OCLOACHEHHBIM MHOICECIMBEHHBIMU NPO2PECCUSIMU U POPMUPOBAHUEM JEKAPCMEEHHOU YCMOUYUBOCMU.

Memoowr: B dannoii nybaukayuu npedcmasiien KiuHU4eckull ciyyai nayuenma ¢ pacnpocmparernoti ¢opmoti HGSOC, b6es mymayui
6 eenax BRCAI/2, no ¢ ymepenno nonoscumenvuvim cmamycom HRD. Monexynsaprno-eenemuueckuti anaius npoeoouics ¢ UCnOIb308aHUEM
CceKgeHUpoBans 08020 nokonenus na niamgpopme Foundation Medicine. Dghpexmusnocmo newenus oyenusaiacs ¢ nNOMOWbIO NO3UMPOHHO-
IMUCCUOHHOU MOMOSPAPUU 8 COUeMAHUU C KOMNbIOMEPHOU momozpaguerl, MAeHUMHO-PE3OHAHCHOU MOMOZPAdul, KOMNbIOMeEPHOU
momozpaguu, a maxaice nOC1e008amenbHblX Usmeperull onyxoneeozo mapkepa CA-125.

Pesynomamur: [layuenmre Ovina npogedena yumopeoykmueHas onepayus, 3a Komopou nocied08au niams nocied08amenbHblx Kypcog
XUMUoOmepanuy, GKIOYAs cXeMbl HA OCHOBE NAAMUHNbL, Oesayu3ymad, 1UnocomManbHulil 00Kcopyouyun, cemyumabun u uneubumop I1APII
onanapub. Xoms Ovinu 00CMUSHYMbl BPEeMEHHble YACMUYHbIE OMEembl, GnOcIe0Cmeuu 3aboneeanue npozpeccuposano. MonexynsapHo-
eenemuueckull ananus noomsepoun omcymemeue mymayuii BRCAI1/2 u sviasun degpuyum eomonoeuunoii pexombunayuu (HRD), komopuiil
cocmasun 20,1%, umo yxkazvieaem Ha 02panuieHnyIo wyecmeumensHocms K uneuouposanuio IIAPII. Ilockoneky obwee cocmosanue nayuenma
yxyowunocs, 6 gpeepane 2025 2o0a 6vin Hawam nepexoo Ha NALIUAMUBHYIO nomows. Tlayuenm ckonyancs 6 mapme 2025 zooa.
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3akniouenue: Ilpedcmasnennviii ciyuail noduepkusaem o02paHuyeHHvle mepanegmuyeckue 6osmoxcnocmu npu BRCA-neecamusnom
HGSOC ¢ ymepennvim HRD cmamycom u 0emorHcmpupyem HeoOXo0umocnms pa3pabomki HO8bIX NepCOHANUUPOSAHHBIX CINPAMe2utl 1e4eHus
nayuenmog ¢ HeO1a2onpUsmMHbIM MONEKYAAPHLIM NPOPUNEM.

Kniouegvle cnosa: ceposnviii pak suuHukos vicokoti cmenenu 3noxauecmeennocmu (HGSOC), BRCA-nezamuenbiti cmamyc, depuyum
comonozuyno  pexombunayuu (HRD), uneubumoper nonu(AJ®-puboso)norumepasor (IIAPII), rkiunuueckuil cayyai, Xumuomepanus,
MONeKyIspHoe npoduiuposanue.
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ABSTRACT

Relevance: Horseshoe kidney is the most typical kidney fusion anomaly among children (0.25%) and is associated with various
urological and non-urological abnormalities. Wilms’ tumor is the most common malignant neoplasm of the kidneys and the third most

common solid malignant neoplasm in pediatrics.

The study aimed to present a clinical case of Wilms’ tumor detected in a horseshoe kidney, describing the diagnostic and treatment

methods.

Methods: The article describes a clinical case of Wilms’ tumor in the horseshoe kidney of a 4-year-old girl treated at the Moscow

Regional Oncological Dispensary (Balashikha, Russia).

Results: A combined treatment was performed, including neoadjuvant and adjuvant chemotherapy and surgical resection of the left
half of the horseshoe kidney at the isthmus level. At the time of writing, there were no manifestations of the disease.

Conclusion: The clinical case highlights the importance of a timely diagnosis of Wilms’ tumor and the initiation of treatment, which
significantly contributes to a favorable outcome. Early diagnosis and treatment allowed a particular patient to evaluate all possible
outcomes and determine further tactics. This made it possible to remove Wilms’ tumor localized in the horseshoe kidney with minimal

loss of renal and urinary system function.

Keywords: pediatrics, surgical treatment, nephroblastoma, Wilms’ tumor, horseshoe kidney, chemotherapy.

Introduction: Wilms’ tumor, also known as nephroblas-
toma, is the most common kidney tumor in children [1-3].
Kidney tumors account for approximately 5% of malignant
neoplasms in children under 15 years old and 3.6% of ma-
lignant neoplasms in children under 18 years old. Among
the 9,731 patients enrolled in the National Renal Tumor Re-
search Group (NWTSG) (1969-2002), nephroblastoma ac-
counted for the vast majority of childhood kidney tumors
(92%), followed by clear cell renal sarcoma (3.4%), congen-
ital mesoblastic nephroma (1.7%), malignant rhabdoid tu-
mor (1.6%), and rare neoplasms, including primitive neu-
roectodermal tumor, synovial sarcoma, neuroblastoma,
and cystic nephroma (1.1%). Although renal cell carcinoma
has not historically been included in NWTSG studies, it ac-
counts for 8% of kidney tumors in children from birth to
19 years old, according to the Surveillance, Epidemiology,
and Outcomes (SEER) Program [2]. Horseshoe kidney is the
most common abnormality of kidney formation [4].

The primary kidney migrates from the pelvic cavi-
ty to the level of the upper lumbar vertebrae during the
formation and development of the renal system, accom-
panied by additional rotation and fixation of the organ
in its typical position [5]. Renal fusion anomalies can oc-
cur during rotation and kidney elevation during the 9th
week of ontogenesis [6]. The isthmus of a horseshoe kid-

ney may contain a functioning renal parenchyma or a fi-
brous band [7]. In up to 80% of horseshoe kidney cases,
the isthmus contains functional renal parenchyma tissue,
and in 90% of cases, fusion occurs at the lower pole [8].
Horseshoe kidneys are often asymptomatic and are usu-
ally discovered by chance, often due to symptoms or sec-
ondary disorders of the genitourinary system, such as gen-
itourinary infections or obstructions [8]. It is believed that
these patients are at increased risk of developing malig-
nant neoplasms, such as Wilms’ tumor [6]. Nephroblasto-
ma is the most common malignant kidney tumor detect-
ed in childhood [7]. The risk of developing Wilms’ tumor in
children with horseshoe kidney is 2-6 times greater than in
children in general [7]. Approximately 50% of Wilms' tum-
ors in horseshoe kidneys develop from the isthmus, prob-
ably due to abnormal proliferation of the metanephric
blastema [6]. The same abnormality that causes the devel-
opment of a horseshoe kidney can also lead to the devel-
opment of Wilms’ tumor [8]. Nephroblastoma is asympto-
matic; approximately 10% are detected accidentally after
injury, while 25% are found to have microhematuria or hy-
pertension, which occurs against the background of hy-
perproduction of renin [1].

Ultrasound is used to diagnose a horseshoe kidney,
whereas computed tomography (CT) and magnetic reso-
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nance imaging (MRI) are used in staging the process [3].
On ultrasound, the tumor appears as a large mass that
can be solid or cystic, characterized by large hypoecho-
ic areas resulting from central necrosis and cyst forma-
tion [1]. The areas are characterized by fat deposits, cal-
cifications, or hemorrhages [1]. CT scans show tumors
with a lower density and are less visualized than the nor-
mal renal parenchyma [4]. Tumors are often character-
ized by heterogeneous enhancement and may have in-
clusions in the form of accentuated calcifications [4]. In
magnetic resonance imaging, tumors exhibit low signal
intensity in T1-weighted images, varying signal intensi-
ty in T2-weighted images, and limited diffusion in diffu-
sion-weighted images [5]. CT is also used to detect lung
metastasis or local recurrence [5].

Wilms’ tumor may contain inclusions of embryonic re-
nal elements, including blastema, epithelium, and stro-
ma [4]. Wilms’ tumor can be divided into 2 types based on
the prognosis: favorable (more than 90%) and unfavorable
(6-10%) [5]. Histopathological analysis is the modern gold
standard for diagnosing Wilms’ tumor.

Surgery, chemotherapy, and radiation therapy are used
to treat Wilms' tumor [6]. The National Wilms’ Tumor Study
Group (NWTSG)/Children’s Oncology Group (COG) and the
International Society of Pediatric Oncology-Renal Tumor
Study Group (SIOP) have established main guidelines for
the management of patients with Wilms’ tumor [8]. SIOP
recommends the use of preoperative chemotherapy to re-
duce tumor size and prevent intraoperative complications
due to tumor rupture [7]. In contrast, the NWTSG/COG rec-
ommends the use of primary surgery before any conserv-
ative therapy [2]. The overall survival rate for children with
Wilms’ tumor in the horseshoe kidneys is similar to that
for children with Wilms’ tumor in normal kidneys: NWTS-
4 stage |-V (event-free survival — 80.6%-94.9%, overall sur-
vival - 93%-98.7%) [6].

The study aimed to present a clinical case of Wilms' tu-
mor detected in a horseshoe kidney, describing the diag-
nostic and treatment methods.

Description of the clinical case.

Patient’s data: A 4-year-old girl, 4 months from the 8th
pregnancy, second childbirth. The weight at birth was
2980 g. No chronic diseases. There were no surgeries or
injuries. The ultrasound results revealed the formation of
the abdominal cavity during a routine examination at the
place of residence. The child was hospitalized in the Mos-
cow Regional Oncology Dispensary (Balashikha, Russia).

Diagnostics: During the examination, palpation re-
vealed a volumetric formation of tightly elastic consist-
ency, painless and immobile, on the right side. General
urinalysis revealed microhematuria. Blood pressure was
higher than the norm for the age. A CT scan of the abdom-
inal cavity with intravenous contrast enhancement was
performed on 04.09.24: CT scan of a horseshoe kidney, a
tumor mainly of the right half of the kidney with a size of

6.6x8.3x8 cm, heterogeneous structure. Renal veins con-
trast homogeneously (Figure 1).

The diagnosis was established based on instrumental
research methods: “Nephroblastoma of the horseshoe kid-
ney on the right.”

The child was admitted to the Moscow Regional Oncol-
ogy Dispensary to determine further treatment tactics and
receive specific treatment.

Treatment: From 06.09.2024, after the diagnosis, the
child began to receive therapy according to the Umbrella
SIOP 2016 protocol, AV block:

Week 1 (06.09.2024) - Vincristine 1.5 mg/m? IV bolus
(single dose of 1.0 mg), Actinomycin D 45 ug/kg IV bolus
(single dose of 0.72 mg).

Week 2 (13.09.2024) - Vincristine 1.5 mg/m? IV bolus
(single dose of 1.0 mg).

Week 3 (20.09.2024) - Vincristine 1.5 mg/m? IV bolus
(single dose of 1.0 mg), Actinomycin D 45 ug/kg IV bolus
(single dose of 0.72 mg).

Week 4 (27.09.2024) - Vincristine 1.5 mg/m? IV bolus
(single dose of 1.0 mg).

Due to technical difficulties during surgery at Week 5,
an additional injection of vincristine was administered fol-
lowing the recommendations of the RF Ministry of Health.

Week 5 (04.10.2024) - Vincristine 1.5 mg/m? IV bolus
(single dose of 1.0 mg).

Against the background of preoperative chemother-
apy, a CT scan of the abdominal cavity and retroperito-
neal space with intravenous contrast showed a reduction
in the size of the tumor node from 6.6x8.3x8 cm (230 cm®)
to 5.1x5.7x5.7 cm (86 cm®). The tumor has decreased by
62.6% of its initial volume (Figure 2).

It was decided to perform surgery after neoadjuvant
maintenance chemotherapy within the framework of the
Umbrella SIOP 2016 protocol.

The surgical intervention was performed on October
14, 2024. The access was via median laparotomy. The re-
vision revealed no pathology in the abdominal organs. A
rounded tumor of 6x6x5 cm was visualized in the retrop-
eritoneal space in the centre and to the right at the level of
the lower poles of the kidneys. It emanated from the isth-
mus of the horseshoe kidney and spread to a greater ex-
tent to the lower parts of the right half of the horseshoe
kidney. The right ureter passed along the anterior edge of
the tumor node; the inferior vena cava (compressed by the
tumor) was posterior to the tumor, and there was the bi-
furcation of the aorta. The right lateral canal was opened,
and the right half of the horseshoe kidney, including the
tumor and the isthmus to the level of the left part, was mo-
bilized. The right ureter was isolated and mobilized to the
right pelvis (Figure 3).

The inferior vena cava was abruptly separated from
the tumor node, and the aorta was mobilized at the bi-
furcation level. A feeding vessel extending from the aor-
ta to the isthmus of the horseshoe kidney was found, li-
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gated, and dissected. The left ureter was checked. Acute
resection of the left half of the horseshoe kidney was
performed at the level of the isthmus within healthy tis-
sues. Suturing of the lower group of calyces of the left
half of the horseshoe kidney was performed with Pro-
lene 4-0 thread. The encircling stitch was made with
Vicryl 0 thread on the lower pole of the left kidney half.

Acute resection of the right half of the horseshoe kid-
ney was performed at the level of the lower pole with-
in healthy tissues. Suturing of the lower group of calyces
of the right half of the horseshoe kidney was performed
with Prolene 4-0 thread. The encircling stitch was made
with Vicryl 0 thread on the lower pole of the right kidney
half (Figure 4).

Blue line - Boundaries of normal renal tissue; Red line — Boundaries of the neoplasm
Figure 1 - Computed tomography of the abdominal cavity and retroperitoneal space with intravenous contrast dated 04.09.2024,
arterial phase

Hemostasis during the operation - dry. The revision
revealed no pathological findings; the sutures were con-
sistent, with no leaks. The following procedures were
performed: drainage of the pelvis with a silicone tube led
through a counter-aperture on the right; plastic surgery
of the right lateral canal; layer-by-layer suturing of the
postoperative wound; cosmetic skin suture. Urine was

drained through a Foley catheter inserted into the ure-
thra.

The material obtained during the operation was sent
for pathomorphological examination (Figure 5).

The child in stable condition was transferred from the
intensive care unit to the children’s oncology department
on the 2nd day after the operation. Blood pressure was
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within the normal range for the age. Urine outflow through
the urethral catheter was adequate, without pathological

inclusions or discoloration. Discharge through the drain-
age was below 100 ml.

Blue line - Boundaries of normal renal tissue; Red line — Boundaries of the neoplasm
Figure 2 - Computed tomography of the abdominal cavity and retroperitoneal space with intravenous contrast dated 02.10.2024

The drainage was removed along with the urethral
catheter on the 7th day after surgery.

Histochemical study dated 16.10.2024: Nephroblasto-
ma, epithelial type, intermediate risk group, RO-resection.
pT2NOMO.

The final clinical diagnosis was established: Nephro-
blastoma on the right, epithelial type, intermediate risk
group, local stage 1.

The child began to receive adjuvant chemotherapy ac-
cording to the Umbrella SIOP 2016 protocol for the inter-
mediate histological risk group block AV1 from 24.10.2024,
after surgical treatment:

Week 1 (24.10.2024) - Vincristine 1.5 mg/m? IV bolus
(single dose of 1.0 mg).

Week 2 (01.11.2024) - Vincristine 1.5 mg/m? IV bolus
(single dose of 0.9 mg), Actinomycin D 45 pg/kg IV bolus
(single dose= 0.65 mg).

Week 3 (08.11.2024) - Vincristine 1.5 mg/m? IV bolus
(single dose of 0.9 mg).

Week 4 (15.11.2024) - Vincristine 1.5 mg/m? IV bolus
(single dose of 0.9 mg).

Control computed tomography of the abdominal or-
gans and retroperitoneal space with intravenous contrast en-
hancement was performed on 21.11.2024: functionally sound

36 Oncology and Radiology of Kazakhstan, Ne2 (76) 2025



@) KazIOR

H INSTITUTE OF ONCOLOGY AN

CLINICAL CASES

right and left kidneys were visualized, with dimensions of

34x37x76 mm on the right, and 52x27x90mm on the left.

The pelvic system of both kidneys was not deformed or dilat-
ed, and radiopaque concrements were not found (Figure 6).

Figure 4 - Suturing of the lower poles of the right and left kidneys

Results: A combined treatment was performed, in-
cluding neoadjuvant and adjuvant chemotherapy and a
resection of the left half of the horseshoe kidney at the
isthmus. The primary indicators, including blood pres-
sure and a general urinalysis, were monitored during

treatment. These indicators demonstrated the positive
dynamics of the patient, from the moment of admission
to the moment of withdrawal, as erythrocytes ceased to
be detected in the general urinalysis, and BP values sta-
bilized within the age norm. In dynamics, radiation di-
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agnostic methods showed a positive trend in response  genital system after reconstructive plasty. There were no
to chemotherapy. A follow-up examination at the time  manifestations of the disease at the time of writing the
of withdrawal from treatment made it possible to verify article.

the efficiency of the therapy and the integrity of the uro- The timeline of the clinical case is presented in Figure 7.

Thorax~ThorAbdl
Thor

Blue line - Borders of normal renal tissue
Figure 6 - Computed tomography of the abdominal cavity and retroperitoneal space with intravenous contrast dated 21.11.2024
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Discussion: Wilms' tumor is the most common kid-
ney malignant neoplasm in children and the fifth most
common malignant neoplasm in children in general [1].
Horseshoe kidney is a kidney fusion abnormality charac-
terized by the fusion of the kidneys through the isthmus
at the lower pole in approximately 90% of cases. This
isthmus is predominantly composed of functional re-
nal tissue, although it can sometimes appear as a fi-

brous band [1, 3]. Horseshoe kidney is a risk factor for
kidney malignant neoplasms [8]. Despite the increased
risk compared to the general population, horseshoe kid-
ney is not currently recommended as a condition requir-
ing Wilms’ tumor screening [6]. Since horseshoe kidney
is usually asymptomatic [3, 4], most cases described in
the literature were diagnosed at the same time as the tu-
mor itself [8].

Mvdvnrntnof ttheodiagnusarno3a
ACT 45 pg/kg
4 v
VCR 1.5 mg/m?
v v A 4 v 4
Weeks 1 2 3 4 5 Surgical
}I Treatment
<« - = - - 14.10.2024
g 2 g g <
& = & S =4
Postoperative stage of treatment
ACT 45 pg/kg
v
VCR 1.5 mg/m?
v - v v 4
1 2 3 4 Follow-up
Weeks examination
\
4
S 3 a 3 No data were available
s 5 = 3 for recurrence
3 2 s 7 or residual tumor
\_

Figure 7 - Timeline of the clinical case of Wilms'tumor in a horseshoe kidney in a 4-year-old girl

Radical nephroureterectomy with lymph node removal
using a wide transverse, transperitoneal approach is recom-
mended for adequate tumor resection [8]. Complete remov-
al of the affected kidney, along with the isthmus and tumor,
is recommended in case of a unilateral tumor in the horse-
shoe kidney. When the tumor is located in the isthmus, an
organ-preserving treatment method is possible [7, 8].

In the presented case, the tumor node was removed
along with the isthmus, with the simultaneous formation
of two separate kidneys.

Conclusion: Wilms' tumor is the most common malig-
nant neoplasm of the kidneys among the pediatric popula-
tion. This nosology can be associated with various congen-
ital anomalies, such as sporadic aniridia, hemihypertrophy,
and genitourinary anomalies, which in some cases make
it possible to verify the diagnosis at an early stage, dur-
ing the process of studying background conditions. But in
most cases, nephroblastoma is diagnosed at the stage of
visual changes in the child’s body, when parents begin to
see body asymmetry and can palpate the formation. It of-
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ten leads to several complications, such as rupture of the
tumor capsule, which in turn is an unfavorable prognosis
in terms of contamination of the surrounding tissues and
organs located in the abdominal cavity and retroperito-
neal space with tumor cells.

Early diagnostics of concomitant renal pathologies
makes it possible to adequately route patients and plan
management tactics.

Preoperative chemotherapy allows for the avoidance
of several possible complications during surgery.

A combined anomaly of the structure of the kidneys
and neoplasms requires a highly qualified surgical team to
perform one-stage removal of the tumor and use a recon-
structive method.

The rational performance of computed tomography
of the abdominal cavity and retroperitoneal space ena-
bles the adequate assessment of the effect of each stage
of treatment, as well as the comparison of dynamics rela-
tive to the initial data obtained during the detection of the
formation.

If it is impossible to perform surgery at the appointed
time, it is worth considering the option to add a course of
chemotherapy in order to maintain the therapeutic effect
of the block until the moment when surgery becomes pos-
sible.

This clinical case highlights the importance of timely
diagnosis of Wilms’ tumor and the initiation of treatment,
which contributes to a favorable outcome. Early diagnos-
tics and treatment made it possible to assess all possible
outcomes in a particular patient and determine further
tactics; as a result, Wilms’ tumor, localized in the horse-

shoe kidney, could be corrected with minimal loss of kid-
ney function and urinary system function.
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ATTACKAH BYHPEKTE JAMBIFAH BUWIbMC ICITI:
AF3AJIAPJBI CAKTAY EMIHIH MYMKIHJIKTEPI
(KJIMHUKAJIBIK )KAFJIAI)

C.0. I'yusxoe"?, A.B. Xuscnuxoe"**, M.IO. Poixoe**

'A.W. BypHassHoB aTbiHaarbl Peceit GeaepaumsicbiHbif MeMnekeTTik FbinbiMi opTanbifbl — ®egepanablk MeauumHanblk Guoduankansik opTanbiebl, Mackey, Peceit ®enepauusics!;
"Mackey 06nbICTbIK OHKONOTUSMbIK Avcnancepi, Banawwmxa, Peceit ®eaepauusice;
Peceit MeMrekeTTik aneymeTTik yHuBepcuTeTi, Mackey, Peceit Gefepaumscsl;
‘Peceli [leHcaynblk cakTay MAHACTPAIriHIH [leHcaymblk cakTayabl yiibIMAacTbIPY eHe aknapaTTaHablpy opTarblk FbinbIMU-3epTTey MHCTUTYTLI, Mackey, Peceit Geaepaumsicel

Oszekminizi: Ammackan (maza mopizoi) bylipex — 6aranapoa sxui kezoecemin Oytipex Kocwlny anomanuscwl (0,25%) 6onvin mabviiadv
JICOHE Ol OPMYPIL YPOLOLUSTBIK JHCOHE OCUYPONoUSNBIK AVbIMKYIApMen Oauranvicmyl. Buibmc iciei — Oananrapoazul ey dncui kezoecemin
Kamepai Oyupex iciei scone ywini scui kez0ecemin Kammeol MinOIiK Kamepai icik 601bin Cananaobl.

3epmmey maxcamoi: Ammackan Oyiipexme anvikmanean Bunomc icieiniy KIUHUKATBIK JHCA20AUbIH CURAMMAY, OUAZHOCTIUKA JHCOHE

emoey adicmepin 6asHoay.

Aoicmep: Byn makanraoa 4 scacmazel Kbl3 6anranvly ammackan OylpeciHOe anblKmaizaw Bunbmc icieiniy KAUHUKALIK dHcaz20aiivl
cunammanaosl. Emoey Mackey ob6nvicmobix oHkon02UusIbIK Oucnancepinoe (barawuxa, Pecetl) scypeizineen.

Homuacenepi: Heoaoviosanmmoi sicone advlo8anmmol XUMUOMEPANUAHbL JCOHE ammacKkan Oyupekmiy con 6enicin MOUbIH MycbiHOA
Pe3eKyusLay KoremiHoe JHcacaleaH OnepayusiHel KaMmumeld KeweHOl em dcypeizindi. Maxana ocasy kesinoe aypyowiy KepiHicmepi

mipkenimezex

Kopvimuinowvi: byn kaunuxanvlk sxcazoaii Bunvyce iciein dep ke3inOe aumbikman, emoeyoiy Maybl30blibleblH Kopcemeoi, Oyn Koaaiisl
HomudHceze Kol dcemkizyee MyMKiHOIK 6epoi. Epme ouacnocmuxa men em HaKmol HAyKacmovly 6apavik MYMKIH HOmuxiceaepin bazanan, opi
Kapaiabl eM makmukaceli anvikmayaa cenmizin mueizoi. Convly apgaceinoa ammackan oOyupexme opHarackan Bunvmc iciein Oyiipex nen
Hecen wivleapy Jcytueciniy GYHKYUsCcvina 6apblHula a3 3usii Keamipe omulpbln emoeyee MyMKinOiK 0010bL.

Tyitinoi co3oep: neouampus, Xupypeusiivik em, Hegppooracmoma, Bunvmc iciei, ammackan Oyiipex, xumuomepanus.
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ABSTRACT

WILMS’ TUMOR IN HORSESHOE KIDNEY:
POSSIBILITIES OF ORGAN-PRESERVING TREATMENT (A CLINICAL CASE)

8.0. Gunyakov'?, A.V. Khizhnikov'*?*, M. Yu. Rykov**

IState Scientific Center of the Russian Federation — A.l. Burnazyan Federal Medical Biophysical Center, Moscow, Russian Federation;
“Moscow Regional Oncological Dispensary, Moscow, Russian Federation;
’Russian State Social University, Moscow, Russian Federation;
“‘Russian Research Institute of Health, Moscow, Russian Federation

Relevance: Horseshoe kidney is the most typical kidney fusion anomaly among children (0.25%) and is associated with various urological
and non-urological abnormalities. Wilms’ tumor is the most common malignant neoplasm of the kidneys and the third most common solid
malignant neoplasm in pediatrics.

The study aimed to present a clinical case of Wilms’ tumor detected in a horseshoe kidney to describe diagnostic and treatment methods.

Methods: The article describes a clinical case of Wilms’ tumor in the horseshoe kidney of a 4-year-old girl treated at the Moscow Regional
Oncological Dispensary (Balashikha, Russia).

Results: A combined treatment was performed, including neoadjuvant and adjuvant chemotherapy and surgical resection of the left half of
the horseshoe kidney at the isthmus level. At the time of writing, there are no manifestations of the disease.

Conclusion: The clinical case reflects the need for a timely diagnosis of Wilms’ tumor and initiation of treatment, which contributes to a
favorable outcome. Early diagnosis and treatment allowed a particular patient to evaluate all possible outcomes and determine further tactics.
This made it possible to remove Wilms’ tumor localized in the horseshoe kidney with minimal loss of renal and urinary system function.

Keywords: pediatrics, surgical treatment, nephroblastoma, Wilms’ tumor, horseshoe kidney, chemotherapy.
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A MODERN APPROACH TO T-CELL LYMPHOMA
TREATMENT:
DEMONSTRATING A THERAPEUTIC STRATEGY
(A CLINICAL CASE)

A.S. JAZYLTAYEVA* S.T. GABBASOVA', Z.D. DUSHIMOVA?, RM. RAMAZANOVA?,
E.B. SATBAEVA*, L. POLYATSKIN', A.1. SHALABAY', N.E. ZHAPPARGALY*?
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ABSTRACT

Relevance: Primary central nervous system (PCCNS) lymphomas are a rare type of lymphoma, accounting for 2% of all CNS
lymphomas, and are associated with a poor prognosis. According to data from the Republic of Kazakhstan EROB Information System,
in 2023-2024, the « CNS lymphomay» diagnosis was morphologically confirmed in 13 individuals. Among primary CNS lymphomas,
the ALK-negative subtype of anaplastic large-cell T-cell [ymphoma is a highly malignant tumor with an aggressive clinical course.
Treatment of such patients remains challenging, requiring an expanded evidence base and more clinical case reports.

The study aimed to demonstrate the effectiveness of combined chemo-targeted therapy with autologous bone marrow
transplantation in a patient with ALK-negative anaplastic large cell CNS lymphoma (a T-cell lymphoma subtype) through a clinical
case and literature review.

Methods: This article presents a literature review and a clinical case of a patient with T-cell lymphoma of the central nervous
system. Diagnostic assessments included computed tomography (CT), positron emission tomography (PET), magnetic resonance
imaging (MRI) of the brain, as well as histopathological and immunohistochemical examination of postoperative tissue samples. The
disease course and response to treatment are described.

Results: A patient with a provisional clinical diagnosis of «Primary anaplastic CNS lymphoma, ALK-negative subtype»
underwent microsurgical tumor resection. Given the rare nature and localization of the tumor, a histopathological re-evaluation
with immunohistochemical analysis of the postoperative specimen was performed. A therapeutic strategy was selected, including
using the targeted agent brentuximab vedotin. This case illustrates the potential of combined chemo-targeted therapy in treating
ALK-negative anaplastic CNS lymphoma, taking into account the tumor’s biological characteristics and the patient’s individual
features.

Conclusion: The correct choice of treatment strategy depends on timely and accurate diagnosis, making diagnostic workup
- including morphological and immunohistochemical evaluation - a key step in patient management. In recent years, the strategy
of choice for improving prognosis and survival in such patients has been developing and implementing combined therapeutic
approaches, incorporating both intensive chemotherapy regimens and modern targeted therapies.

Keywords: central nervous system (CNS) lymphoma, epidemiology, T-cell lymphomas, anaplastic large cell lymphoma (ALCL),
targeted therapy.

Introduction: Primary central nervous system lympho-
ma (PCNSL) is a rare and aggressive type of non-Hodg-
kin lymphoma (NHL) affecting the brain, meninges, eyes,
and spinal cord [1]. PCNSL account for approximately 5%
of all primary CNS tumors and 1% of all NHLs. According
to population studies in Western Europe, North America,
and Asia, the incidence of PCNSL ranges from 0.3 to 0.5 per
100,000 population [2]. According to the “Electronic Regis-
ter of Cancer Patients of the Republic of Kazakhstan” Infor-
mation System, in 2023-2024, CNS lymphomas were mor-
phologically confirmed in 13 people.

Histologically, the most common type is diffuse large
B-cell lymphoma (DLBCL), while T-cell lymphoma vari-
ants are rare, accounting for only 2% of all CNS lympho-

mas. A unique type of T-cell ymphoma is anaplastic T-cell
lymphoma (ATCL). This lymphoma is divided into two sub-
types depending on the expression of anaplastic lympho-
ma kinase (ALK): ALK-positive and ALK-negative [2,3].

ALK-positive ATCL is more common (70-80% of cases),
whereas the ALK-negative form is rare and is characterized
by a more aggressive course, diagnostic difficulties, and
limited therapeutic options [3, 4].

In recent years, the use of combined treatment meth-
ods, including chemotargeted therapy and cell technolo-
gies, in the treatment of ATCL has been actively studied.
This article presents a clinical case of a patient diagnosed
with ALK-negative ATCL. The patient underwent success-
ful microsurgical removal of the tumor followed by spe-
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cific chemotargeted therapy, which resulted in a stable re-
mission for 18 months.

The study aimed to demonstrate the effectiveness of
combined chemo-targeted therapy with autologous bone
marrow transplantation in a patient with ALK-negative an-
aplastic large cell CNS lymphoma (a T-cell lymphoma sub-
type) through a clinical case and literature review.

Materials and methods: To conduct a literature re-
view, a systematic search of scientific literature was con-
ducted in PubMed, Web of Science, and Scopus electronic
databases, covering the period from January 2010 to Jan-
uary 2024.

The search was conducted using a combination of
the following keywords and Medical Subject Headings
(MeSH) terms: “T-cell anaplastic lymphoma,” “ALK-nega-
tive status,” and synonyms and derivatives of these terms
(in English).

The analysis included publications that met the follow-
ing inclusion criteria: articles published in peer-reviewed
scientific journals with the full text available in English; ar-
ticles containing data from randomized controlled trials,
cohort studies, meta-analyses, and systematic reviews;
and publications describing individual clinical cases. Exclu-
sion criteria: incomplete publications (e.g., conference ab-
stracts, presentations); articles not indexed in leading da-
tabases or published in journals with a low impact factor
and questionable scientific reputation; articles with a cita-
tion index below the average for the subject during the
search period according to Scopus/Web of Science.

The initial search yielded approximately 20 publica-
tions. After applying the inclusion and exclusion criteria,
16 of the most relevant sources were selected for analysis.
Two researchers conducted the article selection.

The article also describes the clinical situation and
medical history of a 47-year-old patient diagnosed with
ALK-negative anaplastic large cell lymphoma. The follow-
ing research methods were employed during the diagnos-
tic search: positron emission tomography (PET), computed
tomography (CT), magnetic resonance imaging (MRI), and
immunohistochemical studies of morphological and his-
topathological material.

Clinical situation:

Patient information: A 47-year-old man was admitted to
the Bone Marrow Transplant and Hematology Center of the
Kazakh Research Institute of Oncology and Radiology for
the first time with complaints of headache in the occipital
region, nausea, muscle weakness in the left arm and leg.

Clinical data: The disease lasted for several months; ex-
amination revealed left-sided hemiparesis.

Diagnosis: Contrast-enhanced MRI of the brain re-
vealed a 6.5 cm tumor in the right parietal lobe. Additional
CT of the chest, abdomen, and pelvis, as well as bone mar-
row puncture, did not reveal a primary lesion or metasta-
ses. An intraparenchymal soft mass measuring 6.5x4.7 cm
with unclear borders and a density of 40 HU was found in
the right parietal lobe. Extensive perilesional edema and
compression of the lateral ventricles around the first ven-
tricle were noted (Fig. 1).
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Figure 1 - MRI data from February 2023: a soft mass in the right parietal region, perilesional edema, and ventricular compression
were determined.

Histological examination of the I-cell biopsy revealed
diffuse infiltration of the brain tissue by atypical cells with
large, hyperchromatic, ovoid, and bean-shaped nuclei
characteristic of this tumor. The differential diagnosis in-
cluded germ cell tumors and various large cell lympho-

mas. Immunohistochemical examination showed that the
tumor cells were positive for CD45, CD30, and CD8 mark-
ers, but negative for the ALK marker. Based on the results
obtained, the diagnosis of ALK-negative anaplastic large
T-cell ymphoma (ALCL) was confirmed (Figure 2).
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Figure 2 - (A) Diffuse proliferation of large atypical lymphoid cells. Intense diffuse immunostaining for CD45 (B), CD30 (C), and weakly
positive immunostaining for CD8 (D)

PET-CT revealed accumulation of fluorodeoxyglucose
F18 only in the brain; no other foci were detected. No tu-
mor cells were detected in the cerebrospinal fluid.

Differential diagnosis includes glioblastoma, metasta-
ses from solid tumors, and brain lymphoma.

Treatment: The first tumor was completely removed
microsurgically after 2 months. Pathological examina-
tion confirmed an ALK-negative ALCL. The tumor in the
right parietal lobe was removed microsurgically using
neuronavigation. Since the patient was diagnosed with
ALK-negative ALCL, the treatment followed the Bre-Hy-
perCVAD protocol considering the marker expression and
status (cycles 1,3,5,7: brentuximab vedotin (1.8 mg/kg), cy-
clophosphamide (2x300 mg/m?), vincristine (2 mg), dox-
orubicin (50 mg/mz); cycles 2,4,6,8: brentuximab vedotin
(1.8 mg/kg), methotrexate (1 g/m?), cytarabine (2 g/m?). A
total of 8 cycles of chemotargeted therapy and autologous

hematopoietic stem cell transplantation (autoHSCT) in a
treosulfan-conditioned regimen were performed.

During chemotherapy, grade 1-2 side effects were reg-
istered: mild anemia and mild thrombocytopenia. Main-
tenance therapy: dexamethasone, leucovorin. After four
courses of the Bre-HyperCVAD protocol, complete remis-
sion was achieved, and stem cells were collected in a vol-
ume of 5x10%kg. Conditioning was carried out on days 1-3
with treosulfan at a dose of 16 g/m? and autologous HSCT
was performed on April 7, 2024 (Day 0). Neutrophil recov-
ery was noted on Day 14.

Results: After completing combination therapy, includ-
ing chemotargeted therapy according to the Bre-Hyper
CVAD regimen (8 courses) and subsequent autologous
bone marrow transplantation, a control MRI examination
of the brain performed 12 months later revealed no signs
of disease recurrence (Figure 3).
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Figure 3 - Cystic mass (1.5x4.5 cm). Multiple vasogenic foci were detected in the white matter of the brain. Right-sided sinusitis.
(April 2025)

Table 1 - Timeline of a clinical case of ALK-negative anaplastic large T-cell ymphoma

Date Event

January 2023 The disease began with severe headaches in the occipital region. The patient consulted a neurologist and
underwent outpatient treatment, which had a temporary effect.

February 2023 The symptoms worsened: headache, double vision, weakness in the left arm and leg. MRI revealed a large mass
in the right parietal lobe.

April 2023 12.04 — Surgery performed: craniotomy of the right occipital lobe. The tumor was removed microsurgically using
neuronavigation.

15.04 — Pathomorphological examination: According to the results of the IHC study, the morphology and
immunophenotype corresponded to non-Hodgkin’s lymphoma. CD45 exhibited a diffuse positive reaction, while
CD20 was positive in rare B-lymphocytes, and CD79a was positive in B-lymphocytes. CD3 was positive in
T-lymphocytes, CD99 was negative, FLI1 was focally positive, panceratin (AE1/AE3) was negative, and CD138
was positive in single plasma cells.

May 2023 03.05 — repeated IHC study was performed at KazNIIOiR: CD20, PanCK, PAX5, CD3, CD138, ALK, CD15, CD4,
Granzyme B, CD5, CD79a — negative; MUM1, CD45, CD30, CD8, p63 — positive. Conclusion: Tumor morphology
and immunophenotype corresponded to ALK-negative anaplastic large cell lymphoma.

25.05 — MR of the brain (with contrast): hypervascular formations, edema, and displacement of brain structures
were determined in the right frontal-parietal region and left frontal region.

June 2023 11.06 — Results of MDT at KazNIIOiR: treatment according to the Bre-HyperCVAD scheme was recommended;
the patient underwent 1 course.

July 2023 09.07 — 2™ course according to the Bre-HyperCVAD scheme

August 2023 06.08 — 3 course according to the Bre-HyperCVAD scheme

September 2023 11.09 — Mobilization of stem cells (5 million cells collected)

October 2023 15.10 — 4™ course according to the Bre-HyperCVAD scheme

November 2023 25.11 — 5" course according to the Bre-HyperCVAD scheme

December 2023 25.12 — 6" course according to the Bre-HyperCVAD scheme

January 2024 18.01 — 7™ course according to the Bre-HyperCVAD scheme

February 2024 20.02 — 8" course according to the Bre-HyperCVAD scheme

March-April 2024 09.03 — Pre-transplant preparation started: conditioning regimen RIC-treosulfan 16 mg/m? on days 1-3.

24.03 — The patient underwent autologous hematopoietic stem cell transplantation (autoHSCT) (Day 0)
07.04 — On D+14, restoration of neutrophils was recorded.
April 2025 MRI of the brain: no signs of relapse found.

Discussion: According to the literature, fewer than 20
confirmed cases of ALK-negative CNS ALCL have been
registered worldwide, predominantly in patients over 40
years old, with a male predominance [5, 6]. The disease
presents with nonspecific symptoms, including headache,
aphasia, weakness, and confusion. An MRI of the brain of-
ten reveals solitary or multifocal lesions [7,8]. Morpholog-
ically, this lymphoma is characterized by large, atypical
cells with horseshoe-shaped nuclei expressing CD30. Im-
munohistochemical studies reveal the presence of T-cell
markers (CD4, CD43, Granzyme B), but ALK expression is
absent. In some patients, genetic studies have revealed
TP53 gene deletions, complex karyotypes, and DUSP22 rear-
rangements (including DUSP22-1RF4), which may impact the
disease prognosis [9-13].

The standard approach to treating PCNSL is a combina-
tion of rituximab with high-dose methotrexate and cytara-
bine. During the consolidation phase, autologous bone
marrow transplantation is performed using a myeloabla-
tive or non-myeloablative regimen, which enhances treat-
ment effectiveness and facilitates long-term remission [14].
Previously, radiation therapy to the brain was used in the
consolidation phase, as well as additional (boost) radiation
directed at the tumor [15]. Given the rarity of PCNSL and
its aggressive course, the search for effective treatment
methods for this patient group is an urgent problem [16].
Although the ability of brentuximab vedotin (BV) to pene-
trate the blood-brain barrier (BBB) has not been proven, its
penetration through the BBB is theoretically possible as a
result of systemic spread of lymphoma to the CNS [17, 18].
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According to the literature, BV is effective in treating
systemic T-cell lymphomas. However, its use in PCNSL is
limited and has been described in only a few clinical cas-
es. Combination approaches, such as BV plus high-dose
methotrexate or HyperCBAD (modified HyperCVAD with
BV instead of vincristine), have been successfully used in
two patients with refractory ALCL involving the CNS and in
one patient with CD30-positive DLBCL [19-20].

T. Mitsunobu et al. described a case of ALK-negative
ALCL in an 11-year-old boy. The boy presented with sec-
ondary CNS involvement and was treated with intensive
chemotherapy consisting of BV and high-dose methotrex-
ate in the induction phase, sequentially [20].

In 2016, W. Delacruz et al. reported two clinical cases.
The first clinical case is a patient with stage IV ALCL with
cranial nerve involvement. This patient experienced dis-
ease progression during first-line treatment with CHOP
(cyclophosphamide, vincristine, doxorubicin, prednisone)
and second-line HyperCVAD. However, a positive response
was observed after using BV instead of vincristine (Hyper-
CBAD regimen). The second patient was a man with stage
IV DLBCL with leptomeningeal involvement. The disease
progressed during first-line treatment with R-CHOP and
second-line treatment with R-DHAP (rituximab, dexameth-
asone, cytarabine, cisplatin). However, the combination of
BV with topotecan showed significant improvement [19].

In addition to histological type and ALK positivity, the
study of CD30 expression in lymphoma has resulted in the
development of important therapeutic approaches. Cur-
rently, numerous clinical trials are underway to develop
more effective treatment regimens that utilize BV in com-
bination with other drugs, such as chemotherapy or im-
munotherapy. Additionally, various approaches are em-
ployed to target CD30-positive cells. These include the
use of bispecific antibodies and chimeric antigen receptor
(CAR) T-cell therapy [21].

Conclusion: Treatment of PCNSL is a challenging task
for oncohematologists. The choice of treatment tactics is
made taking into account the tumor localization, its mor-
phological structure, the presence of perifocal edema,
the presence or absence of genetic abnormalities, immu-
nophenotype, and often the patient’s comorbidities. T-cell
PCNSL, particularly ALK-negative ALCL, is a rare disease,
and its treatment options are limited. However, active re-
search is currently underway to develop new treatment
strategies for ALK-negative ALCL, including modifications
of existing treatment regimens. In this clinical setting, we
demonstrated the effectiveness of BV and chemotargeted
therapy in combination with an integrated approach that
includes autologous hematopoiesis. Nevertheless, despite
the development of new, promising methods for treating
ALCL, the prognosis for these patients remains unfavora-
ble. In this regard, studying the pathological mechanisms
of the disease, collecting data on patients with this rare
disease, monitoring the course of the disease, and analyz-

ing its outcomes will pave the way for the development
of successful treatment strategies and the widespread use
of existing therapeutic options, thereby increasing the life
expectancy of patients in this group.
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T-KACYIIAJIBI TMM®OMAHBI EMJIEYJIETT 3AMAHAYH TOCLI:
TEPATIMSLIBIK CTPATETASTHBI KOPCETY
(KJIMHUKAJIBIK JKAFIAN)

A.C. [Incazviimaesa’, C.T. Iabbacosa', 3./1. [ywumosa®, P.M. Pamazanosad?,
3.b. Camoéaesa’, H.JI. lonauxun®, A.H. Hlanaoair’, H.E. Kannapzanv®

1«Kasak OHKOMOrus xaHe pagmnonorus FeinbIMu-3epTTey MHCTUTYTBI» AK, Anmatel, KasakctaH Pecnybnukachr;
2«C.J1.Acthenpmsipos aTbiHaarsl Kasak yntTbik MeavumHa yHusepcuteTi» KEAK Anmatbl, Kasakctad PecnyGnukace;
*«Orn-dapabu atbiHgarsl Kasak ¥nTTolk yHuBepcuteTi» KEAK Anmatel, KasakctaH PecnyGnukachl;
UPKK «Anmatbl oHkonorus opTanbifbiy KMK Anmarsl, Kasakctan Pecny6nmkace

Ozexminizi: Opmanvix scyiike sxcyiieciniy Oipinwinik aumpomanapvl (OXKIKBJI) - numgpomanapowiy cupex Kesoecemin mypiepiniy 0ipi
6onvin mabwinaoel, onap OXKIK-wiy bapreik aumpomanapeirviy 2%-vin Kypaiobvl Jdcone 60adcamvl Koaalcsl3 b6oavin ecenmenedi. Kasakcman
Pecnybnuxaceinoaser IPOb  Axnapammuix JKyileciniy Oepexmepine coiikec, 2023-2024 ocvinoapvr «OXOK numpomacery ouaznoswl
Mopgonocusineiy mypoe 13 adamoa pacmanzan. OXKIKBJI iwinde ananiacmuxanvi aum¢poma xunaza (AJIK)-mepic anannacmukanvix
T-orcacywanst aumgpoma - sxcoeapel 0opedceni Kamepai icik mypi, azvlmvl azpeccusmi 601advl. Mynoail naykacmapovl emoey mocenenepi oni
MONbIK wewinmezeH, Oy 63 keze2iHoe 0a1e10i depeKkmep KOPbiH KeHeumyoi JicoHe KIUHUKAIbIK OaKbLIayIap CaHblH apmmuslpyObl maian emeol.

3epmmeydin maKcamol — KIUHUKATBIK dcazoati men 90ebu oepexmep neeizinoe OXKIK-niy AJIK-mepic ananaiacmukansiy ipi dcacyuanst
aumepomacer (ADKJI) — T-orcacywanvix aumpomamer aybipamovin HAYKACMA XUMUO-Mapeemmix OIpiKkmipiieen mepanusnvl aymono2usiblK
cyllek KeMieiHiy MPaHCnIaHMayuacviMen Kamap Koa0aHyovly muimMoinicin kepcemy.

Aoicmepi: Maxanaoa OXKIK-niy T-sicacywansix rumgomacsl 6ap HayKacmoly KIUHUKATIBIK HCaA20ativl MeH 90e0u uony CUunammaizan.
Ocuvinoail sepmmey Oepekmepi ycvinvlizan: komnviomepaix momoepagus (KT), nosumponovi-smuccusnvix momoepagus (I197T), bac muvina
Jrcacanean MazHummix-pesonancmulx momozpagus (MPT), condaii-ax onepayusdan Keilinei mamepuanea sicypeisiieen namomop@onousiviy
JHCOHE UMMYHOLUCTNOXUMUATLIK 3epmmey. Aypyobly OUHAMUKACHL MeH eMee Heayadbl 6aaHOAI2aH.

Homuocenepi: «OXXK-niy Oipinwinix ananiacmukanvly aumgpomacsl, AJIK-mepic mypi» OeceH KIUHUKATIbIK OUAZHO3bI 6Ap HAYKACKA
MUKPOXUPYP2UATBIK, HCOTMEH ICIK ANbIHbIN MACMAN2AHHAH KelliH, aypyobly CUpPeK Ke30eCemin HYCKACbl MeH ICIKmiY OpHANACYblH ecKepe
OMbIPbIN, ONEPAYUAOaH Kellinel Mamepuanea namomoppHoN0UANbIK JHCOHE UMMYHOLUCTNOXUMUALLIK 3epmmey JCypei3inin, npenapammapobl
Kaima gapay sxcyszeze acelpbliovl. Emoey makmukacel peminde mapeemmix npenapam — OpeHmykcumad 6e0omunoi KammumoliH Oipikmipinzen
eMm manoandvl. YcelHvinzaw KiuHuxaiwlk owcazoau AJIK-mepic mypinoeci OXKIK-wiy ananiacmuxanvl num@omacvin emoeyoe Icikmiy
OuonoUATLIK epexiuenikmepi MeH HAYKACMblY JHeeKe dHca20ativii eckepe Omulpbln, XUMuo-mapeemmix Oipikmipineen mepanustvl KO10aHyOvly
aJleyemin kopcemeoi.

Kopvimueinowi: [[ypeic em makmuxacblh manyoay 091 OUA2HO30blY YAKbIMbIHOA KOUbLLYbIHA MiKenel OatlaHblcmel, COHObIKMAH
JuazHocmuka — Haykacmol Jcypeizy aneopumminoezi Hezizei Oyvin 0Ooabin mabwinadvl. Ocvlzan opail, MOpP@ONIOSUSANBIK HCOHE
UMMYHOSUCIIOXUMUATLIK 3epmmeynep cypeisy aca maywi30vl. Mynoail naykacmapOowvly OOAMCAMbIH HCAKCAPMY JHCOHE OMID CYpY
KepcemKiumepin apmmuipy MaKcamvlHOa COHabl JCbLIOApbl eMOeyOiy MaOayIbl cmpameuscsl peminoe KapKblHObl XUMUOMEPANUANbIK
cxemanap MeH 3aManayu mapeemmik npenapammapobl Kammumuin Oipikmipineen emoey mocinoepin o3ipney xione KOI0AHY YCbIHbLIbIN
omuip.

Tyitin co30ep: opmanviy oxcyiike scyiieciniy 6ipinwinix aumpomanaper (OXKIKBJI), snudemuonozus, T-scacywanviy numgpomanap,
amanaiacmuxanvix ipi srcacywanvt aumgpoma (ADKJI), mapeemmix mepanus.
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Axmyanvnocme: [lepsuunvie aumpomsl yenmpanvro Heperou cucmemol (IIJILIHC) sensaromes peOkum uoom aumegom, ecmpedaromes
6 2% om ecex aumepom L[HC u seraromea npoenocmuuecku nebnazonpuamuvimu. Cozenacrno oannvim Ungpopmayuonnoii Cucmemvr IPOb
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6 Pecnyonuxe Kasaxcman, 6 2023-2024 200ax ouacnos «ium¢poma I[HCy» 6win mopghonrocuuecku noomeepoicoen y 13 uenosex. Cpeou
NEePEUYHBIX TUMPOM Yenmpaivholl nepenou cucmemvl, ALK-neeamuenas ananiacmuuecxas kpynnoxiemounas sumpoma (AKKJI) sensemes
6bICOKO3I0KAYECMBEHHOU ONYXOIbIO C A2PECCUBHBIM XAPAKMEPOM meydeHus. Bonpocel newenus makux nayuenmos ocmaiomes HepeueHHbLMU,
umo mpebyem pacuiupenus 00Ka3ameabHol 6a3svl u OOIbULE2O KOIUYECMEA KIUHUYECKUX HADII00eHUll.

Llenv uccnedosanusn — Ha npumepe KIUHUYECKO2O CAYYAA U JUMEPAMYPHBIX OAHHLIX NOKA3AMb IPPeKmusHocms npumeHeHus
XUMUO-MAP2eMHOU KOMOUHUPOBANHOU MEPANUL 8 COYEMANUU C AYMOI0UYHOU MPAHCIAAHMAYUel KOCIHO20 MO32ay nayuenma ¢ T-kiemounou
aumepomoit (AKKJI IJHC).

Memoowr: B cmamve onucan aumepamyphsviti 0630p u KauHuveckuil cayyai nayuenma ¢ T-knemounou aum¢pomou [{HC. Ilpedcmasnensi
OanHble UCCIe08aHULL: KOMNLIOMEPHAA MOMOZPAPUs, NOZUMPOHHO-IMUCCUOHHAA MOMOZPAPUSA, MAZHUMO-PE3OHAHCHAS MOMOopaAus
20/108HOC0 MO32d, A MAKJHCE NAMOMOPPONIOUYECcKOe UCCIe008aAHUe € UMMYHOSUCTMOXUMULECKUM UCCIe008AHUEM NOCICONEPAYUOHHO2O
mamepuana. Onucana OuHamura 3a001e6anus, Omeem na 1edeHue.

Pesynomameut: [layuenm ¢ nanpagumenvrbim KiuHuveckum ouaznozom «llepsuunas ananiacmuueckas iumgoma L{HC, ALK-necamuenwiii
nOOMuUny, NOCie MUKPOXUPYPSUHECKO20 YOaleHUsi ONyXoau. Yuumvieas peOKuil eapuanm 3a001e6anus, NOKAIu3ayuio oopazoeanus, Oull
nposeden namomop@oiocuecKull nepecmMomp nPenapamos ¢ UMMYHOLUCIOXUMUYECKUM UCCIe008AHUEM NOCIeONEPAYUOHHO20 MAMePUdnd
U 8bIOpANA MAKMUKA Mepanuu ¢ 6KAIOYEHUeM Mapeemnozo npenapama openmykcumad eeoomun. Ilpeocmasnennviii ciyyai nokasvieéaen
NnomeHyuan npuUMeHenuss KoMouHuposannol xumuomapeemuou mepanuu 6 nevenuu AKKJI [[HC ¢ yuémom 6uonozuveckux ocobennocmeit
ONYXONU U UHOUBUOYATLHBIX 0COOEHHOCMell nayueHmd.

3aknwuenue: Bvibop 6eproti maxmuKu 1e4enus 3a6UCUm om c0e6PEMeHHO YCMAasleHHo20 MOYHO20 OUA2HO3d, YMOo 0eaaem OUazHOCmMuKy
KIIOYEBbIM 36EHOM 8 AJI2OPUMME 8€OCHUS. NAYUCHMA, 8 C8A3U C YeM He0OX0OUMO NPOBeOeHUe MOPPOI02ULECKO20, UMMYHOLUCTNOXUMULECKO2O
uccaedosanus. C yenvio yiyuuwenus npoeHo3a u noKazamenell 8bloCUBAeMOCY MAKUX NAYUeHmos, 6 nocieonue 200bl cmpameuell 6b100pa
aensiemest paspabomka u npumenenue KOMOUHUPOBANNBIX 1eHeOHbIX N00X0008, KIIOUAIOWUX KAK UNMEHCUSHbIe XUMUOMEPANnesmuyeckKue
cxembl, MaK u co8pemMennble mapeemuvie NPpenapanbi.

Knruesvie cnosa: num¢poma yenmpanvnou nepgrou cucmemvt (L{HC), snudemuonozus, T-kiemouHvie aumgpomvl, aHaniacmuyeckas
Kpynnoxiemoynas mumpoma (AKKJI), mapeemnas mepanusi.
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SURGICAL TREATMENT AND RECONSTRUCTION
OF RECURRENT AMELOBLASTOMA
OF THE MANDIBLE COMPLICATED BY OROSTOMY:
A CLINICAL CASE
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ABSTRACT

Relevance: Ameloblastoma is one of the most common benign jaw tumors, characterized by locally invasive growth and a high
recurrence rate. Despite its benign nature, the disease presents a significant clinical challenge due to bone destruction, the risk of
functional impairment, and the need for complex maxillofacial reconstruction. Diagnostic and treatment methods such as MRI, CT,
biopsy, and surgical resection remain essential. However, frequent relapses necessitate new therapeutic strategies and improved
reconstructive approaches.

This report presents a clinical case of a female patient suffering from recurrent ameloblastoma of the mandible since 1997. Following
initial tumor resection in 2002, multiple recurrences required repeated surgeries. In 2022, the patient was admitted again, highlighting
the aggressive course of the disease.

This publication aimed to analyze a clinical case of recurrent ameloblastoma of the mandible complicated by orostomy, with an
evaluation of the effectiveness of surgical treatment and reconstruction.

Clinical presentation: A rare clinical case involving a 63-year-old woman diagnosed and treated for mandibular ameloblastoma
is described. The tumor was first diagnosed in 1997, with subsequent surgeries in 2002, 2009, 2016, and 2020 due to recurrences. In
2022, a combined surgery was per-formed, including tumor resection and soft tissue reconstruction using a skin-muscle flap. Histology
confirmed the follicular type of ameloblastoma with epithelial nests, palisading cell arrangement, and stellate structures resembling
the enamel organ. MRI in May 2025 showed no signs of recurrence. The patient has remained in stable remission for three years. The

disease has been tracked over nearly 30 years. The case confirms the effectiveness of a comprehensive surgical approach.

Conclusion: Despite its benign character, ameloblastoma requires active surgical management and long-term follow-up. This case
underscores the importance of individualized treatment planning and interdisciplinary cooperation to improve outcomes and patient

quality of life.

Keywords: ameloblastoma, recurrence, reconstructive surgery, clinical case.

Introduction: Ameloblastoma is classified as a benign
tumor of odontogenic origin. It is localized mainly in the
jawbone. The development of ameloblastoma is probably
associated with the transformation of residual cells of the
dental plate, epithelial cell rests of Malassez, or basal cells
of the oral mucosa epithelium [1].

The global incidence of ameloblastoma in 2020
amounted to 0.92 per 1 million people. The incidence of
ameloblastoma worldwide is mainly spread around the
age of 30 years. In Europe and North America, ameloblas-
toma is mainly found in elderly individuals (50-60 years); in
Africa and South America, ameloblastoma is mainly found
in young people (about 30 years), with the highest inci-
dence registered in Asia (30-60 years) [2].

In 2017, the World Health Organization (WHO) included
ameloblastoma in the list of benign epithelial odontogen-
ic tumors [3]. According to the latest WHO classification,
published in 2022 and updated in 2024, ameloblastoma
has five clinical forms: typical (solid/multicystic), unicystic,
adenoid, metastatic, and peripheral/extraspinous [4, 5].

Extended jaw resection, although effective in prevent-
ing recurrence of ameloblastoma, can lead to significant
aesthetic and functional impairments [6].

This publication aimed to analyze a clinical case of re-
current ameloblastoma of the mandible complicated by
orostomy, with an evaluation of the effectiveness of surgi-
cal treatment and reconstruction.

Materials and methods: The article describes a rare
case of diagnosis and treatment of ameloblastoma of the
lower jaw in a 63-year-old patient. The patient provided
a signed informed consent to the manipulations, as well
as to the use of the results of her treatment in scientif-
ic studies.

Patient Information:

Clinical findings: Local status: The face was asymmetri-
cal due to a tumor of the parotid masticatory region and a
defect in the lower jaw. The skin above the formation was
purple-bluish, did not gather in a fold, and had a dense
consistency on palpation. Additionally, two fistulas were
detected. In the oral cavity, there was an exophytic forma-
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tion in the area of the transitional fold of the upper jaw,
rightward, a heterogeneous structure, painful on palpa-
tion, and densely elastic. Regional lymph nodes were not
enlarged (Figure 1).

Diagnostics: Magnetic resonance imaging of the
brain, performed in February 2022, revealed the pres-

ence of a volumetric formation of soft tissues of the face
in the right half with involvement of neighboring mus-
cles and destructive changes in the lower jaw and audi-
tory arch. In addition, single foci of gliosis were found in
the brain substance of vascular origin. A retrocerebral
arachnoid cyst has also been detected (Figure 2).

Figure 1 - Picture of a formation in the lower jaw in a 63-year-old patient diagnosed with
“Ameloblastoma of the mandible. Recurrence.”

Figure 2 — MRI picture of a volumetric formation in the lower jaw in a 63-year-old patient
diagnosed with “Ameloblastoma of the mandible. Recurrence: A — axial projection, B —
frontal projection.
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Magnetic resonance imaging of the cervical spine, per-
formed in February 2022, showed an enlargement of the
cervical lymph nodes, mainly to the right.

Treatment: After preoperative preparation, on
22.02.2022, surgical treatment was carried out as planned:

Combined removal of a recurrent tumor of the middle zone
of the right half of the face with extirpation of the right pa-
rotid salivary gland and buccal mucosa. Plastic surgery of
the postoperative defect with a musculocutaneous flap
along the pectoralis major muscle. Tracheostomy (Figure 3).

Figure 3 - Final view after surgery, “Combined removal of a recurrent tumor of the middle zone

of the right half of the face with extirpation of the right parotid gland and buccal mucosa.
Plastic surgery of the postoperative defect with a musculocutaneous flap along the pectoralis major
muscle. Tracheostomy.”

Figure 4 - Histological structure of the formation in the lower jaw in a 63-year-old
patient diagnosed with Ameloblastoma of the mandible. Recurrence.

Results: Histological examination showed a tumor
growth from a single-layer epithelium of structural tissue in
the form of lymphocytes. Follicular ameloblastoma, reactive
follicular changes in the detected lymph nodes (Figure 4).

Microscopic description: The structure consisted of
round, oval, orirregular islands of epithelium that attempt-
ed to mimic the epithelium of an enamel organ. Nests and
islets showed a peripheral palisade of columnar cells with
reverse polarity. The central part of the insula included an-
gular cells, resembling a stellate network of a developing
tooth bud. A mature fibrous connective tissue stroma sep-
arated the nests.

MRI of the brain as of 05/25/2025: Retrocerebellar cyst.
MRI signs of dyscirculatory encephalopathy. Condition af-
ter removal of ameloblastoma from the projection of the
right mandible. The use of adipose and musculocutaneous
tissue in the postoperative defective zone. Area with dif-
fuse restriction in the parotid region. Residual tissue is not
excluded (Figure 5).

The patient is currently healthy; no clinical or radio-
logical signs of relapse were detected during 3 years' fol-
low-up.

The timeline of the clinical case of “Ameloblastoma of
the lower jaw on the right” is presented in Table 1.
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Figure 5 - Results of MRI of the brain, frontal projection: no data for
recurrence were revealed in a 63-year-old patient diagnosed with
Ameloblastoma of the lower jaw on the right. Recurrence.

Table 1 - Timeline of a clinical case of recurrent ameloblastoma of the mandible complicated by an orostomy

(Aktobe), MRI, diagnosis of relapse

Date Event Symptoms

1997 A neoplasm was detected after the wisdom tooth Pain and swelling in the area of the wisdom tooth
extraction

1998 Admission to the Regional Clinical Hospital in Uralsk. Increased jaw volume, dis-comfort when chewing
Ameloblastoma was first diagnosed.

2002 Resection of the right half of the lower jaw Pain, facial deformity, occlu-sion disorder

2009 Removal of recurrence in Orenburg Repeated volume gain, facial asymmetry

2016 Repeated resection of recurrence in Orenburg Swelling, a feeling of pres-sure in the jaw area

2020 Surgical removal of a recurrent tumor in Tash-kent Pain, limitation of mouth opening, recurrent course

February 2022 Hospitalization at the M. Ospanov Medical Center Pain, speech disorders

22 February 2022 | A combined operation with reconstruction of a

musculocutaneous flap was performed.

Postoperative pain, recovery of functions

recurrence. No complaints

May 2022 First postoperative control: satisfactory condition, No complaints
remission
January 2023 MRI of the head and lower jaw — no signs of re-currence | No complaints
were revealed
March 2024 Repeated MRI, consultations with an oncologist and a No complaints
dentist — stable remission
May 2025 Last MRI: postoperative changes with no signs of The condition is stable; no signs of recurrence

Discussion: Ameloblastoma is the most common
tumor of the oral cavity, developing from residual od-
ontogenic epithelium [7, 8]. The most common type of
ameloblastoma (57-63.8% of cases) is ordinary amelo-
blastoma [9]. It is predominantly localized in the low-
er jaw [10], showing no obvious dependence on gender
or ethnicity. Clinically, conventional ameloblastoma is
manifested by slow and asymptomatic growth of bone
tissue. With a significant tumor size, loosening of the
teeth, facial asymmetry, masticatory function disorders,
and pain can be observed. Unlike other types of amelo-
blastoma, the ordinary form is characterized by a more
aggressive course and an increased likelihood of recur-
rence. The most effective treatment method is radical
surgery [11].

The goal of surgical treatment of ameloblastomais to
achieve maximum efficiency in preventing recurrences
of the disease while restoring the full functionality and
aesthetic appearance of the patient, while minimizing

the risk of complications in the area of donor material.
Currently, the standard treatment for classic ameloblas-
toma (solid/multicystic) is a radical operation, involving
a complete block resection with an adequate supply of
healthy tissues. In this case, segmental or marginal os-
teotomy is used for the lower jaw, and partial or total
maxillectomy is used for the upper jaw. Given the high
probability of recurrence after conservative treatment,
especially in cases of hard/multicystic form of amelo-
blastoma, it is recommended to perform a wide resec-
tion with an indentation from the bone edges by 1-1.5
cm. Radical surgery, despite its effectiveness, can lead
to aesthetic defects, functional disorders, and psycho-
logical discomfort in patients [12]. In order to minimize
such complications, conservative surgery was reviewed,
including removal of abnormal focus, enucleation, cu-
rettage, as well as their various combinations using Car-
noy solution and cryotherapy, which was performed for
that patient.
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However, as a recent meta-analysis has shown, con-
servative approaches are characterized by a high relapse
rate (up to 40%). Moreover, in the treatment of primary
solid/multicenter ameloblastoma, conservative methods
were three times more prone to recurrence compared
to radical methods [13]. Similarly, another meta-analysis
covering four studies of radical and conservative treat-
ment of ameloblastoma found a statistically significant
increase in recurrence rates in conservative treatment
compared with surgery intervention [14]. The prognosis
of ameloblastoma is determined by a set of factors, in-
cluding the patient’s age and the tumor’s location, size,
histological type, degree, and stage of development [15].

According to studies, there is a risk of recurrence af-
ter treatment of ameloblastoma. A Chinese study in-
dicates an overall recurrence rate of 9.8% [16], while a
European multicenter study [17] fixes this figure at the
level of 19.3%. Tumors larger than 6 cm in diameter or
affecting neighboring anatomical structures, includ-
ing soft tissues, are associated with an increased risk
of recurrence, regardless of the chosen method of sur-
gical intervention [17]. An increased recurrence rate is
also observed in granular and follicular histological var-
iants of the tumor [3]. Ameloblastoma is characterized
by slow growth. According to a meta-analysis, the aver-
age annual growth rate of this tumor is 87.8% [12]. How-
ever, if left untreated, ameloblastoma can reach a signif-
icant size, which can lead to airway compression and a
life-threatening condition [18].

Histological analysis in all cases confirmed the diag-
nosis of ameloblastoma, which excludes the possibili-
ty of a different nature of the tumor. According to the
WHO classification 2024, the most common form is clas-
sic ameloblastoma, characterized by infiltrative growth
and a higher tendency to recurrence. Given the repeat-
ed relapses, we can assume exactly this form of the dis-
ease in this case.

Another important feature of the presented case is
the wide geography of the patient’s treatment, includ-
ing medical institutions of Kazakhstan, the Russian Fed-
eration, and Uzbekistan. This may indicate the difficul-
ty of managing such patients in the long term, as well as
the need for a standardized approach to the treatment
of ameloblastoma at the international level. Based on
this clinical follow-up, it can be concluded that the opti-
mal treatment tactics for ameloblastoma are radical sur-
gery followed by careful monitoring of the patient. An
important role is also played by a multidisciplinary ap-
proach, including dental surgeons, oncologists, and re-
constructive specialists, which not only reduces the risk
of recurrence but also improves the patient’s quality of
life after surgery.

Conclusion: Ameloblastoma is a benign but aggres-
sive tumor prone to recurrence. The optimal treatment
tactic is radical resection with reconstruction, since con-
servative methods are ineffective. The presented case
demonstrates the importance of timely diagnosis, an
interdisciplinary approach, and long-term follow-up.
Standardization of ameloblastoma treatment remains a
critical task.
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AHJIATIIA

OPOCTOMAMEH ACKbIHFAH TOMEHT'I 5)KAK CYHETTHIH KAUTAJIAHATBIH
AMEJOBJACTOMACHIH XUPYPTUSLIBIK EMJIEY 5KOHE PEKOHCTPYKLIUSLIAY:
KJIUHUKAJIBIK YKAFTAWIbI

M. A. Koiimvioaesa', A.K. Kotimvioaes', M.A. Aiimmazamoemosa', E.JK. Kypmamoaes®, JK.K. Camenosa®

!«Mapart OcnaHos aTblHfarbl BaTbic KasakcTaH Meanunta yHusepeuteTi» KeAK, AkTebe, KasakcTaH Pecnybnukac!;
*«Mapar OcriaHoB aTblHaarbl baTbic KasakctaH MeanumHa yHuBepcuTeTiHiK MeguumHansik OpTanbirbly KeAK, AxteGe, Kasakctan Pecnybrnkace

Oszekminizi: Amenobnacmoma — dcak cyieiniy dcui kezoecemin Kamepcis icikmepiniy 0ipi, 01 dcepeinikmi UHBAZUALLIK OCYIMEH
Jicone dcui Kaumananyvimen cunammanaosl. Kamepciz cunamuvina xapamacman, 6yn aypy cytiex mininiy 0y3vlayol, QYHKYUOHALOBIK
Oy3viblcmap Kayni Jcone dHcak-oem axkayiapblh Kainvlha Keamipyoe2i KypOeninik caidapblHan Maysl30bl KIAUHUKAILIK Mocene DObln
mabwinaovl. Kasipei mayoa maznummi-pe3onancmolk Jdcone KOMNbIoOmepaiK momoepapus, 6Uoncus Jdcone Xupypusivlk pe3ekyusnbl Kocd
aneanda, OuazHocmurka men emoeyoiy 3amanayu voicmepi 6y naykacmapowvl backapyoa neeizei Kypai boavin Kaia oepeoi. [lecenmen,
peyuousmepOin JCUiiel Heaya mepanusiivlk mocinoepoi i30ey0i HcoHe peKOHCMPYKmuemi 90icmepoi scemindipydi maian emeoi.

Byn 6acetnbimibly makcamol — opocmomamen KypoeieHeeH momMeH2l Heakmoly Kaumaianamoli ameno01acmomacblHoly KIUHUKATbIK
JHcaz0aublH manoay, Xupypeusiivlk emoey MeH peKOHCMPYKYUAHblY MuimMoinicin bazaiay.

Addicmepi: Maxanada 63 scacmazvl otiende momenei HCaAKmMvly amer001acmomMacbli OUAZHOCTNUKALAY dHCOHe eMOey OOUbIHIUAG CUpeK
KAUHUKATBIEK Jca20ati CUnAmmanedaH.

Homuosicenepi: Amenobracmoma aneaw pem 1997 scviner anvikmanzan, xeuin 2002, 2009, 2016 scone 2020 sncvinoapsl Oiprewie
pem  peyuousmepmen HcoHe Xupypeusavlk apaiacyiapmen oOauxanzan. 2022 ocwinvl Kaumanameauw icikmi pe3ekyusnay #oHe
mepi-OyiuslKemmix KaKnakuia apKolivl aKayovl KAINbiHd KeimipymeHr Oipikmipiieen onepayus icacaniobl.

Tucmonoeusnvik, mypevloan GOINUKYAAPALIK Munmeei amenrooiacmoma pacmanobl. nAIUcad mopizoi OpHAIACKAH HCACYULATAPDL
MeH Manv0i 0peaHObl eNikKmipemin JHcynobl3 mopizoi KypuliblMOapsl 0ap Snumenuanbovl yaublKmap anelkmanosi. 2025 oceiioviy
mamvipvinoazvl MPT nomuoiceci Ootivinwa peyudug bencinepi 6aiuxaimazan. Yui x#cwlaoblK 6aKwviiay 0apbiCblHOA nAyueHm mypaxmel
pemuccusoa.

Aypy yaxeim wkanacel ootivinuwa wamamer 30 ducwin 60iibl 6aKblIAHObl. AlbiH2AH 0epexmep KeueHOl Xupypeusiiblk 90iCmiH JdcoHe
PEKOHCMPYKYUSAHBLE MUIMOLNLI2IH pacmaiiosl.

Kopvimuinowvi: Amenobracmoma kamepcis icik bona mypa, 6eicenoi Xupypeusniblk apaidacyobl HCoHe Y3aK Mep3imoi OUHAMUKATbIK
6aKbLIayObl Kadcem ememin namonoeus peminoe epexuienenedi. JKexenendipineen emoey dcocnapvl MeH NOHAPAILIK MOCIL HAYKAC
JHCA20AUbIH AHCAKCAPMY2A MYMKIHOIK Oepeoi.

Tyuinoi co3dep: amenobracmoma, peyuous, peKOHCMPYKMUBMI Xupypeusi, KIUHUKAIbIK HCa20all.

AHHOTALUA

XHUPYPIT'MUYECKOE JEYEHUE U PEKOHCTPYKIHUS PELIUINBUPYIOIIEN
AMEJIOBJIACTOMBI HUKHEMN YEJIOCTHU, OCJOKHEHHOM OPOCTOMOI:
KJIUHUYECKHUU COYUYAN

/. A. Kotimvioaesa', A.K. Kotimvioaes', M.A. Aimmazamobemosa', E.JK. Kypmamoaes®, K. K. Camenosa®

'HAO «3anagHo-KasaxcTaHckuit MeanumHckui yHuBepeuteT um. Mapata OcnaHoBay, Aktobe, Pecnybnuka Kasaxcra;
HAO «MeanuumHckuii LienTp 3anagHo-KasaxcTaHckoro MeanUmHekoro yHusepcuteta M. Mapata OcnaHosay, Aktobe, Pecnybnnka KasaxcraH

Axkmyanvhocms: Amenobracmoma — 00HA U3

Haubonee  pacnpoCMpanéHHbix — 00OPOKAYCCMBEHHIX — ONYXONel  YenoCmu,
Xapakmepusyouasncs J10KAIbHO UHBAZUSHBIM POCIOM U BbICOKOU CKIOHHOCMbIO K peyudusuposanuio. Hecmomps na 006poxavecmeeniyio
npupooy, 3ab601esanue npeocmagiiem cepbEenyio KAUHUYECKy1o npodiemy 6Ciedcmaue paspyuleHusi KOCMHOU MKAHU, PUCKA YHKYUOHATbHBIX
HapyuweHuil u HeoOX0OUMOCMU CLOAICHOU PEKOHCIMPYKYUU YeaioCmHo-1uyesvix 0egexmos. Coepemenivie Memoosbl OUASHOCTIUKY U IeHeHUS,
BKAIOUAS. MACHUMHO-PE3OHAHCHYIO U KOMNbIOMEPHYIO MOMO2PAPUIo, OUONCUIO U XUPYPSUYECKVIO PEe3eKYuio, OCMAIOMCs KAOUeBbIMU 6
sedenuu maxkux nayuenmos. OOHAKO 8bICOKAs YACMOMAa peyuousos 0bycioeausaen Heobxo0umMocms NOUCKA HOBbIX NOOX0008 K mepanuu u
YCOBEPUEHCMBOBAHUSL PEKOHCIPYKIMUGHBIX MEMO008.
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Heny nyénukayuu — ananus KIUHUYECKO20 CYHAS peYUOUSUPYIOWel AMeN00IACMOMbL HUJICHEU YeNIOCMU, OCLOACHEHHOU OPOCOMOIl, ¢
OYeHKOUL HhhekmusHocmu Xupypauuecko2o ieyeHus U peKoHCmpyKyuu.

Memoowvr: B cmamve onucan peokuil ciyuati OUaeHOCMUKU U Ne4eHUs AMeN00IACMOMbL HUICHEU Yeniocmu y nayuenmku 63 iem.

Pesynemamui: Amenobracmoma y nayuenmku enepsvie guvisigiena ¢ 1997 200y, ¢ nocredyiowumu peyuousamu U XupypeuiecKumu
emewamenscmeamu 6 2002, 2009, 2016 u 2020 200ax. B 2022 200y 8blnoiHeHa KOMOUHUPOBAHHAS Onepayus ¢ pe3eKyueil peyuougHol Onyxou
U pekoOHCmpyKyuel 0eheKma KO#CHO-MblUeUHbIM TOCKYIMOM.

Tucmonozuuecku noomeepicoOén  GONTUKYAAPHBIL  MUN  AMEN0OIACMOMbL:  BbISGICHbL  INUMETUANbHbIE 2HE30d ¢ NANUCAOHBIM
PACNONONCEHUEM KIeMOK U 36€304amono00OHbIMU CIMPYKMYPAMU, UMUMUPYIOWUMU SManesvill opean. Tlo oannvim MPT om mas 2025 200a,
NpU3HAKOG peyuousa ne evisasieno. Ha npomsacenuu mpéx nem HabnooeHus nayuenmea Haxooumcesi 6 yCmoudugou pemMuccuu.

3abonesanue npocaesxceno nHa epemennoll wkane ¢ meuenue noumu 30 nem. Ilonyuennvie Oanuvie noomeepaicoaom 3@pekmueHocms
KOMRIIEKCHO2O XUPYPRULECKO20 N0OX00A C PeKOHCMPYKYUell.

3axknwuenue: Jlannvlil KIUHUMECKUT CLYYAll OEMOHCMPUPYem, 4mo ameio0iacmomd, HecmMomps Ha 006pOKAYeCmEeH bl Xapakmep,
mpebyem aKmuHO20 XUPYpeuueckozo nooxooda u OnumenbHo2o Habawoenus. Ilpedcmasiennolil onvim noOmMeep’HcOaen GadNCHOCHb
UHOUBUOYANUSUPOBAHHO20 NIAHA NEYeHUS U MeNCOUCYUNTUHAPHO20 B3AUMOOCUCMEUSs CReYyuaiucmos oas nosvlulenus 3¢pgexmusnocmu
mepanuu u YIy4enus Kauecmad JHCU3Hu nayuenmos.

Knroueswte cnosa: amenodonacmoma, peyuous, peKoHCmpyKmueHas onepayus, KAUHU4ecKull ciy4ai.
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QUALITY OF LIFE IN WOMEN WITH BREAST CANCER
AFTER TREATMENT
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ABSTRACT

Relevance: Breast cancer (BC) is one of the most common oncological diseases among women. Despite advances in treatment
methods, factors affecting patients’ quality of life and psy-cho-emotional state remain insufficiently studied. In the post-treatment
period, changes in physical, emotional, sexual, and social well-being have a significant impact on patients’ quality of life (QoL).

The study aimed to assess the quality of life of women treated for breast cancer based on the EORTC QLQ-BR23 questionnaire.

Methods: Data collection was conducted from January 15, 2024, to January 1, 2025, at the Medical Center of West Kazakhstan
Marat Ospanov Medical University (Aktobe, Kazakhstan) using the EORTC QLQ-BR23 questionnaire. A total of 103 women
participated in the study. The EORTC QLQ-BR23 is a standardized tool for assessing the QoL in BC.

Results: According to the study, 69.9% of patients rated their health status as satisfactory, while 30.1% reported a significant
decline in the QoL (p=0.000). Major concerns included physical functioning and body image satisfaction (p=0.000), deterioration
of sexual function (p=0.000), and uncertainty about the future (p=0.000). Additionally, systemic therapy side effects (p=0.000),
breast symptoms (p=0.000), and hair loss (p=0.000) had a negative impact on the QoL.

Conclusion: The study results reaffirm the relevance of this issue and underscore the im-portance of comprehensive support
measures in enhancing the QoL for BC survivors. Psychological support, rehabilitation programs, and measures to reduce treatment
side effects may contribute to better patient social adaptation. The findings provide a foundation for further improvement of medi-

cal and psychological support for BC patients.

Keywords: woman, breast cancer (BC), quality of life (QoL), EORTC QLQ-BR23.

Introduction: Breast cancer (BC) ranks first in cancer
incidence in women, with a statistically stable growth [1].
GLOBOCAN 2022 predicts BC to become the second most
common cancer in both sexes and the first among wom-
en globally. 2.3 million new cases are registered every
year. BC accounts for 23.8% of all new cancer cases in
women [2]. The BC mortality rate is 7%. BC causes 1 of 4
cancer cases and 1 of 6 cancer deaths, ranking first in in-
cidence even in emerging and transitional economies [3].

Despite a trend of stabilization in overall cancer inci-
dence in Kazakhstan, BC incidence in the country is in-
creasing, in line with global indicators [4]. According to
GLOBOCAN 2022, BC accounts for 12.6% of new cancer
cases in Kazakhstan, ranking first among all tumor inci-
dences. The mortality from BC is 10.9%, and the 5-year
prevalence is 17.9 per 100,000 people [5].

Despite significant advances in BC diagnostics and
treatment, it has a significant negative impact on the
quality of life (Qol) of affected women [6]. One of the
most important areas in medicine is the study of the QoL
of patients, which is understood as the satisfaction of a
person in physical, social, psychological, and spiritual
terms, that is, conditional well-being in all spheres of life,
which a person evaluates according to the totality of his
subjective experiences [7]. Assessing QoL can help the
doctor personalize symptomatic therapy and obtain im-
portant information to predict the disease. QoL can serve

as the basis for the development of rehabilitation pro-
grams for cancer patients. QoL assessment in clinical tri-
als improves the research quality [8].

Although advances in science and medicine in recent
years have led to a significant increase in the number of
healthy survivors from BC, the physical health of wom-
en at risk due to the disease and the side effects of treat-
ment, as well as their social and emotional well-being,
still challenge their QoL [9]. BC diagnosis and treatment
affect all aspects of women'’s health: physical, psycholog-
ical, social, economic, and spiritual [10]. In oncology, the
concept of growth is of particular importance due to the
peculiarities of pathology and the radicality of treatment
methods (surgical, radiation, and chemotherapy) [11].
Various research studies have evaluated differences in
the QoL depending on the method of surgery for BC [12].

It is known that different options for surgical treat-
ment of BC can have different effects on post-surgery
QoL of women [11]. Surgical treatment of the mammary
gland is generally considered very aggressive, consider-
ing the aesthetic effect of the treatment. This causes fear,
anxiety, and uncertainty of consequences in the context
of the underlying disease [6]. Surgical intervention has
not only physiological, but also psychological and social
consequences, since a woman can lose one of the main
signs of femininity — the mammary gland. At the same
time, the therapy was long centered on oncological safe-

56 Oncology and Radiology of Kazakhstan, Ne2 (76) 2025



=2 kamnmsmmum or ancotocr amprastotor

ORIGINAL INVESTIGATIONS

ty, leaving the aesthetic result or assessment of personal
well-being without attention [13]. On the one hand, rad-
ical surgery for BC helps inhibit the disease progression
for several years. However, on the other hand, they lead
to functional disorders associated with organ loss, disa-
bility, and, as a result, deep emotional disorders that in-
hibit the process of recovery, adaptation, and re-sociali-
zation, which prevents the achievement of a full-fledged
therapeutic result [14]. Radical mastectomy for many
years will be the only surgical method to treat BC. This
intervention is often accompanied by post-mastectomy
syndrome and has a permanent traumatic effect on the
woman'’s psyche. The presence of a cosmetic defect af-
ter surgery forces a woman to change her usual lifestyle
in order to hide her problem from others. This inevitably
causes problems in personal life, contributes to the de-
velopment of disorders in the sexual sphere, emotional
isolation, and the emergence of bad habits. According to
scientists, the presence of BC is a “very strong stress” for
a woman, since she must accept not only the presence of
a potentially fatal disease, but also the need to remove
the mammary gland [15]. Assumptions about the etiolo-
gy and course of cancer indicate the importance of stud-
ying the interaction of various biological, psychological,
and social factors [16].

The study aimed to assess the quality of life of wom-
en treated for breast cancer based on the EORTC QLQ-
BR23 questionnaire.

Materials and methods: A survey was conducted
among patients of the Medical Center of West Kazakh-
stan Marat Ospanov Medical University (WKMOMU) from
January 15, 2024, to January 1, 2025. During the planning
of the research work, f2=0.35 and power = 0.8 were cal-
culated based on the estimated impact size for the re-
gression analysis. The sample size was 82 people, with a
margin of error of +20 %, resulting in a total sample size
of 98 people. The survey involved 103 women.

Inclusion criteria: admission to the WKMOMU Medical
Center in the postoperative period; newly detected BC;
consent to fill out the questionnaire.

Exclusion criteria: newly diagnosed BC for the first
time, but are not subject to surgery; patients who have
undergone surgery for a benign tumor; those who do not
give consent to filling out the questionnaire.

Data collection consisted of 2 stages:

| - Determination of socio-demographic and clinical
data of the survey participants, such as age, marital sta-
tus, number of children, level of education, place of work,
place of residence, method of diagnosis, and type of sur-
gery;

Il - The use of the EORTC QLQ-BR23 questionnaire
to determine the effect of treatment on the QoL of sick
women.

EORTC QLQ-BR23 is a standardized, widely used ques-
tionnaire for measuring the QoL of patients with BC, wide-

ly used in foreign countries and Russia. In 1996, it was de-
veloped by the European Organization for Research and
Treatment of Cancer (EORTC) QoL Study Group. The ques-
tionnaire consists of 23 questions divided into 4 function-
al (Body Image, Sexual Functioning, Sexual Enjoyment,
Future Perspective) and 4 symptomatic (Systemic Thera-
py Side Effects, Arm Symptoms, Breast Symptoms, Upset
by Hair Loss) scales. Each question is evaluated on a scale
from “Not at All” (1) to “A Little” (2), “Quite a Bit” (3), and
“Very Much” (4).

According to the EORTC measurement guide, the as-
sessment included summing up the initial scores for the
corresponding points and their linear conversion. The
given formulas were used to derive the resulting linear
scale, ranging from 0 to 100. A high score on function-
al scales corresponded to a high (good) level of function-
ing, while a high score on symptomatic scales and for in-
dividual symptoms indicated an increase in symptoms
and the feeling of discomfort. The remaining points were
accounted for according to the survey instructions: a “no
answer” on a scale meant the “no data” value [17].

Research ethics. Prior to the study, the local Bioethical
Commission of WKMOU approved the scientific research
work in strict compliance with all necessary ethical stand-
ards and rules (Protocol No. 9, 02.10.2023).

A permission No. 13/8-21-77 was obtained from E. E.
Smailov, Head of the Medical Center of WKMOMU, to con-
duct a study of women undergoing treatment with BC.
Each participant was to sign a Personal Data Sharing Con-
sent Agreement in order to participate in the study.

At the beginning of each survey, information was pro-
vided about the study’s goals and objectives, its impor-
tance, and participants’ rights to refuse participation at
any time. It was also noted that the data would be con-
fidential and that the anonymity of their identity would
be preserved.

Statistical methods for processing the results obtained.
Descriptive statistics. Statistical processing of results us-
ing IBM SPSS Statistics version 25.0. (IBM Corp., Armonk,
NY). The normality of distribution of numerical variables
was tested using the Shapiro-Wilk test. The main indica-
tors of descriptive statistics were calculated: for numeri-
cal variables, the arithmetic mean (M) and standard devi-
ation (SD) (u*o); and for categorical variables, as well as
for categorical variables (high/low) after dichotomization
according to the mean, frequency (N), and percentage
(%). For functional and health status/QoL scales, 0-50 in-
dicated a low level, and 51-100 indicated a high level. For
symptomatic scales, a score of 0-50 indicated a high level,
while a score of 51-100 indicated a low level. The statisti-
cal significance of the difference between the “high” and
“low” groups on the functional and symptomatic scales
(p-value) was assessed using the Mann-Whitney U test
criterion. Differences in values were considered statisti-
cally significant at p<0.05.
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Results: Socio-demographic and clinical characteris-
tics of the respondents in the study are presented in Ta-
ble 1. The average age of the women was 58.4 (SD=10.89)
years; the youngest patient was 25 years old, and the old-
est was over 75 years old. By age group, the largest share
was 39.8% of respondents aged 56-65 (SD=30.4-49.3), and
the smallest group included patients aged 25-35 (SD=-0.3-
6.2). Most of the study participants were urban residents
(81.6%, SD=74.1-89.0), while the proportion of those living
in rural areas was 18.4% (SD = 11.0-25.9). Depending on the
level of education, the majority (70.9%) had secondary ed-
ucation (SD=62.1-79.6), and patients with higher education
accounted for 29.1% (SD=20.4-37.9). In terms of employ-
ment, most patients were employed, at 43.7% (SD=34.1-
53.3), and retired, comprising 39.8% (SD=30.4-49.3), while

the share of unemployed patients was 16.5% (SD=9.3-
23.7). According to marital status, 54.4% of respondents
(SD=44.7-64.0) are married, and 45.6% (SD=36.0-55.3) are
single. The largest share of children was 65.0% (SD=55.8-
74.3) of patients with 2-3 children, 18.4% (SD=11.0-25.9)
had 0-1 child, and 16.5% (SD=9.3-23.7) had 4 or more chil-
dren. Regarding the method of diagnosis, more than half
of the respondents identified the disease through screen-
ing (52.4%; SD=42.8-62.1), while 47.6% (SD=37.9-57.2) re-
ported feeling symptoms and visiting the doctor on their
own initiative. In terms of treatment methods, most pa-
tients (70.9%; SD=62.1-79.6) underwent radical mastecto-
my (RME), the remaining 29.1% (SD=20.4-37.9) underwent
organ-saving surgery with extended sectoral breast resec-
tion (ESBR).

Table 1 - Socio-demographic and clinical characteristics of women undergoing treatment with breast cancer

Variables Number of patients Recurrence rate, Confidence interval
Age (n=1 03) % 95%

25-35 3 2,9 -0,3-6,2

36-45 11 10,7 4,7-16,6

46-55 21 20,4 12,6-28,2

56-65 41 39,8 30,4-49,3

66-75 22 21,4 13,4-29,3

75 and older 5 4,9 0,7-9,0

Place of residence

Urban 84 81,6 74,1-89,0

Rural 19 18,4 11,0-25,9
Education level

Higher Education 73 70,9 62,1-79,6

High School 30 29,1 20,4-37,9

Employment

Unemployed 17 16,5 9,3-23,7

Employed 45 43,7 34,1-53,3

Retired 41 39,8 30,4-49,3
Marital Status

Married 56 54,4 44,7-64,0

Single 47 45,6 36,0-55,3

Number of children

0-1 19 18,4 11,0-25,9

2-3 67 65,0 55,8-74,3

4 and more 17 16,5 9,3-23,7
Diagnosed via

Screening 54 52,4 42,8-62,1

Visit to a doctor on the patient’s initiative 49 47,6 37,9-57,2
Type of surgery

RME 73 70,9 62,1-79,6

ESBR 30 29,1 20,4-37,9

The study showed significant differences in the health
status and QoL indicators in patients.

The difference between the “high” and “low” groups
on the QoL scale was statistically significant (p=0.000).
69.9% of the patients who participated in the study as-
sessed their state of health and QoL as high, while the re-
maining 30.1% considered it to be low (Figure 1).

When analyzing the indicators of functional scales,
a statistically significant difference was found between
the groups, primarily in terms of the level of satisfaction
with body image (p=0.000). Most patients, 73.8%, report-
ed being satisfied with their body image, while 26.2% ex-
pressed dissatisfaction. In addition, there was a decrease
in sexual functioning (p=0.000). Only 10.7% of patients

rated their sexual functioning as high, and 89.3% consid-
ered this indicator to be low or low level. This factor can
seriously affect the psycho-emotional state of patients
and the QoL in general. Even in terms of a future perspec-
tive, there was a significant difference between patients
(p=0.000). 35.9% of the study participants expressed
confidence in their future, while 64.1% reported reduced
hope for the future or felt insecure (Figure 2).

Statistically significant differences were observed be-
tween the “high” and “low” groups on both symptomat-
ic scales. When evaluating the side effects of systemic
therapy, 72.8% of patients reported no adverse effects,
while 27.2% noted that these effects were more notice-
able (p=0.000).
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Figure 1 - Levels on the Health Status/Quality of Life scale in women being treated for breast cancer
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Figure 2 - Levels on functional scales in women being treated for breast cancer
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Figure 3 - Levels on the symptomatic scale in women being treated for breast cancer
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A significant difference was also found between the
two groups in terms of breast symptoms (p=0.000). In
85.4% of the patients in the study, these symptoms were
not observed, and in 14.6% they showed a pronounced
manifestation. The problem of hair loss was also one of
the most important factors contributing to the QoL of pa-
tients (p=0.000). In 28.2% of patients, this problem was
not observed at all, while 39.8% reported significant hair
loss (Figure 3).

Discussion: The study results revealed significant dif-
ferences between QoL levels in patients. The findings
show that reconstructive plastic surgery plays an impor-
tant role in improving the QoL of patients with BC, which
is indicated by higher scores on all scales of the ques-
tionnaire compared to women after radical mastectomy
[1]. The difference between the “high” and “low” groups
on the Qol/health status scale was statistically signifi-
cant (p=0.000). In the results of other scales scores, sig-
nificant differences were reported between the follow-
ing sub-scales of the functional scales of the QLQ-BR23
questionnaire: body image (p=0.003), sexual function-
ing (p=0.007) and sexual enjoyment (p=0.005), and in
the case of symptom scales, the differences were relat-
ed to shoulder-related diseases (p=0.024) [6]. Even in our
research, significant differences were observed in the
scores on functional scales, especially in terms of satisfac-
tion with body image (p=0.000). In addition, a decrease
in sexual functioning is also considered an important fac-
tor (p=0.000). This indicates that functional changes af-
fect the psychological state of patients and negatively
affect their self-perception. These findings support the
results of the previous studies. Worth noting that women
had the lowest score during functional assessment was
given to sexual functioning (17.49+23.56, Me=0.00). Sex-
ual functioning, sexual enjoyment, and body image were
assessed as high by women who underwent organ-sav-
ing surgery, while respondents who underwent mastec-
tomy assessed low. In the group of women who under-
went mastectomy, decreased libido was often observed,
which led to a decrease in their QoL. In these studies, al-
though 80% of patients were satisfied with their appear-
ance, only 54% of them were able to accept their naked
bodies [6]. Attitude towards the future is also an impor-
tant indicator; 64.1% of the participants expressed un-
certainty about the future (p=0.000). These scores sup-
port the findings of previous studies, which have shown
that fear is a common emotion among patients. They
are worried about cancer relapse or metastasis. Female
patients are also very worried about the likelihood that
their daughters will inherit the disease [3].

Significant differences were also found on the symp-
tomatic scales. Side effects of systemic therapy were
observed in 27.2% of patients (p=0.000). However, the
level of observation of breast symptoms also differed
(p=0.000). The problem of hair loss was also identified

as an important factor. According to the results of our
study, 39.8% of patients experienced significant hair loss
(p=0.000). These figures support the data from other re-
search cited in the literature, which states that the dura-
tion of adjuvant treatment can last for years after surgery
and that patients may experience side effects and late ef-
fects during this period. For example, radiation therapy
can cause skin changes, systemic chemotherapy and/or
endocrine therapy are known to cause polyneuropathy,
musculoskeletal pain, hair loss, and fatigue, which can af-
fect cognitive and social functions [18]. In some studies,
physical functions, role function, body image, financial
difficulties, and symptoms such as fatigue, pain, short-
ness of breath, as well as symptoms associated with side
effects of breast, arm, and systemic therapy, significantly
worsened after the completion of treatment [19].

Overall, the results of this study highlight the main
factors influencing the QoL of cancer patients. The re-
sults obtained are consistent with the data described in
the literature and once again confirm the need for com-
prehensive support to improve the QoL of patients.

Conclusion: BC is a complex disease that has a sig-
nificant impact on the QoL due to various factors. This
study revealed physical and psycho-emotional changes,
functional disorders, and side effects of therapy in wom-
en who underwent treatment. In the study, women rat-
ed their QoL as high (p < 0.000). Namely, 73.8% of pa-
tients were satisfied with their body image, while 26.2%
were dissatisfied (p = 0.000). Decreased sexual function-
ing (p=0.000) and uncertainty about the future (p=0.000)
were found. Side effects of systemic therapy (p=0.000),
breast symptoms (p=0.000), and hair loss (p=0.000) were
observed on the symptomatic scales.

The results of this study once again confirm the rele-
vance of this problem and emphasize the importance of
comprehensive support to improve the QoL of women
with BC. Psychological support, rehabilitation programs,
and comprehensive medical supervision help patients
adapt to everyday life. These aspects of the study play
a crucial role in enhancing the effectiveness of early de-
tection, treatment, and rehabilitation of patients with BC.
Moreover, scientific research in this area can serve as the
basis for improving national and regional strategies to
combat cancer. Thus, this study contributes to the forma-
tion of important practical and theoretical foundations
for improving the QoL of women with BC.
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AHJATIIA

CYT BE3I KATEPJII ICITT AP EMJIEYJIEH OTKEH OﬂEﬂﬂEPHIH OMIP CAITACHI
I1JK. Aimmazanéem', JI.A. Huumosa', A.b. Tynsnesa', H.T. Aoouxaduposa’, C.T. Tarncoenosa'

«Mapat OcnaHoB aTbiHfarsl baTbic KasakcTan MeauumHa yHusepeuteTi» KeAK, Aktebe, KasakctaH Pecnybnnkack

Oszexminizi: Cym 6e3i kamepni iciei (CBKI) — otiendep apacvinoa key mapai2an OHKOLOSUATILIK aypyraposiy 6ipi. Byn oepmmiy emoey
o0icmepi dicemindipineenimen, HAyKacmapOblly OMIp Candcvl MeH ACUXOIMOYUOHANOLIK XHCA2OAlbIHA Ocep ememin (haKkmopiap monvik
sepmmenmezen. Emoeyoen keuiinzi kezeyoe HayKacmapowly (hu3uUKaiblK, IMOYUOHANObIK, CEKCYAN0bL HCOHE dNEYMEMMIK HCa20alubIHbIY 632epyi

011apOblY OMIp CanACLIHA eneyni bIKNal emeoi.

3epmmey makcamul — cym Oesi kamepii iciei 6ap emoeyoeHn emxen otiendepoiy emip canacvin EORTC QLO-BR23 cayannamacsl He2izinoe

3epmmey.

AQoicmepi: [lepexmepoi swcunay 2024 acoinzvr 15 kaymap men 2025 oucwinzvl 1 kaymap apanvievinoa Mapam Ocnanoe ameinoazel Bamvlic
Kazaxcman meouyunanvix ynusepcumemininy meouyunansik opmanvieoinoa EORTC QLO-BR23 cayannamacyl apkwiabl scypeizindi. Cayarnamaza
103 siten kamovicmor. EORTC QLQ-BR23 — CHKI 6ap naykacmapOwvly emip canacvli 6az2aiayaa apHai2an cmaoapmmanean Kypai.

Homuoicenepi: 3epmmey nomusicenepi dotivinuia, Haykacmapobwiy 69,9%-vl 03 0encaynvik scaz0aiivii KaHazammanapiviy den dazanaca,

30,1%-vl omip canacvinwiy aumapavikmai memenoezenin aman ommi (p=0,000). Puzukanvix gynkyusiap men oene bei-necine KaAHazammary
deneetii (p=0,000), cexcyanovix ynkyusnoiy nawapaayer (p=0,000) scone borawarka oecen cenimcizoix (p=0,000) manvi3061 mocenenep
peminoe anvikmanovl. ConviMeH Kamap, dicylenik mepanusinoly sxcanama ascepaepi (p=0,000), cym 6esi cumnmomoapsr (p=0,000) scone wawu
mycy npobaemacswt (p=0,000) emip canacvina mepic oscep emmi.

Oncology and Radiology of Kazakhstan, Ne2 (76) 2025 61



ORIGINAL INVESTIGATIONS &CmKaZIOR

Kopoimuinowt: Anvinean sepmmey Homuoicenepi moceneniy esekminicin maeavl 6ip pem pacmail omuipoin, CHKI emoencen Haykacmapoviy
OMIp Canaceln apmmulpy YUliH JICAH-JCAKMbL KOIOAY WAPAIAPbIHLIY MAHBI30bLIbILIH  KopcemeOi. TIcuxonocusiiblk KoMeK, OHAmy
6a20apramanapsi 0amvlmy JHcoHe eMOeyOin HCaAHaMa dcepiepin azaiumyaa ba2plmmanaaH wapaiap nayueHmmepoiy dneymemmix 6euimoenyin
Jrcakcapmyaa blKnai emyi MymKin. Anvinean Monimemmep HAyKacmapad MeOUuyuHaibLK HCOHE NCUXOI02U-SIbIK KOMEKMI 00an opi iHceminoipy
yutin Heei3 601a anaovl.

Tyitinoi cesoep: otien, cym 6esi kamepai iciei (CBKI), emip canacet, EORTC QLQ-BR23.

AHHOTANUSA

KAYECTBO KU3HHA Y )KEHIIUH C PAKOM MOJIOYHOM KEJE3BL IEPEHECIHINUX JIEUEHUE
ILK. Aummazanoem', JI.A. Huumosa', A.b. Tynsesa', H.T. A6ouxaouposa’, C.T. Taxcoenosa’

'HAO «3anagHo-KasaxcTaHckuit MeauumHckii yHuepeuteT menn M.OcnaHosay, Aktobe, Pecnybnuka KasaxcraH

Axmyanvnocms: Pak monounoti sxceneszvl (PMIK) — 00Ho usz naubonee pacnpocmpaneHHblX OHKONI0SUHeCKUX 3a001e8aAHULL CPeOU HCeHUUH.
Hecmomps na ycosepuiencmeoganue memooog neuenuss, Gaxmopwvl, 6ausiowue Ha Kavecmeo HCU3HU U NCUXOIMOYUOHAIbHOE COCMOANUE
nayuenmox, 00 cux nop He0oCMamoyHo uzydenvl. B nepuoo nocie neuenusi usmenenus Quuiecko2o, IMOYUOHAILHOZ0, CEKCYANbHO20 U
COYUATLHO20 COCMOSHUS NAYUSHIOK OKA3BIBAIOM CYUIeCMBEHHOEe GIUAHUE HA UX KAYeCHMBO JCUSHU.

Lens uccnedosanus — uzyuumo Kauecmeo HCUIHU HCCHWUN C PAKOM MOIOUHOU Jicele3bl, nepenecuiux jevenue, na ocrnoge ankemot EORTC
QOLQO-BR23.

Memoowr: Coop oannvix 6win nposeden ¢ 15 aneaps 2024 2o0a no 1 aunsaps 2025 200a 6 meouyurckom yenmpe 3anaono-Kazaxcmanckozo
Meouyunckozo yuusepcumema umenu Mapama Ocnanosa (Akmobe, Kazaxcmam) ¢ ucnonvzosanuem anxemor EORTC QLQ-BR23. B
uccreoosanuu npunanu yyacmue 103 sxcenwyunvl. EORTC QLQO-BR23 — smo cmanOapmu3uposanHuiil UHCMpymMeHm 05l OYeHKU Kauecmsd
orcusnu nayuenmox ¢ PMOK.

Pesynomameut: [1o pesynomamam ucciedosanus, 69,9% nayueHmox oyenunu ceoe cocmostue 300p08bsi KAK yOO81emeopumenvHoe, 8 mo
epems kax 30,1% ommemunu snauumenvroe crudcenue kavecmea sicuznu (p=0,000). ¥Yposenv yoosnremseopennocmu usuveckumu gynkyusmu
u menecnvim oopaszom (p=0,000), yxyowenue cexcyanvroii pynxyuu (p=0,000) u neysepennocmo ¢ 6yoyuem (p=0,000) Oviau onpedenenvi kaxk
saoicHble npobaemsl. Taxoice nobounvie s¢hpexmor cucmemnori mepanuu (p=0,000), cumnmomvr PMIK (p=0,000) u npobrema svinaderus 8oioc
(p=0,000) oxkazanu HecamueHoe aUSAHUE HA KAYECMEO HCUSHU.

3axknwuenue: [onyuennvie pe3ynibmamol UCCIe008ANUA eye Pa3 NOOMBEPIUCOAION AKMYATLHOCTb NPOOIEMbL U NOOUEPKUBAIOM BAICHOCTb
KOMNJIEKCHOU N000epiIcKu OJisl NOBbIUMEHU Kavecmea JHcusnu nayuenmox, nepenecuiux PMIK. [lcuxonocuueckas nomows, pazeumue
PeadunumayuoOHHbIX NPOSPAMM U Mepbl, HANPAGIEHHble HA CHUJICeHUe NOOOUHBIX dhhekmos teuenus, Mo2ym cnocooCmeo8amy Yiy4mueHuio
coyuanvhol adanmayuu nayuenmox. Ionyuennvie 0annvle MO2ym cmame OCHOBOU 015 OANbHEUUEe20 COBEPULEHCNBOBAHUSL MEOUYUHCKOTU U
NCUXON02UHECKOU NOMOWU NAYUCHINKAM.

Knrouesvie cnosa: scenwuna, pax monounoii sxcenesvl (PMIK), kauecmeo swcusnu, EORTC QLQO-BR23.
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ABSTRACT

Relevance: Social support is crucial for the physical and emotional well-being of individuals with cancer. A cancer diagnosis causes
psychological stress, leading to fear, hopelessness, depression, and isolation. Support from family, friends, colleagues, and healthcare
providers is vital in such cases. It helps patients stay connected to society, return to work, and improve quality of life while promoting
social integration and adaptation to normal life.

The study aimed to adapt the Multidimensional Scale of Perceived Social Support (MSPSS) into Kazakh and assess its reliability.

Methods: The study design is a cross-sectional momentary study. A survey was conducted to determine the level of social support
among cancer patients receiving treatment at the Medical Center of West Kazakhstan Marat Ospanov Medical University (Aktobe,
Kazakhstan) using the MSPSS scale. The questionnaire consisted of 12 questions assessing support from family, friends, and significant
others. Interpretation of results: 12-35 points — low level, 36-60 points — medium level, 61-84 points — high level. SSPSS version 25.0 was
used for statistical analysis.

Results: Among 89 participants, the average MSPSS score was 80.54 y 6.80, indicating a high level of social support. The Kazakh
version of the MSPSS scale showed high internal consistency, with a Cronbach’s o of 0.84 and values ranging from 0.39 to 0.95 across
three subscales. The item-result correlation coefficients ranged from 0.32 to 0.95, confirming no redundancy in the items.

Conclusion: The study results demonstrated that the Kazakh version of the MSPSS questionnaire has high reliability (Cronbach’s
a=0.84), confirming its suitability for use in scientific research. The questionnaire effectively assesses the level of social support among
cancer patients, allowing for the exploration of various aspects of social support, identification of social issues, and provision of

solutions for their resolution.
Keywords: oncology, MSPSS, social support, reliability.

Introduction: The diagnosis of cancer can be a very
stressful situation for patients, as it is a life-threatening [1]
and life-changing disease [2, 3]. In recent years, the life ex-
pectancy of cancer patients has increased thanks to ad-
vances in technology and Medical Sciences. However, pa-
tients face many difficulties, such as poor treatment effects,
the presence of side effects, the high cost of treatment,
anxiety, and fear of disease recurrence, as well as psycho-
logical and physical stress [4]. The psychological state of
cancer patients is a crucial indicator; in this regard, it is nec-
essary to assess their condition and conduct an analysis.
This can increase awareness and improve the overall quali-
ty of treatment. Cancer has physical, emotional, social, and
economic consequences. Cancer is often diagnosed before
symptoms appear, or they might develop gradually, so rou-
tine screening tests and self-examination by patients are
required. From this stage onwards, the patients need social
support from family, friends, and others. After diagnosis,
social support becomes increasingly important for patients
as they face the challenges of diagnostic tests, invasive pro-
cedures, and complex treatments with little warning and
limited ability to adapt to their condition [5].

Social support refers to the assistance and support re-
ceived from other people, particularly individuals. The

specific social support received by the patient is consid-
ered objective social support. Subjective social support re-
fers to the support that a patient receives and evaluates
from their perspective, based on how they perceive and
interpret the social support provided [6]. The sources of ac-
cepted social support can range from spouses, friends, and
family members to healthcare providers and other profes-
sionals. Social support provides care and attention to can-
cer patients, helping them overcome their fear and anxiety
about the disease, as well as alleviate the difficulties they
face at different stages of the disease [7, 8]. Thus, social
support plays a crucial role in the psychological well-be-
ing of patients. Improving the quality of life of cancer pa-
tients is also associated with adequate social support [9].
Mortality rates are also positively correlated with a lack of
social support [8].

Social support is an important source of reducing neg-
ative psychological reactions such as despair and depres-
sion. Thanks to this effect, social support helps mitigate
the adverse effects of negative life events on physical
health and emotional well-being, and also serves as a buff-
er against stress. A social support group typically consists
of family members, the environment (including relatives
and friends), and a medical team (such as doctors, nurs-
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es, social service specialists, and psychologists). Therefore,
in addition to the fact that caring for patients diagnosed
with cancer is a key factor in increasing hope [10], each so-
cial connection can become a belief in survival, providing
social support [11].

In most cases, cancer leads to serious physical and psy-
chological consequences, material discomfort, and social
pressure. The patient’s usual lifestyle changes, family rela-
tionships are disrupted, and the possibility of severe stress-
ful situations and the number of threats that completely
affect family relationships increases. The families learn to
cope with the illness of a loved one, fear for their health
and life, distrust of the successful completion of the dis-
ease, daily household chores, medication, money, search
for treatment methods, consultation with doctors, fatigue,
and despair [12, 13].

Family is an important resource for patients during
their adaptation to the disease [11]. In the study of S. I. Bo-
yarkin, the family was an adaptation factor for cancer pa-
tients, because cancer affects the disease as a factor lead-
ing to psychological maladaptation. Psychiatrist Jimmy
Holland defined the organization of psychotherapeutic
services in cancer hospitals and the inclusion of the pa-
tient’s family in the “circle of care” as a crucial condition for
effective medical care. In the family, crisis periods appear
from the moment of diagnosis. Difficulties can arise from
both objective factors (such as an increase in financial bur-
den, a change in regime, a change in place of residence
or work) and subjective factors (such as loss of life pros-
pects, anxiety, fear, and fatigue). Such support helps fam-
ilies rationally utilize their internal and external resources
and transition to a new stage of development, adapting to
changing guidelines and values [13].

Social support typically encompasses all the social
contacts a person receives when facing difficulties. Such
support helps reduce depression by creating a safe en-
vironment that allows you to talk openly about difficult
situations [14]. Additionally, social support can gener-
ate and expand the resources necessary to raise expec-
tations [15].

A useful way to study the role of hope and resilience in
cancer conditions is to support them socially [16-18]. Social
support can protect cancer patients from negative psy-
chological effects and acts as a buffer against cancer-relat-
ed stress [16, 19, 20]. The above research shows that social
support not only determines the direct effect but also in-
directly affects depression through trigger mediators, and
it has been proven that hope and vitality mediate the re-
lationship between a priori variables and emotional out-
comes in cancer patients [21, 22].

It is important in determining the impact and level of
social support on the quality of life and vitality of patients.
One of the defining questionnaires of social support in the
patient environment is the Multidimensional Scale of Per-
ceived Social Support (MSPSS). Since the use of the MSPSS

questionnaire for the Kazakh-speaking population is limit-
ed, it is essential to verify its reliability before incorporat-
ing it into research work.

The study aimed to adapt the Multidimensional Scale
of Perceived Social Support (MSPSS) into Kazakh and as-
sess its reliability.

Methods:

The study design is a cross-sectional momentary study.

Study object. MSPSS is a common tool to measure so-
cial support. It is an open-use questionnaire created by
Kenti-Mitchell and Zimet to assess the elements of social
support, which consists of 12 questions: the social sup-
port of family (questions 3, 4, 8 and 11), friends (ques-
tions 6, 7, 9 and 12) and special people (questions 1, 2, 5
and 10). The scale ranges from 1, “strongly disagree,” to
7, “strongly agree”. The overall score ranges from 12 to
84, with scores of 69 to 84 indicating a high level of sup-
port, 49 to 68 — a medium level, and 12 to 48 - a low lev-
el [23, 24].

A survey was conducted to determine the level of so-
cial support among cancer patients receiving treatment
at the Medical Center of West Kazakhstan Marat Ospanov
Medical University (WKMOMU) in Aktobe, Kazakhstan, us-
ing the MSPSS scale. The data were collected from the WK-
MOMU Medical Center in Aktobe, Kazakhstan, with the
consent of the WKMOMU Medical Center Director, as per
Decision #3/2 dated October 7, 2024.

The study consisted of three stages: 1) translation into
Kazakh and assessment of the validity of the content, 2)
pilot testing, and 3) assessment of the reliability of the
MSPSS Kazakh translation. During pilot testing, the sam-
ple or number of patients was selected according to the
following criteria.

- Inclusion criteria: Recipients of treatment at the WK-
MOMU Medical Center, Aktobe, Kazakhstan; over 18 years
of age; those who agreed to participate in the study.

- Exclusion criteria: the presence of cognitive disor-
ders; patients with Stage IV cancer (due to the severity of
health conditions, the attending physicians did not have
permission); those who did not agree to participate in the
study.

Stage 1: translation and adaptation of the questionnaire.
Translation into Kazakh. Using the translation system pro-
posed by Guillemin et al. [25] to translate the MSPSS into
Kazakh, it included 5 steps: (1) direct and reverse transla-
tion, (2) synthesis, (3) evaluation by a team of experts, (4)
evaluation of substantive reliability, and (5) pilot test.

The original English version was independently trans-
lated into Kazakh by two translators who were fluent in
both English and Kazakh; one of them was a healthcare
professional, while the other was not. Each translation ver-
sion was translated back into English again by MSPSS and
two other translators who were unaware of social support.
Later, four translators discussed it together and made the
final version in Kazakh.
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This version was later reviewed and edited by experts
in oncology (2), public health (2), psychology, and trans-
lation (4). Experts assessed the importance and clarity of
each sentence and approved the final version. This version
was again translated back into English and reviewed by an-
other professional translator to ensure it was equivalent to
the original text.

Stage 2: Pilot study. As part of a pilot study, patients who
received treatment from November 1, 2024, to February 1,
2025, at the WKMOMU Medical Center in Aktobe were in-
cluded in the study using a holistic sample method. The
translated version of MSPSS was piloted among 89 cancer
patients selected according to the inclusion and exclusion
criteria. All participants easily understood the translated
version. No changes were made to the translated version
after the pilot study.

Stage 3: Assessment of the reliability of the MSPSS Ka-
zakh translation. Eighty-nine participants were selected for
analysis to confirm the reliability of the MSPSS structure in
this study. In addition to the MSPSS survey, socio-demo-
graphic characteristics were summarized.

Statistical analysis. The data were processed, encod-
ed, and analyzed using Statistical Package for the Social
Sciences (SPSS) 25.0. The internal reliability (internal sta-
bility) of the MSPSS was measured using the Cronbach’s
a coefficient. Kronbach shows that alpha questions on a
certain scale constantly measure something, the value of
which is 0=0.90 - it is considered to be very high reliabili-
ty, 0.80<a<0.90 - high reliability, 0.70<a<0.80 - good reli-
ability, 0.60<a<0.70 - medium reliability, a<0.60 - low reli-
ability [26]. This resource discusses the value of Cronbach’s
a and what its scales should be.

Results: Adaptation and translation into the Kazakh
language, as well as pilot testing, followed the aforemen-
tioned research methods. The final translation proved to
be of high content reliability and was deemed suitable
for use during pilot testing. The majority of participants
said that the scale was clear and easy to answer, and there
were no conclusions that could complicate or confuse the
meaning of the question. No suggestions were received
regarding the processing of words and phrases. Thus, no
changes were made after pilot testing.

Socio-demographic characteristics of the respond-
ents in the study: the average age of the 89 respondents
was 53.8%1.3, with 32.6% being men and 67.4% being
women. Of these, 67.4% are urban and 32.6% are rural.
77.5% of the participants were married, 2.2% were di-
vorced, and 20.2% were widowed or single. 28.1% of par-
ticipants had more than four children, 69.7% had fewer
than four children, and 2.2% had no children. Addition-
ally, 64.0% of participants had a secondary education,
while 36.0% had higher education; 53.9% were engaged
in public or private business, and 46.1% were unem-
ployed 14.6% of the study participants were diagnosed
through screening, and 85.4% them were examined due

to pain. Of them, 69.7% of respondents knew their stage
of cancer (Table 1).

Table 1 - Socio-demographic characteristics of respondents
(N=89)

Variables | N %
Age [53,8+1,3]
21-30 5 5.6
31-40 16 18.0
41-50 13 14.6
51-60 28 31,5
61-70 18 20.2
71 and older 9 10.1
Gender
Male 29 32.6
Female 60 67.4
Place of residence
Urban 60 67.4
Rural 29 32.6
Education level
Higher Education 32 36.0
High School 57 64.0
Place of work
Unemployed 12 13.5
Retired 24 27.0
Civil Servant 29 32.6
Individual Entrepreneur 19 21.3
Disabled 2 2.2
Other 3 3.4
Family status
Married 69 77.5
Widowed (single) 18 20.2
Divorced 2 2.2
Number of children
Non 2 2.2
<4 62 69.7
>4 25 28.1
Cancer stage
| 24 27.0
1] 29 32.6
1] 9 10.1
Unknown 27 30.3

According to the survey results, the average overall
score on the MSPSS scale was 80.54 + 6.8, indicating a rela-
tively high level of social support accepted by the studied
population (Table 2).

Table 2 - The level of social support of respondents based
on the MSPSS survey results

Level of social support on the Likert scale
High
91%

Low Medium
- 9%

The average scores for the sub-categories of “family”
(27.5%1.3) and “special person” (27+3.04) were higher than
for the sub-categories “friends” — 26+4.6" (Table 3). The Ka-
zakh translation of the MSPSS scale had a high intrinsic
harmony with the Cronbach’s a on the general scale var-
ying from 0.84 to 0.39 to 0.95 for the three sub categories.
The “element-result” correlation coefficients were in the
range from 0.32 to 0.95, indicating that not all questions
on the scale were redundant or content repeating.

Oncology and Radiology of Kazakhstan, Ne2 (76) 2025 65



ORIGINAL INVESTIGATIONS

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Table 3 - Reliability of MSPSS and its internal scales

Description sﬁ;?erigseo t?w%rﬁfr:rl%:::rgg?ﬁg Cront&ach‘s
Sub-category “Family”
- My family is trying to help me 0.32
- | get the help and support | need from my family. 27.5+1.3 0.32 0.39
- | can talk to my family about my problems. 0.43
- My family is ready to help with the decision. 0.45
Sub-category “Friends”
- My friends are trying to help me. 0.79
- | can trust my friends when everything goes wrong. 26+4.6 0.95 0.95
- | have friends with whom | can share my joys and sorrows. 0.82
- | can talk to my friends about my problems. 0.94
Sub-category “Special person”
- There is a special person who will be with me when | need it. 0.65
- There is a special person with whom | can share my joys and sorrows. 27+3.04 0.87 0.91
- I have a special person who is a real source of comfort and joy for me. 0.85
- There is a special person who perceives my feelings and worries as important. 0.89
MSPSS overall score 80.54+6.8 0.84

*MSPSS — multidimensional scale of acceptable social support; SD - standard deviation.

Discussion: Social support can contribute to maintain-
ing a healthy lifestyle, increasing commitment to treat-
ment, and improving the quality of life of cancer patients
[27]. Although social support has played an important role
in alleviating the psychological and physical challenges as-
sociated with cancer [28], prior to this study, there was no
linguistically valid tool for assessing social support among
cancer patients in Kazakhstan. Our results show that the
Kazakh translation of the MSPSS scale is a reliable and ef-
fective tool for assessing the accepted social support of
cancer patients.

At stages 1 and 2 of this study, we officially translat-
ed the original MSPSS questionnaire into the Kazakh lan-
guage. These stages are important under the translation
procedure proposed by Guillemin et al. [25]. In practice, re-
search questionnaires are not always correctly translated
before being used in New temporal, cultural, or linguistic
contexts, which runs the risk that the translations do not
accurately reflect the concepts that should be measured
in the original questionnaire.

In our study, the translation was performed in both di-
rections by four independent translators, including health
professionals and other experts. This made it possible to
ensure the authenticity and reliability of the translation.
The results of Stages 1 and 2 showed that the transla-
tion was correctly formulated and accurately reflected the
meaning of the original MSPSS tool. This translation is suit-
able for use not only for cancer patients, but also for every-
one in Kazakhstan [29, 30].

In our study, the internal consistency of the MSPSS
scale (a = 0.84) is high. Our results are similar to those ob-
tained in the original study and other studies conducted in
various countries worldwide [31, 32]. The internal consist-
ency of the translated MSPSS scale was a = 0.89 for Malay

[33], a = 0.90 for Korean [34], a = 0.92 for Spanish and Thai
[35, 36], and a = 0.91 for Russian [37]. The searches [32-34,
36] describe the countries that adapted this questionnaire
to their language and determined its reliability, providing
Cronbach’s a values.

Social support has a significant impact on treat-
ment commitment and improves the quality of life of
cancer patients [38]. Measuring social support allows
you to obtain important information regarding the
health and treatment of cancer patients. To our knowl-
edge, this study is the first to evaluate the reliability of
the MSPSS scale among patients with cancer. The de-
mand for research tools tailored to the culture and lan-
guage of each country and region is high, particular-
ly in low- and middle-income countries, as it enhances
the quality of research [39, 40]. Researchers and health
professionals can utilize the MSPSS scale for cancer pa-
tients as a screening tool, thereby contributing to the
improvement of daily clinical care provided to patients.
The MSPSS scale is simple and highly reliable. The use
of such tools may help reduce the lack of information
about social support and improve the quality of life of
cancer patients.

Conclusion: The study's results demonstrated that the
Kazakh version of the MSPSS questionnaire has high reli-
ability (Cronbach’s a = 0.84), indicating its suitability for
use in scientific research. The questionnaire can not only
be used as an effective tool for assessing the level of so-
cial support among cancer patients, but also allows you to
study various aspects of social support and identify social
problems, suggesting ways to solve them.
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AHJATIIA

«MULTIDIMENSIONAL SCALE OF PERCEIVED SOCIAL SUPPORT» (MSPSS)
CAYAJIHAMACBIH KA3AK TIITHE BEMIMJIEY KOHE CEHIMJILIITTH AHBIKTAY

ILJK. Aummazanéem’', /I.B. Caovix', A.B. Tynsnesa', H.M. Kepeesa', H.T. A6ouxaouposa’
'«Mapat OcnaHoB aTbiHfarbl baTbic KasakcTan MeauumHa yHusepenteTin KeAK, AkTeGe, KasakctaH PecnyGnmkack

O3zexkminizi: OHKONO2UANBLIK HaAyKacmapea oneymemmix KoA0ay — 0aapobll (QUUKATLIK JICOHE NCUXOIMOYUOHANObIK OJl-AYKAMbIH
Jorcakcapmyoviy Mayvl30bl paxkmopel. Kamepni icik ouazHo3vl HayKacmapaa yaKeH NCUXoi02usiblk caamak mycipin, KOpKbIHbIW, YMImMci3oik,
oenpeccust HeoHe dleyMemmiK OKUWAYIAHY CUAKNbL HCA2LIMCHL3 dMoyusIapea ceben 60ayvl Mymkin. Mynoaii scazoatioa omoacwl mywienepi,
docmap, apinmecmep JcoHe MEOUYUHATBIK Kbl3MemKepiep mapanviHan Kopcemiiemin Mopaniboslk, IMOYUOHAIObIK JICOHE NPAKMUKALBIK
KOMEK — epeKiue Maybl30bl. ONeyMemmik Koi0ay HayKacmolly Ko2amMmeH OauianblCblh CAKman, oaapobly JCYMbLCKA KAUMAa opaiybiind, oMip
canacein apmmulpybina viknan emedi. Convimen Kamap, MyHOAl KOAOAy dNeyMemmik UHMepayusanbl KamMmmamdacsl3 emin, HayKacmoly
Kaavinmel emipee beuimoenyine sHoHe moablKKaHObl OMIip CypyiHe MyMKIHOIK Gepedi.

3epmmey maxkcamovt — Multidimensional scale of perceived social support (MSPSS) cayainamacein kaszax miiine 6eiiimoey dicoHe
CeHIMOINIeTH aHbBIKMAY.

Qodicmepi: zepmmey ousaiinwl Oip commik xendenenoi. MSPSS cayarnamacer M.Ocnanos amuvinoazer bamvic Kasaxcman meduyuna
yHusepcumeminiy Meduyunanvlx opmansizbinoa (Axkmebe, Kazaxcmar) emoenin jdcamKan OHKOJIO02USIbIK HAYKACMAapobl d1eyMemmik Koioay
Oeneellin anblkmay maxcamvinoa dxcypeizinoi. Cayannama omoéacvinan, 0OCMAPLINAH JHCOHE epeKule adamoapoan Kejiemin oneymMemmik
Konoayosl bazanayza apranzan 12 cypakman mypaovi. Homuowceni 6azanay wranacor 12-35 ynaii 6onca memen, 36-60 ynaii apanvizbiHOa
opmawa, an 61-84 ynaii apanviebinda scoz2apul oen bazaranaovl. Cmamucmuxanviy manoay SPSS bazoapramaceinwiy 25.0 nyckacel komezimeH
JHCYP2IZLNOL.

Homuoswcenepi: 89 xamvicywvl apacviHOa cayaiHama nomuocenepi 6ouvinuwa MSPSS wkanaceinvly opmawa dcannsl Kepcemriudi
80,54y6,8 6010061, Oy 3epmmenzen nONYAAYUAOA KAOLLIOAHAMbIH dNeyMemmiK Koi0ay Oeyeeuiniy CanblCmblpmMaibl mypoe Jco2apbl eKeHin
kepcemedi. MSPSS wikanacvinoiy Kaszax mininoezi ayoapmacsl scoaapel iwlki yiiiecimoinikke ue, wikana bouvinua Kponbax anregpacer 0,84, an
yut cybwrana 6ouvinua 0,39-0an 0,95-xe oetiinei apanvikma o32epoi. «dnemenm-nomudicey Koppensyus kodpguyuenmmepi 0,32-0en 0,95-ke
Oetiinei duanazonoa 6010bl, Oy WKaLa0a2vl 6APILIK CYPAKMAPOLIH APMbLK HEMeCe MA3ZMYHObL KAUMAIAUMbIH eMec eKeHIiH Kepcemnii.

Kopovimuoinowi: 3epmmey nomuowcenepi MSPSS cayannamaceinvly Kazax mininoeci HyCKACbIHbIH H#C02apbl CEHIMOINIKKe Ue eKeHIH Kopcemmi
(Cronbach’s a=0,84) acone onvl eviivimu 3epmmeynepoe Koaoamyea doramuviibin 0onendeiioi. Cayarnama OHKOLOSUSLILIK HAYKACMAPObllY
aneymemmix Konoay 0eyeeliin bazanayaa muimoi Kypai peminoe KOIOAHbLIbIN KAHA KOUMAll, COHbIMEH Kamap dieymMemmix Koaoayobiy mypii
acnekminepin sepmmeyee Jcone dneymMemmix mocenenepoi anblkman, oaaposl meutyOiy JHCoN0apbli YCblyea MyMKiHOIK Oepeoi.

Tyitindi co3oep: onronocus, MSPSS, oneymemmix Konoay, ceHiMOILIK.

AHHOTALUA

AJJANITALIUST HA KA3AXCKHIA SI3BIK U ONPEJEJTEHUE HAJEKHOCTH IIKAJIBI
«MULTIDIMENSIONAL SCALE OF PERCEIVED SOCIAL SUPPORT» (MSPSS)

ITLJK. Aummazanéem’, /.. Caovix', A.b. Tynseea', HM. Kepeesa', H.T. A6ouxaouposa’

'HAO «3anapHo-KasaxcTaHckuit MeauumHckii yHuepeuteT umenn M.OcnaHosay, Aktobe, Pecnybnika KasaxctaH

Axmyansnocme: Coyuanvnas noo0epiuCKA OHKONIOSUYECKUX NAYUEHMO8 — GAJICHbIU (akmop yayuuleHus: ux @Qusuieckozo u
NCUXOIMOYUOHATLHO20 ONA20NONYYUSL. [JUacHO3 3I0KAUECMBEHHO20 HOBO0OPA306AHUSL OKAZLIEAC HA NAYUCHNOE CULbHOE NCUXOIO2UYECKOe
odaslienue, bl3bleas MAKUE HE2AMUBHbIE IMOYUU, KAK CMPAX, 0e3HAOEHCHOCMb, 0enpeccus U COyuaibhas uzonsyus. B makou cumyayuu
MOPANLHASA, IMOYUOHANBHAS U RPAKMUYECKAS ROMOUb CO CIMOPOHbL YILCHOE CeMbl, OPY3ell, KOJLIe2 U MEOUYUHCKUX PABOMHUKOS8 UMeem 0coboe
sHauenue. Coyuanvras no00epiHCKa cnocooCcmeyem COXPAHeHU C8A3U NAYUEeHMA ¢ 00WeCmeoM, 8038PAUEHUI0 K MPYO08OU 0esimeIbHOCHU
u nosviuienuio Kavecmea dcusnu. Kpome mozo, ona obecneuugaem coyuanivhyio unmepayuio, NOMo2ds NAyUeHmy a0anmuposamscs K
HOPMATBHOU HCUSHU U JICUMb NOTHOYEHHO.
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Ienw uccneoosanusn — adanmayus onpocrnuxa Multidimensional Scale of Perceived Social Support (MSPSS) na kazaxckuii s3vlK u oyeHKa
€20 HA0eHCHOCHU.

Memoowr: JJuzaiin uccrnedosanus — nonepednvitl. MOMeHmHbll. /s onpedeneHus ypoeHs COYUANIbHOU NOOOEPIHCKU Y OHKOLOSUYECKUX
nayuenmos, nonyuarowux nevenue 6 Meouyunckom yenmpe 3KMY um. M. Ocnanosa (Akmobe, Kasaxcman), 0vi10 npogedeno ankemupoganue
¢ ucnonvzosanuem wkaivt MSPSS. Ankema cocmosina usz 12 éonpocos, oyenusaowjux nodoepicKy om cemvil, Opy3ell U 3HAUUMBIX OPYSUX.
Humepnpemayus pesyromamos: 12-35 6annoe — nuskui yposenv, 36-60 6annos — cpeonuil, 61-84 6anna — evicoxkuii yposens. Cmamucmuyeckuil
ananuz nposoouncs ¢ uchoavbzoganuem npoepammel SPSS eepcuu 25.0.

Pesynomamor: Cpeou 89 yuacmuuxos, cpeonuti obwuii nokazamens no wranre MSPSS cocmasun 80,54+6,8, umo ceudemenvcmeyem o
CPABHUMENLHO 8bICOKOM YPOBHE COYUATLHOU NOO0EPHCKU, npuHuMaemoll ucciedyemoil nonyaayueil. Ilepeeoo wkanvt MSPSS na xasaxcxuii
A3bIK UMeEeN 8bICOKYVIO GHYMPEHHION CO2NACOBAHHOCHb, KOdpPuyuenm anvghor Kponoaxa no wkane cocmasun 0,84, a no mpem cybwraram
sapwuposancsom 0,39 00 0,95. Koppensyuonnvie kosppuyuenmol «anemenm-pezyiomamy eapvuposaucs om 0,32 0o 0,95, umo noomeepocoaem
omcymemeue u30blMoUHbIX ULU NOBMOPAIOUWUXCS BONPOCOB 8 UKATE.

3aknwuenue: Pesynomamosl uUccie008aHus NoOKazaiu, 4mo Kazaxckas eepcusi awkemol MSPSS obnadaem 6vbicokoll Ha0emCcHOCmbo
(Cronbach’s 0=0,84), umo noomeepocoaem ee npUMEHUMOCTIb 8 HAYUHBIX UCCIe008aAHUAX. AHKema He MOIbKO I heKkmusHo oyenusaem yposets
COYUATLHOU NOOOEPIUCKU Y OHKONO2UYECKUX DONbHBLX, HO MAKICe NO3BOJACM UCCICO08AMb PA3TIULHbIE ACNEKMbl COYUANLHOU NOO0EPICKU U
BbLABNAMb COYUANbHBLE NPOONEMYL, NPEONA2As NYMU UX PEUEHUSL.

Knioueswle cnosa: onxonoeus, MSPSS, coyuanvhas noodepicka, Ha0eisCcHoCmb.
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THE LAUREN CLASSIFICATION PROGNOSTIC VALUE
AND SURVIVAL ANALYSIS IN PATIENTS
WITH GASTRIC CANCER

S.ZH. AKHMETOVA', A.B. TULAYEVA', TA. NURULLA', N.K. AZBERGENOV",
N.M. KEREYEVA', Zh.E. KOMEKBAY', E.Zh. KURMAMBAEV", G.Zh. YESSULTANOVA"!

"West Kazakhstan Marat Ospanov Medical University NCJSC, Aktobe, the Republic of Kazakhstan

ABSTRACT

Relevance: Numerous pathohistological classification systems are used to diagnose gastric cancer (GC). Several studies have
examined the relationship between the pathohistological characteristics of gastric cancer and various patient-related aspects, as well
as factors influencing the course and prognosis of the disease. The Lauren classification system remains an accessible and widely used
method for classifying gastric cancer, having been correlated with the clinical, histological, and molecular features of these tumors. This
article presents a statistical analysis and evaluates the prognostic significance of the Lauren pathohistological classification system for
gastric cancer, aiming to determine the most relevant classification for predicting overall survival in patients with this disease.

The study aimed to investigate the clinicopathological characteristics of gastric cancer based on the Lauren classification and to
assess its value in predicting the overall survival of patients with gastric cancer.

Methods: In this retrospective cohort study, a multidisciplinary team reviewed and discussed the data of 161 patients with GC
from Aktobe. All patients met the criteria of the diagnostic and treatment protocol for oncology patients in the Republic of Kazakhstan
(Order No. 174, dated November 21, 2022) for surgical treatment and were newly diagnosed with gastric cancer at any stage, aged 18
years or older. Data analysis was performed using SPSS v.25 (SPSS Inc., Chicago, Illinois, USA). The Pearson chi-square test was used
to analyze the association between the Lauren classification and clinicopathological factors. The study was conducted at the Medical
Center of West Kazakhstan Marat Ospanov Medical University based on pathomorphological reports collected from January 2020 to
August 2024.

Results: In the analysis of 161 gastric cancer cases, the Lauren classification showed a statistically significant association with the
clinicopathological characteristics of the disease and patients’ overall survival. The diffuse type was associated with a more aggressive
course and worse prognosis. The intestinal type was more frequently observed in patients with favorable prognostic features. Statistical
analysis using the Pearson chi-square test revealed significant differences in survival rates between the Lauren subtypes.

Conclusion: The Lauren classification remains a clinically significant and reliable tool for the prognostic stratification of gastric
cancer patients. According to Lauren, the tumor type enables the assessment of disease aggressiveness and prognosis, supporting

informed therapeutic choices and a personalized approach to treatment.
Keywords: gastric cancer (GC), Lauren classification, overall survival, prognosis.

Introduction: Gastric cancer (GC) is a malignant neo-
plasm with an aggressive course, most often diagnosed at
advanced stages, particularly in Western countries [1, 2].
GC ranks fifth in prevalence among oncological diseases
and third in mortality, according to WHO data [3]. In East
Asian countries, such as Japan, the Republic of Korea, and
Mongolia, an increase in incidence has been reported. In
contrast, rates in North America, Northern Europe, and
several African regions remain significantly lower, follow-
ing a trend observed over recent decades [4]. In the Re-
public of Kazakhstan, GC ranks third in prevalence among
oncological diseases, with an incidence rate of 15.8 cases
per 100,000 population, and also holds third place in mor-
tality, with 11.4 cases per 100,000 population [5].

Currently, the gold standard for GC prognosis and
treatment guidance is the anatomical classification of tu-
mors, lymph nodes, and metastases (TNM), developed by
the American Joint Committee on Cancer (AJCC) [6, 71. It
is widely used in many clinical practices without consider-
ing histopathology, as the significance of the morpholog-

ical characteristics of GC in determining clinical outcomes
remains limited [8].

Most studies have identified the Lauren subtype as an
independent prognostic factor in GC [9 - 11]. Recent stud-
ies conducted in Asia have also suggested that the Lauren
classification may serve as a reliable prognostic tool for GC
patients [12, 13].

Depending on tumor architecture, growth pattern, and
cell morphology, this classification divides GC into intes-
tinal, diffuse, and mixed types [14 - 16]. Intestinal-type GC
consists of glandular structures accompanied by papillary
or solid components. On the other hand, diffuse-type GC
consists of loosely cohesive cells that grow in small clusters
or as scattered cells, exhibiting an infiltrative pattern. This
classification is differently associated with clinicopatholog-
ical features [17, 18]. According to well-established experi-
ments, Helicobacter pylori is the primary factor in the devel-
opment of malignant changes in the stomach; however, the
influence of factors such as diet, genetic predisposition, and
the patient’s socioeconomic status cannot be excluded in
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this multistep process [19]. Intestinal tumors are more fre-
quently found in elderly males and are associated with Heli-
cobacter pylori infection and environmental factors. Moreo-
ver, most studies have identified the Lauren subtype as an
independent prognostic factor in GC [20 - 22]. Thus, in the
era of molecular medicine, the Lauren system is a cost-ef-
fective and widely used classification that is associated with
clinical, pathological, prognostic, and molecular features.
Lauren subtypes can be considered distinct entities that dif-
fer in histology, biology, and clinical behavior, and the iden-
tification of easily accessible prognostic factors in patients
with intestinal and diffuse-type tumors may significantly
improve risk assessment and patient stratification in GC [23].

The study aimed to investigate the clinicopathological
characteristics of gastric cancer based on the Lauren classi-
fication and to assess its value in predicting the overall sur-
vival of patients with gastric cancer.

Materials and methods:

Study design: In this retrospective cohort study, data
from 161 patients aged 18 years and older with a newly di-
agnosed GC of any grade who underwent surgical treat-
ment following the Protocol for Diagnosis and Treatment
of Oncology Patients of the Republic of Kazakhstan No. 174
dated 21.11.2022, were reviewed and discussed by a multi-
disciplinary team. The study was conducted at the Medi-
cal Center of the West Kazakhstan Marat Ospanov Medical
University NCJSC based on histological reports compiled
from January 2020 to August 2024.

Inclusion Criteria:

- Age over 18 years;

- Patients with pathomorphologically confirmed diag-
nosis of GC;

- Disease stages |, lla, llb, llla - llic according to the 8th
edition of the TNM classification;

— Tumor located in any anatomical region of the stom-
ach;

- Operable and resectable growing tumor;

- Histological tumor type according to Lauren classifi-
cation: intestinal and diffuse types of GC.

Exclusion Criteria:

- Patients with newly diagnosed GC with primary mul-
tiple metachronous and synchronous tumor growth;

- Diagnosis established postmortem;

- Mixed type GC (dimorphic tumors);

— Neuroendocrine tumors of the stomach;

— Sarcomas, lymphomas of the stomach;

— Gastrointestinal stromal tumors (GIST) of the stom-
ach.

Within the framework of the retrospective study, pa-
tients were divided into subgroups based on the morpho-
logical type of GC according to Lauren’s histological clas-
sification:

- Diffuse type: poorly differentiated carcinoma, sig-
net-ring cell carcinoma, and undifferentiated carcinoma.

—Intestinal type: papillary adenocarcinoma, tubular ad-
enocarcinoma, mucinous adenocarcinoma, and well-dif-
ferentiated adenocarcinomas.

Disease staging was determined according to the TNM
classification of the American Joint Committee on Cancer
(AJCC), 8th edition.

Patients were also stratified into subgroups according
to tumor localization in:

- Cardiac part of the stomach (C16.0 - C16.1)

- Body of the stomach (C16.2 - C16.8)

- Antral part of the stomach (C16.3)

Statistical Analysis: Survival time was presented as the
median and interquartile range (IQR, 25th-75th percen-
tiles). Pearson’s chi-square test was used to analyze the re-
lationship between the Lauren classification and clinico-
pathological factors. Five-year survival rates were assessed
using the Kaplan—Meier method, with group differences
evaluated by the log-rank test. A 95% confidence interval
was applied, and p-values < 0.05 were considered statisti-
cally significant.

Ethical Approval: The study was conducted in compli-
ance with bioethical standards related to the use of pa-
tients’ pathomorphological data. The study design and
protocol were approved at a local meeting of the Bioeth-
ical Experimental Committee of West Kazakhstan Marat
Ospanov Medical University, Aktobe (Protocol No. 10, dat-
ed October 27, 2023).

Results: A total of 161 GC patients underwent surgical
treatment at the Aktobe Oncology Medical Center from
2020 to 2023 (Table 1).

Table 1 - Descriptive Characteristics of Patients with Newly
Diagnosed Gastric Cancer (n=161)

Demographic Data and Tumor Number of %
Characteristics Patients °
Gender
Men 110 68.3
Women 51 31.7
Age
Under 60 years 37 23
Over 60 years 124 77
Tumor Location
Cardia of the stomach 58 36.0
Body of the stomach 56 34.8
Antrum of the stomach 47 29.2
Disease Stage
| 15 9.3
Il 8 5.0
I} 138 85.7
Tumor (T)
T1 12 7.5
T2 8 5.0
T3 11 6.8
T4 130 80.7
Node (N)
NO 72 44.7
N1 28 14.7
N2 43 26.7
N3 17 10.6
Histological Type (Lauren Classification)
Diffuse type 110 68.3
Intestinal type 51 31.7
Grade
1 6 3.7
2 51 31.7
3 84 52.2
4 20 124
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In our study, the incidence of GC was twice as high
among men as among women. A total of 80.7% of patients
had large invasive gastric tumors, with 73.9% of those in
locally advanced stages. In 36% of patients, the tumor was
localized in cardia of the stomach. Lymphatic metastasis
was identified in 55% of GC patients. Diffuse-type GC was
diagnosed twice as often as the intestinal type (68% vs.
32%). Poorly differentiated tumors accounted for 52% of
all cases.

According to the Lauren classification, the diffuse type
predominated in both sexes (Table 2). Advanced tumor

growth (pT) was more commonly observed in diffuse-type
GC (75.4% vs. 25%; p<0.001). Distant lymphatic metastasis
(pN) was also more frequently noted in diffuse-type cases
(65% vs. 35%), although the difference was not statistical-
ly significant. In diffuse-type GC, the tumor was most fre-
quently localized in cardia of the stomach (98%), where-
as in intestinal-type GC, the tumor was predominantly
found in the antral region (79%; p<0.001). By stage, the in-
testinal type significantly prevailed (80%) in early-stage
GC, whereas the diffuse type predominated in locally ad-
vanced forms (74%) (p<0.001).

Table 2 - Clinicopathological Characteristics According to the Lauren Classification

Parameters | Diffuse Type, abs. (%) | Intestinal type, abs. (%) | Total, abs. (%) p*
Gender p=0.502
Women 33 (64.7%) 18 (35.3%) 51 (31.7%)
Men 77 (70%) 33 (30%) 110 (68,3%)
pT stage p<0.001
T1 2 (16.7%) 10 (83.3%) 12(7.5%)
T2 3 (37.5%) 5 (62.5%) 8 (4.9%)
T3 7 (63.6%) 7 (36.4%) 11 (6.8%)
T4 98 (75.4%) 32 (24.6%) 130 (80.7%)
Tumor Location p<0.001
Cardia of the stomach 57 (98.3%) 1(1.7%) 58 (36.02%)
Body of the stomach 43 (76.8%) 13 (23.2%) 56 (35%)
Antrum of the stomach 10 (21.3%) 37 (78.7%) 47 (29.2%)
pN stage p=0.280
NO 47 (65.3%) 25 (34.7%) 72 (44.7%)
N1 18 (64.3%) 10 (35.7%) 28 (17.4%)
N2 34 (79.1%) 9(20.9%) 43 (26.7%)
N3 11 (64.7%) 6(35.3%) 17 (10.6%)
Stage p<0.001
1 3 (20%) 12(80%) 15 (100.0%)
2 5 (62.5%) 3 (37.5%) 8 (100.0%)
3 102 (73.9%) 36(26.1%) 138 (100.0%)

Note: *- Pearson’s Chi-square test was used

Survival Analysis in Patients with Gastric Cancer: The
overall survival rate among patients was 15%, with a me-
dian survival time of 8 months. The analysis of surviv-
al in relation to tumor size (pT) and lymphatic metastasis
(pN) revealed a reliable association: The best survival out-
comes were observed in patients with early-stage tumors
(T1-T2) and absence of lymph node metastasis (NO - N1),
where the median survival was around or more than 13

months. The worst prognosis was noted in patients with
advanced tumor stages (T3-T4) and multiple lymph node
metastases (N3-N4), where median survival decreased to
3-6 months (p<0.001). The survival analysis revealed an
overall survival rate of 15%, with a median survival time of
8 months. A statistically significant difference in survival
was observed depending on tumor size (pT) and presence
of lymphatic metastasis (pN) (p<0.001) (see Table 3).

Table 3 - Overall and Median Survival Depending on Tumor Stage (pT) and Lymphatic Metastasis (pN)

Disease Indicator | Overall survival, % (95% ClI) | Median Survival, Q,(Q,.-Q,.)

pT stage

| 32.19% [23.19-41.19] w0

T2 33.39% [21.83-44.96] ]

T3 12.15% [6.05-18.26] 11 [5.72-16.28]

T4 13.25% [6.05-18.26] 6 [3.94-8.06]
pN stage

NO 20.08% [15.60-24.55] 13 [9.03-16.96]

N1 16.37% [11.80-20.94] 13 [9.54-16.45]

N2 12.11% [7.65-16.57] 5 [3.45-6.54]

N3 6.47% [3.80-9.13] 6[1.96-10.03]
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Survival Dependence on Gastric Cancer Type: Ac-
cording to the Lauren classification, the best sur-
vival rate was observed in patients with the in-
testinal type of gastric cancer: the overall survival
rate was 20.88% [95% Cl: 15.6-26.17], and the me-
dian survival time was 12 months [95% Cl: 7.48-
16.51]. In contrast, patients with the diffuse type
had an overall survival rate of 13.58% [95% Cl: 10.72-
16.44], and the median survival time was 6 months

[95% Cl: 3.84-8.15]. Statistical significance: p<0.001
(see Figure 1).

Survival Dependence on Tumor Stage: A direct correla-
tion was found between survival and the stage of tumor
development. Thus, the overall survival rate at Stage | was
38% [95% Cl: 31.64-45.56], while in patients with Stage lll,
it was 13.30% [95% Cl: 10.74-15.85]. The median survival
time for all Stage Ill patients was 7 months [95% Cl: 5.01-
8.98]. Statistical significance: p<0.001 (see Figure 2).
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Legend: HakonneHHoe sbixusaHue — Accumulated survival; QyHkyuu seixxusanusa — Survival functions; Mecauwsl — Months; Juggy3Heii
mun - Diffuse type; KuweyHeili mun - Intestinal type
Figure 1 - Five-Year Survival Rate considering the Lauren classification
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Legend: HakonnerHoe soixusaHue — Accumulated survival; @yHkyuu sbixuearus — Survival functions; Mecausl — Months; Cmadus — Stage
Figure 2 - Five-Year Survival Rates by Stage
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Survival Dependence on Tumor Location: For tumors lo-
cated in cardia of the stomach, the overall survival rate was
11.79%[95% Cl: 8.61-14.97], and the median survival time was
6 months [95% Cl: 3.80-8.19]. In the body of the stomach, the
overall survival rate was 14.48% [95% Cl: 10.17-18.79], with a
median survival time of 8 months [95% Cl: 4.59-11.40]. The
best survival outcomes were observed in tumors located in
the antrum, with an overall survival rate of 21.68% [95% Cl:

16.17-27.20], and a median survival time of 15 months [95%
Cl: 9.12-20.871]. Statistical significance: p=0.024 (see Figure 3).
Survival Dependence on Tumor Differentiation: In pa-
tients with well-differentiated adenocarcinoma, the over-
all five-year survival rate was 30% [95% Cl: 15.61-45.63],
while in cases of undifferentiated and signet-ring cell car-
cinoma, the overall survival rate was 10% [95% Cl: 5.51-
14.84]. Statistical significance: p=0.006 (see Figure 4).
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Legend: HakonneHHoe sbixusaHue — Accumulated survival; QyHkyuu gvixusarus — Survival functions; Mecaysi — Months; KapouaneHeit
omoen — Cardia of the stomach; Tesno xenydka — Body of the stomach; AHmpaneHsili omoden — Antrum of the stomach
Figure 3 - Five-Year Survival Rates Depending on Tumor Location
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Legend: HakonnerHoe 8bixxugaHue — Accumulated survival; QyHkyuu ssixusaHus — Survival functions; Mecausi — Months;
BoicokodughgpepeHyuposarHas adeHokapyuHoma — Well-differentiated adenocarcinoma; YmepeHHo oughgpepeHyuposaHHas
aderHokapyuHoma — Moderately differentiated adenocarcinoma; HuskoduggepeHuyuposaHHas adeHokapyuHoma — Poorly differentiated
adenocarcinoma; HeduggpepeHyuposaHHas adeHoOKapyuHOMa u nepcmHesudHo-kiemouHeil pak — Undifferentiated adenocarcinoma and
signet-ring cell carcinoma
Figure 4 — Five-Year Survival Rates Depending on Tumor Differentiation
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Discussion: There are several histopathological clas-
sifications of GC due to the pronounced morphological
heterogeneity of this disease [24]. However, the question
of which classification is superior remains a matter of con-
troversy. Tumor grades of differentiation are commonly
used to describe GC, and four types are defined: well-dif-
ferentiated, moderately differentiated, poorly differenti-
ated, and undifferentiated [12]. It is widely believed that
poorly differentiated tumors are typically more wide-
spread at the time of surgery compared to well-differen-
tiated ones, and that patients with more differentiated
tumors have clear survival advantages after curative re-
section [25, 26]. However, recent studies have reported
that tumor differentiation grade does not have a signif-
icant association with the prognosis of GC patients [27-
30]. In the present study, tumor differentiation was signif-
icantly associated with prognosis, as determined by the
log-rank test; however, it was not an independent prog-
nostic factor for overall survival (OS). This inconsistency
may be due to the mixing of differentiated and undiffer-
entiated histologies in GC [29, 31]. Therefore, further re-
search is needed to understand the significance of tumor
differentiation grade in GC.

According to the results of our study based on the Lau-
ren classification, the diffuse type predominates among
both sexes. Diffuse tumors were mostly advanced (75.4%
vs. 24.6%; p<0.001). Distant lymphatic metastasis (pN)
was also observed more frequently in the diffuse type
(65% vs. 35%), although the difference was not statisti-
cally significant. In the diffuse type, the tumor was most
commonly located in cardia of the stomach (98%), where-
as the intestinal type was more often located in the antral
region (79%; p<0.001). By stage: at early stages, the intes-
tinal type of GC predominated (80%), while in locally ad-
vanced cases, the diffuse type accounted for the majori-
ty (74%, p<0.001).

Our study showed a direct correlation between tumor
stage and survival rate. According to our results, survival
at stage | was 38% [95% Cl: 31.64-45.56], while in patients
with stage I, overall survival was 13.30% [95% Cl: 10.74-
15.85], and median survival was 7 months [95% Cl: 5.01-
8.98] with statistical significance of p<0.001.

By tumor location: In cardia of the stomach, overall sur-
vival was 11.79% [95% Cl: 8.61-14.97], and the median sur-
vival time was 6 months [95% Cl: 3.80-8.19]; In the body of
the stomach - 14.48% [95% Cl: 10.17-18.79], with a median
survival time of 8 months [95% Cl: 4.59-11.40]; the best sur-
vival outcome was observed in GC located the antral part
of the stomach - 21.68% [95% Cl: 16.17-27.20], and a medi-
an survival time of 15 months [95% Cl: 9.12-20.87], with sta-
tistical significance of p=0.024.

By tumor differentiation grade: The overall five-year
survival in patients with well-differentiated adenocarci-
noma was 30% [95% Cl: 15.61-45.63]; In cases of undiffer-
entiated and signet-ring cell carcinoma, overall survival
was 10% [95% Cl: 5.51-14.84], with statistical significance
of p=0.006.

Based on the data from our study, the incidence in men
was twice that of women. Among them, 80.7% of patients
had massive invasive gastric tumors. In the majority of
patients, the tumor was located in cardia of the stomach
(36%). In addition, 55% of patients with gastric cancer had
lymphatic metastasis.

In our study, the diffuse type GC was twice as common
as the intestinal type (68% vs. 32%).

The Lauren classification of GCis one of the widely used
morphological classification systems applied for survival
prediction [15]. There is evidence that tumor subtypes un-
der the Lauren classification respond differently to chemo-
therapy, resulting in different survival outcomes [14].

The specific pathogenetic and morphological features
of the intestinal and diffuse types may underlie their dif-
fering behaviors [16]. The epidemiological intestinal type
of cardia cancer, especially in the antral part, is often close-
ly associated with chronic inflammation due to Helicobac-
ter pylori infection [32, 33]. Anatomically proximal GC can
be classified as the third type, in which inflammation of a
different origin may be the driving force of carcinogene-
sis [34]. In addition, the anatomical location of GC has clini-
cal relevance, with proximal third gastric cancers being as-
sociated with worse prognosis than middle or distal third
cancers [35].

Several studies have shown that the Lauren classifica-
tion has better discriminatory ability and monotonicity [11,
12]. In this study, the Lauren classification demonstrated
superior model discrimination, fitting efficiency, and net
benefit compared to other classifications. The five-year
survival based on the Lauren classification showed simi-
lar results when stratified by morphological type, tumor
stage, location, and differentiation grade.

The solution curve analysis revealed that the use of
this classification model yields greater clinical benefits
compared to alternative approaches. Nomograms are
visual tools that enable individualized survival prediction
based on a patient’s unique clinical data [36], providing
improved prognostic accuracy and comprehensive out-
comes for various types of cancer [37]. Based on the Lau-
ren classification, considering tumor stage, location, and
differentiation, we developed a new prognostic nomo-
gram. This new prognostic model demonstrated higher
discriminatory ability, better model fitting, and net advan-
tages compared to the 8th edition AJCC TNM classifica-
tion. These findings confirm that incorporating a broad-
er range of factors encompassing various aspects of the
disease is the most promising approach to enhancing the
clinical treatment of GC. However, the results of this study
should still be interpreted with caution, as specific inter-
vention factors, such as surgical procedures, chemother-
apy and radiotherapy regimens, and drug dosages, were
not controlled.

Conclusion: Thus, the Lauren classification exhibits
high discriminatory ability, effective model calibration,
and clear advantages compared to classification based
on tumor differentiation grade and the Lauren classifica-
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tion itself. This classification also demonstrates good ap-
plicability in various clinical scenarios. The new prognos-
tic nomogram, based on the Lauren classification, also
demonstrates high discriminatory ability, model fitting
performance, and notable advantages. Nevertheless, the
results of this study require further confirmation.
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AHJATIIA

ACKA3AH KATEPJII ICIT'T BAP HAYKACTAPJIA LAUREN KITACCUDPUKALUACBIHBIH
BOJIKAMJIBIK MOHI ) KOHE OMIP CYPY TAJIJIAYbI

C.JK. Axmemosa', A.B. Tynraesa', T.0. Hypyana', H.K. A36epzenos', H.M. Kepeesa',
JK.E. Komexoaii', E.JK. Kypmamoaes', I'.2K. Eccynmanosa’

'«Mapat OcnaHoB aTbiHAarbl batbic Kasakctad MeauumHa yHusepeuteTi» KeAK, Aktebe, KasakctaH PecnyGnmkach

O3exkminizi: Ackasan o0bIpbIH OUACHOCMUKANAY YULiH KOLOAHBLIAMbIH KONMEe2eH NAMO2UCMOI02UANBIK KIACCUDURAYUATBIK dcylienep bap.
Bipxamap 3epmmeynepoe ackasan pazvlHoly NAMOSUCIIONIOSUANBIK, CUNAMMAMANAPbL MEH HAYKACMapObly opmypai acnekminepi, coHoau-ax
aypyovly a2vblMbiHA HCOHE OHbIY OONHCAMBIHA dcep ememin hakmopaap apacvinoazvl esapa baiiauvic 3epmmendi. Lauren scikmey dcyiieci
acKa3au iCikmepiniy KIUHUKATIbIK, 2UCMOLO2USLIbIK HCOHE MOJLEKYIANbIK CUNAMMAMAIAPbIHA He2i30eN2eH HCOHe ACKA3AH ICIKmepiH Hcikmeyoiy
KOIHCemIMOI HCoHe KeHIHeH KONOaHbLIambliH d0ici 6oavin Kana bepedi. Ocvl makanada ackazar 06wipvit (AO) ywin Jlayper namo2ucmono2usisly
KIACCUDUKAYUACBIHBLY CIMAMUCMUKATBIK AHANU3E MEH NPOSHOCTUKAILIK MALbL3bl, COHOAU-AK 0Cbl AYPYMEH AYblpambli HAYKACMapOblLY JHCANNb
oMiIp Cypyin 60ndicay yulin ey Maybl30bl KAACCUDUKAYUANDL AHLIKMAY YCHIHBLI2AH.

3epmmey maKcamol — acKkazam pazblHoly KAUHUKATBIK-NAMOI0USIIK, CUNAMMAMACHIH Jlaypen kaaccudurayusacol 60tbiHwma 3epmmeyze
JHCOHE ACKA3aH 00bIPLIH 6ap HAYKacmapobly HCainvl OMIp cypyin bonxcayaa bazbimman2at.

Aoicmepi: Ocol pempocnexmusmi kocopmmulk 3epmmeyoe Kazaxcman Pecnybnuxacoinviy 2022 ocvineor 21 xapawaoazor Ne 174
OHKONO2USANILIK HAYKACMAPObl OUACHOCMUKANAY JHCOHE eMOey XAMMAMACHIHA COUKeC XUPYPRUSIbLK eM Ma2alblHOaN2al Ke3 Kejieet 0opedicedel
ackasan 00vipbl KHcanyaoan anvikmanzan 18 scacman ackam dxcome odam dHcozapwl 161 naykacmoly Oepexmepi MynomuOUAnUAIbIK Monma
sepmmenin, maikplianovl. Ecenmey ywin SPSS.v.25 6azoapramacet Konoanvlioel. Kamezopusivix oepexmep [upcon X? mecmi apkolivl
bazananovl.

3epmmey KeAK Mapama Ocnanog amvinoazbt bBKMY meouyuna opmanvieer 6asaceinoa 2020 srcvinoviy 01 avivinan 2024 srcvrnoviy 08
aublHa 0etiinel namomop@on0UsLIbIK CUNAMMAMA He2I3iHOe HCYyp2i3inoi.

Homuosicenepi: Ackasan obvipvinbiy 161 ocazoaiivin manoay Jlaypen Kiaccu@ukayuscblHbly aypyobll KIUHUKATBIK-NAMOIOUSLILbIK,
CUNAMMAamManIapbl;Men JCone HayKacmapOblt JHCAINbL OMIP CYpYIMeH CIMAmMUCMUKAIbIK Malbl30bl 03apa OAUIAHLLCIbL PACMAUMbIHBIH KOPCENMmI.
Hughpy30vl pax mypi acpeccusmi azvimmen dcone nauiap bondcammen bauranvicnmol 60106l luex mypi kobinece KONAUIbI NPOSHOCIUKALbIK
benzinepi bap Haykacmapoa kezoeceoi. [lupcon X? kpumepuiiin KoIOaHy apKblivl CMAMUCMUKaivlk o4oey Jlaypen munine 6auianvicmel oMip
cypy botiviHwa monmap apacvlHoa ceHimoi atblpMablIbIKmapobl KOpCcemmi.

Kopvimuinowvr: Jlaypen 6ouvinwa ackazan 00bipbil KIACCUDUKAYUANAY HAYKACMAPObL NPOSHOCMUKALbIK CMPAMUDUKAYUALAY YULTH
KIUHUKATILIK, MAKBIZO0bL JCOHE CeHIMOI Kypan 6oavin Kana 6epedi. Jlaypen 6oiibiHuwa icik mypi npoyecmiy azpeccusminicin jdHcoHe 60aicamovl
bazanayaa MymMKiHOIK 6epedi, Oyn mepanusinvl He2iz0enzeH Mayoay MeH xceKeneHoipiieer mocinoi Kammamacwls emeoi.

Tyiuinoi cesoep: ackazan 06wipsl, Jlaypen kiaccupukayusicol, Hcainvl OMIp cypy, O0IANCAM.

AHHOTANUA

INPOI'HOCTUYECKOE 3HAYEHUE KJACCUDPUKAIINN LAUREN
N AHAJIN3 BBIZKUBAEMOCTHU Y HAIIMEHTOB C PAKOM KEJIY IKA

C.K. Axmemosa', A.B. Tynaesa', T.0. Hypynna', H.K. Az6epzenos', H.M. Kepeesa',
JK.E. Komexoaii', E.JK. Kypmamoaes', I'JK. Eccynmanosa’

'HAO «3anapgHo-KasaxctaHckuit MeauumHckuin YrueepeuteT umern Mapata OcnaHosay, Akto6e, Pecnybnuka Kasaxcra

Axmyanvrocms: Cywecmeyem MHOMCECMBO NAMOSUCTONOSUYECKUX KIACCUDUKAYUOHHBIX CUCMEM, NPUMEHAEMbIX OISl OUASHOCMUKU
paxa sxcenyoxa (PXK). B psioe ucciedosanuii u3yuaniacs 63aumocssnzb Mexcoy namo2ucmono2udeckumu xapakmepucmuxamu PK u pasnuunvimu
acnekmamu RAYUeHmMos, d MaKdice hpaKmopamu, 6IUAIOWUMU Ha meyenue bonesHu u eé npoeros. Cucmema kiaccuguxayuu Lauren npugsasana k
KAUHUYECKUM, SUCTNOLOSUYECKUM U MOLEKYIAPHIM XAPAKMEPUCTIUKAM ONYXONeU HCeAYOKd U OCMAemcs O0OCMYRHbIM U UWUPOKO UCTONb3YeMbIM
Mmemooom kaaccugpuxkayuu P)K. B daunnoii cmamee npedcmasgien Cmamucmudeckuil auaiu3 u npocHOCMUYecKdas 3HAYUMOCHb CUCTIeMbl
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namozucmonozuueckoil kraccuguxayuu Lauren ona P)K, a maxoice onpedenena naubonee snavumas kiaccugpurayus Oiisi RPOSHOZUPOBAHUSL
obwell gvlocusaemocmu hayuenmos ¢ PK.

Lenv uccnedosanus—u3yuenue KIUHUKO-NAMOIOSULECKOUXAPAKMEPUCUKU PAKA HCeTYOKA NO Kaaccudurayuu Lauren u npoenosuposanus
00well GbIICUBACMOCTNU NAYUEHINOB C PAKOM IHCENYOKA.

Memoowi: B dannom pempocnekmusHom KO20pMHOM UCCTe008aHUY ObLIU U3YHeHbl U 00CYHCOeHbl HA MYTbMUOUCYUNTUHAPHOL epynne
Oannvie 161 nayuenma 6 6o3pacme om 18 nem ¢ enepsvie ycmanogieHuvim ouaznozom PIK niobou cmenenu ougghepenyuposku, Komopoim
ObLIO0 NOKA3AHO ONEPAMUBHOE JleYeHUe CO2NIACHO NPOMOKOLY OUAZHOCMUKY U JledeHus oHKoaocudeckux 6oavHoix PK Nel74 om 21.11.2022 2.
Hccneoosanue nposoounocy 6 MI] HAO 3KMY umenu Mapama Ocnanosa na ocnoganuu 2ucmonocuyeckux ONUCAHUll, COCMABAEHHbIX C
01.2020 2. no 08.2024 2. /{ns anaiuza danHelx ucnoivzosanu npoepammy SPSSv.25 (SPSS Inc., Yukazo, Unnunotic, CLIA), cé136 medxncoy
Kraccugpurayueli Lauren u KIuHUKO-NAMOI0SUYECKUMU (hAKMopamu uccae008aiu npu nomowu mecma xu-keaopam Ilupcona.

Pesynomamur: Anaaus 161 cnyuas PXK nokazan, umo knaccugpuxayus Lauren noomeepaicoaem cmamucmudeck 3Ha4UMyI0 63auUMOoCesi3b ¢
KAUHUKO-NAMOI02UHECKUMUXAPAKMEPUCTIUKAMU 3a001€8aAHUA U 00 el bICUBAEMOCMbIO nayuenmos. Tun ouggysznoco paxka accoyuuposaics
¢ bonee azpeccuBHbIM meuenuem u Xyouwum npoerHozom. Kuweunvili mun uwawe ecmpeuaincs y nayuenmos c¢ 0Oonee 01a20Npusimublmu
npoenocmuueckumu npusnaxamu. Cmamuueckas oopabomka ¢ ucnonbzosanuem Kpumepus xu-keaopam [lupcona nokasana docmogepiule
DPA3IULUSA MEIHCOY SPYRNAMU NO BbIAICUBACMOCU 8 3asucumocmu om muna Lauren.

3aknouenue: Knaccugpukayua PXK no Lauren ocmaemcs KiuHuuecku 3HAYUMbIM U HAOEHCHLIM UHCIMPYMEHMOM Ol NPOSHOCMUYECKOU
cmpamugpukayuu nayuenmos. Tun onyxonu no Lauren noszeonsem oyenumv azpeccusHoCmb npoyecca u NpocHo3, 4mo cnocodocmeyen
000CHOBAHHOMY 68b100PY MePanuU U NePCOHATUIUPOBAHHO20 NOOX0OA.

Knioueswie cnosa: pax scenyora (PXK), knaccugpuxayus Lauren, 06was eulocusaemocms, npocHo3.
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ABSTRACT

Relevance: Lung cancer ranks among the leading causes of morbidity and mortality in oncological diseases both in Kazakhstan
and worldwide. Accurate tumor staging is crucial for choosing patient management strategies, considering the continuously advancing
diagnostic and treatment methods. The 8th edition of the Tumor-Node-Metastasis (TNM) classification, introduced in 2017, brought
significant changes to the staging approach, thereby improving its precision. However, accumulated data have demonstrated the need
Jor further refinement, particularly in assessing mediastinal lymph nodes and systemic metastasis. Therefore, the 9th edition of TNM
came into force on January 1, 2025. It includes important updates that require adaptation in radiological practice.

The study aimed to compare the 8th and 9th editions of the TNM classification in lung cancer and identify key changes to improve
staging accuracy and facilitate multidisciplinary treatment planning.

Methods: This study conducted a structured review of the changes introduced in TNM-9 compared to TNM-8, with a focus on
interpreting the N and M categories. The analysis utilized clinical guidelines from the International Association for the Study of Lung

Cancer (IASLC) and recent publications reflecting current approaches to tumor staging.

Results: In the TNM-9 classification, the N and M categories were refined by introducing new subcategories, N2a/N2b and Mlcl/
MIlc2. The staging of several combinations of T and N categories was also revised. Particular emphasis was placed on the need for more
detailed anatomical characterization of lymph nodes and the systemic nature of metastases.

Conclusion: Understanding the new provisions of TNM-9 is essential for accurate stage assessment, improving communication
during multidisciplinary tumor boards, and optimizing therapeutic decision-making.

Keywords: lung cancer, staging, TNM, TNM-9.

Introduction: Lung cancer ranks first in morbidity and
mortality among all oncological diseases. According to the
Kazakh Research Institute of Oncology and Radiology (Ka-
ZRIOR), in 2023, 3,872 new cases of lung cancer were reg-
istered in the Republic of Kazakhstan, which is 9.3% of
the total number of oncological diseases. Despite the de-
crease in incidence, lung cancer remains the leading cause
of cancer mortality in the country: in 2023, 2,034 persons
died from it, that is 15.7% of all cancer deaths [1].

In recent years, the diagnostics and treatment of lung
cancer have advanced significantly. If earlier surgery was
the primary method of treatment only in the early stages,
and chemotherapy and radiotherapy were used for more
advanced forms, today, a multidisciplinary approach is im-
plemented. Local methods are increasingly used in ad-
vanced processes, while systemic treatment is employed
at early stages. It requires a more accurate assessment of
the anatomical spread of the tumor, especially in high cat-
egories N and M [2].

The TNM (Tumor-Node-Metastasis) system, developed
by the American Joint Committee on Cancer (AJCC) and the
Union for International Cancer Control (UICC) [3], remains a
key staging tool in international clinical practice and serves
as the standard for describing the extent of a malignant

process worldwide. The use of the TNM system provides a
standardized anatomical staging system for malignant ne-
oplasms. The TNM system is based on an assessment of
three key components. The first component, T (Tumor), re-
flects the size of the primary tumor and the degree of its
invasion into the surrounding structures. The second com-
ponent, N (Nodes), characterizes the presence and degree
of involvement of regional lymph nodes. The third compo-
nent, M (Metastasis), indicates the presence or absence of
distant metastases in other organs and systems [3, 4]. Each
of these categories is further subdivided into subcategories
(e.g., T1,T2; T1a, T1b), and their combinations form a certain
stage of the disease, as recommended by the International
Association for the Study of Lung Cancer (IASLC) [4].

Since January 1, 2017, the use of TNM-8 has been rec-
ommended worldwide for staging non-small cell and small
cell lung cancer. This publication is based on the results of
a large-scale IASLC study, which analyzed data from over
77,000 patients from various regions worldwide. Despite the
significant contributions of the 8th edition to standardizing
disease staging and improving predictive stratification, sub-
sequent clinical experience and analysis have revealed sev-
eral limitations. In particular, there was a need for a more ac-
curate gradation of mediastinal lymph nodes, as well as for
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a detailed characterization of the metastatic lesion. Taking
into account the accumulated data and the needs of clin-
ical practice, the UICC and AJCC, with the participation of
IASLC, approved TNM-9, the official use of which will be-
gin on January 1, 2025 [5-7]. Radiologists need to familiarize
themselves with the new provisions to accurately reflect the
stages of the disease in their reports and participate in deci-
sion-making at multidisciplinary boards.

The study aimed to compare the 8th and 9th editions
of the TNM classification in lung cancer and identify key
changes to improve staging accuracy and facilitate multi-
disciplinary treatment planning.

Materials and methods: This review is an analytical
study based on a comparative analysis of the changes re-
ported in TNM-9 compared to TNM-8, specifically con-
cerning lung cancer staging. The basis for the analysis was
the official publications of the IASLC, AJCC, and UICC, pub-
lished from 2017 to 2024 [3-7].

Results:

Major updates in TNM-9. There were no changes in cate-
gory T in the TNM-9 classification. As before, the key criteri-
on for staging remains the maximum tumor diameter meas-
ured by thin-slice CT (<1.5 mm) in the pulmonary windows.
In this case, only a solid component of mass is taken into ac-
count; the ground-glass component or the lepidic compo-
nent, if any, shall not be included in the measurement. In the
presence of multiple solid foci, classification is performed ac-
cording to the largest of them. If it is difficult to assess the di-
mensions, multiplane reconstructions can be used. Catego-
ry T is subdivided as follows: T1 includes tumors up to 3 cm
and is divided into T1a (<1 cm), T1b (>1-2 cm), and T1c (>2-3
cm); T2 encompasses tumors 3 to 5 cm in size and is divided
into T2a (>3-4 cm) and T2b (>4-5 cm), or invasion of the vis-
ceral pleura, adjacent lobe, involvement of the main bron-
chus, or the presence of atelectasis/obstructive pneumonia;
T3 corresponds to sizes from 5 to 7 cm, as well as when the
chest wall, parietal pleura, phrenic nerve, pariental pericar-
dial membrane or the presence of individual tumor nodes
within the same lobe as the primary tumor; T4 - tumors of 7
cm or more or with invasion of the vertebral body, large ves-
sels (including subclavians), adipose tissue of the mediasti-
num or other mediastinal structures, trachea, esophagus,
visceral pericardium, diaphragm, thymus or brachial plexus,
as well as the presence of individual tumor nodes in another
part of the lung on the same side, but in a different lobe. In-
dividual neoplasms with distinct histological structures are
considered independent primary tumors and are classified
separately according to the TNM system.

The Tis (preinvasive tumor in situ) and T1mi (minimally
invasive adenocarcinoma) categories also remain, as they
reflect the growth features of the lepidic component. The
Tis category includes in situ adenocarcinomas and squa-
mous cell carcinomas. For adenocarcinomas, it means a <3
c¢m ground-glass lesion on CT scan with no invasive com-
ponent. A lesion >3 cm with signs of lepidic growth with-
out invasion is classified as T1a. TImi is a partially solid
node measuring <3 cm, where the invasive (dense) com-

ponent is <0.5 cm. If the dense part is >0.5 cm, then this
lesion is classified as T1. These criteria remain important
for the accurate assessment of stage and prognosis in lung
adenocarcinomas with lepidic growth.

Consolidation and the “pneumonic” form of cancer. In the
case of diffuse consolidation without bronchial obstruc-
tion (referred to as invasive mucinous adenocarcinoma),
staging is determined by the number of lobes: one lobe
is classified as T3. In contrast, different lobes of the same
lung are classified as T4 (Figure 1), and involvement of both
lungs is classified as M1a (Figure 2).

Division of category N2 into subcategories N2a and N2b.
In TNM-8, category N was determined solely by the ana-
tomical location of the affected lymph nodes, regardless
of their number or extent. The classification was based on
the location of the lesion and did not take into account ei-
ther the number of lymph nodes or the number of ana-
tomical stations affected.

However, it has been observed in clinical practice that
patients with lesions confined to a single mediastinal sta-
tion (e.g., the subcarinal station) have a significantly better
prognosis compared to those with lesions involving two or
more stations (e.g., parallel lesions of the paratracheal and
subcarinal nodes). This difference was not reflected in the
eighth edition and may have influenced therapeutic de-
cision-making, particularly in potentially resectable cases.

In this regard, the ninth edition of TNM clarified the N2
category by dividing it into two subcategories: N2a — me-
tastases in one anatomical station of ipsilateral mediastinal
and/or subcarinal lymph nodes; N2b — metastases in two
or more anatomical stations in the same regions (Figure
3). It is emphasized at the same time that the assessment
should be based on the number of affected stations, rath-
er than individual lymph nodes. The basis for this change
was the data from the IASLC database, which demonstrat-
ed significant differences in survival between the N2a and
N2b groups, regardless of age, gender, histological type of
the tumor, and other factors [8, 9].

The ninth edition retains its reliance on the IASLC Inter-
national Lymph Node Map, where groups are numbered
from 1 to 14 and are indicated by side (e.g., 4R, 4L, 7). The
ninth edition also clarifies that lymph nodes not included
in the IASLC map (e.g., diaphragmatic, cervical, intercos-
tal, axillary) are not classified as regional, but are treated
as distant metastases (category M1). This is crucial for ac-
curate staging.

Thus, the ninth edition of TNM emphasizes the need
for accurate anatomical localization of affected stations in
radiological reports. This means that the radiologist must
indicate the numbers and sides of suspicious stations (e.g.,
4R) and note whether one or more stations are affected,
allowing for the differentiation between N2a and N2b.
Such a description is important for multidisciplinary tumor
boards and can influence the choice of therapy. For exam-
ple, surgery may be considered for N2a, but becomes less
likely for N2b, especially if there is more severe or multiple
lymph node involvement.
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Figure 1 - Pneumonia-like form of cancer in segments S6, S9, S10
of the right lung with marked enlargement of segmental and
subsegmental bronchi in a 60-year-old woman; the tumor process
spreads to different lobes of one lung, which corresponds to category
T4 according to TNM-9 [Source: author’s collection]

'G }
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Figure 2 - Two masses up to 3 cm in diameter in the lungs of a
71-year-old woman. The lesion in the right lung is treated as a
metastatic lesion, which corresponds to category M1a according to
TNM-9 [Source: author’s collection]

Division of category Mic into subcategories Micl and
Mic2. The M category was divided into three levels in the
eighth edition of the TNM classification: M1a, M1b, and
M1c. The M1a subcategory included signs of intrathoracic
metastasis, such as tumor nodes in the contralateral lung,
malignant pleural or pericardial effusion, and pleural or
pericardial tumor nodes. M1b corresponded to the pres-
ence of a single extrathoracic metastatic focus in one or-
gan. The M1c subcategory included multiple extratho-
racic metastases regardless of the number of organs

affected. This division enabled the refinement of prog-
noses for patients with varying metastatic loads, particu-
larly in stage IV.

The ninth edition of TNM clarifies the M1c category
by dividing it into two levels: M1c1 and M1c2. The M1c1
subcategory corresponds to multiple metastases within
a single organ system. M1c2 refers to the involvement of
two or more organ systems (Figure 4). In this case, both
single organs (for example, the liver or brain) and paired
organs (such as the adrenal glands or kidneys) or diffuse
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anatomical structures (such as the skeletal system) are
considered part of an organ system. Thus, multiple bone
metastases, regardless of the number of foci, are classi-

fied as M1cl. If metastases are found, for example, simul-
taneously in the bones and liver, this situation is inter-
preted as M1c2.

Figure 3 - Division of N2 (ipsilateral lymph nodes) into single (N2a)
and multiple ipsilateral stations (N2b) according to TNM-9
[Source: author’s collection]

The additional division of M1c into M1c1 and M1c2 re-
flects the desire for a more accurate stratification of patients
based on their prognosis and the extent of systemic tumor
spread. Quantitative criteria (for example, the number of
foci within one organ) are not defined in the new classifi-

cation; the emphasis is on the number of organ systems in-
volved [7-9]. It is essential for the radiologist not only to re-
cord the presence of multiple metastases but also to specify
exactly which organ systems are involved, for accurate stag-
ing and informed therapeutic decision-making (Table 1).

Table 1 - Staging of lung cancer according to TNM-9 (from 2025) [5, 6, 14]

Component Subcategory Short description
T — Tumor T1a,b,c <3 cm (in 1 cm increments: a—up to 1 cm, b — from 1 to 2 cm, ¢ — from 2 to 3 cm)
T2a,b >3-5cm, T2a -3 to 4 cm, T2b 4 to 5 cm, also invasion of the visceral pleura, adjacent lobe,
involvement of the main bronchus, or the presence of atelectasis/obstructive pneumonia
T3 >5 to 7 cm, involvement of the chest wall, parietal pleura, phrenic nerve, parietal pericardial
membrane, or the presence of individual tumor nodes within the same lobe as the primary tumor
T4 >7 cm, with invasion to the vertebral body, large vessels (including subclavians), adipose tissue

of the mediastinum or other mediastinal structures, trachea, esophagus, visceral pericardium,
diaphragm, thymus or brachial plexus, as well as the presence of separate tumor nodes in another
part of the lung on the same side, but in a different lobe

N — Lymph nodes | NO

No metastases in regional lymph nodes

N1 Ipsilateral peribronchial and/or hilar lymph nodes

N2a

New subcategory: one ipsilateral mediastinal/subcarinal station

N2b

New subcategory: two or more ipsilateral mediastinal lymphatic stations

N3 Contralateral or supraclavicular lymph nodes

M — Metastases MO

Absence of distant metastases

M1a Contralateral foci, pleural or pericardial effusion/node

M1b One extrathoracic metastasis

M1c1 A new subcategory: multiple metastatic foci localized within a single anatomical system (e.g., liver,
brain, skeletal system, paired organs such as kidneys and adrenal glands).

M1c2 New subcategory: metastases in two or more organ systems (for example, in the liver and in the

skeletal system at the same time)

Redistribution of stages according to changes in
N and M categories. Comparative analysis shows
that:

TIN1 now belongs to stage llIA, instead of IIB in the
eighth edition;

T1N2a - to stage IIB, instead of IlIA in the eighth edi-
tion (Figure 5);

TIN2b and T2N2a remain in stage llIA (unchanged);

T2N2b - stage IlIB (eighth edition - llIA);

T3N2a - stage lllA;

T3N2b - stage IlIB;

T4N2a and T4N2b - both combinations remain in stage
1B, as before (Figure 6) [11, 12].

These changes enable potential downstaging, thereby
expanding the indications for surgical treatment (Table 2)
[2,8,9].
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Figure 4 - Division of the subcategory M1c (multiple extrathorocal metastases) into metastases
in one organ/system and metastases in several organ systems according to TNM-9.
Picture A demonstrates multiple metastases to bone structures, corresponding to the category
M1c1. Figure B demonstrates metastases to bone structures and the brain. They reflect lesions
of two organ systems and are categorized as M1c2 [Source: author’s collection].

TNM-9 in the structure of the radiological report.

The T category is determined based on the maxi-
mum diameter of a solid tumor component as imaged on
a high-resolution CT scan with a slice thickness of no more
than 1 mm, excluding the ground-glass and lepidic com-
ponents. The T1 category encompasses tumors measuring
up to 3 cm in size and is further divided into T1a (tumors
measuring up to 1 cm), T1b (tumors measuring 1 to 2 cm),
and T1c (tumors measuring 2 to 3 cm). The T2 category in-

cludes tumors 3 to 5 cm in size, as well as cases involving
the visceral pleura, proximal bronchus, or accompanied by
atelectasis/obstructive pneumonitis. T3 corresponds to tu-
mors measuring 5 to 7 cm or invasions of the chest wall,
diaphragm, pericardium, and other structures. T4 includes
tumors larger than 7 cm or cases of invasion of large ves-
sels, spine, trachea, and other critical anatomical forma-
tions. Multiple tumor foci are classified based on localiza-
tion and histological identity as T3, T4, or M1a.
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Figure 5 - Lung adenocarcinoma (T1c) 2 cm in the left upper lobe (yellow arrow) with single-position subaortic
lymphadenopathy (arrowhead) (N2a) in a 51-year-old man. According to the TNM-9 classification, this patient is classified
as T1cN2aMO, which corresponds to stage IIB. In contrast, the TNM-8 classification would classify this patient as T1cN2MO,

corresponding to stage IlIA.

Table 2 - Grouping of lung cancer stages according to TNM-9 [5, 9, 10]

Stage Combinations (T, N, M)
IA1 T1mi/T1a, NO, MO
I1A2 T1b, NO, MO
IA3 T1c, NO, MO
1B T2a, NO, MO
A T2b, NO, MO or T1, N1, MO
1B T2a/b, N1, MO or T1, N2a, MO or T3, NO, MO
A T1-3, N2b, MO0 or T4, NO, MO
1B T3-4, N2b, M0 or T1-2, N3, MO
][e; T3-4, N3, MO
IVA Any T, any N, M1a, or M1b
IVB Any T, any N, M1c1, or M1c2

Note: A high-resolution CT scan (<1 mm) should be used for visual assessment, and only the solid tumor component should be measured. Atelectatic
and inflammatory changes are not taken into account when determining the tumor size, but are automatically equated to T2 in the absence of signs

of invasion into neighboring structures.

Regional lymph node (N) lesion categories include
NO, N1, and N3, while N2 is now subdivided into N2a, when
a single mediastinal lymphatic station is involved, and
N2b, when two or more stations are involved. Clarification
of the number of affected stations is recognized as an im-
portant prognostic factor.

The M categories remain the same: M0, M1a, and M1b,
but the M1c category is now subdivided into M1c1 when
there are multiple metastases within the same organ sys-
tem (e.g., bone lesions only) and M1c2, when two or more
organs metastatically are affected. The importance of a
comprehensive assessment of oligometastatic disease, as
well as the possibility of future integration of the molec-
ular and biological characteristics of the tumor into the
staging system, is separately emphasized.

Conclusion: The TNM-9 classification provides an
enhanced and clinically sound anatomical framework,
building upon the improvements introduced in TNM-
8. Many of the changes in TNM-9 logically build upon
the TNM-8 methodology, based on a global analy-
sis of survival data from more than 70,000 patients.
Particular attention is paid to improving the stratifi-
cation of stages depending on the number of lym-
phatic stations, the number and localization of metas-
tases, as well as the configuration of multiple tumor
foci.

Understanding and active implementation of the TNM-
9 classification by radiologists will significantly improve
the accuracy of staging and the quality of multidisciplinary
management of patients with lung cancer.
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Figure 6 — Lung adenocarcinoma infiltrating the left pulmonary artery (T4) (red arrow on A), in a 58-year-old man.
Ipsilateral lymphadenopathy is also visualized in the paratracheal (yellow arrow on B) and bronchopulmonary groups
(yellow arrow on B) (N2b), as well as metastases in the liver (red circle on G) and in the vertebral body L4 (white
arrowhead on D) (M1c2) followed by stage IVB (stage unchanged according to TNM 9)

[Source: Author’s collection]

Figure 7 — Stages of lung cancer according to TNM-9 with color differentiation of changes: yellow indicates new positions,
green indicates positions carried over from the previous edition unchanged [adapted from: 9]
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AHJATIIA

OKIIE OBbIPBIHBIH TNM-9 ) KIKTEMECIHIH EPEKIIEJIIKTEPI
7KOHE TNM-8 HIEKTEYJIEPIHIH UHTEI'PATIUACDHI

P.E. Kaoipoaesa', JK.M. Amankynos'?, K.A. Oximmait*, K.K. Kaxenosa’, A.C. Aiinaxynosa'?, E.3. Amanmaiieg®

1«1Ka3ak OHKOMOrIs! JXoHe paamonorst FolnbiMU-3epTTey MHCTUTYTHI» AK, Anmarsl, KasakcTaH Pecny6nukacs!;
2«2C.[. AccherpmapoB aTbiHaarbl Kasak ynTTelK MegvumHa yHueepcuTeTin, Anmatel, KasakctaH Pecnybnmkack

Oszexkminizi: Okne o0vipbl OyKin onemoe convimen Kamap Kazakcmanoaoa OHKONOUANLIK AypYLap apacbliod CblpKammanyulblivlk e
ONIM-JICIMIiM OOUbIHWA ANObIH2bL OPLIHOAPObl uenenedl. Juaznocmuxa men emoey sdicmepi y30iKCi3 Hceminoipilin JdcamKan icaz20anod,
icik npoyecin 0o1 camvliay nayueHmmepee em XHCypei3 MakmuKacblH manoayoa Mawulzovl pen amiapaowvl. 2017 owcvlavl eHzizineeH
tumor-node-metastasis (TNM) owcikmemeciniy 8-wi 6acviivimbl camvliay2a KamvlCmbl MAanbl30bl 632epicmep eHzi3in, OHvlH 091012iH
apmmuipaan 601amell. Anaioa JHCuHalI2an MoLimemmep MeOUACMUHAIbObL TUMGDA MYUIHOEPi MEeH HCALbLIMATbL MEMAcmaszoapobl 6a2anayoa
KOCHIMULA HAKMBLILIKMbL Kadicem ememinin kopcemmi. Ocvlean 6atinanvicmol, 2025 ocolnoviy 1 Kaymapueinan 6acman maywi3ovl e3zepicmepoi
gammumuvin TNM-niy 9-wbl 6acvinvimel Konoanvicka eHoi sHcoHe Oy paouoniocusiblk npakmuxaza oeuimoenyoi manan emeoi.

3epmmeyoin maxkcamor — Okne obOvipvinbiy TNM oicikmemeciniy 8-wii dcone 9-uibl pedakyusiiapbin Caiblcmulpd maioay Jicypisin,
camulaayovly 0910I2iH apmmulpy HCoHe eM Ke3iHOe2i MYAbMmuOUCYUNTUHAPIbIK HCOCHAPAAYObl MUIMOT YULIMOACMbIDY MAKCAMbIHOA He2i32l
o32epicmepoi aHbIKMay.

Aoicmepi. Ocvr 3epmmeyoe TNM ocikmemeciniy 9-wbl pedakyusicvin S-wii peOaKyusimeH CaiblCmvlpeaHoa eHeisiieeH e3zepicmep
KYpolablMObl mypoe Kapanvin, Hecisinen N owcore M kamecopusnapelibly MpakmosKacelHad HA3ap ayoapuliosi. Tanday dapvicvinoa Okne
00vipbin 3epmmey OotbiHuia xanvikapanwik Kozamuuly (IASLC) KAuHUKanblK yCblHbICMApPsl HCOHe ICIK NPOYeCciHiy camvliaybliHoa2bl Kasipei
soicmemenepoi Kopcememin 3aManayu OACvLLILIMOApP NAl0AIaHbLIObL.

Homuowcenepi. TNM ocikmemeciniy moevizviHubl pedaxkyusicoinoa N owcone M kamezopusnapelr Hakmoeiianwin, N2a/N2b scone Mlcl/Mlc2
orcanya nookamezopusnapbl enizinoi. Convimen kamap, T ocone N kamezopusnapuinbly Ketloip KOMOUHAYUAIAPBIHbLY CAMBLAAYbL KAUMA KAPALObL.
Jlumepa myiiinoepiniy aHAMOMUSLIBIK e2diceli-me2dcetii CUNAMmMamacsl MeH Memacmaszoapobly Jdcyteik CUNamviHa epekiue MoH 6epiol.

Kopvimuinovl. TNM-9 oicaya epedscenepin myciny camvinbl 0olipek 0Oazanayaa, MyIbMUOUCYUNTUHAPABIK KOHCUIUYMOApOdzsbl
KapolM-KamolHACMbL JHCAKCAPMY2a JHCoHe eMoey weimoepin OHmaiiaobipyaa Maybl30bl.

Tyuinoi co3oep: oxne o6vipsl, camuinay, TNM, TNM-9.
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AHHOTANUS

OCOBEHHOCTH KJIACCU®UKAIIUU TNM-9 IO PAKY JEI'KOI'O
U UHTETPALIMSI OTPAHUYEHUI TNM-8

P.E. Kaovipoaesa', JK.M. Amankynos'?, K.A. Axkummaii?, JK.K. Kaxenosa?, A.C. Aunaxynosa'?, E.3. Amanmaiies’

AQO «Kasaxckuit Hay4Ho-McCrieoBaTeNbCKMiA MHCTUTYT OHKONOTAM U pauonormy, Anmarsl, Pecnybnuka Kasaxcrah,
HAO «Kasaxckuit HaumoHanbHblit MeanumHckuii YHusepcuteT um. C.[. AcdeHausiposay, Anmatsl, Pecnybnuka KasaxcraH

Axkmyanshocme: Pak nézxoeo 3anumaem auoupyowue nosuyuu no 3a601e6aeMocmu u CMEPMHOCMU cpeou OHKOI0SUYECKUX 3a001e6anull
6 Kasaxcmane u 60 6cém mupe. B ycio8usx nocmosnno co8epuencmsylouuxcs memooos OUdeHOCMUKU U Je4eHUs. MoYHoe CMaouposanue
ONYX01e6020 Npoyecca uzspaem Ki4esylo poib 8 bloope makmuku eeoeHus nayuenmos. Bocvmoe uzoanue xkraccugpuxayuu Tumor-Node-
Metastasis (TNM), sneopénnoe 6 2017 200y, 6necno 3nauumvie U3MeHEHUs. 8 NOOX00 K CMAOUpOBAHUI), NOBbICUE e20 moyHocmb. OOHaKo
HAKONJIEHHbLE OAHHbBIE NPOOEMOHCIMPUPOBAIU HEOOX0OUMOCTb OdNbHeluell 0emaiu3ayuu, 0COOEHHO 8 OYeHKe MeOUACMUHATLHBIX TUMPOY3108
u cucmemHo2o memacmasupoganus. B ceasu ¢ smum ¢ 1 ausaps 2025 200a écmynuno 6 cuiy 9-e uzdanue TNM, codepoicaujee sadicHbie
usMenenus, Komopble mpedylom adanmayuil 8 paouoI0eULecKol npaKmuxe.

ILleny uccnedosanus — nposecmu cpagnumenvhviil anaiusz 8-u u 9-u pedaxyuil kraccugpuxayuu TNM npu pake nézkozo u 6viasums
KII0Ye8ble USMEHEHUsL C Yeblo NOBIUUEHUS MOYHOCIU CIAOUPOBANUS U YHACTIUSA 8 MYTbMUOUCYUNTUHADHOM NIAHUPOBAHUU NIeHEeHUS.

Memoowi: B nacmoswem ucciedosanuu npogeoéH cmpyKmypupo8anHulil 0030p UsMeHeHull, BHeCEHHbIX 6 9-e uzoanue Kiaccupurkayuu
TNM no cpasnenuio ¢ 8-m uzoanuem, ¢ pokycom na mpakmosky kameeoputi. N u M. /[ns anaiuza ucnonb306ansl KIUHUYECKUE PEKOMEHOAYUU
Meawcoynapoonozo obwecmea no uzyuenuio paxa 1ézkozo (IASLC), a maxoice cogpementble nybiukayu, ompaxcaouue akmyaibHsle n00Xoobl
K Cmaouposanuio Onyxoneso2o npoyeccad.

Pesynemamur: B 9-w usoanuu xkaaccugpuxayuu TNM oviau ymounenvr kamezopuu N u M ¢ esedenuem nosvix nookamezopuii N2a/N2b u
Mlcl/MIc2. Kpome moeo, nepecmomperno cmaouposarue psioa komburayuil kamezopuii T u N. Ocoboe enumanue yoeieHo HeobXo0umocmu
bonee 0emanvHOl AHAMOMUYECKOU XAPAKMEPUCUKYU TUMPAMULECKUX Y3108 U CUCIEMHO20 XapaKmepa Memacma3supo8anus.

3axniouenue: Ilonumanue nosvix nonooxcenusi TNM-9 easxcno Ona mounoil oyenku cmaouu, YiyuuileHus KOMMYHUKAYUU HA
MYTbMUOUCYURTUHAPHBIX KOHCUTUYMAX U ONMUMUAYUYU J1e4eOHbIX DeUuleHUIL.

Kanruesvie cnosa: pax iézxoeo, cmaouposanue, TNM, TNM-9.
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HER2 AND BCL-2 ALTERATIONS
IN NON-SMALL CELL LUNG CANCER, BIOLOGICAL
AND CLINICAL SIGNIFICANCE, THERAPEUTIC
PERSPECTIVES:
A LITERATURE REVIEW

A.E. AKHAYEVA', M.A. AITMAGAMBETOVA', AN. ZHEKSENOVA'
"West Kazakhstan Marat Ospanov Medical University, Aktobe, the Republic of Kazakhstan

ABSTRACT

Relevance: Lung cancer remains one of the leading causes of cancer mortality worldwide. Accord-ing to WHO, more than 2.2
million new cases are detected annually, and the mortality rate exceeds 1.8 million. Despite advances in diagnostics and treatment, the
prognosis for non-small cell lung cancer (NSCLC), especially in the late stages, remains unfavorable. Molecular genetic biomarkers
play a significant role in improving diagnostics and choosing therapy. Bcl-2 and HER?2 proteins, in-volved in regulating apoptosis
and proliferation, may be associated with the aggressive course of NSCLC and resistance to therapy. Their study is relevant for the
development of a personalized ap-proach to the treatment of this disease.

The study aimed to assess the biological and clinical significance of HER2 and Bcl-2 alterations in non-small cell lung cancer and
to analyze their impact on disease prognosis and the effectiveness of various therapeutic strategies.

Methods: The search for electronic medical sources was conducted in the PubMed, Web of Science, and Google Scholar databases
using the keywords: “biomarkers,” “non-small cell lung cancer,” “di-agnosis,” “prognosis,” and “survival.” The review included full-
text articles in Russian and English, published over the past five years and available in open access, devoted to the role of biomarkers
in lung cancer early detection and prognosis.

Results: The expression of Bcl-2 and HER?2 plays a significant role in the pathogenesis of NSCLC. Bcl-2, a key regulator of
apoptosis, is detected in 30-50% of patients and may be associated with tumor aggressiveness and improved survival, depending on
histological subtype and disease stage. HER?2 alterations are found in 1-30% of cases, more commonly in adenocarcinomas among
non-smoking women, and are associated with poor prognosis and therapy resistance. Targeted therapies like venetoclax and HER2

inhibitors (trastuzumab deruxtecan, pyrotinib) improve progression-free survival.

Conclusion: Bcl-2 and HER?2 are promising biomarkers and therapeutic targets in NSCLC. Their study supports personalized
treatment and should be integrated into clinical practice to improve out-comes.

Keywords: biomarker, non-small cell lung cancer (NSCLC), diagnosis, prognosis, survival.

Introduction: Lung cancer (LC) is the leading malig-
nant neoplasm in terms of morbidity and mortality world-
wide [1].

According to the Global Cancer Observatory (GLO-
BOCAN 2022), lung cancer in Kazakhstan still ranks first
among malignant neoplasmsin men and is among the five
most common in women. The standardized incidence rate
is 20.4 per 100,000 population, and the proportion of lung
cancer among all cancers in the country is about 9.7%.
These findings highlight the continuing high burden of
the disease and the need for further improvement of early
diagnostics and personalized treatment [2].

Oncological diseases remain one of the priority medical
and social health problems of the Republic of Kazakhstan,
having a significant impact on the overall mortality rate
and life expectancy of the population. In the structure of
malignant neoplasms, lung cancer is of particular epidemi-
ological importance, which is characterized by high prev-
alence and marked mortality. A significant contribution of

this disease to the overall cancer mortality is due mainly to
the latent clinical course in the early stages, which compli-
cates timely diagnosis, as well as an unfavorable prognosis,
especially when detected at late stages [3].

Recent studies have shown that, in addition to extrin-
sic carcinogens, ethnicity and genetic predisposition (as-
sociated with mutations in known genes associated with a
high or moderate risk of cancer) can significantly affect the
risk of developing LC and its molecular profile [4].

As part of a global analysis conducted by F. Islami et
al., trends in lung cancer mortality by major morphological
forms in 48 countries over the past decades were studied.
The results of the study demonstrated significant changes
in the structure of LC histological types. The authors not-
ed that in most countries of the world, including high- and
middle-income countries, there is a steady trend towards
an increase in the proportion of non-small cell lung cancer
(NSCLQ), especially adenocarcinoma. The study highlights
that adenocarcinoma has become the predominant histo-
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logical type of lung cancer among both men and wom-
en, in virtually all countries involved in the analysis. In ad-
dition, F. Islami et al. focused on the fact that despite the
general trend towards a decline of overall mortality from
lung cancer in several countries, the proportion of lethal
outcomes due to adenocarcinoma continues to be high.
This is due to the difficulties of early diagnosis of this histo-
logical type, the tendency to metastasis in the early stages,
and the variability of the molecular characteristics of tu-
mors, which determines the relevance of further research
in the field of molecular genetic profiling and the devel-
opment of personalized approaches to NSCLC therapy [5].

According to R.L. Siegel et al., NSCLC accounts for
about 81% of all lung cancer cases in the United States, re-
maining the most common form of the disease [1].

According to GLOBOCAN 2022, lung cancer has the
highest mortality rate among all malignant tumors. Non-
small cell lung cancer (NSCLC) accounts for about 82-85%
of all lung cancer cases in all regions of the world, with a
remaining upward trend of adenocarcinoma, especial-
ly among women and never-smokers. In the NSCLC struc-
ture, the major share is occupied by adenocarcinoma,
which has been the leading subtype for more than 10
years. This is due to a change of smoking style (switching
to filter cigarettes) and an elevation of the proportion of
cases among non-smokers [2].

The choice of NSCLC as a study object is due to its high
prevalence, prognostic and biological diversity, as well as
the possibility of molecular profiling necessary for the de-
velopment of personalized approaches to therapy. In the
context where late diagnosis and resistance to treatment
remain the key problems, the emphasis on the NSCLC
study allows identifying new biomarkers and approaches
to risk stratification, which is a critical task of modern on-
cology.

With the development of molecular medicine and the
creation of drugs targeting specific molecular targets, the
treatment of non-small cell lung cancer (NSCLC) has be-
come personalized in recent years. It focuses on molecu-
lar aspects of the disease pathogenesis.

As of today, personalized targeted therapy based on
molecular tumor profiling is actively used in the treatment
of NSCLC, especially in patients with mutations in the epi-
dermal growth factor (EGFR) gene and rearrangements of
the anaplastic lymphoma kinase (ALK) gene. According to
D.R. Camidge et al., the introduction of tyrosine kinase in-
hibitors EGFR and ALK significantly improved survival and
disease control in these patient groups. Concurrently, de-
spite the success of targeted therapy, the prognosis of
most patients with NSCLC remains unfavorable due to the
high rate of late diagnostics and a limited number of avail-
able molecular targets [6].

One of the promising prognostic and potential thera-
peutic biomarkers is the Bcl-2 protein, an anti-apoptotic
regulator, that plays a key role in the mechanisms of cel-

lular survival. As noted by T. Miyashita et al. [7] and J. Ni et
al. [8], overexpression of Bcl-2 is associated with tumor cell
resistance to apoptosis, decreased chemotherapy efficacy,
and poor prognosis in patients with NSCLC. The identifi-
cation of such molecular markers and their further study
opens up prospects for the development of new thera-
peutic strategies in the treatment of that pathology.

Human Epidermal Growth Factor Receptor 2 (HER2) is a
transmembrane receptor protein in the epidermal growth
factor receptor family that plays an important role in car-
cinogenesis. It was initially investigated as a key biomark-
er for breast cancer, but in recent years, scientists have fo-
cused on its significance in NSCLC [9]. HER2 mutations and
amplifications are detected in approximately 2-4% of pa-
tients with lung adenocarcinoma, which makes it a promis-
ing target for targeted therapy [10]. Recent clinical studies
have shown the efficacy of HER2 inhibitors such as tras-
tuzumab deruxtecan in treating patients with HER2-pos-
itive NSCLC, opening up new opportunities for personal-
ized therapies [11].

The study of the role of Bcl-2 and HER2 as biomarkers of
lung cancer is an important direction of modern oncology.
This allows not only a better understanding of tumor biol-
ogy, but also the development of personalized approach-
es to patient treatment, by improving its effectiveness.
This review is devoted to the analysis of the role of Bcl-2
and HER2 in the pathogenesis, diagnosis, and prognosis of
lung cancer, as well as their possible use in personalized
therapy of patients.

The study aimed to assess the biological and clinical
significance of HER2 and Bcl-2 alterations in non-small cell
lung cancer and to analyze their impact on disease prog-
nosis and the effectiveness of various therapeutic strate-
gies.

Materials and methods: An electronic search of the
medical literature using the PubMed, Web of Science,
and Google Scholar databases was conducted within this
study. The search was carried out by the following key-
words: “biomarkers”, “lung cancer”, “lung cancer diag-
nosis”, “lung cancer prognosis “, “survival”. A total of 252
sources were found; the review involved 27 full-text pub-
lications in English and Russian, published over the past 5
years, available in the public domain, and devoted to the
study of the role of biomarkers in the early diagnosis and
prognosis of lung cancer.

Results: The HER2 and Bcl-2 alterations occur in a sig-
nificant proportion of patients with NSCLC, affecting the
tumor aggressiveness, its resistance to standard therapy,
and disease prognosis.

The discovery of the BCL2 gene in 1984-1985 as an
oncogene involved in the specific translocation t(14; 18)
(932; g21) in follicular B-cell ymphomas has become one
of the key events in molecular oncology [7]. This was the
first time that an oncogene was associated not with in-
creased proliferation, but with dysregulation of apop-
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tosis - a physiological process of controlled cell death
[12]. Later, this discovery was confirmed by the identifi-
cation of the homologous anti-apoptotic gene ced-9 in
the nematode Caenorhabditis elegans, which proved the
universality of apoptosis mechanisms in eukaryotes [13].
Modern studies have confirmed that the Bcl-2 protein is
localized predominantly in the outer membrane of mi-
tochondria, playing a central role in controlling the mi-
tochondrial-dependent apoptosis pathway through the
regulation of pro- and anti-apoptotic members of the
Bcl-2 family [14]. This became the basis for the concept
of apoptosis as the most important mechanism for main-
taining tissue homeostasis and the target of antitumor
therapy, which is reflected in the drug development, for
example, the Bcl-2 inhibitor Venetoclax, which is active-
ly used in the treatment of hematological and some sol-
id tumors [15].

Bcl-2 is a key anti-apoptotic protein that regulates the
survival of tumor cells. In NSCLC, Bcl-2 expression occurs
in 30-50% of patients, especially in adenocarcinomas. In
small cell lung cancer, Bcl-2 levels are elevated in 75-90%
of cases. High expression of Bcl-2 in SCCL is associated with
resistance to chemotherapy and a more aggressive course
of the disease. In NSCLC, Bcl-2 may be a marker of a better
prognosis because it correlates with a less aggressive phe-
notype [16].

The HER2 amplification is detected in 2-4% of patients
with lung adenocarcinoma. HER2 mutations are more com-
mon in non-smoking patients and women, and HER2 mu-
tations (insertions in exon 20) are detected by next-gener-
ation sequencing (NGS) [17].

HER2-positive NSCLC is characterized by a more ag-
gressive course and rapid progression. Patients with
HER2 mutations show worse survival in the absence of
targeted therapy [18]. Bcl-2 inhibitors, such as Veneto-
clax, have shown promising results in the treatment of
some forms of lung cancer. The combination of Bcl-2 in-
hibitors with chemotherapy may increase the sensitivity
of the tumor to treatment [19]. HER2 inhibitors (Afatin-
ib, Trastuzumab, Trastuzumab deruxthecan) significant-
ly improve the prognosis of patients with HER2-positive
lung cancer. Trastuzumab deruxtecan showed an im-
provement of progression-free survival for 9.3 months in
HER2-positive patients [20]. Analysis of the expression of
Bcl-2 and HER2 proteins in NSCLC revealed their signifi-
cant role in the progression of the tumor process and re-
sponse to therapy.

According to N.F. Underwood et al., HER2 changes oc-
cur in 7-27% of cases of de novo NSCLC and are a mecha-
nism of resistance in 10% of mutated EGFR-NSCLC cases.
The most common mutation is the insertion of HER2 exon
20, which leads to increased activity of the PI3K/Akt and
MEK/ERK signaling pathways, which promotes oncogene-
sis and disease progression. The studies show that patients
with HER2 amplification and overexpression demonstrate

lower progression-free survival and overall survival, com-
pared to HER2-negative patients [21].

E. Loeffler et al. note that HER2 is a receptor tyrosine ki-
nase of the EGFR/ErbB family, and its disorders can occur
in the form of gene mutation, gene amplification, protein
overexpression, and hyperphosphorylation.

HER2 abnormalities contribute to abnormal prolifera-
tion, angiogenesis, mesenchymal tumor properties, and
immune response evasion, making HER2 a significant tar-
get for targeted therapy. HER2 mutations occur in 1-4%
of patients with NSCLC, HER2 amplification in 2-5%, and
overexpression in 2-30% of patients. HER2 mutations are
more common in women, non-smoking patients, and in
adenocarcinoma. High HER2 expression is associated with
a worse prognosis and lower efficacy of standard chemo-
therapy and immunotherapy [22].

M. Miladinovi¢ et al. found that HER2 was overex-
pressed in 7.4% of patients with lung adenocarcinoma
when using HercepTest, and in 2.7% of patients when test-
ing with the 4B5 antibody. In 90.9% of cases, a correlation
was found between high HER2 expression and amplifica-
tion of the HER2 gene, which confirms its importance as a
molecular target [23].

In a study of W. Chen et al., HER2 mutations were more
common in younger patients and non-smokers. Such tu-
mors tend to show slower growth, compared to wild-type
HER2 [24].

Discussion: The data obtained confirm the importance
of HER2 and Bcl-2 molecular alterations in the pathogen-
esis and clinical course of non-small cell lung cancer (NS-
CLC). Both targets are involved in the regulation of key pro-
cesses of tumor growth and apoptosis, determining the
aggressiveness of the tumor, its sensitivity to treatment,
and the disease prognosis.

The Bcl-2, being an important anti-apoptotic protein,
affects the survival of tumor cells by suppressing the mi-
tochondrial-mediated pathway of apoptosis. Bcl-2 overex-
pression is most frequent in small cell lung cancer, where
it reaches 75-90%, while in NSCLC, it occurs in 30-50% of
cases. However, the role of Bcl-2 in NSCLC remains contro-
versial: on the one hand, high protein expression is associ-
ated with resistance to chemotherapy, on the other hand,
it can serve as a marker of a less aggressive tumor pheno-
type. This highlights the need for further research to clari-
fy the prognostic and predictive value of Bcl-2 in different
histological subtypes of NSCLC, as well as to optimize the
use of Bcl-2 inhibitors as part of combination regimens of
therapy.

HER2, in turn, is a receptor tyrosine kinase of the EGFR/
ErbB family, the alterations of which include mutations,
amplification, and overexpression. HER2 mutations oc-
cur in 1% to 4% of patients with NSCLC, mainly in wom-
en, non-smokers, and patients with adenocarcinoma. The
most common option is insertion in exon 20, resulting in
activation of the PI3K/Akt and MEK/ERK signaling path-
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ways and promoting tumor progression. HER2 amplifi-
cation and overexpression also demonstrate an associa-
tion with poor prognosis and reduced efficacy of standard
chemotherapy and immunotherapy. At the same time, the
presence of HER2 alterations predetermines the possibil-
ity of prescribing targeted drugs such as Afatinib, Trastu-
zumab, and Trastuzumab deruxtecan, the use of which has
already demonstrated improvement in progression-free
survival and overall survival of patients with HER2-positive
NSCLC.

Of particular interest are the data on the relationship
between HER2 amplification and overexpression of its
protein, which emphasizes the need for a comprehensive
assessment of these parameters to optimize the choice
of therapy. In addition, HER2 alterations play the role not
only in primary oncogenesis, but also as a mechanism of
acquired resistance in patients with EGFR-mutated NSCLC,
which is important for the subsequent selection of thera-
py after disease progression.

Accordingly, HER2 and Bcl-2 are topical biomarkers and
therapeutic targets in the treatment of NSCLC. Their study
allows not only to enhance the understanding of the mo-
lecular basis of the tumor process, but also to justify the
feasibility of personalized treatment selection, including
targeted therapy and combined regimens. Further mul-
ticenter studies with enrollment of large patient cohorts
and standardized diagnostic methods are needed to re-
fine the prognostic value of these biomarkers and opti-
mize the treatment approaches.

Conclusion: The findings highlight the important role
of HER2 and Bcl-2 molecular alterations in the pathogen-
esis, prognosis, and individualization of therapy for non-
small cell lung cancer. These biomarkers have a significant
impact on tumor biological behavior, sensitivity to thera-
py, and patient survival. Expression of Bcl-2 shows a dual
role: in NSCLC, it may be associated with a less aggressive
course, while in small cell lung cancer, it correlates with re-
sistance to chemotherapy. Taking into account the above,
the inclusion of HER2 and Bcl-2 assays in the algorithm of
molecular tumor profiling seems appropriate and can con-
tribute to more accurate stratification of patients, optimi-
zation of treatment tactics, and increased effectiveness
of personalized treatment in NSCLC. Further studies are
needed to validate these markers in routine clinical prac-
tice and develop the combined therapeutic strategies.
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B. HER2 Alterations in Non-Small Cell Lung Cancer: Biologico-Clinical

AHJIATIIA

HER?2 )KOHE BCL-2 AJIBTEPAIIUAJIAPBIHBIH YCAKEMECKACYIIIAJIBI OKIIE
OBBIPBIHJIAFBI BUOJIOTASJIBIK "KOHE KJIMHUKAJIBIK MAHBI3bI, COHJIAN-AK
TEPAIIUAJIBIK SAICTEPAIH INIEPCIIEKTUBAJIAPBI:
9/IEBUETKE IOJIY

A.E. Axaeea', M.A. Aiimmazaméemosa', A.H. Kexcenosa'

«Mapat OcnaHoB aTbiHarsl baTtbic KasakcTtan meauumHa yHusepeuteTi» KeAK, Aktebe, Kasakctan Pecnybnukacs!

Oszexminizi: Oxneniy Kamepii iciei OyKin onemoe Kamepii icik O1IMIHIY dcemeKuii cebenmepiniy 6ipi 6oavin Kana depedi. [ynuedcy3inix
OeHCayblK, cakmay YublMulHblY MOIIMemi OOUbIHWA, JCbLL Catibli Oyn aypyoan 2,2 MUIIUOHHAH ACMAM Jcana dcaz0ail dcomne 1,8 Muiiuon
aoam Kaumeic 601a0bl. JJuacHocmuka meH emoeyoezi dcemicmikmepee Kapamacmat, ycakemecycacyuansl exne oowvipvinviy (YEKOO)
bondcamvl, acipece coHabl KezeHoepinoe, Koaaucwls Ooavin Kaia bepedi. MoneKkynsapavik dcone eeHemukaiblk buomapkepiep OuacHoCmuKaHbol
Jrcakcapmyoa JHeone mepanusiibl Mmayoayoa Maywbl30bl poi amKapaosl. Anonmosoel dcone npoaugepayusnsl pemmeyee Kamvicamoin Bcl-2
gicone HER?2 axywvizoaper YEXKOOazcpeccusmi azvlmbiMeH dcone mepanusaa me3imoiliknen oaiiansicmol 601yol Mymkin. Onapoviy 3epmmeyi
ocbl aypyovl emOeyOiH JHceke KO3KAPACLIH 0aMblmy YuliH 63eKmi 60.16in mabwiiaobl.

3epmmey maxcamul — ycaxemecycacyuanvl okne o0vipbl kesinoe HER2 scone Bcl-2 o3eepicmepiniy 6u0102UANbIK HcOHE KIUHUKATBIK
Manbi30bLIbl2blH 0a2a1ay, COHOAl-aK 0AapObll AypyObiH BOINCAMBIHA JCOHE OPMYPII Mepanesmix cmpameusiapobiy MuiMOiLliciHe dcepi
manoay.

Qoicmepi: byn wonyoa PubMed, Web of Science swcone Google Scholar depexxoprapuvinoa «buomapkepiepy, «ycaKemecicacyuldisl okne
00bIPbLY, «OUACHOCMUKAY, «6ONdCAM», «MIpI KA1y Kabiiemminieiy Kiim co30epi OOUbIHUA MEOUYUHAIK d0ebuemmepee 31eKmpoHObIK i30ey
orcypeizinoi. [llonyoa coyavl Oec Hcwbida HeapusiianaaH, 6Kne 00bipbIHbI epie OUASHOCMUKACHL MEH DOIHCAMbIHOA2bL OuoMAapKepiepOiH poliHe
APHATI2ZAH OPBIC JHCIHE A2BLIUbIH MIN0ePiHde2i MONbIK MOMIHOI MAKALANAD KAMMBLIObL.

Homuocenepi: Bcl-2 ocone HER2 sxcnpeccusicor YE)KOO namozenesinde manwizovl pon amkapaowsl. Anonmoszoviy pemmeyuiici Bel-2
30-50% naykacmapoa aneikmanaosl dxcoume Oyn iCIKmiy mypi MeH CamvlCblHA OAUIAHBICIbL OPUIYMEH 0e, OMID CYPYOiH HaKcapybimeH Oe
baiinanvicmol 60nyel mymxin. HER2-0eei o3eepicmep naykacmapowiy 1-30%-vinoa xeszlecedi, kobinece memexi wexnetimin otiendepoezi
AOEHOKAPYUHOMANAPOA OAUKANA0bl JICOHE KOAAUCHI3 OoadCaMMen opi mepanusea meosimoiniknen Oainanvicmul. Kaszipei Hvlcananv
npenapammap, coHvly iwinoe eHemoxiakc sxcone HER2-uneubumopnapel (mpacmysymab 0epykcmeKkaH, nupomuHub) muimoiniein kepcemin,
PeYuouBCis oMip Cypy y3aKmulebli apmmulpaobl.

Kopvimutnowt: Bcl-2 sicone HER2 3epmmey YEJKOO-Hbiy MONEKYIAPIbLIK MEXAHUSMOEPIH MYCIHY2e JiCoHe emoeyee dHceKeleHOIplleeH
mocinoi damvimyaa MyMKIHOIK myavl3adsl. byn akyviz0ap nepcnekmugmi buomapkepiep x#oHe emoey YuiH HblcaHaiap 60avin maodwliaovl,
COHbIMEN Kamap 01apobl Keulenoi 6azanay emoeyoiyy muiMOILi2iH JHCO2apbLIaAmy HcoHe OOINCAMObL HCAKCAPMY YULTH KIUHUKATBIK NPAKMUKA2d
eHOIpinyi Kepek.

Tyuinoi co30ep: buomapkep, ycakemecacacywanvl exne obuvipel (YEKOO), ouaznocmuka, bonscam, mipi Kany Kabinemminiei.

AHHOTANUA

AJIBTEPAIIMU HER2 U BCL-2 TP HEMEJIKOKJIETOYHOM PAKE JIETKUX:
BUOJIOT'NMYECKOE U KIIMHUYECKOE 3HAYEHUME, IIEPCIIEKTUBBI
TEPAIIEBTUYECKUX METO/1OB:

OB30P JIMTEPATYPbI

A.E. Axaesa', M.A. Aiimmazambemosa', A.H. JKexcenosa'

'HAO «3anagHo-KasaxcTaHckuii MeauumHckui yueepenteT UM, Mapata OcnaHosay, Aktobe, Pecny6nuka KasaxcraH

Axmyanvnocms: Pak neckoeo ocmaemcsi 00HOU U3 8e0YuUXx NPUUUH OHKOI02U4ecKoll cmepmuocmu 8 mupe. Ilo dannvim BO3, eacecoono
sviasusiemcs 6oaee 2,2 MK HOBbIX CLyYaes, d cmMepmuocms npesviuaem 1,8 man. Hecmomps na docmuodicenus 6 ouaznocmuke u jieyenuil,
NPOZHO3 NpU HeMeNKoKIemouHom paxe neckozo (HMPJI), ocobenno Ha no3oHux cmaousx, ocmaémcs nedrazonpusimuoim. CyuecmeeHuyo
POTIb 8 YIyUulleHUU OUACHOCIUKU U 8b1OOpe Mepanuu uzparm MOoieKyIapHo-eeHemuyeckue buomapkepul. beaxu Bel-2 u HER?2, yuacmsyrowue 6
pezysyuy anonmo3sa u npoaugepayuu, moeym ouims cesazanvl ¢ acpeccusnvim mevenuem HMPJI u yemouuusocmoio k mepanuu. Ux uzyuenue
AKMYaibHO OJis PA36UMUSL NePCOHANUZUPOBAHHO20 NOOX00A 8 IeUeHUU OAHHO20 3a00/1e6aAHUSL.

Iens uccnedosanus — oyenums 6uonOUYECKOE U KAUHUYECKOe 3HayeHue usmenenutl HER2 u Bcl-2 npu nemenkokiemouHom pake neekux,
a makaice NPOAHAIUIUPOBAND UX GIUSHUE HA NPOSHO3 3A001€8AHUsL U IPHEKMUBHOCb PATUYHBIX MEPANESMUYECKUX CIPAMeSUil.
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Memoowi: B 0630pe nposedér s1ekmponHblil NOUCK MeOuyuHcKou aumepamypol 6 6azax PubMed, Web of Science u Google Scholar no
KIIOUEBbIM CIOBAM. «OUOMAPKEPbLy, «PAK J1€2K020», «OUASHOCTUKAY, «NPOSHO3», «GbIICUBACMOCMbY. BKulouenvl noinomexcmossle cmamui
HA PYCCKOM U AHSTUNICKOM A3bIKAX, ONYOIUKOBAHHbIE 34 NOCIEOHUE NAMb Jiem U OOCMYNHble 8 OMKPbIMOM O00CmYne, NoCGAUEHHbIE POIU
buomaprepos 8 pannell OUAHOCMUKe U NPOSHO3UPOBAHUU PAKA T1€2KO2O.

Pesynomamur: Dxcnpeccus Bel-2 u HER2 uepaem sadcnyio ponv 6 namozenese HMPJL. Pezynamop anonmosa Bcl-2 eviasnsemcs y 30-
50% nayuenmog u mModicem accoyuupos8amvbCs KaK ¢ aepeccusHOCMbIO ONYXOaU, MAK U ¢ VIYHUEeHHOU 8blJICUBAEMOCMbIO 8 3A8UCUMOCTU ON
noomuna u cmaouu. Anemepayuu HER2 obnapyscusaromes y 1-30% 6onvHbIX, yauje npu a0eHOKAPYUHOMAX Y HEKYPAUSUX HCEHUWUH, U CBA3AHbI
¢ Heb1a2onpusmublM NPO2HO30M U pesucmenmuocmoio k mepanuu. Cospemennvie mapeemuble npenapamul, 6Kka04as éenemoraaxc u HER2-
uHeUOUMOPLL (MPAcmy3ymad 0epyKCmeKan, RUPOMuHub), OeMOHCmMpUpyom 3@hexmusHocms, novluldsl 6e3peyuoUSHYIO 8bIAHCUBACMOCHTb.

Baxnwuenue: Hzyuenue Bel-2 u HER2 cnocobcmeyem nonumanuto Monekyisapuoix mexanuzmos HMPJI u pazeumuio nepcoHaiu3uposanHoix
no0x0006 Kk mepanuu. dmu OeaKu A6a10Mcs NePCnekMuGHLIMU OUOMAPKePaMU U MUWEHAMU OJIS IeHeHUs, d UX KOMNJIEKCHAS OYeHKa OONICHA
ObIMb GHEOPEHA 8 KIUHUYECKYIO NPAKMUKY OJisl ROGbIUEeHUS IDHEKMUBHOCHU Teyenus U YIYYUeHUs NPOSHO3d.

Knioueswie cnosa: buomaprep, nemenxoxiemounulii pak neekoeo (HMPJI), ouaznocmura, npocHo3s, 8blicusaemocs.
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ABSTRACT

Relevance: External quality assessment (EQA) programs should be used alongside the technique to achieve accurate and reliable
results when performing Immunohistochemistry (IHC) tests and diagnostics. Ensuring the accuracy of tumor biomarker tests is critically
important in precision medicine since individualized treatment plans are now common in oncology.

The study aimed to systematically review evidence related to EQA in reducing inter-laboratory discrepancies and interpretative
concordance variability in human epidermal growth factor receptor 2 (HER2) IHC testing for breast cancer and to identify current
challenges and future directions.

Methods: This study’s systematic literature search revealed 306 records, of which 25 full-text articles were included in the final
analysis. The review followed the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020).

Results: Recent studies suggest that EQA programs greatly improve the agreement and accuracy of HER2 IHC testing done in
several laboratories. Global standards ensure standardized, reliable, and consistent HER? testing procedures throughout the process.
Moreover, new approaches like digital pathology, algorithms, and messenger RNA (mRNA)-based tests hold great potential for improving
the consistency of results and reducing judgment errors in manual reviews.

Conclusion: Implementing EQA programs has reduced variation in results from HER2 [HC across different laboratories. With the
introduction of the HER2-low classification, testing methods are moving from subjective approaches to using various forms of data to
improve the test’s importance to doctors. Participation in EQA enhances the efficiency of testing HER?2 receptors, with the same results
in several places worldwide. Having a team of experts improves the diagnosis and repeatability of breast cancer.

Keywords: Immunohistochemistry (IHC), External Quality Assessment (EQA), Breast Cancer, HER2, Quality Control (QC).

Introduction: Breast cancer’s diverse biological charac-
teristics remain a serious challenge despite new develop-
ments in screening, diagnostics, and therapies. Ensuring
an accurate evaluation of HER2 status is vital for treatment
strategy selection. IHC testing is commonly used as the
initial method for assessing HER2 status due to its wide-
spread availability, low cost, and rapid turnaround time.
However, its diagnostic accuracy can be affected by varia-
bility in antibody selection, staining protocols, and pathol-
ogists’ subjective interpretation of it. The mentioned vari-
ability can misjudge the HER2 status of some cancer cells,
leading to faulty treatment decisions. EQA programs have
been adopted and standardized across countries to help
hospitals stay consistent in testing and diagnoses [1, 2].

Using the quality control case in HER2 IHC scoring for
breast cancer, we present a systematic review that summa-
rizes authoritative international quality assessment initia-
tives, associated standards, and the documented impact
of EQA programs on enhancing inter-laboratory reproduc-
ibility and diagnostic consistency.

The study aimed to systematically review evidence re-
lated to EQA in reducing inter-laboratory discrepancies
and interpretative concordance variability in HER2 IHC
testing for breast cancer and to identify current challenges
and future directions.

Materials and Methods: This research conducted a sys-
tematic review of 306 records. Following the Preferred Re-

porting ltems for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 guidelines, the study assessed quality con-
trol measures in immunohistochemistry laboratories for
HER2 testing in breast cancer on a global scale [3]. The ex-
clusion criteria included studies not related to breast cancer
(n=65), those not focusing on EQA (n=50), studies lacking
sufficient methodological details (n=18), publications pub-
lished before 2020 (n=4), and non-English language articles
(n=3). We selected 25 full-text articles for final analysis.

Search Strategy: A thorough search was conduct-
ed within PubMed, Scopus, Web of Science, and Goog-
le Scholar databases for the literature released between
2020 and 2025. The search applied such terms as “immu-
nohistochemistry” or “IHC” with “quality assessment,”
“quality assurance,” or “quality control,” in addition to the
terms “breast cancer” and “HER2". In addition, manual cita-
tion searches were done, and Rayyan was used to manage
references and complete the research.

Study Selection Process: The review followed a clear
workflow to ensure robust findings closely aligned with
quality control in breast cancer immunohistochemistry
testing, as illustrated in Figure 1.

Results:

1. The Present Condition of Quality Control Research in
Breast Cancer Immunohistochemistry (IHC)

This study conducts a systematic search and analysis
of 25 research articles published between the years 2020
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and 2025 in order to provide a quantitative overview and
academic summary of the current research landscape on
quality control of HER2 IHC analysis.

1.1. Publication Trends Over the Last Five Years

According to bibliometric analysis, the number of pub-
lications on EQA of HER2 IHC testing in breast cancer has
shown an overall increasing trend despite some fluc-
tuations (Figure 2). In 2023, the number of publications
reached its highest point. This upward trajectory may be
strongly associated with the growing clinical recognition

of the role of HER2-low subtypes in guiding targeted treat-
ment decisions. Notably, the timing of this increase aligns
with the release of updated guidelines from two major
international bodies — the American Society of Clinical
Oncology/College of American Pathologists (ASCO/CAP)
and the European Society for Medical Oncology (ESMO)
[1, 4]. As of April 2025, four studies have been published,
meaning that research activity in this area continues to be
strong. Itis expected that the total number of publications
for the year will remain at a relatively high level.

[ Identification of studies via databases and registers

] [ Identification of studies via other methods ]

Records identified from:
Databases (n =301 )
PubMed (n=71)

Web of Science(n =40 )

Records removed before
screening.
Duplicate entries excluded
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Websites (n=2)
Organisations (n=3)

Scopus (n=86)
Google Scholar(n =104 )

(n=65)

Records screened by
titlefabstract (n =211 )

v

(n=18)

Records excluded
Not related to breast cancer

Not focused on quality
assessment (n = 50)
Methodologically unclear

Published before 2020 (n=4)
Non-English publications (n= 3)

Reports sought for retrieval
(m=5)

v

Reports sought for retrieval
(n=71)

v

Reports not retrieved
No extractable data (n = 48) v
Full text unavailable (n = 3)

\d

Reports assessed for eligibility
(n=20)

!

Studies included in review
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(n=5)
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Figure 1 - PRISMA flow diagram of HER2 IHC EQA review
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Number of Publications

2023 2024 2025

Figure 2 - Annual number of publications on EQA of HER2 IHC testing in breast cancer (2020-2025)
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All in all, these trends evidence the ongoing global fo-
cus on HER2 IHC testing standardization, increased con-
cordance of scoring, and the establishment of strong EQA
programs. This increased awareness is sparked not only
because of the newly defined HER2-low category used in
enhanced therapeutic selection for breast cancer but also
because of the importance of precision pathology in mak-
ing individualized treatment options both accessible and
effective.

1.2. Geographic Dispersion of Publications

As illustrated in Figure 3, In terms of single-country
studies, the United States provided four publications, re-
flecting its dominant role in HER2 testing validation and
establishing associated regulations. China independent-
ly contributed two studies, reflecting an ongoing nation-

al-level commitment to proficiency testing and diagnos-
tic standardization. Likewise, Denmark, Australia, and the
Netherlands contributed two studies, reflecting their re-
spective engagement in HER2-related quality assurance.
Italy contributed to one study. However, most of the in-
vestigations in this review emerged from international col-
laborative multinational studies, with six studies classified
as multinationals, representing the largest proportion of
all identified. This finding demonstrates the growing de-
pendence on international cooperation around the quali-
ty assurance of HER2 IHC testing and a significant need for
harmonized international standards. International collab-
orative studies often aim to improve scoring concordance,
share methodology, and collaboratively advance clinical
practice guidelines.

7

Italy Australia China

2
0

Denmark

# Number of Publications

Netherlands International

Collaboration

Figure 3 - Distribution of cited publications by country/international collaboration

1.3. Distribution of Research Themes

As depicted in Figure 4, the literature reviewed com-
prises diverse research topics about HER2 testing in breast
cancer. The three areas addressed most frequently were
interobserver agreement and reproducibility, HER2-low
subtyping and management, and the utilization of artifi-
cial intelligence and digital pathology, with 21% of the lit-
erature comprising each area (n=4 per category).

In total, 16% of studies (n=3) explored molecular diag-
nostics and proficiency testing on the following compo-

nents: fluorescence in situ hybridization (FISH) confirmation
in IHC 2+ cases, inter-laboratory reproducibility of mRNA de-
tection assays, and an increased need to establish concord-
ance between IHC and molecular-level assays in borderline
cases. Two studies (11%) focused on quality assurance and
EQA systems, including themes such as EQA program de-
sign, pathologists’ interpretive performance, and laboratory
compliance analysis. These findings indicate an actionable
pathway towards standardization of HER2 testing work-
flows and ultimately improving diagnostic quality overall.

® Guidelines and Methodological Frameworks
® Molecular Testing and Proficiency Validation
® HER2 1.ow Subtyping and Therapeutic
Strategies
AT and Digital Pathology
B Quality Control and EQA Systems

¥ Concordance and Reproducibility Studies

Figure 4 - Research focus distribution in HER2 IHC EQA studies
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In conclusion, the diversity found in Figure 4 indicates
the obstacles and challenges faced when performing
HER2 testing in an HER2-low setting. Even though target-
ed therapeutic options continue to be developed, limita-
tions in clinically applying HER2-low as a biomarker arise
due to consistent scoring concordance, reproducibility of
the assay, and variability of methods. As a result, enhanc-
ing the precision and reliability of IHC-scored will contin-
ue to be an important area of focus and direction in active
HER2 research.

1.4. HER2 IHC testing scoring concordance

Due to more individualized treatment of breast can-
cer, there has been increasing scrutiny on the issue of con-
cordance in HER2 IHC scoring, especially for classification
and treatment decisions around the “HER2-low” subtype.
HER2-low tumors are primarily defined as those with an
IHC score of 1+ or 2+ and a negative FISH result and may
now benefit from targeted therapies such as trastuzumab
deruxtecan (T-DXd). However, substantial inter-laboratory
and inter-observer variability, particularly in distinguishing
IHC 0 from 14, remains a major challenge to accurate pa-
tient stratification.

Multiple multicenter scoring studies have supported
this trend. In a study of 18 breast pathology experts con-
ducted in the United States by Robbins et al., the overall
concordance rate for HER2 IHC 0 was only 25%. The con-
cordance for 1+ and 2+ was similarly low, with a Fleiss’ k
coefficient of only 0.49, indicating poor reliability of the
current scoring system for interpreting HER2-low cases
[5]. This conclusion was further supported by a consen-
sus study conducted in the United Kingdom and Ireland.
In this study, 16 experienced pathologists independent-
ly reviewed 50 digitized HER2 IHC slides. The participants
agreed upon only about 6% of the evaluated cases. Nota-
bly, overall agreement increased to 86% when scores were
dichotomized into 0 versus non-0, suggesting that score
aggregation strategies may help reduce inter-observer
variability [6].

Simultaneously, data from the real world also demon-
strated variability in HER2 scoring at the laboratory lev-
el. A population-based cohort study using a national reg-
istry in Denmark with 50,714 breast cancer cases showed
differences of 25.5 percentage points in the classification
of HER2-low tumors by laboratory. The testing laboratory
was identified as an independent variable associated with
HER2 0 versus HER2-low from the multivariate regression,
providing evidence that there was still low laboratory con-
cordance with HER2 0 and HER2-low concordance even
under standardized testing conditions [2].

The National Cancer Center of China has embarked on
a proficiency testing (PT) program designed in practice to
assess the consistency of HER2 scoring in three catego-
ries: 0, 14, and 2+ (FISH-negative). The concordance rate
for HER2 0 was 78.1%, while for HER2 2+, some institutions
scored less than 59%, demonstrating systematic biases in
scoring. The PT program, conducted using ISO/IEC 17043
quality criteria, exemplifies the variation in scoring meth-
ods and the importance of training and subsequent feed-
back in scoring concordance [7].

By contrast, an Australian study offers an encourag-
ing example of improving interpretive concordance. The
research group implemented a HER2-low-specific scor-
ing protocol, which was validated based on two scoring
rounds against a cohort of 64 HER2-negative breast can-
cer samples. Their results included a reported accuracy
rate of 89.58% and Cohen’s k coefficient of 0.81, denot-
ing “excellent agreement.” This study provides all-impor-
tant evidence that targeted training and scoring workflow
optimization can improve reproducibility regarding the in-
terpretation of HER2-low [8].

Comprehensive descriptions of the previous studies are
provided in Table 1. The table represents a summary of the
HER2 scoring studies, methodological characteristics of the
studies, and scoring concordance results. As well as differ-
ent dimensions of evidence to support scoring consistency
and quality control in HER2 immunohistochemistry.

Table 1 - Overview of concordance studies in HER2 IHC testing for breast cancer

study

Study / Project Study Type Sample Size Key Findings
Robbins et al. (USA) | Multi-institutional 170 biopsy Overall concordance for HER2 0 was only 25%; low agreement for
scoring concordance | specimens 1+ and 2+; Fleiss’ k=0.49

Zaakouk et al. (UK/ | Expert consensus 50 digital slides

Absolute concordance was achieved in only 6% of cases and

Ireland) scoring study increased to 86% when grouped as 0 vs. non-0
Nielsen et al. Nationwide registry 50,714 breast cancer | The proportion of HER2-low cases ranged from 46.3% to 71.8%
(Denmark) study cases across different pathology departments (P<0.0001, relative

difference 0.55); the pathology department was a significant
independent factor influencing HER2 scoring (P<0.0001).

Xue et al. (China) HER?2 slides from

173 institutions

National proficiency
testing program

Concordance for HER2 0 was 78.1%); some labs showed <59%
accuracy for 2+ scoring

Farshid et al.
(Australia)

HER2-low focused
scoring system
validation

64 HER2-negative
breast cancer cases

Achieved 89.58% mean accuracy for HER2-low vs non-low
classification; Cohen’s k=0.81, indicating excellent interobserver
concordance

In summary, the interpretation of HER2 IHC scores
within the HER2-low range, specifically 0 to 1+, continues
to be a real challenge that has shown considerable vari-
ability across countries, laboratories, and observers. Im-
proving agreement on the score will require establish-
ing a standardized assessment system using HER2-low
as a case example, internationally harmonized interpre-
tive frameworks, and implementation of digital pathol-
ogy, external proficiency testing programs, and artificial
intelligence-assisted tools. Several approaches shall be

applied simultaneously to improve the reliability, stand-
ardization, and clinical utility of HER2-low breast cancer
classification.

2. Quality Assessment Programs for Inmunohistochemis-
try Testing in Breast Cancer

As precision medicine continues to advance and
breast cancer treatments become more individualized,
the accuracy and reproducibility of HER2 testing have be-
come increasingly critical. Standardized EQA systems are
essential to ensure diagnostic reliability and support clin-
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ical decision-making. Growing concern about inter-lab-
oratory variability in testing has prompted internation-
al organizations to actively promote the quality of HER2

testing through EQA initiatives. Table 2 summarizes key
global EQA providers and their specific focus in assessing
the quality of HER2 testing.

Table 2 - The functions of global EQA organizations in quality assessment of HER2 IHC testing

EQA Organization

Description

College of American Pathologists (CAP) [9]

CAP is the number one major proficiency testing body and laboratory accreditation agency
in the U.S. Its Immunohistochemistry Proficiency Testing Program (CAP IHC PT) is a
proficiency test that tests for necessary breast cancer biomarkers such as HER2, ER, and
PR to enhance inter-laboratory agreement and analytical accuracy.

Nordic Immunohistochemical Quality Control
(NordiQC) [10]

NordiQC offers EQA programs for several predictive biomarkers (HER2, ER, PR, and Ki-
67). It evaluates staining outcomes and concordance, providing technical evaluation to
standardize and enhance diagnostic precision.

UK National External Quality Assessment
Service for Immunocytochemistry (UK
NEQAS ICC) [11]

UK NEQAS ICC provides EQA schemes for IHC and ISH, emphasizing the inter-laboratory
achievability of consensus in HER2 biomarker analysis, achieved through standardized
scoring and feedback.

Notes: CAP=College of American Pathologists; NordiQC=Nordic Immunohistochemical Quality Control; UK NEQAS ICC= UK National External Quality

Assessment Service for Inmunocytochemistry.

These initiatives have significantly contributed to the
global standardization of HER2 IHC testing and the reduc-
tion of inter-laboratory variability, thereby improving diag-
nostic accuracy and reinforcing the reliability of treatment
decisions in breast cancer care. As a whole, EQA organiza-
tions have become essential features of HER2 testing qual-
ity assurance.

Multiple reputable global guidelines in HER2 IHC test-
ing for breast cancer have created organized frameworks
for testing, validation, and quality assurance (Table 3). Spe-
cifically, the joint guidelines from the American Society of
Clinical Oncology (ASCO) and College of CAP from 2007,
2013, 2018, and 2023 established standardized interpre-
tation criteria for HER2 IHC and in situ hybridization (ISH)
assays. These guidelines utilize evidence-based recom-
mendations to guide testing methodology, scoring, and
interpretations [1, 12].

Furthermore, the International Organization for Stand-
ardization (ISO) 15189:2022 specifies the requirements for
a quality management system and technical competency
for medical laboratories established by the ISO and pro-
vides a fundamental basis for their validity, reliability, and
comparability of test results [13]. A complete revision of
earlier versions has made ISO 17043:2023 a pillar for the or-
ganization’s standardization, implementation, and evalu-
ation of proficiency testing schemes. It sets sounder tech-
nical requirements and procedures for risk management,
statistical data analysis, and results reporting for EQA pro-
grams to ensure their scientific soundness, impartiality,
transparency, and practicality [14]. Together, these stand-
ards and guidelines provide an internationally accepted
framework for quality control for HER2 assays in breast
cancer biology, giving standardized referential and institu-
tional acceptances for laboratory quality control.

Table 3 - International Guidelines and Standards for Quality Assurance of HER2 IHC Testing in Breast Cancer

Program

Description

ASCO/CAP HER?2 Testing
Guideline [12]
guideline for HER2 testing.

Developed by ASCO and CAP. This guideline identifies HER2 IHC and ISH testing and interpretation
standards, scoring systems, and laboratory accreditation requirements. It is the world’s most authoritative

ISO 15189:2022

Developed by the ISO, this standard provides requirements for the quality and competence of medical labs. It
is relevant to laboratories doing HER2 testing for reliability and quality control.

ISO 17043:2023

ISO also released this standard, which describes the general requirements for proficiency testing providers.
It sets standards for the development, implementation, and evaluation of the outcome of EQA programs,
maintaining scientific validity, fairness, and transparency in the process.

Notes: ASCO/CAP = American Society of Clinical Oncology / College of American Pathologists; ISO=International Organization for Standardization

In conclusion, internationally recognized guidelines
and standards provide the technical support and evalua-
tion criteria for HER2 testing. EQA systems support ongo-
ing improvements in quality through localized operation-
alization. These guidelines, standards, and EQA systems
establish the foundation for quality assurance in HER2
testing for breast cancer as part of the precision medicine
paradigm.

3. The challenges of external quality assurance for breast
cancer testing with immunohistochemistry

Despite the presence of relatively well-established EQA
systems to support HER2 IHC testing, an issue remains
with inter-laboratory variability, driven by different techni-
cal issues and subjective interpretative factors involved at
every stage of the testing process. Laboratory-based varia-
bility in interpreting HER2 IHC testing is a significant prob-
lem, and a variety of pre-analytical and analytical factors,
including inconsistent tissue processing, variability from

staining platforms, antibody sensitivity, antibody clone
selection, non-specific background staining, variations
in protocols, and subjective interpretation influences this
variability. Addressing the contribution of these issues to
variability is fundamental to improving the accuracy and
reproducibility of HER2 testing.

Table 4 provides key procedural steps and recommen-
dations for HER2 IHC testing in the pre-analytical, analyti-
cal, and post-analytical settings to aid this targeted inter-
vention framework. Each of these procedural steps aims to
help optimize and standardize aspects of laboratory qual-
ity control.

Studies have underscored considerable inter-platform
variability concerning staining intensity and staining re-
producibility when assessing the efficacy of various auto-
mated IHC staining platforms for HER2 assessment. Jiang
et al. established that the combined use of standardized
cell lines and algorithm-based real-time monitoring can
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detect the relative level of staining variability attributed to
the instrument and counterbalance for potential slot posi-
tion effects. This methodology supports routinized eval-
uation and maintenance, which ultimately enhances the
consistency and reliability of staining [15]. In addition, dif-
ferent staining protocols (NordiQC, Protocol 1, and Proto-

col 2) influence HER2 IHC results, especially when exam-
ining HER2-low cases. In particular, great differences were
observed in the NordiQC compared to the other stain-
ing protocols, emphasizing the importance of standard-
izing staining protocols in limiting pre-analytical variables
among laboratories [16].

Table 4 - Crucial processing steps and best practice recommendations for each phase of HER2 IHC testing [1, 12]

Phase Critical Steps

Recommendations

Pre-analytical Biopsy/Surgical Excision, Tissue

Cold ischemic time should be less than 1 hour. Transporting at a controlled

Fixation, Processing, Paraffin
Embedding, Sectioning

temperature is advised. To ensure antigenicity, tissue samples should be fixed in
10 % (neutral buffered formalin) for 6-72 hours. Laboratories should make use of
internal quality control and EQA programs. Paraffin sections should not be greater
than 5 pm thick, and sections stored longer than 6 weeks should be avoided to
avoid antigen degradation.

Analytical Antibody Selection, Staining
Platform, Antigen Retrieval, Tissue
Controls, Interpretation, Recognition
of Aberrant Expression and Unusual

Staining Patterns

Apply FDA-approved IHC antibody clones, PATHWAY anti-HER-2 /neu (4B5),

or HercepTest pharmDx. Use validated automated staining platforms such as
Ventana BenchMark and Dako Omnis. Apply standardized protocols of antigen
retrieval. Every staining run must include adequate low-level and high-level
positive and negative controls. ASCO/CAP criteria must be referred to, especially
when dividing IHC scores 0 vs. 1+. Pay particular attention to the staining
heterogeneity and aberrant patterns that need re-evaluation.

Post-analytical | SOP Adherence, Pathologist
Training, Report Annotation (e.g.,
IHC 0 vs. 1+ distinction), Reference
Materials for Varying HER2

Expression Levels

All HER2 testing procedures have to conform to institutional SOPs. The
continuous training of pathologists and credentialing should be sustained. IHC
results and interpretation notes should be kept in the patient’s clinical record.
Reports should specify the differences between the weak IHC 0 and the weak
plus (IHC +) cases, including HER2-negative (the IHC 0, 1+, and equivocal 2+/
ISH-). The verification of detection sensitivity should involve reference materials
for 1+ expression.

The choice of antibody clones and their compatibili-
ty with staining platforms is an important factor influenc-
ing the correct identification of HER2-low expression. In
a comparison study, Hempenius et al. found that the 4B5
antibody had a higher agreement and lower background
staining in samples in the HER2-low category when used
with the OptiView detection system; therefore, this ap-
proach should be considered a better option for detecting
this expression category [17]. These observations continue
to highlight the importance of optimized matching of an-
tibody clones and staining platforms in improving the ac-
curacy of HER2-low detection and inter-laboratory repro-
ducibility of HER2 IHC testing.

Furthermore, Fernandez et al., leveraging data from the
CAP proficiency testing program and a multi-institutional
scoring dataset provided by Yale, observed low concord-
ance in HER2 IHC scoring (0 and 1+) at only 26%, compared
to a higher concordance of 58% in 3+ cases [18]. These re-
sults illustrate greater subjectivity and less reproducibility
in the HER2-low scoring range, warranting improved and
standardized interpretive guidelines and targeted training
in that interval that creates diagnostic ambiguity for more
consistent diagnostics.

In conclusion, there continues to be meaningful in-
ter-laboratory variability for HER2 IHC testing regarding
the interpretation of staining, antibody choice, and exe-
cution of protocols, which can be a significant barrier to
diagnostic accuracy. Incorporating digital pathology and
enhanced laboratory accreditation may represent mean-
ingful deliveries toward the standardization of testing
pathways. The prospect of artificial intelligence (Al)-based
automated scoring systems represents a significant path-
way to deliver the quality of HER2 assessment as an essen-
tial of precision oncology.

Discussion: With the advancement of precision med-
icine, the drawbacks of traditional single-modality HER2
testing, that s, its ability to accurately diagnose and repro-
ducibly detect HER2 status, have garnered increasing in-

terest in the subtype of breast cancer setting. In response
to a growing interest in providing more reliable diagno-
sis, recently, there has been a transition toward a more in-
tegrated approach, in which digital technologies, artificial
intelligence, and multi-omics are increasingly incorporat-
ed into testing [19, 20].

Utilizing Al and digital image analysis (DIA) within the
HER2 testing workflow mitigates many intrinsic limitations
of conventional manual test scoring. An Al-based scoring
system will be trained on large datasets of well-annotat-
ed histopathological images. The system can quantitative-
ly measure both membrane staining intensity and the pro-
portion of tumor cells that exhibit positive staining. The
Al systems have a particular advantage in resolving inter-
pretative issues in the HER2 0 vs 1+ scoring range. Sever-
al studies demonstrated the clinical value of these tools.
Sode et al. demonstrated that DIA improved interpreta-
tive concordance in HER2-low cases, especially in inter-
preting IHC 0 vs. 14, which often has high uncertainty [21].
Likewise, Glass et al. constructed a quality control tool us-
ing machine learning that identified inter-laboratory dif-
ferences in scoring HER2. The tool improved HER2 assess-
ment reproducibility and diagnostic accuracy, even when
assessing sub-category classifications such as <2+, 2+, and
3+ cross-laboratory [22].

Currently, complementary molecular assays have be-
come valuable options to enhance the accuracy of de-
termining HER2 status in equivocal or inconsistent
results with IHC or FISH. For example, reverse transcrip-
tion-quantitative polymerase chain reaction (RT-gqPCR)
allows for accurate quantification of HER2 mRNA expres-
sion and shows promise as a complementary tool in in-
termediate or otherwise uncertain cases. HER2 mRNA
levels evaluated by RT-qPCR were almost perfectly con-
cordant with the results of IHC in the study by Caselli et
al. [23]. This suggests that RT-qPCR represents a viable
test for confirming HER2 status, specifically in cases with
intermediate results with IHC.
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At the same time, the EQA framework for assessing
HER2 testing is also at a tipping point ofimprovement. Most
EQA programs historically have been based on cases with
well-defined HER2-positive or HER2-negative testing [24].
More recently, studies have recommended that EQA pro-
grams begin to include cases scored as 0, 1+, and 2+ with
defined interpretation criteria, specifically with borderline
cases. Also, new techniques, including Al-assisted interpre-
tation and mRNA-based assays, should have incremental
inclusion into the EQA structure to help pave the way for
a multimodal quality assessment system for testing HER2
(i.e., for genomic, transcriptomic, and proteomic quality as-
sessments). For example, the EQA structure that Badrick et
al. suggested includes how molecular diagnostics fit into
pathology quality assurance and outlines a pathway to de-
velop quality HER2-low testing standards [20].

Global standardization of HER2 testing will require co-
ordinated collaboration at an international level. Signif-
icant variances exist across and within countries in HER2
testing guidelines, antibody clone selection); scoring crite-
ria, and implementation of EQA programs [25]. Developing
a comprehensive global standardized HER2 testing frame-
work allows for the comparability of results across diag-
nostic platforms and the recognizability of data amongst
laboratories. Such a framework would be increasingly im-
portant in reducing diagnostic variances from regional
practices. Creating this comprehensive framework would
improve diagnostic accuracy and patient accessibility for
receiving appropriate treatment for breast cancer across
the globe.

In conclusion, the assessment of HER2 IHC quality
is moving from subjective, single-method, and experi-
ence-based approaches to objective, integrated, and ev-
idence-based assessments. Integrating digital pathology,
laboratory accreditation, and Al-based automated scoring
represents new standardization approaches to HER2 test-
ing within a move to precision oncology.

Conclusion: EQA has become a critical quality assur-
ance component in HER2 testing and is developing into an
internationally recognized framework. Beyond evaluating
test results, it provides critical feedback on staining, inter-
pretation, and workflow, enhancing inter-laboratory con-
sistency. The classification of HER2-low introduces new de-
mands, requiring alignment with updated guidelines.

As international collaboration increases, laboratory
participation in EQA programs will encourage us to estab-
lish a uniform and highly comparable quality assurance
framework for immunohistochemical testing; we will be
able to provide the most reliable and reproducible diag-
nostic pathology support for patients with breast cancer.
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AHJATIIA

CYT BE3I OBbIPBI KE3ITHAE UMM YHOTUCTOXUMMUSAJIBIK BEPTTEYJIEPAIH CAITACBIH
KAMTAMACBI3 ETY CTPATETI'USIJIAPBIH BAFAJIAY:
9/JIEBUETKE IOJY

3. lymumosa', J. Tuohetaer', T.A. Axaesad', T. I. I'onuaposa®, X. Wang'

1«9n-®apabu aTbiHaars Kasak yntTblk yHueepcuteTin KEAK, Anmatel, Kasakctan Pecny6nmkacs!;
2«Ka3ak OHKOMOrIs! XXoHe paanonorist FuifbiMU-3epTTey MHCTUTYTHI» AK, Anmarsl, KasakcTaH Pecny6nukace

Oszexminizi: Cananvly colpmiosl 6axvliay bazoapramanapvl (EQA) ummynocucmoxumusiaviy (MI'X) mecmmep men OuazHOCmMuranvi
3epmmeynepoi OpblHOAY Ke3iHOe HAKMbl HCOHe CeHIMOI Homudcenepze KOl HCemKizy yulin sdicmememen Kamap Koadauwliyel muic. Icik
buomaprepiepin anviKmay 0910I2IH KAMMAMacel3 emy 091 MeOUyuHaod ome MaHvl30bl, OUMKeHI OHKOLO2Us0A HceKeleHOipileeH emoey

o0icmepi KeyineH KOnOamvlia bacmaowl.

3epmmey maxcamol — cananvly colpmKbl bazaiay 6a20apiamaniapsinsly cym 6ezi 00bipbl Ke3iHoe adam aNUOepMaiobik 6Cy haKkmopoitbly
2-munmi peyenmopwin (HER2) anvikmayza apuanean ummynocucmoxumusivi (MI'X) mecmineyoeei 3epmxananap apacwvinoazsl
AUbIPMAUBLILIKMAD MeH UHMEPAPEemayusivlK 032epeiuimixmi memeHoemyoezi poiin jcyieii mypoe woiy, COHOAu-aK Kazip2i KUblHObIKmap

MeH bonawar 0amy 6azblmmapviH AHLIKIMAY.

AQoicmepi: byn zepmmey ascvinoa scypeizineer sxcyiieni 90eduemmepoi uwiony bapvicoinoa 306 HcapusiaHbiM AHLIKMATIbIN, OHbIH [WiHOe 25
MONBIK MOMIHOT MaKana coyavl manoayea eneisinoi. [llony sxcyiieni wonynap men memaananuszoepee apranzan PRISMA 2020 nyckaynvievina

collkec JHCypizinoi.

Homuxcenepi: Conavl 3epmmeynep canauviy cvlpmibl bazanay 6azoapramanaper HER2 UI'X mecmineyiniy dondiei men colikecmicin

OPMYpIL 3epMXaHaIapOa aumapivlKmail JHCaKkcapmamolibln Kepcemin omvlp. Fanamowvix cmanoapmmap HER2 mecmineyiniy 6apnvix
Ke3eHoepinoe CMandapmmanean, CeHiMOL dcone Yiaecimoi npoyedypanrapovt Kammamacwsls emedi. Convimen Kamap, yugpivlk namoio2us,
aneopummoep dcone MPHK (meccenoocep PHK) necizinOezi mecmmep cusikmol dcaya ooicmep Homudiceaepoiy Oipi3diniein apmmuipbin,
KOJAMeH cypeisinemin capanmamanapoa Kamenikmepoi azaimyaa 30p MyMKiHOIK 6epeoi.

Kopvimuinowt: Cananviy colpmrel bakwiiay 6azoapramanapvin eneizy HER2 UI'X nomuoicenepiniy opmypii 3epmxananap apacvinodzbl
auvipmawvlavikmapsin azaummol. HER2-low canammamaceinsiy eneisiiyimen mecminey ooicmepi cyovexmusmi mociioepoer oepekmepoiy
opmypai mypiepin Koroamnyaa Kapai ayblcoln Jcamulp, 6yi 0opicepaep Yulin mecmmiy KIUHUKAIbIK MAbL36IH apmmubipadvl. Cananvly colpmybl
oaxwviiay bazoapramanapvina kamuvicy HER2 peyenmopnapvin mecminey muimoiniein apmmulpein, oiemHiy apmypai 6eaikmepinde Oipoetl
Homudicenep anryea MymKiHOik bepedi. Capanwbliap mobviHbly O0IYbL Cym Oe3i 00bIpbiH OUACHOCMUKALAY MeH HOmudicelepOiy KatmaiaHybiH
Jrcakcapmaoki.

Tyiinoi cesoep: ummyHnozucmoxumus, colpminsl cananst bazanay (EQA), cym 6e3i obvipor, HER2, cananvl 6akwiiay (QC).

AHHOTANUA

OIIEHKA CTPATEITMM OBECHEYEHHUS KAYECTBA UMMYHOTUCTOXUMHUYECKOT' O
TECTUPOBAHUSA ITPU PAKE MOJIOYHOM KEJIE3BI:
OB30P JIMTEPATYPbI

3. Aymumosa', J. Tuohetaer', T.A. Axaesa, T. I. l'onuaposa®, X. Wang'

HAO «Kasaxckuit HaLmoHanbHbI yHUBEPCUTET UM. anb-dapabuy, Anvarsl, Pecnybnvka Kasaxcrah;
*AO «Kasaxckuit Hay4Ho-1CCTIE,0BATENBCKVIA IHCTUTYT OHKONOrMM 11 papvonorvny, Pecnybnuka Kasaxcrax

Axmyansnocmas: Ipu npogedenuu ummynozucmoxumuveckux (MI'X) mecmos u Ouaznocmuieckux uccie008aHull 01 00CMUNCEeHUSA MOYHBIX
U HAOEICHBIX Pe3VIbMAmos NOMUMO MeMOOUKU NPOGEOeHUs UCCIe008AHUTL CLe0yen MAKlCce NPUMEHAMb NPOSPAMMbl GHEUIHE20 KOHMPOs
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rkavecmea (EQA). Obecneuenue mounocmu mecmog Ha Onyxonegvle OUOMAPKepbl UMeen KPUmudecku 8adcHoe 3HaAueHue 6 NpeyusuoHHol
Meouyune, NOCKOIbKY UHOUBUOYATUSUPOBAHHbIE CXEMbL IeUeHUs. CIAIU 00bIYHOU NPAKMUKOL 8 OHKOIO2UL.

Henv uccnedosanuna — nposecmu cucmemamuueckuti 0030p OAHHBIX, KACAIOWUXCS POIU GHEUWIHEl OYEHKU Kauecmed 8 CHUIICeHUU
MEANCAAOOPAMOPHBIX  PACXONCOCHUTE U 8APUADETLHOCU  UHMEPNPEeMayuy npu  UMMYHOLUCIIOXUMUYECKOM OnpedeieHul peyenmopa
anudepmanvro2o akmopa pocma uenosexka 2-eo muna (HER2) npu pake Monounou dcenesvl, a makdice vla6ums mexyujue npoonemvl u
603MOIICHBLE HANPABICHUSL PA3GUMUSL.

Memoowi: Cucmemamuueckuii 00630p aumepamypbi 6 pamMKax OaHHO20 ucciedosanus eviaeun 300 nyoruxayuil, uz kKomopwvix 25
NOIHOMEKCMOBLIX cmameti ObliU GKIIOUEeHbl 6 OKOHuamenvbhbvlil anaius. O030p NpoGOOUNCsS 8 COOMBEMCMBUU € PYKOBOOCMEOM NO
npeonoYmumenbHblM 1eMeHMAamM OMmUEMHOCMU 05l cucmemamuieckux 0030poe u memaananuzoe (PRISMA 2020)

Pesynomameur: [locieonue ucciedosanus NOKA3bIGAIOM, YNMO NPOSPAMMbL GHEWIHEN OYEHKU KAYecmed 3HAYUMENbHO NOBbIUAION
coenacosannocmv u mounocmes HMI'X-mecmuposanuss HER2, nposodumoco 6 pasiuunelx nabopamopusx. Inobanvuvie cmanoapmol
obecneuugarom cmaHOaApmMuU3UPoOBanHble, HAOENCHbIE U NOCiedosamenbhvle npoyedypol mecmuposanus HER2 na ecex smanax. Kpome
Mmoo, Hogble NOOX00bl, MAKUe KaK Yyughposas namono2us, aizopummsl u mecmol Ha ochose MPHK (meccendocep PHK), obnadarom 6onvuuum
NOMEHYUALOM 0I5l NOBLIUUCHUSL CO2NACOBAHHOCIIU PE3VILIMAMOS U CHUIICEHUS. OWUOOK NPU PYYHOU UHMEPNPemayuu.

3akntouenue: Bheoperue npocpamm 6HeuHe20 KOHMPOJs KA4eCmaa N03604UN0 CHU3UMb pacxoxcoerue pesyiomamos HER2 UT'X meacoy
pasauynvivu nabopamopuamu. C esedenuem kraccupurayuu HER2-low memoovr mecmuposanus nepexoosam om cy0beKmusHvlX N00X0008 K
UCNONL30BAHUIO PATUUHBIX BUOOE OAHHBIX, YO NOBbIUAEN KIUHUYECKYIO 3HAUUMOCTb Mmecma 0Jisl paydeil. Yuacmue 8 npocpammax GHeune2o
KOHMPOJISL KAYecmaa nosvluaem sgghexmusnocnmos mecmuposanus peyenmopos HER2, obecneuusas 60cnpou3g00umsie pe3yibmamsl 8 pA3HbIX
yacmax mupa. Hanuuue komanowl skcnepmog yayuuiaem moyHOCMb OUACHOCMUKU U NOGMOPAEMOCMb Pe3VIbMamos npu pake MOi0YHOU
Jicenesol.

Knrwuesvie cnosa: ummyrnozucmoxumusi, sHeutnsis oyenka kavecmsa (EQA), pax monounoii sceneszvl, HER2, konmpoias kauecmea (QC).
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ABSTRACT

Relevance: Air pollution, recognized by the World Health Organization as a global threat due to its contribution to the development
of chronic and oncological diseases, is of particular concern in megacities such as Almaty, where pollution levels significantly exceed
acceptable norms and pose a serious risk to vulnerable population groups.

The study aimed to systematically review meta-analyses focused on the effect of air pollution on the risk of developing various types

of cancer, most relevant to the Republic of Kazakhstan.

Methods: This systematic review included publications from the PubMed, Web of Science, Scopus, Embase, and Cochrane Library
databases from 2000 to February 18, 2025. Only meta-analyses were included to investigate the association of air pollutants (PM2.5,
PM10, NO2, SO2, O3, VOCs, and others) with cancer. Relative risk (RR) parameters and pollutant concentrations were extracted for

the analysis.

Results: The review revealed significant correlations between exposure to air pollutants and an in-creased risk of developing
several cancers. The effect of pollutants on the risk of cancer is presented.

Conclusion: Air pollution is recognized as a significant risk factor for cancer and cancer mortality. In this regard, it is necessary
to develop state and individual environmental measures, including the implementation of IT and hardware solutions for monitoring and

improving air quality in residential and workspaces.

Keywords: air pollution, cancer, cancer risk, meta-analysis, PM2.5, NO2, Kazakhstan.

Introduction: Today, the negative impact of air pol-
lution on the respiratory and cardiovascular systems, as
well as overall quality of life, is recognized as a significant
problem in various geographical areas [1-3]. The connec-
tion between pollution and the development of cancer
has also attracted the attention of researchers [4, 5]. Ac-
cording to the World Health Organization (WHO), air pol-
lution causes millions of premature deaths every year,
and its contribution to the development of chronic dis-
eases and cancer pathologies is recognized as a global
threat [6].

According to a UNICEF policy brief [7], air pollution is
the main environmental health risk for children. Young
children are particularly at risk of death and illness from
air pollution [7]. According to the Institute for Health
Metrics and Evaluation (IHME, UK), in 2021, 6,441 child
and adolescent deaths from air pollution-related causes
were recorded in 23 countries and territories in Europe
and Central Asia, and the vast majority (85%) died in the
first year of life [8].

Among the major cities with high levels of pollution,
Almaty, Kazakhstan’s largest metropolis, holds a special
place. The city suffers from intense emissions from indus-
trial enterprises, vehicle exhaust gases, and unfavorable
natural conditions, including its geographical location in

a basin that limits natural air ventilation [9]. According to
environmental reports, concentrations of pollutants such
as PM2.5, PM10, nitrogen dioxide (NO2), and sulfur diox-
ide (SO2) in Almaty often exceed the maximum permissi-
ble levels [9, 10]. According to IQAir [11], a global air qual-
ity monitoring platform, PM 2.5 concentrations in Almaty
regularly exceed WHO ambient air quality guidelines by 17
times during the winter months [11]. Additionally, accord-
ing to a new World Bank study, cleaner residential heating
is one of the key factors in reducing air pollution in Kazakh-
stan’s cities [12].

The growing scale of the air pollution problem necessi-
tates not only environmental action but also a comprehen-
sive understanding of its health implications. This article re-
views the results of meta-analyses devoted to the impact of
air pollution on the risk of various types of cancer.

The study aimed to systematically review meta-analy-
ses focused on the effect of air pollution on the risk of de-
veloping various types of cancer, most relevant to the Re-
public of Kazakhstan.

Materials and methods:

Data sources and search strategy. This systematic re-
view comprised articles from the largest medical and en-
vironmental databases, including PubMed, Web of Sci-
ence, Scopus, Embase, and the Cochrane Library. The
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search was conducted for the period from 2015 to 2025.
The following keywords and their combinations were
used: “air pollution”, “carcinogenesis”, “cancer risk”, “me-
ta-analysis”, “particulate matter (PM2.5, PM10)”, “volatile
organic compounds (VOCs)", “nitrogen dioxide (NO2)”,

“ozone (03)". The review included only meta-analyses

that: (1) were published in peer-reviewed journals, (2)
contained data on the relationship between air pollut-
ants (PM2.5, PM10, NO2, SO2, O3, volatile organic com-
pounds (VOCs) and others) with the risks of developing
cancer of the most common types of cancer in the Re-
public of Kazakhstan.

Figure 1 - Typical state of the air basin in Almaty in winter (left) and autumn (right) periods

Study selection process. All retrieved publications were
uploaded to the EndNote bibliography manager. Dupli-
cate records were removed. Two independent research-
ers performed the initial screening based on titles and ab-
stracts. Full texts of the retrieved articles were reviewed
to determine whether they met the inclusion criteria. The
following parameters were extracted for data analysis: (1)
relative risk (RR), odds ratio (OR), or hazard ratio (HR) for
developing cancer, (2) air pollution levels in the analyzed
studies.

Ethical aspects. Since the work was based on the analy-
sis of already published data, ethical approval was not re-
quired. All studies included in the review met the ethical
standards set for primary data.

Results:

Breast cancer and traffic-related air pollution. Traffic-re-
lated air pollution increases the risk of breast cancer by
1.5% for every 10 ug/m3 increase in NO2 exposure [13]. Ad-
ditionally, combustion-related nitric oxide (NO) is oxidized
in air to form NO2, which plays a role in several stages of
cancer, including angiogenesis, apoptosis, cell cycle pro-
gression, invasion, and metastasis [14-16].

A systematic review by J. Tippila et al. included 25 par-
allel studies on the association between air pollution and
breast cancer, with a primary focus on PM2.5, PM10, and
NO2[17].In a study by JY Ou et al.[18], in a group of young
patients under 39 years of age, PM2.5 concentrations > 12
ug/m?® were associated with increased breast cancer mor-
tality, HR for 5 years = 1.50 (95% Cl from 1.29 to 1.74), HR
for 10 years = 1.30 (95% Cl from 1.13 to 1.50) [18]. A study
by A. Amadou et al. (2021) showed that long-term expo-
sure to benzo(a)pyrene in the ambient air is associated
with an increased risk of developing breast cancer - for

every 1 interquartile range (IQR) increase in benzolalpyr-
ene concentration (1.42 ng/m3), there was an increase in
the OR=1.15 (95% Cl: from 1.04 to 1.27), higher rates were
observed in women who had experienced the menopau-
sal transition and in patients with hormone-positive tu-
mors [19].

Proximity to roads is also a danger for children - one
study reported a borderline association (HR=1.4; 95% Cl:
1.0-1.9) between breast cancer risk and childhood proxim-
ity to a road with characteristics of high exposure to traf-
fic-related pollutants. The influencing factors included (1)
proximity, (2) presence of a median/barrier, (3) multiple
lanes, and (4) heavy traffic [20].

Lung cancer: Pooled estimates showed that NO2, EC,
and PM2.5 were associated with mortality from all caus-
es, cardiovascular diseases, coronary heart disease, res-
piratory diseases, and lung cancer (RR=1.04; 95% ClI: 1.01-
1.07) [21].

The study by B. Brunekreef describes the connections
between long-term effect of four pollutants (PM2.5, NO2,
BC, and 03) on health. The researchers found significant
positive associations between PM2.5, NO2, and BC and
death from natural causes, respiratory, cardiovascular
diseases and lung cancer, with moderate to high heter-
ogeneity between cohorts - for lung cancer, an increase
in HR was found only for PM 2.5, HR 1.13 (95 % Cl: 1.05-
1.23) [22].

A meta-analysis by Ramamoorthy et al. [23] involved
61 studies, including 53 cohort studies and 8 case-control
studies. PM 2.5 was the exposure pollutant in half (55.5%)
of the studies, and lung cancer was the most common-
ly studied cancer, in 59% of the studies [23]. A pooled
analysis of exposure from cohort and case-control stud-
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ies and cancer incidence showed a significant associa-
tion, RR=1.04 (95% Cl: 1.02-1.05). Significant associations
were observed between exposure to pollutants such as
PM2.5 (RR=1.08; 95% Cl: 1.04-1.12) and nitrogen dioxide
(NO2) (RR=1.03; 95% Cl: 1.01-1.05) and the incidence of
lung cancer. The association between air pollutant expo-
sure and cancer mortality showed a significant associa-
tion (RR=1.08; 95% Cl: 1.07-1.10). Among the four pollut-
ants, PM2.5 (RR=1.15; 95% Cl: 1.08-1.22) and NO2 (RR=1.05;
95% Cl: 1.02-1.08) were significantly associated with lung
cancer mortality. The study confirms the association be-
tween air pollution exposure and lung cancer incidence
and mortality [23].

JS meta-analysis by Pyo et al. included 19 studies that
assessed exposure to PM2.5 and PM10 [24].

The analysis showed that the incidence of lung cancer
was significantly increased by PM2.5 exposure (RR=1.172;
95% Cl: 1.002-1.371). All-cause mortality and lung cancer
mortality were significantly increased by PM 2.5 exposure
(HR=1.143; 95% ClI: 1.011-1.291 and HR=1.144; 95% Cl: 1.002-
1.307, respectively) [6].

Thus, the above meta-analyses confirm that air pol-
lution is a significant risk factor for the development of a
number of cancers. It should also be taken into account in
terms of long-term exposure and the effect on rare can-
cers.

Colorectal cancer. A meta-analysis of seven observa-
tional studies confirmed an association between PM2.5
exposure (per 10 pg/m? increment) and an increased risk
of colorectal cancer (RR=1.42; 95% Cl: 1.12-1.79). At the
same time, a higher Air Pollutants Exposure Score, pro-
posed by the study working group, was associated with an
increased risk of colorectal cancer (RR=1.03; 95% Cl: 1.01-
1.06) and worse survival (RR=1.13; 95% Cl: 1.03-1.23), espe-
cially among participants with insufficient physical activi-
ty and ever-smoking [25].

A meta-analysis of 30 cohort studies found that a
10 pug/m? increase in PM2.5, PM10, and nitrogen dioxide
(NO2) levels was associated with an increased odds of can-
cer mortality of 17% (95% Cl: 11-24%), 9% (95% Cl: 4-14%),

Figure 2 - UAVs developed by the research group and an example of analysis of city pollution by solid household waste using

and 6% (95% Cl: 2-10%), respectively. In particular, a 6.5
parts per billion (ppb) increase in NO2 was associated with
an increased odds of colorectal cancer mortality of 6%
(95% Cl: 2-10%) [26].

A meta-analysis including 13 studies found that
PM2.5 exposure was associated with a 12% (95% ClI:
1-24%) increased risk of developing gastrointestinal can-
cer. The largest associations were found for liver cancer,
where the risk increased by 31% (95% Cl: 7-56%), and for
colorectal cancer, where the risk increased by 35% (95%
Cl: 8-62%) [271.

A meta-analysis by P. Fu et al. found an association be-
tween PM2.5 exposure and an 18% (95% Cl: 9-28%) in-
crease in the risk of colorectal cancer incidence and a 21%
(95% Cl: 9-35%) increase in mortality from it [28].

Discussion: Environmental problems in Kazakhstan
are linked to urban growth, the use of coal and oil for elec-
tricity and heating, and the mining industry [29]. The in-
tensive development of natural resources, often without
considering their environmental impact, inevitably leads
to land and soil pollution [29]. Worth noting, Almaty, the
largest city in Kazakhstan, has one of the highest levels of
air pollution [30]. The main sources of pollution are emis-
sions from industry, motor vehicles, and heating systems
[9]. The city’s geographical location in a basin at the foot
of the mountains significantly limits natural air ventilation,
exacerbating the situation with air pollution [9-11].

In winter, the concentration of pollutants such as
PM2.5, PM10, NO2, and SO2 can exceed the maximum
permissible levels by 10 to 17 times [11]. This poses a di-
rect threat to the health of city residents, increasing the
risk of developing cancer, respiratory, and cardiovascular
diseases. It should be noted that current scientific work
focuses on the impact of pollution on cancer incidence,
but does not assess the condition of cancer patients af-
ter cancer-related interventions. This direction can be a
point of growth in assessing outcomes after interven-
tions, as well as in comparing the effectiveness of various
interventions in patients across regions with differing en-
vironmental conditions.
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Given the risks described, it is necessary to take pro-
active measures to minimize the impact of air pollution
on public health. This includes both government initi-
atives to adopt environmentally friendly technologies
and enhance air quality monitoring, as well as individ-
ual efforts, such as utilizing modern software and en-
gineering solutions to improve air quality in residential
and workspaces. Environmental education programs,
the introduction of energy-efficient technologies, and
the development of public transport can also become
an important part of the risk mitigation strategy. One
of the areas that the CUES scientific group is proactive-
ly pursuing is the development of monitoring the city’s
environmental status using uncrewed aerial vehicles
(UAVs) [29]. The introduction of UAVs will help to better
monitor the environmental status and assess the dan-
ger of individual areas of the city, and, together with
other technologies, provide a contour for assessing per-
sonal environmental safety and identifying measures to
reduce risks.

Thus, decisive actions and coordination of efforts at
the state, public, and individual levels are necessary to im-
prove the environmental situation and reduce the nega-
tive impact of air pollution on public health in Almaty and
other cities with similar geographical conditions.

Conclusion: The above material suggests the need to
develop environmental measures to counteract air pol-
lution that affects oncological diseases. It is necessary to
conduct educational activities among oncologists to in-
crease awareness of the risks associated with environmen-
tal pollution.
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AYAHBIH JJACTAHYBI 7)KOHE OHKOJIOI'UAJIBIK AYPYJIAPJBIH JAMY KAVYIII:
META-AHAJIM3JIEPTE IIOJIY

I'.C. Kpacnoé', AM. F'uzamyanuna®, T.A. Tacmaiibex'?, A.T. Manwapunosa', P.H. Myxameoues', A. Coimazynos!

!CathaeB aTbiHaarbl Kasak ynTThik 3epTTey TeXHUKanbIK yHuBepcuTeTi, AnMathl, KasakctaH Pecnybnukacsl;
KazakcTaH-Peceit MeauumHa Yrusepcuteti» BEY, Anmarsl, KasakcTan Pecnybnukacs!;
KasakcTaH Pecny6nukacs! BiniM aHe FblnibIM MUHUCTPAIMHIK AknapaTTbIK XeHe ecentey TexHonorusnapsl MHCTUTYThI, AnMaThl, KasakctaH Pecrybnukacs!

Oszexminizi: Co3b11MaANblL JCOHE OHKOIOUANBIK AYPYLAPObIY OAMYbIHa dcepi yutin [yHuedcy3inik 0eHcaynvlk cakmay yublmbl mapanviHam
orcahanovik Kayin peminoe mauvliean ayanbly 1aCmanybl, 1acmary oeyeelli pyKcam emineet wekmepoen atimapiblKmatl acbin mycemin JeoHe
acipece 0Can Xavblk MONMApbl YWin Kayin menoipemin Anmamul cekindi mezanonucmepoe epexuie aiaqoayulblislk myobpaobl.

3epmmeyoin maxcamor — 6y1 sepmmeyoiy magcamul Ayanviy nacmanyvinoiy Kasaxcman PecnyOnukacel ywin neeypivim 03exkmi 601bin
MmaodwvLIamuvlH OHKOJIO2UANLIK AypYIapObly dpmypii myplepiniy 0amy Kaynine ocepine apHalean mMema-manoayiapea sxcytieni woiy 60avin

mabwvLiadvl.

Qoicmepi: JKyiieni wony PubMed, Web of Science, Scopus, Embase swcone Cochrane Library depexxopaapvinoazer 2000 srcvinoan 2025
gicwlnzbl 18 aknanaa Oetiinei kezenoe Jcapusiianzan eHbexmep He2izinoe dcacandvl. Ayansl nacmayuel 3ammaposiy (PM2.5, PM10, NO2, SO2,
03, VOCs sicone m.0.) kamepii iciknen 6QuIaHblColH 3epMmenmin Mema-manoayiap 2ana Kammoli0bsl. Tanday yuwin carpicmelpmaisvl moyexen
napamempaepi (RR) srcone nacmayuwivt 3ammapOoviyy KOHYEHMPaAYUusaCcsl aablHObL.

Homuocenepi: [llony ayanel nacmayuivl 3ammapoviy ocepi MeH Oipkamap OHKONOSUSILIK AypYIapoObly 0amy KAayniHiy Jcoeapbliaybl
apaceinoazvl aumapiblKmai KOppeasyusinsl anblkmaobl. Jlacmaywvl 3ammapovly Kamepai icik Kaynine ocepi yCblHblI2AH.

Kopvimuinowi: Ayanviy nacmanyvl Kamepii icik nen Kamepii icik aypybinan O0IamvlH O1iM-JICIMIMHIY MAbL30bL KAYIn akxmopsl peminoe
manwvliovl. Ocvlean 6AUIAHBICMbL MYPEbIH JHCIHE HCYMBIC OPLIHOAPLIHOARHL AYa Canacvli baxwlaay Jcowne scakcapmy ywin IT - scone hardware
wewimoepin enzizydi Koca aneanod, MemMaeKemmiK HCOHe HeeKe IKOIOSUSIbIK Wapaiapobvl 93ipaey maian emiieoi.

Tyitinoi co30ep: ayanvly 1aCMARybl, OHKOLOSUALBLK AYpYIap, Kamepai icik oamy Kayni, mema-manoay, PM2.5, No2, Kazaxcman.
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3ATPSA3HEHUE BO3JIYXA Y PUCKH PA3BUTHUS OHKOJIOTMUECKHX 3ABOJIEBAHUIA:
OB30P META-AHAJIN30B

I.C. Kpacnos', A.M. T'uzamynnuna®, T.A. Tacmaiioex'?, A.T. Manwapunosa', P.U. Myxameoues'>, A. Coimazynos'

'Kasaxckuit HaLMOHanbHbIN 1CCreaoBaTenbCkuil TexHuyeckui yHueepeuteT umenn K. Catnaesa, Anmatel, Pecnybnuka Kasaxcrah,
HYO «KasaxcraHcko-Poccuitckuit MeanumHekuii YHusepcuteT», Anmarsl, Pecnybnuka Kasaxcrar;
SMHCTUTYT MHDOPMALIMOHHBIX 1 BbIYMCTIMTENbHBIX TexHoNoruiA MHBO PK, Anmartsl, Pecnybnuka KasaxcTan

Axmyansnocms: 3azpsasnenue 86030yxa, npusHannoe Becemuprou opeanusayueil 30pagooxparerus e100aibHoll yepo3oil u3-3d e2o 6K1aod
6 paszgumue XpPOHUYECKUX U OHKOJIOSUYECKUX 3a00]1e8anUll, 8bl3bl8aei 0COOYI0 MpPeocy 6 Me2anoaucax epode Aamameol, 20e €20 yposHu
BHAUUMENLHO NPEBLIUIAION HOPMbL U 0COOEHHO ONACHbL OIS YSA36UMBIX SPYNN HACELEHUSL.
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Henv uccnedosanus — cucmemamuueckuii 0030p Mema-aHaIu308, NOCGAUJCHHBIX GIUAHUIO 3A2PAZHEHUS B030YXA HA PUCK PA3GUMUS
PA3IUYHBIX 8UO08 OHKONIO2UYEeCKUX 3a00aeeanuil, Hauboree akmyanvhvlx 05 Pecnybonuxu Kazaxcman.

Memoowvr: Cucmemamuyeckuii 0630p OblLL 8bINOIHEH HA OCHOGe nybOaukayuil uz 6az oannvix PubMed, Web of Science, Scopus, Embase u
Cochrane Library 3a nepuod ¢ 2015 no 2025 200s1. Bkarouanucs monivko Mmema-ananiusel, ucciedyrouue cesa3b 3azpsasnumeneil 6030yxa (PM2,5,
PM10, NO2, SO2, O3 u dpyeux) ¢ onkonrocudeckumu 3a001e6anusmu. [ anaiuza useiekaiucs napamempvl ommocumenbhozo pucka (RR) u
KOHYEeHMPayuu 3a2pAa3HAIOUUX 6eujecms.

Pesynvmamur: O630p 6b1A6UN 3HAYUMENbHBIE KOPPENAYUU MeAHCOY GO30eUCmEUEeM 3azps3Humeneti 8030yxXa U NOGLIUUEHHbIM PUCKOM
pazeumus pso0a oHKono2uueckux 3aboneeanuil. Illpeocmasneno enusnue 3azpasnumenetl Ha pUck OHKOJI02U4ecKux 3a0onesanuil.

3aknwuenue: 3acpaszunenue 8030yXa NPUBHAHO 3HAYUMBIM (QAKMOPOM PUCKA PA3GUMUS PAKA U CMEPMHOCMU OM OHKOLO2UYECKUX
3abonesanuil. B ceaszu ¢ smum mpebyemcsa paspabomra 20cy0apCmeeHHblX U UHOUSUOYANbHBIX IKOIOSUHECKUX MeD, 6KIIUAs 6HeOpeHue
NPOSPAMMHBIX U UHICEHEPHBIX peenull 01 MOHUMOPUH2A U YYUULEHUS KAYeCMEad 6030YXA 6 JHCUNbLX U PAOOUUX NOMEUCHUSX.

Kniouegvle cnosa: 3azpssnenue 6030yxa, OHKoI02UHeCKUe 3a00/1e6anUs, PUCK passumus paka, mema-anaius, PM2,5, NO2, Kazaxcman.
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ABSTRACT

Relevance: Breast cancer is one of the most common cancers in women. In 2022, GLOBOCAN reported 2,296,842 new cases
of breast cancer and 666,103 deaths from this disease. Breast cancer ranks Ist in the world in the structure of oncopathologies in
women.

In the Republic of Kazakhstan, 37,038 new cancer cases were registered in 2023, except for skin cancer. The number of cases of
malignant neoplasms increased by 1,959, or 5.6%, compared to the previous year. The “stable” incidence per 100,000 population
was 186.1 per year, with a growth rate of 3.5%; the standardized rate was 0.8%, with a growth rate of 159.6.

1t is also worth paying attention to the main directions and principles of SCC treatment. The types of SCC treatment depend
on the stage of the disease. Tumor treatment includes surgical removal, radiation therapy, chemotherapy, and hormonal therapy.
Currently, intraoperative radiation therapy (IRT) is relevant as an op-timal method of SCC treatment. According to oncologists,
mammologists, and radiation oncologists, this treatment method also requires in-depth analysis to improve treatment outcomes and
five-year survival rates for this disease.

The study aimed to examine the world experience in the use of IORT in the treatment of breast cancer.

Methods: This article reviews PubMed sources from 2003 to 2023 on the use of IORT in treating breast can-cer.

Results: This review presents the results of large studies, including multicenter prospective ones, on evaluat-ing the efficacy, the
effect on survival, and the features and possible limitations of IORT in treating breast cancer.

Conclusion: IORT is a fairly promising and innovative treatment method that reduces the risk of side effects and the duration of
treatment. Considering the positive short-term and long-term results of IORT application, it is advisable to recommend its full use in
clinical protocols within Kazakhstan’s healthcare system.

Keywords: intraoperative radiation therapy (IORT), breast cancer, survival rate, long-term results, recurrence rate.

Introduction: Every year, about 2.3 million new cases
of breast cancer (BC) are registered in the world, and the
number of deaths exceeds 700 thousand. Countries with
high prevalence include the USA, Denmark, France, Aus-
tralia, New Zealand, Sweden, and Canada. Countries with
low incidence rates include the Democratic Republic of
the Congo, Mali, China, Vietnam, and India. Countries with
a highincidence in the CIS countries include Armenia, Mol-
dova, Kyrgyzstan, and Ukraine. Breast cancer ranks first. It
is followed by: lung and bronchial cancer, colorectal can-
cer, stomach cancer, cervical cancer, esophageal cancer,

prostate cancer, kidney, ovarian, pancreatic, endometrial,
and liver cancer [1]. According to data in our country: Ac-
cording to the latest data, in 2023, 37,038 cases of almost
all types of cancer, except for skin cancer, were detected
for the first time in the Republic of Kazakhstan (in 2022 -
35,079 cases). The number of cases increased by 1959, or
5.6%, compared to the previous year (2507 cases, or 7.7%).
The normal incidence rate per 100,000 population was
186.1 (2022 - 179.9), with a growth rate of 3.5% (+5.6%) per
year. The standard rate was 159.6 (158.4), with a growth
rate of 0.8% (+3.8%) (Table 1) [2].

Table 1 - Incidence of certain types of malignant neoplasms (excluding skin cancer) among the population of the Republic
of Kazakhstan (“normal” indicators) (the table presents data on the most common types of cancer)

Number of people diagnosed with cancer for the first time in their lives
LeEEiiom GriUmeS Absolute number Per 100,000 Grc:wth
Total cases — Total cases — 2022 2023 L=
15,885 (2022) 16,336 (2023)
High-risk areas for cancer development 13951 14301 81.3 82.2 3.5
include:
Breast 5171 5505 26.5 27.7 4.3
Lung and respiratory tract cancer 3925 3873 20.1 19.5 -3.3
Stomach 2915 2873 14.9 14.4 -3.4
Colon 1940 2050 9.9 10.3 3.6
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Due to the high prevalence of this type of cancer, it is
necessary to make certain efforts for its early diagnosis and
treatment. Radiation therapy is a widely used method of
treating all types of cancer, even for palliative care. The use
of intraoperative radiation therapy (IRT) in the treatment
of breast cancer is becoming increasingly relevant. IRT is
a method of treating breast cancer using direct radiation
therapy during surgery. It can be used as an alternative or
an addition to standard adjuvant radiation therapy after
surgery. A variety of high-tech methods are used for ad-
juvant radiation therapy. For example, adjuvant radiation
therapy is intensively modulated and image-guided, and
hypofractionated breast treatment is used instead of the
traditional total dose of 50 Gy (2 Gy x 25 days). This type of
treatment has a set of features that enable the near-com-
plete cure of almost all tumors, regardless of their location
and severity [3]. However, the role of IOST in the treatment
of squamous cell breast cancer has been studied in several
clinical trials and has shown positive results as an alterna-
tive or adjunct to adjuvant radiotherapy [4].

Some studies have also shown that IOST can be safe
and convenient for patients. Since it allows for a single dose
of radiotherapy to be delivered during surgery, whereas
standard radiotherapy is administered a few weeks after
surgery and is carried out over several weeks [5]. Accord-
ing to oncologists, mammologists, and radiologists, this
approach is an optimal option, requiring an in-depth anal-
ysis of both the treatment and the five-year survival rate
after treatment. Numerous studies confirm this. The use of
IOST immediately after surgical removal of breast cancer
was widely studied in this scientific study, which led to a
positive attitude towards IOST among specialists. In squa-
mous cell breast cancer, 44,752 patients were treated with
IOST in 35 countries over 20 years, with the administration
of intraoperative radiotherapy immediately after tumor re-
moval. Evidence suggests that the treatment has saved 30
million kilometers of travel time and approximately 2,000
lives [6].

The study aimed to examine the world experience in
the use of IORT in the treatment of breast cancer.

Materials and methods: We searched the PubMed da-
tabase from 2003 to 2023 using the following keywords:
intraoperative radiotherapy, “IOST and breast cancer’,
“breast cancer treatment”, “IOST application”, “IOST side
effects”, “IOST advantages”. Based on the critical analysis,
28 literature references were included in this review.

Results: |OST was first used to treat squamous cell car-
cinoma in 1998. It is designed to replace traditional radia-
tion therapy after surgery. I0ST is a method that delivers
radiation directly during surgery, reducing the amount of
tissue exposed to radiation and shortening the treatment
time. This method was originally proposed by the Medical
College of Ohio (MCO) in the United States and the Mont-
pellier Regional Cancer Center (CRLC) in France, based on
reports of 72 patients treated with intraoperative electron

beam therapy. Compared with SCC, SCC shows different
sensitivity to high doses. In the 2000s, Fowler proposed an
alpha/beta ratio of 4 for SCC, which is the best approxima-
tion to the 10-point scale for most SCCs. Clinical results
from Canadian and British hypofractionation studies fur-
ther support this value. A lower dose per fraction may re-
sult in greater sensitivity compared to a higher dose. This is
a clear argument in favor of IOST. In a linear-quadratic
model using an alpha/beta value of 4, the I0ST dose per 10
Gy is 35 QED. Therefore, a single dose of 10 Gy of I0ST is
equivalent to approximately 24 Gy of ablation [7]. Despite
evidence of improved treatment efficacy and patient qual-
ity of life, concerns remain regarding long-term outcomes
and local recurrence rates [8]. IOST can be delivered in sev-
eral ways. The most common is electronic IOST. I0ST is cur-
rently the standard therapeutic approach for patients with
early-stage, low-risk squamous cell carcinoma as part of
breast-conserving surgery. Studies have shown that IOST
is an effective treatment for squamous cell carcinoma. One
study found that IOST reduced the risk of squamous cell
carcinoma recurrence by 80% [9]. Other studies have also
demonstrated that IOST achieves high control rates and fa-
vorable survival rates for squamous cell carcinoma [10,11].
However, there are several limitations to the use of IOST in
the treatment of squamous cell breast cancer. First, IOST is
designed for relatively small tumors, making it difficult to
use. Second, not all centers offer IOST, making it inaccessi-
ble to some patients. Despite the above limitations, IOST is
still an effective treatment option for squamous cell breast
cancer. For patients with relatively small tumors, I0ST has
proven to be more cost-effective than traditional radiation
therapy. I0ST is also very useful for patients who cannot
undergo long courses of traditional radiation therapy, in-
cluding those who live far from the cancer center or have
transportation and mobility issues [12]. However, 10ST is
not effective for all patients and may not be completely
suitable for all cases of squamous cell breast cancer. Some
studies have also shown an increased risk of disease recur-
rence after |IOST. However, these studies did not take into
account tumor characteristics, age, geographic location,
and race [13]. Limitations of radiotherapy dosing regimens
may be associated with certain risks and limitations, such
as limited availability of IOST for some patients [14]. Over-
all, numerous studies and data suggest that IOST may be
an effective and convenient treatment option for squa-
mous cell carcinoma. However, further studies and evalua-
tions are needed to better understand its efficacy and
safety, as well as to identify patients suitable for this treat-
ment. One of the most well-known studies is the rand-
omized TARGIT-A trial. This study assessed the effective-
ness of low-energy IOST on treatment outcomes. Initially,
3451 women were randomized to IOST or total breast irra-
diation. 15% of patients received additional I0ST. It is
worth noting that the study included 2 groups: those who
received IOST during surgery and those who received IOST
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as a second treatment (after pathological examination).
The authors published the first results after 5 years (29
months of follow-up). It showed an increase in recurrence.
(Note that 3.3% in the IOST group and 1.3% in the TBBI
group, but within the non-inferiority criteria) for the entire
study population. In the post-pathology cohort, there was
an increased recurrence rate with 10ST (5.4% for IOST and
1.7% for TBBI, which exceeded the efficacy threshold), as
observed in the surgery cohort (2.1% vs 1.1%, respectively,
with efficacy criteria not being weak) [15]. Later, the
TARGIT-A investigators published an update. However, the
results were criticized and questioned by oncologists be-
cause they were not in the same population [16]. In the
post-cohort (1153 patients), 5-year follow-up revealed an
increased recurrence rate in the IOST group (IOST 3.96%,
TBBI 1.05%), which is below the efficacy threshold and
should not be recommended for patients at this time [17,
18]. In the IOST surgical cohort, the 5-year recurrence rates
were 0.95%-2.11%, but within the non-inferiority criteria.
Long-term Kaplan-Meier curves were not presented at the
time [19]. However, a major concern with the methodology
of these updates is that the study reported local recur-
rence-free survival (LRFS) rather than long-term absolute
recurrence rates. This is an important study because con-
cerns have been raised about composite endpoints such
as LRFS that include mortality. Additionally, other breast or
breast radiotherapy studies have shown long-term recur-
rence rates, highlighting the importance of counseling pa-
tients about radiotherapy options [19, 20]. The results that
formed the basis for e-IOST are the largest multicenter tri-
al to date, the ELIOT trial. In it, 1305 women were rand-
omized to IOST or ablation. At 5 years, IOST was associated
with an increased local recurrence rate (4.4% vs. 0.4%) [21].
However, long-term results of the ELIOT trial have not yet
been published. On the other hand, Leonardi et al fol-
lowed 1822 patients who underwent IOST at a single insti-
tution outside the context of a clinical trial. They found
that patients who met the criteria of the American Society
for Radiation Oncology (ASTRO) had lower 5-year recur-
rence rates [22]. This clearly indicates that IOST treatment
requires further study. Clinicians, including breast sur-
geons and radiation oncologists, may wonder what the
role of IOST is for patients with early-stage squamous cell
carcinoma. Current ASTRO guidelines recommend that pa-
tients with IOST should always seek medical advice if they
are at increased risk of local recurrence. ASTRO guidelines
emphasize that IOST should only be used in prospective
studies and that only eligible patients should be consid-
ered for its use. The American Brachytherapy Society does
not support I0ST outside of prospective studies (although
this was published before the TARGIT-A trial updates were
released). The guidelines emphasize that I0ST using elec-
tronic devices should be limited to eligible patients [16, 21,
22]. One of the most important recent studies is ELIOT
(Electronic Intraoperative Radiotherapy for Breast Cancer)

[21]. This study investigated the use of IOST in patients
with early squamous cell breast cancer. The study results
showed a 5-year overall survival of 95.5% and a dis-
ease-free survival of 98.1%. These results were compared
with standard radiotherapy, and the authors concluded
that 10ST is a safe and effective treatment option for pa-
tients with early squamous cell breast cancer [21]. Another
study from 2018 showed that I0ST may be an effective
treatment option for patients with multiple, non-bulky
breast tumors. This study included 203 patients who were
given I0ST instead of standard radiotherapy. The study re-
sults showed a 5-year local recurrence-free survival rate of
96.4%. This is comparable to standard radiotherapy. The
researchers concluded that IOST may be an effective treat-
ment option for this patient group [18]. A study was also
conducted to evaluate the efficacy of IOST in combination
with liposomal doxorubicin (L-Dox) for the treatment of
patients with localized squamous cell carcinoma [23]. This
study included 79 patients who were randomly assigned
to two groups: one group received IOST in combination
with L-Dox, and the other group received IOST alone. The
study results showed that patients who received I0OST plus
L-Dox had a higher rate of local recurrence and poorer dis-
ease-free survival compared to patients who received
IOST alone. These results suggest that the combination of
IOST and L-Dox may be a more effective treatment option
for patients with localized squamous cell carcinoma. Some
studies have also investigated the use of IOST as an alter-
native to standard radiation therapy for patients with oth-
er types of squamous cell carcinoma. For example, a 2016
study [24] demonstrated that IOST may be a safe and ef-
fective treatment option for patients with low rates of lo-
coregional recurrence. This study also found that patients
treated with 10ST had higher treatment satisfaction than
those treated with standard radiation therapy. However,
not all studies support the effectiveness of IOST in treating
squamous cell carcinoma. A 2020 study found no statisti-
cally significant differences in survival or disease recur-
rence between patients treated with I0ST and those treat-
ed with standard radiation therapy [25].

Discussion: In summary, several studies have demon-
strated the efficacy of 10ST in treating SCC, although all
aspects of the treatment method have not yet been thor-
oughly studied. Radiation therapy is rapidly evolving every
day. This is evidenced by the capabilities of spiral tomo-
therapy, adjuvant radiotherapy (which is performed with
intensity-modulated and image-guided techniques), and
adjuvant ionizing radiation. However, additional studies
are certainly needed to determine the best indications for
the use of IOST and to assess its long-term impact on the
survival and quality of life of patients with SCC. An impor-
tant aspect of using I0ST in the treatment of SCC is the se-
lection of patients who can effectively benefit from the
treatment method. In the main studies, we observed that
IOST may be more effective in patients with small tum-
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ors, a low invasion rate, the absence of lymphatic metas-
tases, and high sensitivity to radiotherapy [18, 23]. It has
also been shown that several other factors need to be tak-
eninto account, including the patient’s age, general health
condition, presence of comorbidities, and their treatment.
Another important aspect of using IOST in the treatment
of squamous cell carcinoma is controlling the optimal dose
and distribution of radiation [26]. Compared with adjuvant
radiotherapy, IOST allows for more precise delivery of ra-
diation to the tumor, reducing the amount of radiation
received by healthy tissues. The use of IOST in the treat-
ment of breast cancer is becoming increasingly relevant.
Since I0ST is a method of treating squamous cell carcino-
ma with direct radiation therapy during surgery, it can be
used as an alternative or in addition to standard adjuvant
radiotherapy after surgery [3]. The role of IOST in treating
squamous cell carcinoma has been investigated in several
clinical trials. The results of many studies suggest that IOST
may be an effective alternative to standard radiotherapy.

Additionally, the optimal dose of radiotherapy may
vary depending on several factors, including tumor size
and location, the presence of metastases, and the level of
sensitivity to radiotherapy. Additional aspects to consider
include skin burns, edema, and changes in skin texture. In
some cases, the above-mentioned side effects can be sig-
nificant and affect the patient’s quality of life [27, 28]. How-
ever, it is known that modern technologies and methods
of using I0OST can reduce side effects and increase the safe-
ty of this treatment method.

Conclusion: Overall, IOST is safer and more effective
than standard radiation therapy in some cases. It is also
an effective treatment for patients with locally advanced
squamous cell carcinoma. Numerous studies have demon-
strated that I0ST can enhance survival and decrease the
risk of recurrence in squamous cell carcinoma. However,
the limitations of IOST may make it inaccessible to some
patients. Given the currently available results and evi-
dence-based recommendations, the use of 10ST in ear-
ly-stage squamous cell carcinoma certainly requires addi-
tional practical studies. As part of shared decision-making,
oncologists should inform patients about potential con-
cerns related to the 10ST results.

Nevertheless, the method is quite promising and inno-
vative, reducing the risk of side effects and shortening the
treatment period. Despite this, there are limitations to the
use of IOST. Additional theoretical and experimental stud-
ies are necessary for a more comprehensive understand-
ing of the application of this technique in the treatment
of squamous cell carcinoma in our country. Once the re-
search has a solid foundation and evidence base regard-
ing the immediate and long-term patient outcomes, the
method will undoubtedly be introduced into clinical pro-
tocols as an alternative to traditional ablative radiothera-
py, and guidelines and recommendations for consultation
will be developed.
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CYT BE3I KATEPJII ICITTH EMJAEYJAET'T MTHTPAOIIEPAIIUAJIBIK
COVJIEJ TEPAIIUSAHDBIH POJII:
9/IEBUETKE IOJY

E.O. Kypamaes'?, /I.P. Kaiioaposa'?, B.B. Kum*, M. /Incyzameunu’®

1«C.K. AccheHamsipos atbiHaarbl Kasak ¥nTTelk MeaguumHa Yrueepcuteti» KEAK, Anvarsl, KasakcTaH Pecnybnnkach;
2«Kasak OHKOMOr st XaHe paaronorust FuinbIMU-3epTTey MHCTUTYTHI» AK, Anmarsl, KasakcTaH Pecnybnukac!;
Jnstituto Madrilefio de Oncologia (Grupo Imo), Maapug, Vcnanus

Oszexminizi: Cym Oesi kamepni (CBK) iciei aiiendepoe scui kezoecemin icikmepoiy 6ipi. GLOBOCAN oepexmepi oouvinwa 2022 dncwinb
cym 6esi obvipvinwiy 2 296 842 scana scazoaiivl scone ocol aypyoar 666 103 enim mipkendi. Oliendep apacbiHOa OHKONAMOI02US KYPblLIbIMbIHOA

mapanywl 6otibiHwa onemoe I-ui opviHOa.

Kasaxcman Pecnybauxacvinoa 2023 dceinvl mepi kamepni iciein Kocnasanoa ey ansawi pem Kamepii iCiknen mipKkeneeH aypyobly caHbl

37 038 arcazoail anvikmanovl. Andbinebl JHcbliOblY Oeneelline Kapaeanoa Kamepii 0epmke wmanovikkanoap canvl 1959-ea nemece 5,6%-ea
ocmi. Coipgammanywsinoikmoly 100 Moy Xanvikka wakkanoazvl «Kaivinmoly kepcemkiuwi 186,1 kypaowsl ecy KapkviHbimeH scvlavina 3,5%,
cmandapmmul kopcemxiui — 0,8%-0viK ocy Kapkvinvimen 159,6-nvl Kypaosi.

Conoaui-ax CBK icicin emoeyoezi Hezizei bazvimmap mex npunyunmepee Hasap ayoapear dicon. CHK iciein emoey mypuepi aypyouiy
camvicbina Oavinanvicmel. Icikmi emoey: Xupypeusnvlk anvln Mmacmay, coyieni mepanus, XUMUOMEPanus JHCoHe 20PMOHObIK Mepanusiibl
Kammuoel. Kaszipei yaketmma unmpaonepayusinvix coyieni mepanusinol (MOCT) CBK icicin emoeyde oymaiinel 90ic peminoe Koi0any e3exmi
bonvin omeip. OHKOL02MAPObIH, MAMMOI0ZMAPObIH HCOHE PAOUAYUATBIK OHKOI0ZMAPObIH NIKIpiHULe, Oy emoey mocili, em Homudiceci men bec
JHCHLIOBIK, OMID CYPY Mep3iMi KOpCmeKiuin dcaKcapmy yuin 0e meper manioayovl Kasxicem emeol.

3epmmeydin makcamol — cym Oe3i Kamepii iciein emoeyoe UHMpAaonepayusiblK coyieil mepanusnvl KOIOaAHYObIH d1eMOIK Madicipubecin
3epmmey.

Aoicmepi: Panoomusayusiiel em men mema-anaiusz Homuodcenepi nezizinoe 2003-2023 scvinoapoazer PubMed 6aszaceinan CBK icicin
emoeyoezi HOCT xonoarny mypanel 0epekkezoepee wony 6epinoi.

Homuocenepi: Ooebu wonyoa em muimoiniei, omip cypy y3aKmoleblia em ocepin b6azaiay oouvinwa ipi 3epmmeynepoiy, coHblly iuinoe
Ken opmanvlkmel oy Homudceni sepmmeynepoiy, conoai-ax CHK iciein emoeyoe HOCT konoanyovly epexuienikmepi Men MyMKiH O01ambiH
wexmeynepi YCblHbLIObI.

Kopoimoinovi: UOCT em anyoan xeiiinei scanama acepaepoiy Kaynin memenoemymen kamap, CHK iciein emoey y3axmuvi2biH a3aimaobl.
CBK icizin emoeyoe ocvl 90icmemeHri KoI0aHyObl HCAKCHIPAK MYCIHY YWiH KOCbiMua 3epmmeyiep Kasxcemi auvik. Kvicka mep3imoi scone y3ax
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Mep3imOi oH Homudcenep bonzan scazoauoa, HOCT-ubl monvi2blMeH KOIOAHY MeH eMoey MeKemelepiHOe KIUHUKAIBIK XAmmamaiapaa eHeisy
YULiH YCIHBLLYbL XAK.

Tyitin co30ep: unmpaonepayusnvik coyneni mepanus (MOCT), cym 6e3i kamepuni iciei (CHK), emip cypy Oeneetii, y3ax mep3imoi Homuoiceep,
Odepm Kaumanauy sHuiniel.

AHHOTALUA

POJIb UHTPAONIEPAIIMOHHOM JIYUEBOUM TEPAITUA
B JJEUEHUM PAKA MOJIOYHOM KEJIE3BI:
OB30P JIMTEPATYPbI

E.A. Kypamaes'?, /I.P. Kaiioaposa'?, B.b. Kum?, M. {ncyzameunu®

'HAO «Kasaxckuit HaunoHanbHbiin MeauumHckinit Yaueepeutet um. C.1. AcdeHausiposay, Anmatbl, Pecnybnuka Kasaxctar,
*AO «Kasaxckuit HayuHo-Vccrenosatensckuit VHeTutyT OHkonorvm v Paguonorumy, Anmartsl, Pecnybnuka Kasaxcran,
Jnstituto Madrilefio de Oncologia (Grupo Imo), Maapug, Vicnanus

Axmyanvrnocms: Pax monounoil scenesvl (PMIK) signsiemes 0oOHuM u3z camvlx pacnpocmpaHeHHsiX U008 paka y sceHujut. Ilo oannwvim
GLOBOCAN 3a 2022 200 sapezucmpuposano 2,296,842 noswvix ciyuaes PMIK u 666,103 cayuaes cmepmu om O0annoeo 3abonesanus. 11o
PACnPOCMpPaneHHOCmu 3aHumMaem I-e mecmo 6 mupe 8 CmpyKmype OHKORamon02uul y JHCeHwuH.

B Pecnybonuxe Kasaxcman 6 2023 200y sapecucmpuposarno 37,038 Hoebix ciyuaes paka, 3a UCKIOYeHueM paxka koxcu. Hucno
3a0071e6UUX 3N0KAUECMBEHHLIMU HO8000PA306anusMuU yeeauyunroce na 1,959, umu na 5,6% no cpasuenuio ¢ yposuem npeovioyujeco 200d.
«Cmanoapmu3supoganusiily nokazamenv 3abonesaemocmu xa 100 moic. nacenenusi cocmaeun 186,1 6 200 ¢ memnom npupocma 3,5%,
cmanoapmuszuposannsill nokazamens — 0,8% ¢ memnom npupocma 159,6.

Takoce cmoum o6pamums GHUMAHUE HA OCHOBHble HaNpasieHus u npunyunsl ieuyerus PMIK. Buowel reuenus PMJK 3asucsam om cmaouu
3abonesanus. Xupypeuueckoe yoaienue ONyXOnu MOJCem GKIIOUAMb IYYegyio Mepanuio, XUMUOMepanuio u 20pMOHAIbIYI0 mepanuio. B
Hacmosujee 8peMs aKmyaabHblM CIMAHOBUMCA UCNOIb3068aNUe unmpaonepayuonnou ayuesou mepanuu (MOJIT) ¢ kawecmse onmumanbno2o
memooa nevenus PMIK. [1o Muenuio onkono2o8-xupyp2os, Mammono2os u paduayuoHHbLX OHKOJI0208 NOOX0O0 K Ne4eHUI0 nymem UCHONb3068aAHUS
HOJIT mpebyem 2nyboko2o ananruza O YAyuuieHus pe3yibmama jledeHus u namuiemHell oloCusaemMocmu y NayueHmos ¢ OaHHbIM Hedy20M.

Lensv uccneoosanun — uzyuenue Mupo6o20 ONbIMA NPUMEHEeHUs UHMPAONEPAYUOHHOU TYUe6ol mepanuu 6 JeYeHul paKa MOJIOYHOU
Jicenesoi.

Memoowr: B cmamoe npedcmasien 0030p ucmounuxog uz 6asvit PUBMED 3a 2003-2023 22. no npumenenuro HOJIT 6 reuenuu PMOK.

Pesynomamur: B 0630pe npedcmagnenvt pe3yibmamol KPYNHbIX UCCACO08AHUL, 6 MOM HUCTE MYTbMUYEHMPOGHIX NPOCHEKMUBHBLX, NO
oyenke dhpexmusnocmu, GIUAHUU HA BbIJCUBAEMOCHIb, A MAKJICE 06 0COOEHHOCMAX U 803MONCHLIX ocpanudenusx npumenenus UOJIT ¢
nevenuu PMOK.

3axnwuenue: UOJIT sgnsiemest 00CmMamouno nepcneKmueHbIM U UHHOBAYUOHHBIM MEMOOOM JledeHUsl, KOMOPblll NO360JISeM CHU3UMb PUCK
pazeumus nO60YHbIX dPPDEKMO8 U YMEeHLULUMb NPOOOIHCUMETLHOCTb IeHeHUs. YUUumvl8ds noi0diCUmenbHble KpAmKoCpOUHble U 00120CPOYHbLE
pesynomamul npumenenus MOJIT, yenecoobpasno pekomen0osams noiHoYeHHoe UCNONb308AHUE OAHHO20 MEMOO0d 8 KAUHUYECKUX NPOMOKONAX
6 cucmeme 30pagooxpanenus Kazaxcmana.

Kanruesvie cnosa: unmpaonepayuonnas nyveeas mepanusi (MOJIT), pax monounoi scenesvr (PMIK), evlocusaemocms, omoaneHHvie
pe3ynbmanl, Yacmoma peyuousos.
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ABSTRACT

Relevance: Neutrophil extracellular traps (NETs) are extracellular networks released by neutrophils. They are extracellular strands
of decondensed DNA fiber, combined with histones and proteins from neutrophil granules, which immobilize pathogens to facilitate their

subsequent elimina-tion.

NET formation (netosis) was first discovered as an immune response to bacterial infection. However, it has since been proven that
netosis occurs abnormally in several other inflammatory conditions, including cancer.

Breast cancer (BC) is the most commonly diagnosed malignant disease in women. In this review, we will focus on the role of NETs
in BC development and their potential use as diagnostic biomarkers and/or therapeutic targets in cancer.

The study aimed to evaluate the role of NETS in the pathogenesis of breast cancer based on literature data.

Methods: The search in the Web of Science, PubMed, and Scopus databases for 2014-2024 revealed about 600 articles. Of these, 53

were analyzed following the inclusion and exclusion crite-ria.

Results: The NET role in tumor development is related to cancer immunoediting and the interaction between the immune system and
cancer cells. NETS play a key regulatory role in the tumor microenvironment, contributing to the development of distant metastases and
exacerbating the tumor’s aggressiveness, thereby increasing its ability to invade. NETs play a significant role in regulating the tumor
microenvironment. NETs also have an antitumor effect since their components directly kill cancer cells.

NETs’ production in cancer requires interaction between various cells and blood components, including platelets, leukocytes,

metastatic tumor cells, and the primary tumor site.

Today, there are no generally accepted methods of using NETS to treat cancer. These treatment methods are under development, and
work is underway to target various points and components of the NETS.

Conclusion: In BC, netosis is associated with accelerated disease progression, metastasis, and complications. The study identifies
potential NET-specific targets that should be investigated and used to develop treatment methods. A better understanding of the
interaction between cancer and NETs will facilitate the development of precision treatments and diagnostics tailored specifically to

NETS.

Keywords: breast cancer (BC), extracellular neutrophil traps (NETS).

Introduction: Neutrophils are the most common
leukocytes formed in the bone marrow. Neutrophils
constitute the first line of defense against non-indige-
nous pathogens, utilizing the primary effector mecha-
nisms of phagocytosis, degranulation, and neutrophil
extracellular trap (NET) formation [1]. Neutrophil extra-
cellular traps (NETs) are extracellular networks that are
released by neutrophils and are extracellular strands of
decondensed DNA fiber in combination with histones
and granule proteins neutrophils, including matrix met-
alloproteinase (MMP), neutrophil elastase (NE), myelop-
eroxidase (MPO), cathepsin G, complement factors, and
other enzymatically active proteases and peptides that
immobilize pathogens to facilitate their subsequent
elimination [2].

The NETs formation, known as NETosis, was first dis-
covered as an immune response to bacterial infection. His-
tones and the released granular contents of neutrophils
have antimicrobial properties, and the fibrous structure
of the networks can physically capture and render harm-

less bacteria. However, it has since been proven that NETo-
sis occurs abnormally in several other inflammatory con-
ditions, including cancer. NETosis occurs when proteases
enter the neutrophil nucleus, leading to chromatin decon-
densation through citrullination. These loosely bound fila-
ments are eventually ejected from the cell, destroying it or
leaving the membrane intact. The subsequent integrity of
the membrane depends on the nature of the stimulus that
provokes NETosis [3-6].

According to the data of the Global Cancer Observa-
tory, 2,296,840 cases of breast cancer (BC) and 666,103
deaths from this disease were registered in the world in
2022. The incidence was 46.8 cases per 100,000 people,
and the mortality was 12.7 deaths per 100,000. In Kazakh-
stan, the absolute number of BC cases amounted to 5,171
in 2022. The incidence was at 26.5 per 100,000, and the
mortality was 5.4 per 100,000 [7, 8].

This review focuses primarily on the NET role in BC de-
velopment. It is well established that NETs exhibit both
antitumor and protumorigenic effects. This review en-
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compasses the established and potential stimuli that con-
tribute to oncogenic NETosis at the molecular level, and
also describes the interactions between neutrophil spe-
cies, other blood components, and the tumor cells them-
selves. The review also presents the consequences of NE-
Tosis and its role in the progression of BC. NET is further
considered a diagnostic biomarker and/or a possible ther-
apeutic target in malignant tumors.

The study aimed to evaluate the role of NETs in the
pathogenesis of breast cancer based on literature data.

Methods: For this literature review, a systematic search
of the scientific literature in the Web of Science, PubMed,
and Scopus databases was conducted from January 2014
to January 2024. In exceptional cases, publications pub-
lished earlier than 2014 were included in the review, as
they represented basic research that had a significant im-
pact on the development of the topic [9, 10].

The search was conducted using combinations of key-
words and medical subject headings (MeSH terms), such as
“breast cancer” and “neutrophil extracellular traps”, as well
as their synonyms and derivatives in English.

The following search strategy was used (example for
PubMed):

(«breast neoplasms»[MeSH Terms] OR «breast cancer»)
AND (“neutrophil extracellular traps” OR “NETs")

Publications were included in the analysis according to
the following inclusion criteria:

- articles published in peer-reviewed scientific journals;

- availability of the full version of the article in English;

. articles containing data from randomized controlled
trials, cohort studies, meta-analyses, and systematic re-
views;

- studies directly relating to the role of neutrophil ex-
tracellular traps (NETs) in BC pathogenesis, progression, or
treatment.

Exclusion criteria included:

- incomplete publications, including conference ab-
stracts, presentations, and short communications;

- articles describing only isolated clinical cases (case re-
ports);

« publications in journals with a dubious scientific rep-
utation, determined by the lack of indexing in leading da-
tabases and a low impact factor;

- articles with a citation index below the average for the
subject (according to Scopus/Web of Science data at the
time of search).

As a result of the initial search, about 600 publica-
tions have been identified. After applying the inclusion
and exclusion criteria to the analysis, 53 of the most rele-
vant sources were selected. A detailed selection scheme
is presented in Figure 1. The selection of articles was car-
ried out by two researchers. The level of convergence of
views regarding the inclusion of articles was 98%. All dis-
agreements were resolved through discussion and con-
sensus.

Sources identified: 600

Duplicates removed: 50

Sources checked by annotations: 550

Sources excluded: 400

Fully reviewed sources: 150

Sources excluded after review: 97

Total sources included: 53

Figure 1 — Stages of selection of sources for the review

Results: In a scientific first, V. Brinkmann et al. report-
ed on NETs in 2004, when electron microscopy was used
to obtain images of activated neutrophils involved in an-
timicrobial processes [9]. An in vitro study of neutrophils
activated with IL-8, phorbol-12-myristate-13-acetate (PMA)
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showed the formation of distinctive extracellular fibers.
This concept has been further confirmed in vivo, where
these structures have been identified under infection con-
ditions in both preclinical models and humans.

In 2012, M. Demers et al. were the first to report on the
role of traps in oncological processes. In the main part, the
authors studied melanoma B16F10 and leukemia AML. In
this study, NET has been associated with tumor progres-
sion for the first time [10]. Later, several authors demon-
strated that breast tumors generate neutrophils, which
are predisposed to forming NETs. The number of traps in-
creases with the progression of the tumor stage. NET was
identified by an increase in plasma DNA content, as well
as by immunofluorescence staining of extracellular his-
tone and DNA around neutrophils. These markers repre-
sent the process of NETosis, in which neutrophils release
decondensed enzymatic granules containing chromatin
into the extracellular space, typically resulting in non-ap-
optotic cell death [11, 12].

The NETs' antitumor effect can theoretically be exert-
ed by activating the immune system or directly destroying
malignant cells. It has been shown that NETs components,
such as NE and MPO in vitro, as well as histones, can de-
stroy cancer cells, thereby blocking further cell growth and
the development of distant metastases [13, 14].

Numerous studies have shown that granulocyte colo-
ny-stimulating factor (G-CSF) contributes to the produc-
tion of NETs. Demonstration of NETs in mice with tum-
ors has been made possible by tumor-derived neutrophil
G-CSF priming, which can be neutralized by treating mice
with an anti-G-CSF antibody. Additionally, neutrophils
from mice treated with recombinant G-CSF were more pre-
disposed to platelet formation when stimulated by plate-
let-activating factor in vivo. Thus, NETs have been shown
to induce a prothrombotic state in the lungs of mice with a
tumor and also participate in tumor growth [15, 16].

Several studies have shown higher preoperative lev-
els of MPO-DNA, a well-known marker of systemic neu-
tralization, in the serum of patients with metastatic cancer
compared to healthy controls. These rates were associat-
ed with low disease-free survival and overall survival. NETs
can promote the growth of stressed cancer cells by alter-
ing their bioenergetics, while inhibiting traps leads to the
death of cancer cells. Thus, serum levels of MPO-DNA may
represent a possible prognostic biomarker [17-19].

NETs have also been recognized as a crucial compo-
nent of the dynamic tumor immune microenvironment
(TIME), which can significantly contribute to the preven-
tion of metastatic spread [20, 21]. Several factors have
been identified that contribute to the formation of TIME.
Among them are cancer-associated fibroblasts (CAFs),
which are considered one of the most important protu-
mor factors. Regarding the effect of NETs on CAFs, it has
been reported that trap formation occurs in these fibro-
blasts within pancreatic ductal adenocarcinoma, thereby

creating a protumor microenvironment [22]. However, due
to the difficulty of converting normal fibroblasts into CAFs,
further research is required to study the specific mecha-
nisms mediated by NETs regulation.

Neutrophil elastase (NE), a key granular protein in re-
ticulated microvesicles, has been shown to disrupt the
extracellular matrix and activate the phosphatidylinosi-
tol-4,5-bisphosphate 3-kinase (PI3K) pathway in cancer
cells. Induction of the PI3K signaling pathway promotes
the proliferation and migration of cancer cells [23, 24]. An-
other representative of granule proteins, a matrix metallo-
proteinase (MMP), has also been reported to promote tu-
mor growth and metastasis through extracellular matrix
proteolysis [25, 26].

Patients with malignant tumors show an increase in
platelet activation [27]. NETs have been shown to contrib-
ute to the formation of arterial, venous, and cancer-related
thrombosis [28, 29]. The traps induce intravascular activa-
tion of the coagulation cascade, which promotes prima-
ry tumor growth, cancer aggressiveness, progression, and
metastasis. According to L.G. Lima et al., there is a signif-
icant correlation between the incidence of thromboem-
bolic complications and a worsening of the prognosis of
tumor diseases. These authors suggested that the traps
collect on the scaffold with the thrombus and may play a
crucial role in the pathogenesis of cancer, in conjunction
with the hemostasis system [30]. Subsequently, H.S. Jung
et al. demonstrated that NETs stimulate cancer-associat-
ed thrombosis, which correlates with a worse clinical out-
come [31]. It is well known that the incidence of thrombo-
embolic diseases is markedly dependent on the type of
cancer. For example, patients with BC have a low incidence
of thromboembolic complications, while patients with
pancreatic cancer have a high incidence [32].

Methods to identify neutrophil extracellular traps: The de-
tection of NETs in peripheral blood enables the separation
of patients at higher risk of venous thromboembolism and
metastasis. This is especially important in clinical practice
for a personalized approach in the choice of treatment tac-
tics. The traps can be used as a biomarker for risk strati-
fication and treatment adaptation. However, as of today,
the literature does not outline the reference values for the
NET level. One of the available ways to determine in vivo
networks is to measure the NETs components, such as cir-
culating cell-free DNA, citrullinated histone H3 (citH3), NE,
and MPO.

In the study of the blood of patients with established
diagnoses of colorectal cancer and BC, freely circulating
DNA was detected by quantitative analysis of nucleic acid
staining [33]. A correlation was found between circulating
DNA and the size of the breast tumor, as well as the degree
of its malignancy. A disadvantage of this study was the lack
of specificity in measuring NETosis. The elevation of DNA
in blood serum can also be attributed to the consequenc-
es of cell necrosis and apoptosis. A solution in this situation
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may be to measure the circulating MPO-DNA conjugates,
which are more specific in NETs formation, compared to
assessing cell-free DNA alone [34].

The most specific marker of traps is citrullinated his-
tone H3 (citH3). It is formed during the NETs formation
within PAD4-mediated citrullination and has an impor-
tant predictive value. In patients with advanced cancer,
high levels of citH3 are a significant indicator of short-term
death, surpassing even those of critically ill patients with-
out cancer [35].

Neutrophil derivatives - neutrophil elastase and mye-
loperoxidase - cannot be reliable and specific markers for
NETs, since these enzymes are released during degranu-
lation of neutrophils, regardless of the trap’s formation.
Additionally, in the study of seriously ill patients, no sig-
nificant differences were found between these markers,
regardless of whether a malignant tumor was present or
absent [6].

From the above, it follows that citH3 is the most sta-
ble indicator of NETosis, as it is highly specific for neto-
sis. The CitH3 may be effective in understanding the dif-
ferences between other biomarkers associated with NETs.
The CitH3 levels are also predictors of venous thromboem-
bolism (VTE) risk in newly diagnosed patients, further sup-
porting its diagnostic usefulness [35, 36].

Extracellular neutrophil traps and breast cancer: BC is one
of the three most commonly diagnosed cancers world-
wide [7, 36], as well as one of the most studied cancers. In
the previously mentioned work, additional experiments by
Demers et al. also studied the BC in a mouse model (4T1) for
the first time, finding that in a mouse model of BC, the for-
mation of NETs corresponded to cancer-associated throm-
bosis in the lung. The development of thrombosis in pa-
tients with BC is associated with an increased risk of death,
both due to the thromboembolic complication itself and
due to the progression of the malignant process, against
which thrombosis may reflect a more aggressive course of
the disease [10]. It was found that the release of cancerous
extracellular chromatin networks (CECN) occurred due to
high levels of Padi4 gene expression in 4T1 BC cells of mice
and PAD4-mediated traps. The deletion of Padi4 genes in
mouse models significantly slowed the proliferation and
migration of BC cells, indicating that PAD4-mediated NETs
stimulate breast tumor growth and liver metastasis [37]. In
addition, NETs have been shown to stimulate the prometa-
static phenotype in human BC cells by inducing an epithe-
lial-mesenchymal transition program [38].

It was also revealed that the activation of neutrophil li-
popolysaccharides awakens dormant BC cells, leading to
the production of NETs. The obtained NETs reconstruct
laminin, utilizihng MMP-9 and NE proteases. The recon-
structed laminin further activates the signaling of integ-
rin a3f31 to awaken BC cells. Inhibition of NETs formation
via cleavage by DNase | or by inhibition of protein-dezinci-
nase 4 prevents the activation of dormant cancer cells [40].

Besides, metastatic BC cells are also able to activate neu-
trophils, thereby promoting NET formation even in the ab-
sence of infection. Activation of neutrophils by cancer cells
occurs through the secretion of G-CSF. Blocking the NETs
formation by DNase | showed the prevention of lung me-
tastasis in mice [41].

Therapeutic capacity of neutrophil extracellular traps:
There are currently no approved medicines that target
NETs. These treatments are under development. There are
several ways to inhibit NETosis, each with different poten-
tial for clinical therapy. According to several studies, DNase
| treatment disrupts networks, leading to the loss of retic-
ular structure and a reduced ability to induce metastasis
[41-43]. In addition, DNase | has been shown to reduce the
tumor volume in rats when administered intramuscular-
ly or intraperitoneally in combination with other proteas-
es (papain, trypsin, and chymotrypsin). However, it is not
known whether these effects were primarily due to inhibi-
tion of NETSs [44].

Inhibition of trap components integral to NETosis, such
as NE or PAD4, is likely to have similar off-target effects due
to their involvement in other key pathways, potentially dis-
rupting normal neutrophil function. Low-molecular-weight
irreversible PAD4 inhibitors, Cl-amidin and F-amidine, are
being actively studied as they inactivate the calcium-relat-
ed PADA4. The disadvantage of these inhibitors is their lack
of specificity and the potential for interaction with oth-
er enzymes within the PAD family. Lewis et al. synthesized
two reversible inhibitors, GSK199 and GSK484, which over-
come this obstacle. Both exhibit high specificity for PAD4
and inhibit NETosis in both mouse and human neutrophils.
GSK484 has been shown to prevent tumor-associated renal
dysfunction in mice, which NETs mediate. The inhibitory ef-
fects of GSK484 were as effective as DNase | [45].

Alternatively, there is an example of adaptations of
FDA-approved drugs that contribute to the development
of effective methods to combat NETs. For example, the in-
hibitory effect of aspirin on the network has yielded some
promising results in animal models. M.J. Lapponi et al.
showed that aspirin prevented NET-induced damage to
the lung endothelium by inhibiting platelet activation and
subsequent formation of NETs in mice. The authors found
that aspirin treatment effectively suppressed NETs in hu-
man neutrophils in vitro, but led to an increase in bacte-
ria in mice with aggravated infection in vivo, suggesting
a loss of normal NET functionality [46]. There is evidence
of a positive effect of aspirin in clinical practice. Thus, it
was found that daily aspirin, regardless of the dose, can re-
duce the risk of cancer mortality and the development of
distant metastases, in particular in adenocarcinomas, and
that in patients with BC, aspirin affects the reduction of
metastasis [47].

The FDA-approved hydroxychloroquine, originally
used to treat malaria, was also found to inhibit NETosis. Al-
though the mechanism underlying hydroxychloroquine’s
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inhibition of NETs is unclear, it may be related to auto-
phagy inhibition [48-50]. A phase Il clinical trial in patients
with advanced pancreatic cancer had little clinical bene-
fit. However, the authors suggest that combination thera-
py may be more effective than hydroxychloroquine mon-
otherapy [51]. Additionally, the use of hydroxychloroquine
as a neoadjuvant treatment in the early stages of the dis-
ease holds significant promise [52].

L. Yang et al. studied the therapeutic targets associated
with NETs in the treatment of BC and revealed a potential
specific mechanism of the effect of NETs on BC metastasis.
The researchers demonstrated that the DNA components
of NETs can function as a chemotactic factor, attracting BC
cells and contributing to the development of liver metas-
tases in patients with early-stage BC. It was assumed that
the transmembrane protein CCDC25 could be a poten-
tial receptor for the DNA components of NETs in BC cells,
by reading information from cell-free DNA. Activation of
CCDC25 contributed to the improvement of cell motili-
ty by activating the ILK-B-PARVIN pathway. These results
highlight the potential of using CCDC25 as a target for the
development of a therapeutic strategy aimed at prevent-
ing cancer metastasis [53].

Discussion: The role of NETs in tumor development in-
creasingly involves the cancer immunoediting and the in-
teraction between the immune system and cancer cells.
According to the accumulated evidence, NET awakens
dormant cancer cells, thereby causing tumor recurrence, as
well as its uncontrolled growth and spread [16]. NETs play a
significant role in regulating the tumor microenvironment,
particularly in the formation of distant metastases, by se-
creting matrix metalloproteinases and pro-inflammatory
cytokines. Additionally, NET enhances the tumor’s ability
to invade and spread, contributing to its increased aggres-
siveness. The data obtained show that NET induces the ep-
ithelial-mesenchymal transition in tumor cells through the
activation of the highly mobile group protein box 1, which
also enhances their invasive properties. NET proteinases
can also disrupt the extracellular matrix, promoting the
extravasation of cancer cells. Moreover, the traps can cap-
ture and grip circulating cancer cells, thereby promoting
metastasis. NET directly triggers the proliferation of tumor
cells through their proteases or activating signals.

Studies have shown that in cancer, the formation of
NETs is associated with a complex interaction between dif-
ferent cells and blood elements, including platelets, white
blood cells, metastatic tumor cells, and the primary tumor.
NETs contribute to the development of an inflammato-
ry microenvironment, creating a vicious cycle: NETs enter
the bloodstream, damage endothelial cells, which increas-
es inflammation and activates platelets and neutrophils.
This, in turn, can lead to additional release of NETs. Plate-
let activation induced by NETs may also contribute to sev-
eral negative effects associated with late-stage metastat-
ic BC, including VTE.

NETs also have an antitumor effect. Various NETs com-
ponents, such as MPO or histones, have been shown to di-
rectly kill the cancer cells.

To date, the effect of NETs on the tumor process is be-
ing actively studied, and therapeutic strategies targeting
NETs are being developed; however, they are still in the
preclinical stage. It is worth noting that relevant work is un-
derway aimed at various points and components of NETs
[41-43, 53]. Each method has its advantages and disadvan-
tages. The prognostic consequences of cancer-related NE-
Tosis are being studied in addition to the development
of new therapeutics to improve the outcomes in patients
with BC. Future research should focus on finding new spe-
cific targets for the prevention of concomitant complica-
tions, such as increased risk of venous thromboembolism
and metastasis, which adversely affect the prognosis of
patients with BC.

Conclusion: BC is the most commonly diagnosed ma-
lignant disease in women. Immunological experiments
over the past two decades have addressed many impor-
tant questions regarding the causal relationship between
chronic inflammation and carcinogenesis.

Accordingly, there is now more and more evidence that
NETs play a significant role in the formation of the inflam-
matory component of the tumor microenvironment and
can contribute to the progression of cancer. The data pre-
sented in the review relate to both classical inducers of NETs
and specific stimuli capable of triggering NETosis in malig-
nant neoplasms, although the mechanisms of their action
are still insufficiently studied. The review also examines the
negative consequences triggered by NETs and identifies
potential therapeutic targets associated with them, which
are of interest for future preclinical and clinical studies. One
of the nextimportant steps is to determine the relationship
between neutrophils, tumor cells, endothelial cells, plate-
lets, and extracellular vesicles, as well as to define the im-
pact of other components of the innate and adaptive im-
mune system on cancer progression. NET-targeted therapy
has shown success in preclinical models of cancer and may
prove to be a valuable clinical goal in slowing or stopping
the tumor progression in patients with BC.

A better understanding of the interaction between
cancer and NETs will enable the development of precision
diagnostic and therapeutic strategies focused on NETs.
This will make it possible to identify the tumors with the
potential for metastasis, carry out an early diagnosis, and
provide more effective and personalized treatment for pa-
tients with BC.
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AHJIATIIA

CYT BE31 KATEPJII ICITTHIH JAMYBIHJAFbI " KACYIIAJIAH TbIC
HEUTPO®UIBII TY3AKTAP/BIH POJII:
9/IEBUETKE IOJIY

O.T. Omap', H.A. Kabunouna', O.A. Ilonamapesa', E.B. Kpyx', M. Mapamxpi3or'

l«KaparaHapl MenvumHa yHusepcuteTin KEAK, Kaparanabl, Kasakctan Pecnybnukace

Oszexminizi: Heiimpogunwoi scacywadan moic myzaxmap (HXKTT) — neiimpoguidep wwieapamuin scacywadan moic mopaap. Onap
2UCOHOAp JHCOHe Heumpoguadi myuipwix axkywvizoapvimen Oipikmipineen Oexkonoencayusnanzan JJHK manwvlevinely oscacymadan meic
orcinmepi 60bln MadwvLIAObL, 01ap NAMOo2eHOepOi KeUIHHEH HCOI00bL HCEHIIOeMY YULIH UMMOOUIUZAYUSLILALLOBbL.

FHOKTT mys3inyi (nemos) anzaw pem daxmepusiiblk UHGeKyus2a uMMYHObLK dcayan peminoe aHblkmanosl. Anaioa, cooan 6epi Hemo30vly
Kaablnmawn mulc Oipkamap 6acka Kabuvliy jdcazoaiiapuinid, Conbly iwinde Kamepai icikmepoe 601amulHobiebl 091e10eHOL.

Cym 6e3iniy kamepai iciei (CBKI) — otiendep apaceinoazel Kamepii icikmepoer ey dcui Kotbliamoin ouacnosvl. byn makanrada HXKTT-niy
CbBKI oamyvinoazvl ponine, HXKTT-Hbl bikmuman OuazHoCmuKkaivlk buomapkepiep xHcone/nemece Kamepai icikke ApHAnI2aH KIUHUKATbIK eMOIK

makcammap peminoe nauoaianyada Ha3ap ayoapamols.

3epmmeydiny makcamol — o0ebuem oepekmepi nezizinoe cym besi kamepii iciciniy namozenesinoeei NSCLC penin bazanay.

Qoicmepi: 2014-2024 scvinoap apanvievinoa keaeci monimemmep 6azaceinoa izoey xcypeisinoi: Web of Science, Pubmed, Scopus. 600-ze
JHCYBIK MAKATA MABBLIObL, KOCY JICOHE ANbIN MACmay Kpumepuiliepine colikec 53 Makaia maidaob.

Homuxcenepi: Icikmiy damyvinoazvr HXKTT peni-kamepai icikmiy uMMyHOPeOaKmMayuscsl H#oHe UMMYHObIK HCylle MeH KamepJi icikmiy

arcacywanapuinviy o3apa opekemmecyi. HXKTT icik muxpoopmacwinoa, auivic Mmemacmazoapobiy 0amyblHoa neiszei pemmeyuti poi amkapaobl,
icikmiy aepeccusminicin Kywietimeoi, Kamepni iCikmiy mapanyeli dcone ungaszus Kaobinemin apmmuipaosi. HXKTT convimen kamap icikke
Kapcol ocepi 0e anblKmanean.: my3akxmapobvllyy KOMROHeHmmepi Kamepii Jcacyuanaposl mikeietl #osobl.
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Kamepni icix kesinoeei H)XKTT endipici mpomboyummep, netikoyummep, MemacmamuKkaiblk iCiK Hacyuanapsl deone 6acmankul icix
AUMA2bIHbIY 0311 KOCA AN2AHOd, dPMYPIL HCACYUANAp MeH KA KOMROHEHmMMmepI apacbindazsl 03apa opekemmecyoi KamMmuobl.

Kasipei yakoimma HXKTT kemezimen kamepii icik aypyeli emoeyoiy dcaninsl Kadwvlioanzan sdicmepi scok. byn emoey adicmepi oamy
camvicvinoa, H)KTT-niy opmypai nykmenepi men KOMnoHeHmmepine OA2blmmanaan HCymvlcmap Heypeizinyoe.

Kopvimoinowt: cym 6esi xamepii icicinoe Hemo3 aypyovly odicedeil OaAMYbIMEH, Memdacmasben JHcoHe ACKbIHYIapMeH OalllaHbLCmbL.
Maxanaoa HXKTT-2e mon vikmuman maKcammap anblKmanzdan, 01aposl 3epmmey Jicone emoey doicmepin o3ipaey ywlin natioaniany Kepex.
Kamepni icix nen HXKTT apacwinoaevl o3apa opexemmecyoi scaxcoipar, myciny HKTT-ece bazoimmanean 0on emoey men OUACHOCMUKAHb
Jlcacay2a MyMKiHOIK bepeoi.

Tyitinoi ceszoep: cym 6esi kamepai iciel, scacyutadan molc Heumpopuiboi my3axmap.

AHHOTANUA

POJIb BHEKJIETOYHBIX HEUTPO®UIBHBIX JTJOBYIIEK
B PA3BBUTHUH PAKA MOJIOYHOM KEJE3bI:
OB30P JIMTEPATYPbI

A.T. Omap', H.A. Kabunouna', O.A. Ilonamapesa', E.B. Kpyx', M. Mapamxkuvi3ot!

'HAO «MepmumHckuii yHusepeuteT Kaparanpbl», Kaparanpa, Pecnybnmka KasaxctaH

Axkmyansnocme: Hetimpogunvnvie enexnemounvie nogyuixku (BHJI) — smo enexiemounvie cemu, 6bic600024coaroujuecs Helmpopuiamu.
Onu npeocmasnsiom coboll 6Hekaiemounble Humu u3z oekonoencuposannoz2o JJHK-eonoxkna ¢ komniekce ¢ eucmonamu u Oeixamu epamyi
Hetumpopuios, Komopbvie UMMOOUTUIVIOM NAMO2EHbL Ol 00NeYeHUs UX NOCAeOVIOWel INUMUHAYUU.

Obpaszosanue BHJI (nemo3) enepgvie 6b110 00HAPYHCEHO KAK UMMYHHbBLU Omeem Ha bakmepuanvryio ungexyuio. Oonaxo ¢ mex nop 6vL1o
00KA3AHO, YMO HEeMO3 NPOUCXOOUM AHOMATLHO U NPU Pside OPYeUX B0CHATUMENbHIX COCMOSHUL, BKII0UASL PAK.

Pax monounou suceneszvl (PMIK) sensemca naubonee wacmo ouaznocmupyemvim 310Ka4ecmeeHHbIM 3a001e6anuem y dcenyun. B smom
0630pe mul cocpedomouumcs na poau BHII ¢ paszeumuu PMOK, na ucnonvzosanuu BHJI 6 kauecmee nomenyuaibHulx OUAeHOCUYECKUX
OUOMAPKEPOB U/UNU KIUHULECKUX MepanegmuiecKux Muwenell npu paxe.

Iens uccnedosanusn — oyeHums poib 6HEKIEMOUHBIX HEUMPOPUILHBIX 108V UIEK 8 NANO2EHE3e PAKA MOIOYHOU JHCeNe3bl HA OCHO8E OAHHBIX
aumepamypul.

Memoowt: Ilouck 6 6asax dannvix Web of Science, Pubmed, Scopus 3a 2014-2024 22. evisisun oxono 600 cmameii. Ilpoananuzuposano 53
NYOIUKAYUU CO2TIACHO KPUMEPUAM BKITOYUEHUSL U UCKTIOUEHUSL.

Pesynomamur: Pone BHJI ¢ pazeumuu onyxonu- umMmyHOPeOaKMuposanue paKa u 63aumMooelicmsue mexcoy UMMYHHOU CUCeMOU U
paxogvimu kiemkamu. BHJI sgnaiomes peeynisamopamu MuKpoOKpys#ceHus Onyxoau, y4acmseyion 6 pacnpocmpanenuy Onyxonu u 8 paseumuu
OMOANEHHBIX MEeMACma308, CNOCOOCMBYIOM NOBLIUEHUIO A2PeCCUBHOCMU ONYXOAU U YCUAUBAIOM CROCOOHOCmb K uneasuu. BHII ueparom
SHAYUMYIO POJIb 6 PeYNAYUU MUKPOOKPYICEHUS ONYXOIU, d MAKIICEe OKA3bI8AION NPOMUBOONYXO0Ie60e Oelicmaue, NOCKOIbKY Komnonenmul BHJI
HAnPAMYI0 YOUBaiom pakogvle Kiemxu.

IIpooyxyus BHJI npu paxe sxatouaem 63aumooeiicmgue Mexicoy pasiuiHblmMu KIemKamu u KOMROHEHMAMU KPOBU, GKIIOUAA MPOMOOYUMbL,
JeUKOYUNIBL, MEMACMAMUYECKUE ONYX0Le8ble KIeMKU U CAM YYACMOK NePEUYHOL ONYXOIU.

B nacmosuyee spems nem obwenpunameix cnoco6og nevenus paxka ¢ uchoavzosanuem BHIIL. Jlannvie memoowvt neuenus naxooames na
cmaouu paspabomxu, 6e0ymes padomul N0 HAYeIUBAHUIO HA PA3IUYHbIE MOYKU U KoMNnoHenmbl BHJL

3axknwuenue: Hemos npu PMJK ceazan ¢ yckopennvim npozpeccuposanuem 3a001e8anus, Memacmasupoganuem u 0Cl0lcHeHusmu. B
pabome onpedenenvl nomenyuaivHvle cneyuguunsvie ons BHII yeau, komopwle ciedyem ucciedosams u uUCnoIb3068ams 01 paspabomku
Memo0oe nevenus. Jlyuwee nonumanue gzaumooeucmeus mexncoy paxom u BHJII nozeonum paspabomams npeyusuonnvie Memoobvl ne4eHust u
ouaznocmuxu, Hayeiennvie na BHIIL

Kntouesvte cnosa: pax monounoii scenesvl (PMIK), snexnemounvie netimpogunvhvie 108ywxu (BHJI).
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ABSTRACT

Relevance: As scientists continue to explore and deepen their understanding of cancer genomics, they are increasingly able to
identify broader molecular “fingerprints” characteristic of various forms of cancer. One such marker is homologous recombination
deficiency (HRD), which is gaining importance in understanding the biology of different cancer types.

The study aimed to review the available methods used in clinical practice to assess homologous recombination deficiency status in
ovarian cancer.

Methods: This review utilized various literature sources, including scientific articles and reviews. Literature search was conducted
in databases such as PubMed, Cochrane Library, Scopus, and Web of Science using keywords like “ovarian cancer,” “homologous
recombination deficiency”, and “homologous recombination repair”. Articles were included in the review based on their content and
relevance to the research topic. The search covered a period of 5 years (2020-2025).

Results: Each method presented in the review has specific advantages and disadvantages. It is important to compare the available
tests with the gold standard (BRCAI1/2, GIS) in clinical trials to better characterize their prognostic value and integrate them into
treatment regimens. The combination of multiple tests may provide higher prognostic value. It is crucial to consider the technical
heterogeneity that characterizes internal HRD tests. Variations in certain technical characteristics (e.g., reference range, analyzed
genomic markers, panel expansion) highlight the importance of harmonizing analytical procedures before implementing internal
HRD tests.

Conclusion: HRD status analysis is essential in treating ovarian cancer. However, several pre-analytical and analytical factors
can influence its clinical testing in surgical pathology laboratories. In recent years, numerous HRD tests have appeared on the market,
but their clinical implementation is still far from routine practice. Multicenter efforts should determine the best approaches to ensure

adequate HRD testing for all patients with HGSOC.

Keywords: ovarian cancer, homologous recombination deficiency (HRD), biomarker, mutation.

Introduction: As scientists continue to explore and
delve deeper into the fundamentals of cancer genom-
ics, they are increasingly able to identify broader mo-
lecular “fingerprints” characteristic of various forms of
malignancies. One such hallmark is homologous re-
combination deficiency (HRD), which is gaining im-
portance in the context of understanding the biology
of different cancer types - including ovarian, breast,
and pancreatic tumors, as well as cancers of the uter-
us, genitourinary system, colorectal tract, gastroin-
testinal tract, hepatocellular carcinoma, biliary tract
cancer, sarcoma, and malignant neoplasms of the
prostate. HRD is a complex genomic feature that arises
when cells lose the ability to repair DNA double-strand
breaks through the homologous recombination re-
pair (HRR) pathway. Cells must efficiently resolve DNA
damage to maintain genomic stability and proper cel-

lular function [1]. This repair system ensures the in-
tegrity of chromosomal DNA and maintains cellular
viability.

The study aimed to review the available methods used
in clinical practice to assess homologous recombination
deficiency status in ovarian cancer.

Materials and Methods: This literature search iden-
tified approximately 200 different sources, including
scientific articles and reviews, of which 51 were select-
ed for analysis. The search was conducted in databas-
es such as PubMed, Cochrane Library, Scopus, and Web
of Science using the keywords “ovarian cancer,” “ho-
mologous recombination deficiency,” and “homolo-
gous recombination repair.” Articles were included in
the review based on their content and relevance to the
research topic. The search covered a period of 5 years
(2020-2025).
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Results: Numerous genes are involved in the homol-
ogous recombination process, among which BRCA1 and
BRCAZ2 play a key role [3 - 7] (Table 1). When the HRR path-
way is disrupted, damaged DNA regions are not properly
repaired, and the cell resorts to a less accurate mechanism,
known as non-homologous end joining. This may lead to
genomic instability, manifested as characteristic “scars” in
the genome, which contributes to the development of ma-
lignant tumors [8].

Genomic markers associated with HRD are also known
as “genomic scars” (Table 2).

Table 2 - Types of “genomic scars” included in the genomic instability score [9- 11]

Table 1 - Most significant genes involved in the homologous
recombination repair pathway [1]

ARID1A EMSY MSH2
ATM FANCA NBN
ATR FANCC PALB2
BRCA1/2 FANCE PTEN
BARD1 FANCF RADS50
BAP1 FANCD2 RAD51
BRIP1 FANCG RAD51B
BLM FANCI RAD51C
CDK12 FANCL RAD51D
CHEK1 H2AX RAD54L
CHEK2 MRE11 TP53

Name

Characteristics

Loss of heterozygosity

transformation.

One of the two alleles of a given gene is lost, resulting in the cell becoming homozygous
for that gene. If the second allele also be-comes nonfunctional, this may promote malignant

Telomeric allelic imbalance

Occurs when the allele ratio at the telomeric region of a chromosome is disrupted, meaning one
chromosome in the pair contains more alleles than the other.

Large-scale transitions

paired chromosomes.

Represent regions of chromosomal breaks that disrupt the normal structure and concordance of

HRD status can be determined either by analyzing mu-
tations in key genes involved in homologous recombina-
tion (such as BRCA1, BRCA2, and other HRR genes) or by
assessing the presence of characteristic genomic scars.
Today, several diagnostic tests are available to determine
HRD status, each using its criteria [12]. Some existing tests
focus solely on evaluating loss of heterozygosity (LOH).
However, recent studies indicate that more accurate iden-
tification of HRD-positive tumors is achieved through a
comprehensive analysis that combines multiple genom-
ic indicators - LOH, telomeric allelic imbalance (TAl), and
large-scale transitions (LST) [13, 14]. This approach pro-
vides a sensitive and reliable characterization of HRD and
other oncology-related genomic alterations present in the
sample.

Homologous recombination deficiency (HRD) in ovarian
cancer (OC). HRD is an emerging biomarker with both pre-
dictive and prognostic value in high-grade serous ovari-
an carcinoma (HGSOCQ). According to data from The Cancer
Genome Atlas (TCGA), approximately 50% of patients with
HGSOC exhibit signs of HRD. The underlying mechanisms
can be diverse, and many of them remain incompletely un-
derstood. Most commonly, HRD is caused by inactivating
mutations or epigenetic alterations in the BRCA1/2 genes,
as well as in several other key players in the HRR pathway
such as ATM, BARD1, BRIP1, H2AX, MRE11, PALB2, RAD51,
RAD51C/D, RPA, and Fanconi anemia-associated genes [1,
15, 16] (see Table 1). These molecular alterations are con-
sidered significant contributors to HRD development in
HGSOC.

Poly(ADP-ribose) polymerase (PARP) inhibitors were
developed based on the concept of synthetic lethality, im-
plying their selective efficacy against tumor cells with HRD.
The enzyme PARP1 (poly(ADP-ribose) polymerase 1) plays

a crucial role in the repair of single-strand DNA breaks, par-
ticularly via base excision repair mechanisms [16, 18]. When
damage occurs, PARP inhibitors block PARP1 activity, pre-
venting the repair of single-strand breaks [19]. As a result,
such lesions can evolve into more severe double-strand
breaks (DSBs), particularly during replication. Cells harbor-
ing mutations in BRCA1/2 or other components of the HRD
pathway are unable to efficiently repair DSBs, leading to
the accumulation of genomic damage and eventual cell
death. These mechanisms form the basis for using HRD as
a potential predictive biomarker for PARP inhibitor thera-
py in HGSOC, as well as in breast, pancreatic, and prostate
cancers [19-23].

BRCA gene mutation testing can be performed on
both tumor tissue and peripheral blood samples, allow-
ing detection of both somatic and germline (inherited)
variants. According to current guidelines, all patients with
low-grade or unspecified OC should undergo testing for
somatic BRCA mutations at the time of diagnosis. If a tu-
mor sample tests positive, subsequent genetic testing
on a blood sample is required to differentiate between
germline and somatic mutations. Germline alterations ne-
cessitate genetic counseling and may warrant testing of
close relatives [1, 24-26].

It is important to note that HRD can be observed not
only in the presence of germline or somatic BRCA1/2 mu-
tations, but also in cases of epigenetic suppression of
BRCA1 expression or dysfunction of other key DNA re-
pair genes such as ATM, ATR, BARD1, BRIP1, EMSY, PALB2,
RAD51, as well as Fanconi anemia-related genes [1, 27 - 32].
Patients with such molecular alterations exhibit the so-
called “BRCAness” phenotype, which resembles the clini-
cal picture of BRCA1/2 mutation carriers. It is characterized
by a serous histological subtype, high sensitivity to plati-
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num-based chemotherapy, prolonged recurrence-free in-
tervals, and a more favorable overall survival prognosis
[33-36].

Identifying the BRCAness phenotype enables stratifica-
tion of a subgroup of patients with sporadic OC who have
a better prognosis [19] and demonstrate high sensitivity to
platinum agents and PARP inhibitors [37]. Currently, PARP
inhibitors are approved by the European Medicines Agen-
cy (EMA) and the U.S. Food and Drug Administration (FDA)
for the treatment of high-grade serous carcinoma (HGSC)
in various clinical settings:

1. As first-line maintenance therapy for patients who
achieved a complete or partial response to platinum-based
chemotherapy.

2. As maintenance therapy following platinum-sensitive
recurrence, regardless of BRCA mutation or HRD status.

3. As monotherapy in HGSC with confirmed BRCA mu-
tations (Olaparib or Rucaparib), or with a positive HRD sta-
tus (Niraparib), after two lines of chemotherapy [1, 38].

The publication of the SOLO-1 trial results in 2018
marked a turning point, after which the EMA and FDA ap-
proved Olaparib as first-line maintenance therapy for pa-

tients with BRCA1/2 mutations. This decision laid the foun-
dation for a new treatment standard. In 2019, data from
three major Phase lll randomized trials-PRIMA, PAOLA-1,
and VELIA-were presented, evaluating the efficacy of
PARP inhibitors in first-line therapy for both BRCA-mu-
tated tumors and in combination therapeutic regimens.
These studies formed the basis for expanded indications:
Niraparib was approved as maintenance therapy regard-
less of biomarker status, and the combination of Olaparib
with Bevacizumab was approved for advanced OC with a
positive HRD status [39].

Homologous Recombination Deficiency (HRD) Testing in
Clinical Practice. Clinical tests aimed at determining HRD
status are based on the analysis of specific genomic altera-
tions that reflect HRD. HRD determination plays a key role
in selecting patients who may benefit from PARP inhibi-
tor therapy or other agents that act by inducing DNA dam-
age, especially in the treatment of ovarian cancer. How-
ever, for correct interpretation of results and optimal use
of these tests in clinical practice, a clear understanding of
both their methodological foundations and existing limi-
tations is required [40] (see Table 3).

Table 3 - Advantages and limitations of homologous recombination deficiency (HRD) testing methods [40]

other HRR genes

Type of test Principle Advantages Limitations
Genetic testing (BRCA and | Analysis of germline and/or Allows identification of hereditary | Does not always reflect functional
HRR genes) somatic mutations in BRCA1/2 and| and acquired mutations; an HRR status; it does not account for

accessible method

other HRD mechanisms.

Genomic scar analysis
(LOH, TAI, LST)

Evaluation of structural genome
alterations using SNP arrays or
NGS

Widely used in clinical practice

Reflects “historical” instability
rather than the current HRR
function

Integration of LOH, TAIl, and LST
to calculate the overall HRD score

Composite genomic
instability score

Validated in randomized trials

Requires standardization; limited
use in other cancer types

Mutational signatures
(WGS/WES)

Whole-genome or exome
sequencing to identify specific
mutation patterns

Potentially more accurate
prediction of HRD and therapy
sensitivity

Requires fresh-frozen samples;
expensive; not widely implemented

Functional tests (RAD51) Measurement of RADS1 protein

activity involved in HRR

Reflects current functional HRR
status; applicable to FFPE
samples

Requires standardization; limited
availability of laboratories

Note: FFPE - formalin-fixed, paraffin-embedded tissue; LOH - loss of heterozygosity; LST - large-scale chromosomal transitions; TAl - telomeric allelic
imbalance; WGS - whole-genome sequencing; WES - whole-exome sequencing, covering only coding genomic regions (exons); RAD51 - protein

involved in the homologous recombination DNA repair process.

Although HRD testing is currently FDA-approved only
for ovarian cancer, it also has potential significance in the
treatment of prostate, pancreatic, and breast cancers.
Therefore, in such cases, testing is recommended on an in-
dividual basis. The primary objective remains the devel-
opment of tests capable of accurately identifying the HRD
phenotype of a tumor and predicting sensitivity to PARP
inhibitors, allowing for more precise patient selection and
maximizing therapeutic benefit [41].

There are three main approaches to HRD testing:

1. Analysis of germline and somatic mutations in HRR
pathway genes;

2. Detection of “genomic scars” or mutational profiles
indicating genomic instability;

3. Assessment of the functional status of the HRR sys-
tem (Figure 1) [42].

Mutations in HRR Genes. The BRCAT and BRCA2 genes
play a key role in the HRR mechanism. Disruption of
their function is one of the main factors contributing
to the development of HRD in tumors [12]. All patients
with newly diagnosed epithelial OC are recommended
to undergo both germline and somatic BRCA testing.
BRCA1/2 mutations are the most common cause of he-
reditary OC and are detected in approximately 20% of
cases [44].

The BRCA genes function independently, ensuring
genomic stability through the homologous recombina-
tion mechanism [45]. Testing helps identify patients who
are potentially sensitive to PARP inhibitor therapy. Even
with negative results for germline mutations, somatic test-
ing may reveal additional mutation cases (an additional
6-7%) [28].
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Figure 1 — Main approaches to HRD testing [adapted from: 1]

According to TCGA data, approximately 30% of pa-
tients with HGSOC exhibit alterations in HRR genes [28].
Mutations in RAD51C, RAD51D, BRIP1, and other pathway
components, including ATM, CHEK1, CHEK2, and CDK12,
also increase sensitivity to DNA repair inhibitors [34, 44,
45]. Amplification of the EMSY gene (a BRCA2 inhibitor) is
associated with HRD, while CCNET amplification correlates
with intact homologous recombination and poor progno-
sis [48].

Clinical data show that somatic mutations in HRR genes
(beyond BRCA) may also provide comparable survival out-
comes and sensitivity to platinum-based therapy. Howev-
er, due to the rarity of these mutations, their impact is as-
sessed collectively [38].

Genomic Scars and Mutational Markers of Genomic Insta-
bility. Modern HRD tests often use SNP microarrays to ana-
lyze somatic copy number variations (CNV). Several studies
have used CNV analysis to assess BRCA status, measuring
parameters such as LST [101], LOH [9], and TAI[10]. Combin-
ing these indicators increases the accuracy of distinguish-
ing tumors with intact versus deficient HRR function [13].

Among commercial tests, FoundationOne (Foundation
Medicine, USA) uses LOH analysis, while myChoice HRD
(Myriad Genetics, USA) calculates a genomic instability
score by integrating LOH, TAI, and LST (Figure 2).

The genomic instability index (GIS) assessment meth-
od is the only one validated in randomized clinical trials
[38]. Although mutation-based tests using whole-genome

sequencing potentially offer greater accuracy, they require
fresh-frozen samples, while in clinical practice, forma-
lin-fixed and paraffin-embedded (FFPE) blocks are more
commonly available. Moreover, there is currently insuffi-
cient data to confirm the effectiveness of such tests in pre-
dicting response to PARP inhibitors in HGSOC.

Functional Tests for Homologous Recombination Defi-
ciency. All available HRD tests are based on DNA analysis,
reflecting mutations accumulated in the tumor. However,
therapeutic pressure may induce resistance, particularly
in metastatic tumors, which reduces the accuracy of such
tests.

A functional alternative is the assessment of nuclear
RAD51 protein levels, which is involved in homologous re-
combination. RAD51 forms foci in the nucleus upon DNA
damage, and this process depends on the BRCA1-PALB2-
BRCA2 complex. In model systems, reduced RAD51 activ-
ity is associated with BRCA deficiency and sensitivity to
PARP inhibitors [48].

The RAD51 test has demonstrated reliability in FFPE tis-
sues, particularly in selecting patients with ovarian and
breast cancer who respond to PARP inhibitors [49, 50].

Homologous Recombination Deficiency Testing in Lab-
oratory Practice. HRD testing methods vary and include
cause-based and effect-based analyses, sequencing, and
SNP-based techniques to evaluate genomic instability.
Various HRD tests are available on the market, intended
for laboratories equipped with high-throughput NGS plat-
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forms. European academic centers are developing their
tests, aiming to replicate the results of Myriad MyChoice

CDx - for example, the Leuven test, developed within the
ENGOT European initiative.

o T
myChoice CDx BRCA mutation + GIS C»’)
Myriad Genetics 54,000 SNPs
Tumor tissue
FoundationOne CDx BRCA mutation + LOH
Foundation Medicine 324 genes 4
Ll ==
Molecular Intelligence BRCA mutation + LOH .
Caris : 592 genes FFPE slides
Tempus xT HRD test BRCA mutation + LOH v
Tempus 648 genes NPT
ARG,
AmoyDx BRCA mutation + GIS ,
Amoy Diagnostics 24,000 SNPs MNGS
SOPHiIA DDM™ HRD BRCA mutation + LOH
Sophia Genetics 28 HRR genes BRCA mutation/HRR genes
+ genomic scars

Figure 2 — Methods to assess HRD status in commercial tests [adapted from: 41]

The PAOLA-1/ENGOT-ov25 study, which analyzed 468
ovarian cancer samples, demonstrated a strong correla-
tion between the Leuven HRD test and Myriad myChoice
PLUS results. Modern tests such as AmoyDX HRD Focus,
Oncomine Comprehensive Assay Plus, SOPHiA DDM HRD
Solution, and Illumina TruSight Oncology 500 HRD offer
different thresholds to determine HRD status. To more pre-
cisely characterize their prognostic value, these tests need
to be compared with the gold standard (BRCA1/2, GIS) [1]
in clinical studies, which will help determine their role in
therapy selection. Moreover, the combined use of sever-
al such tests may enhance prognostic significance and
requires further investigation, as results must be aligned
with the treatment initiation timeline.

Currently, several HRD tests are commercially availa-
ble. However, implementation of this testing strategy in
routine clinical practice remains an open question. The
study by Fumagalli et al. evaluated the technical feasibility
of the HRD Focus Assay (Amoy Diagnostics, China), which
can detect pathogenic BRCA1/2 alterations and calculate
HRD scores [51]. In a retrospective series of 95 HGSOC pa-
tients who underwent external testing using the myChoic-
eCDx solution (Myriad Genetics, USA), the success rate of
the internal testing strategy was 84.2%. Furthermore, a
statistically significant degree of concordance (97.3%) was
observed between the molecular BRCA1/2 assessments
obtained using these two methodological approaches.
The internal testing approach demonstrated outstanding
negative predictive value (100.0%) and encouraging pos-
itive predictive value (83.3%) compared to the external
solution.

One of the key advantages of performing internal
tests is the ability to control sample quality and quanti-

ty, as well as select the most appropriate material. How-
ever, the technical heterogeneity inherent in internal
HRD testing must be taken into account. Differences in
parameters such as reference ranges, analyzed genom-
ic indicators [1], and the composition of extended pan-
els emphasize the need for standardization of analytical
processes before the broad implementation of internal
HRD testing.

Limitations of Homologous Recombination Deficiency
(HRD) Analysis.

1. FFPE Material. The selection of appropriate tu-
mor material for HRR gene analysis is a critical step. In
cases of disease recurrence, preference is given to for-
malin-fixed paraffin-embedded (FFPE) material, as the
tumor’s HRD profile may change between the initial di-
agnosis and disease relapse. However, in some cases,
the quantity and quality of FFPE tissue may be insuffi-
cient, rendering the sample unsuitable for analysis. In
such situations, it is preferable to use the material ob-
tained at the time of the primary diagnosis. Neverthe-
less, this is not always feasible, especially when treat-
ment has been administered across different medical
institutions at various stages of the disease. In such cas-
es, and if the laboratory’s technical capabilities allow,
germline BRCA mutation analysis should be considered
(Figure 3).

Moreover, FFPE samples frequently present alterations
that are not true mutations but rather artifacts, such as
base deamination or severe DNA fragmentation. These ar-
tifacts are often difficult to interpret accurately. Incorrect
fixation — whether due to delayed initiation or excessive-
ly prolonged fixation - significantly affects sample quality
and the reliability of molecular genetic analysis.
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Figure 3 - Limitations of Homologous Recombination Deficiency Analysis

Therefore, it is recommended that molecular laborato-
ries and pathology departments adhere to recognized na-
tional and international standards, such as ISO 15189. This
is essential to ensure high quality at both the pre-analyti-
cal and analytical stages.

2. Selection of a Representative Tumor Area. Choosing
the correct tumor area for investigation and assessing pa-
rameters such as the percentage of malignant cells, ne-
crosis, and inflammatory infiltration play a key role in the
molecular assessment of HRD. To allow for the reliable
detection of genetic alterations, the tumor cell content
in the tested sample should be at least 30%, and at least
40% for certain tests. This condition can be challenging
to meet in tumors with marked inflammatory cell infil-
tration, which is frequently observed in HRD-associated
cancers.

3. Tumor Evolution Events. The clinical relevance of HRD
testing in OC is currently assessed primarily in the context
of predicting PARP inhibitor efficacy, rather than as a di-
rect indicator of HRD biological status. Beyond BRCA1/2
mutations, a major unresolved issue is whether genomic
scars can serve as prognostic biomarkers that predict tu-
mor sensitivity to platinum salts or PARP inhibitors. One of
the key limitations of current genomic scar tests is their in-
ability to detect tumor evolution events, such as the resto-
ration of homologous recombination activity in response
to therapy. These factors, which dynamically modulate the
homologous recombination pathway and drug accumula-
tion, may significantly reduce the predictive value of HRD
“genomic scar” tests.

Furthermore, there are currently no documented cases
where secondary mutations or BRCA1/2 reversions restore

homologous recombination ability. Although a BRCA mu-
tation may initially cause a genomic scar indicative of HRD,
the tumor may regain homologous recombination profi-
ciency even if the scar remains visible. This is especially rel-
evant in OC, where approximately half of all BRCA-mutat-
ed tumors resistant to platinum-based therapy eventually
restore BRCA function after platinum treatment. Addition-
ally, many mechanisms of resistance to PARP inhibitors un-
related to BRCAT mutations cannot be detected using HRD
“genomic scar” tests.

For example, membrane transporters may play a key
role in both innate and acquired resistance. In this re-
gard, tests that enable the functional assessment of ho-
mologous recombination activity in tumor material may
become a valuable tool in clinical practice, offering sig-
nificant advantages. For a more precise approach with-
in personalized medicine, the ideal strategy would be to
integrate data on platinum sensitivity, “genomic scars”,
mutational markers, and functional tests - providing a
comprehensive view of the presence of HRD and the tu-
mor’s DNA repair capability throughout treatment.

4. Intratumoral Heterogeneity. One of the major chal-
lenges to effective diagnosis and therapy is intratumor-
al heterogeneity, which refers to genetic differences be-
tween the primary tumor, biopsy site, and metastatic
areas. Within a single tumor, multiple subclones of cells
with distinct mutational profiles may coexist. Studies
investigating the mutational spectrum in various seg-
ments of tumor tissue have shown significant variation
in genetic alterations depending on the location of the
sampled tissue [15]. These data confirm the presence of
spatial genomic heterogeneity, which can significantly
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impact the reliability of results when analyzing biomark-
ers such as “genomic scars”. Such discrepancies may arise
even when analyzing individual biopsy samples [16],
which complicates data interpretation and underscores
the need for a careful approach in selecting material for
molecular analysis.

Thus, the same tumor may be classified as either
HRD-positive or HRD-negative depending on the biop-
sy site, which is explained by potential sampling bias. This
phenomenon includes both biological differences ob-
served between separate biopsies and technical artifacts
inherent to the method, including even minor variations
in tissue composition between samples. It is also impor-
tant to consider the genetic diversity that may exist within
different parts of the same tumor specimen.

Variants of Uncertain Significance. The high frequency
of variants of uncertain significance (VUS) in other HRR-re-
lated genes is most likely due to the limited data availa-
ble for interpreting mutations outside BRCAT and BRCA2.
When analyzing HRR genes, various databases are often
used, which may contain contradictory or ambiguous in-
formation, as the clinical significance of many such alter-
ations remains undetermined. Some studies [1, 3] have
reported a high frequency of VUS in HRR genes among pa-
tients with ovarian cancer. However, they also emphasize
that two decades of research on BRCAT and BRCA2 have
led to a substantial reduction in the frequency of VUS in
these genes, resulting in VUS rates that are lower than in
most other genes.

Discussion: Based on the data obtained, several key
points can be identified that confirm the importance of
testing for homologous recombination deficiency (HRD)
in the treatment of ovarian cancer, particularly when using
PARP inhibitors and other DNA-damaging agents.

The Significance of HRD in Ovarian Cancer Therapy. Ho-
mologous recombination deficiency serves as an impor-
tant prognostic indicator to identify patients who are
most likely to benefit from therapies targeting DNA repair
mechanisms, including PARP inhibitors. Various factors
can cause HRD, the most extensively studied of which are
mutations in the BRCA1/2 genes, as well as alterations in
other components of the DNA repair system, such as ATM,
RAD51, and PALB2, among others [17]. Such genetic and
epigenetic alterations render tumor cells more vulnera-
ble to certain types of therapy, which can significantly im-
prove clinical outcomes.

The Importance of Accurate Testing. The methods used
to detect HRD vary in sensitivity and specificity, under-
scoring the need for their standardization and unifica-
tion. Differences in technical execution, such as the gene
panels used, threshold values, or the types of genomic
alterations analyzed, can significantly impact the relia-
bility of the data obtained. Therefore, it is especially im-
portant to correlate the results of various methods with

an established reference standard, such as the detection
of mutations in the BRCA1/2 genes. This approach ena-
bles a more objective evaluation of the prognostic val-
ue of each test, thereby enhancing the clinical accuracy
of diagnosis.

Genetic Heterogeneity of the Tumor and Spatial Genomic
Heterogeneity. The presence of mutational diversity within
a single tumor represents a major challenge for molecular
diagnostics and disease prognosis. Genetic heterogenei-
ty, resulting from differences between regions of the same
tumor, may lead to discrepancies in HRD test results de-
pending on the site of biopsy sampling. This is due to both
the tumor’s intrinsic biological characteristics and techni-
cal factors, including the biopsy site and analysis of differ-
ent tissue regions, requiring a cautious approach to result
interpretation.

The Issue of Variants of Uncertain Clinical Significance
(VUS). The high frequency of variants of uncertain signifi-
cance in genes responsible for DNA repair in patients with
ovarian cancer complicates the accurate interpretation of
molecular tests and the making of informed therapeutic
decisions. However, with the accumulation of data and
improvements in mutation classification, there is a trend
toward a decreasing proportion of VUS—particularly in
BRCA1/2 genes—which positively influences diagnostic
accuracy and prognostic evaluation.

Collaboration Between Institutions and the Develop-
ment of New Diagnostic Approaches. Despite the availabil-
ity of various methods to determine HRD status, their rou-
tine implementation in clinical practice remains limited.
To overcome this barrier, active collaboration between re-
search and clinical institutions is needed to develop, val-
idate, and standardize testing approaches. Reliable and
reproducible diagnostic methods, including functional as-
says, should become an integral part of the treatment pro-
tocol for all patients with high-grade serous ovarian carci-
noma (HGSOC).

Conclusion: Determination of HRD status plays a key
role in the personalized treatment of ovarian cancer, par-
ticularly in the administration of PARP inhibitors. Howev-
er, the effectiveness of this approach largely depends on
the quality and accuracy of the tests used, as well as on
the ability of the methods to adequately reflect the spec-
trum of genetic alterations present in the tumor. It is es-
sential to consider not only laboratory parameters but
also clinical factors, including the spatial heterogeneity
of the neoplasm and the influence of biological features
on test results.

Successful implementation of HRD testing in clinical
practice requires addressing issues of method standardi-
zation and optimization, as well as conducting addition-
al studies aimed at improving tests and deepening the
understanding of the mechanisms underlying tumor re-
sistance. Multi-institutional efforts to develop a unified
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approach to HRD testing will contribute to more accurate
identification of patients eligible for PARP inhibitor thera-
py and improve treatment outcomes.

Looking ahead, it is essential to develop a comprehen-
sive strategy that integrates all available data, from muta-
tional markers to functional HRD analyses, and can serve
as a foundation for a more precise and effective approach
to ovarian cancer therapy, thereby ensuring the best pos-
sible outcomes for each patient.
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AHJIATIIA

AHAUJIBIK BE3I KATEPJII ICITTHIH 'OMOJIOTUAJIBIK PEKOMBUHALIUA
TANIBbIJIBIFBIH AHBIKTAYIbIH 3AMAHAYH 9IICTEPI:
I9/IEBUETKE IIOJIY

C.0. Ocuxbaesa', M.I'. Opazzanuesa', A.E. Auoapoe*>, /[.U. /[youes', P.3. Abopaxmanos’

1«Kasak OHKOMorust xaHe pagmonorus FoinbIMu-3epTTey MHCTUTYThI» AK, Anmatel, KasakctaH Pecny6nukacs!;
3«AnmaTbl oHKkonormsnblk optanbifbly LLXKK KMK, Anmatsl, Kasakcran Pecnybnukacsl;
“«KasakctaH-Peceit MeauunHansik yHuepeuteti» MEBBM, Anmatsl, Kasakctad Pecny6nukace;
2«C.)K. Acthenanspos aTbiHaarsl Kasak ynTTblk MeavumHa yHueepcuteTin KEAK, Anmatel, KasakctaH Pecny6nmkacs!

Oszexkminizi: Fanvimoap Kamepai iCik 2eHOMUKACBIHbIY He2i30epin 3epmmeyoi JcoHe mepeHipex 3epmmeyoi JHcai2acmulpa Omulpbin, oiap
Kamepai icikmiy opmypai hopmanapeina mon bap2am caiivli KeHipek MoAeKyiavlK caycak izoepin mabyoa. Ocvinoaii benzcinepoiy 6ipi opmypui
Kamepai icikmepOiy 6uon02UACHIH Mycinyde bapean cailblh Manbi30bl OOIBIN Kejle HCAMKAH 20MONOUSANBIK, PEKOMOUHAYUS MANUbLIbLZb]
(homologous recombination deficiency, HRD) 6onbin mabduiiaosl.

3epmmeydin makcamol — ananvik 6e3i Kamepai icicinOe 20MON0SMbIK PEKOMOUHAYUS MANUBLIbIZ6l CMAMYCbIH 0a2aay Yuin HapblKma
JHCOHE KIUHUKATBIK MOdICipudede Koi0anbLiamull KOIOAHbiCcmaabl 90icmepae WMoy Heacay.

Aoicmepi: Byn wonyoa spmypii 90ebuem K630epi namuoaiansliovl, COHbIH [UIHOe 2blIbIMU MAKALAIAp, wonyiap. 9oebuemmepoi izoey
PubMed, Cochrane library, Scopus scone Web of Science Oepexxopaapvinoa «ocymvipmra bOesiniy paevy, "homologous recombination
deficiency", "homologous recombination repair” 0ecen kinm coz0epmen ducypeizindi. Maxananrapovl wory HeyMulCoiHA KOCY 0NAPObIY MA3MYHbI
MeH 3epmmey maxwipblOblHa colikec Kenyine Heeiz0endi. [30ey mepenoizi 5 scornovt (2020-2025 xe.) Kkammuibi.

Homuoswcenepi: Lllonyoa yceinviizan op 90icmiy 63 apmulKubLIbIKMAPbl MeH KeMuwlinikmepi 0ap, COHObIKMAaH Koadaz2vl mecmmepoi
KAUHUKATLIK 3epmmeynepoe armbvin cmanoapmnen (BRCA1/2, GIS) canvicmuipy ome mansi30vl, Oy oaapovly 60IACAMObIK MOHIH JHCAKCHIPAK
cunammayaa JHcone 0aapovl emMoey CXeMAacblHa eHneizyee MyMKIHOIK Oepedi. bipHewe mecmmiy KOMOUHAYUACHL HcO2apbl OONIHCAMOBIK MOHOL
Kammamacels emyi mymxin. HRD iwki mecminepin cunammaumoii mexHuKaiulk oipmexmi emecmikmi eckepy manwi3ovl. Keubip mexnukanviy
cunammamanapoazol GApUAYUsIAp (Mblcaibl, peghepenmmik aykKoim, maidanamulii 2eHOMObIK, KopcemKiuimep, naneiboi kenetmy) iuxi HRD
mecminepin eneizbecmer 6ypbiH AHATUMUKALBIK NPOYedypalapobl YiiecmipyOiy Mabl30bLIbl2blH KOPCemeol.

Kopvimoinovi: HRD cmamycein manoay ananvlk 6esi kamepaii iciei bap HayKacmapowl mepanesmukaiblk emoeyoe Kasxcem. Anaiioa bipneue
NPeanaiumuKaIblK JHCOHE AHATUMUKATBLK, YAKMOPAAP OHBIH XUPYPSUSATBIK NAMOL02US 3ePMXAHANAPLIHOA2bL KIUHUKATBIK CHIHAKMAPLIHA dCep
emyi mymkin. Conavl dcolioapsl Hapvikma kenmezen HRD mecminepi naiioa 6010bl, 6ipar o1apOvly KIUHUKALGIK KOTOAHBLLYbL 9l KyHee OelliH
KyHOenikmi mocipube bonvin mabviamauovl. Ken canranvl Kyw-dcicep ananvl Oe30epliy dcozapsl 0opediceni cepo30bl KApYuHomMacsl oap
bapavik nayuenmmep yuiin cotikec HRD mecmin Kammamacslz ememin ey sHcaKcol mociioepoi aHblKmaybvl Kepex.

Tyiiinodi co30ep: ananvix be3i Kamepii icici, 20MON02USIBIK peKoMOuHayus manuwlivizbl (HRD), buomapkep, mymayusi.

AHHOTALUA

COBPEMEHHBIE METO/bI OITPEJIEJIEHUS JE®UIIATA TOMOJOT MYHOM
PEKOMBHMHAIIUA ITPU PAKE ANYHUKOB:
OB30P JIMTEPATYPbBI

C.0. Ocuxbaesa', M.T'. Opaszanuesa', A.E. Aiidapoe™, JI.H. /[youes', P.3. A6opaxmanos’

'AO «Kasaxckuit Hay4HO-MCCrieAoBaTENBCKII MHCTUTYT OHKONOMMM W pagumonorny, Anmathl, Pecrybnuka Kasaxcrah,
3K Ha MXB «AnmaTuHCKuil OHKonoriieckui LigHTp», Anmartsl, Pecnybnuka Kasaxcran,
*HYO «KazaxcraHckuit-Poccuiickuii MeauUmMHCK yHuBepeuTeT», Anmarsl, Pecnybnuka Kasax-ctaH;
HAO «Kasaxckuii HaLMoHanbHbI MeauumMHckuin yHueepeuTeT umenm C.10. AcdeHamsiposay, An-marsl, Pecnybnnka Kasaxcran

Axmyanvrnocmy: I1o mepe mozo, kak yuénvle npoooIHCAION U3Yuamy u yeayousamoscsi ¢ 0CHO8bl PAKOGOU 2eHOMUKU, UM YOAEMCsl GblA6ISAMb
6c€ Gonee OOWUPHBIE MONEKYIAPHbIE (OMNEUAMKUY, XAPaKmepHvle 015 PA3HLIX (Gopm oHKonozuveckux 3aboreéanui. OOHUM U3 MAKUX
NpU3HAKo8 Aeasemcs oehuyum comonocuunol pekomounayuu (homologous recombination deficiency, HRD), snauenue komopozo 6ospacmaem
6 KOHmMeKcme NOHUMAHUS OUOTLO2UL PA3TUYHBIX 81008 PAKA.

Leny uccnedosanusn — 0630p cywecmseyowux Ha PoIHKe U 8 KIUHUYECKOU NPAKMUKe Meno008 OYeHKU CMAamyca 0e@uyuma 20MoI02UYHOU
PeKoMOUHayuU npu paxke AUYHUKOS.

Memoowvr: B oannom o630pe Gvliu UCNONb3068AHbI PA3IUYHBIE UCHIOYHUKY JUMEPAMYpPbl, 6KAI0UAs HayuHble cmambi, 0030pul. Tlouck
aumepamypwi ovL1 ocywecmener 6 bazax PubMed, Cochrane Library, Scopus u Web of Science, ucnonv3ys kiwouegvle ci08a «paxk SUdHUKOBY,
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«homologous recombination deficiency», «homologous recombination repairy. Bxuouenue cmameii 6 0630p NpoUCX00uio HA OCHOBE UX
cooepacanus u peieaHmHocmu 01 memul uccreoosanus. I nybuna noucka cocmasuna 5 nem (2020-2025 2.).

Pesynvmameor: Kasicowlil uz paccmompennvix memooos 061addaem ceouMu CULbHbIMU U CAAObIMU CIOpOoHamu. [ 6oiee mouHol OYeHKy
NPOSHOCMUYECKOU 3HAYUMOCIU PA3IUYHBIX MeCno8 HeoOX00UMO NPOBOOUMb UX CPAGHEHUe ¢ NPUSHAHHLIMU SMATOHHBIMU MEmoOaMu,
maxumu kax BRCA1/2 u eenommuvlii unoexc HecmadbuibHOCMU, 8 PAMKAX KAUHUYECKUX ucciedosanuil. Mcnonvzosanue KOMOUHAYUY HECKOIbKUX
Mecmos Moducem NnosblCUms MOYHOCMb NPO2HO3a. IIpu d9mom 8adicHO YUUMbIEAMb MeXHUUecKue paziudis, XapakmepHoie Ons JOKAIbHO
paspabamvisaemovix HRD-mecmos. Paznoo6pasue 6 mexnuyeckux napamempax — makux Kak Ouanazon peghepeHCHvIX 3HAUeHUll, 2eHOMHbIe
nokasamenu, 8xo0Awue 8 AHAIU3, U COCMA8 nauenell — NoouepKusdaenm HeoOXO0OUMOCmb CIMAHOApMU3AYUU 1a60PamopHulX npoyeoyp 0o
WUPOKO2O KIUHUYECKO20 GHEOPEHUs. MAKUX MeCmos.

3axntwuenue: Onpedenernue HRD-cmamyca uepaem 8ajxicwyi poib 6 evibope mepanuu Ol NAYUEHMOE8 ¢ PAKOM AUUHUKOS, OOHAKO HA
Pe3yIbmamueHoCHs. MeCmupoOsanis. MO2ym NOGIUAMb KaK NpeanHaiumuieckue, maxK u aHaiumuyeckue akmopuvl, 0COOEHHO 6 VCI06UAX
nabopamoputi xupypeudeckot namoao2uu. Hecmomps na nosenenue muoscecmea xommepuecku oocmynuvix HRD-mecmog ¢ nocieonue
20001, UX UCNONBb308AHUE 8 NOBCEOHEBHOU KIUHUYECKOU NPAKMUKe 0Cmaémes oepanuieHHvim. TpeGyomes coemecmuble YCunus pasiuyHblx
yupedcoenul 05 8bIpabOMKU ONMUMATLHBIX CMpame2utl, Komopule obecneyam Kavecmeennoe u cmanoapmusuposantoe onpeoenerue HRD y
6Cex NAYUeHmos ¢ cepo3HOll KAPYUHOMOU AUUHUKOG 8bICOKOU CIMENeHU 3I0KA4eCEeHHOCMU.

Knrwuesvie cnosa: pax ssuunuxa (PA), oedhuyum comonozuunoii pekomounayuu (HRD), 6uomaprep, mymayus.
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ABSTRACT

Relevance: Timely diagnosis of breast cancer remains one of the key challenges in healthcare, as this disease continues to be
a leading cause of mortality among women worldwide. In recent years, artificial intelligence (A1) has become an integral part of
medical imaging, demonstrating broad applicability and potential. Current diagnostic modalities, such as mammography and magnetic
resonance imaging (MRI), serve as essential tools for detecting breast pathologies;, however, they have certain limitations regarding
sensitivity and specificity. This literature review presents an overview of contemporary approaches to the application of Al in the
diagnosis of breast cancer.

The study aimed to analyze the methods of applying artificial intelligence in diagnosing breast cancer, including its capabilities in
prediction, interpretation of results, and improving the accuracy of imaging techniques.

Methods: A comprehensive search was conducted using PubMed, Medline, Cochrane Library, and Google Scholar databases. The
review includes scientific articles focused on the application of Al in the diagnosis of breast diseases.

Results: The review demonstrated that Al systems, such as convolutional neural networks, can detect microcalcifications on
mammograms with high accuracy (up to 94.5%) and reduce false-positive results by 11%. In MRI image analysis, using hybrid
models, such as CNN-RNN architectures, improves the diagnostic accuracy of malignant tumors by 15% and reduces error rates
by 20%. Radiomics shows high accuracy (87%) in predicting therapeutic response while integrating multiomics data provides
sensitivity up to 92%.

Conclusion: Using Al in breast cancer diagnostics enhances the accuracy of imaging techniques, facilitates data interpretation,
and contributes to the personalization of treatment strategies. However, challenges remain, including the availability of high-quality

data for model training and ethical considerations in decisionmaking processes.
Keywords: breast cancer, artificial intelligence, mammography, MRI, radiomics, prediction.

Introduction: Timely detection of breast cancer (BC)
remains a top priority in healthcare, as this disease ranks
among the leading causes of mortality among women
worldwide. According to data from the World Health Or-
ganization, more than 2.3 million new cases of BC are di-
agnosed annually, accounting for approximately 25% of all
cancers in women [1].

Imaging methods such as mammography and magnet-
ic resonance imaging (MRI) are key tools to detect breast
pathologies; however, they have limitations related to in-
sufficient sensitivity and specificity at the early stages of
the disease. Studies by S.M. McKinney et al. indicate that
in routine clinical practice, mammography may miss up
to 20% of BC cases, especially in women with high breast
tissue density [2]. In this context, the use of modern tech-
nologies, such as artificial intelligence (Al), opens up new
opportunities for improving diagnostic accuracy, which
is particularly important for early-stage detection, when
treatment is most effective [3-5].

Artificial intelligence (Al) utilizing Deep Neural Net-
works (DNN) has demonstrated its effectiveness in ana-
lyzing mammograms and MRI scans. Systems based on

Convolutional Neural Networks (CNN) achieve accuracy
rates of up to 94.5% in detecting pathologies on mam-
mograms [6]. Moreover, the application of hybrid models,
such as Convolutional Recurrent Neural Networks (CNN-
RNN), enhances the analysis of dynamic contrast-en-
hanced MRI, resulting in a 20% reduction in false-posi-
tive diagnoses [7, 8].

The study aimed to analyze the methods of applying
artificial intelligence in diagnosing breast cancer, includ-
ing its capabilities in prediction, interpretation of results,
and improving the accuracy of imaging techniques.

Materials and Methods: This review covered publica-
tions focused on the application of Al in breast disease di-
agnosis, sourced from the PubMed, Medline, Cochrane Li-
brary, and Google Scholar databases. The last search was
conducted on March 10, 2025. The following keywords
were used for the search: breast cancer, artificial intelli-
gence, deep learning, radiomics, machine learning, di-
agnosis, mammography, MRI, neural networks. Keyword
combinations included logical operators AND/OR. Lan-
guages of publication: English and Russian. Inclusion crite-
ria: original research studies and meta-analyses published
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in the past 10 years (2015 - 2025), articles in which Al was
applied for the diagnosis of breast diseases, availability of
quantitative data (sensitivity, specificity, area under the
curve (AUCQ), etc.). Exclusion criteria: review articles, case re-
ports, letters to the editor, and conference abstracts. Out
of 350 identified publications, after removing duplicates
and assessing for compliance with the inclusion criteria,
the final review included 20 of the most relevant studies.

Results: Modern Al systems in the diagnosis of breast
pathology employ various approaches and algorithms,
such as classical machine learning methods, DNN, and
hybrid approaches combining multiple technologies.
Among the most widely used models are CNN, which
demonstrate high accuracy in image processing and fea-
ture extraction [3]. For example, U-Net is actively used for
segmentation tasks, including tumor delineation in MR
scans. The study focused on the development and eval-
uation of a model for medical image segmentation tasks.
Particular attention was given to improving the tradition-
al U-Net architecture through the use of enhanced skip
connections. These modifications significantly enhanced
the accuracy and efficiency of medical image analysis,
particularly in applications such as breast MRI. The U-Net
model demonstrated an average segmentation accuracy
exceeding 92% on standard datasets, including the Breast
MRI Dataset. This improvement enables more precise de-
lineation of tumor boundaries, which is particularly im-
portant for surgical planning and radiotherapy. One of the
key achievements of the model was the 70% reduction in
image processing time, enhancing its applicability in re-
al-world clinical practice [7].

Another important direction is the use of explainable
Al methods, which make model operations more under-
standable to physicians, including the use of heatmap vis-
ualizations [8]. Combined systems, such as CNN-RNN, en-
able the analysis of temporal data, which is particularly
useful in dynamic studies, such as dynamic contrast-en-
hanced MRI (DCE-MRI). The use of Al to analyze DCE-MRI
data has helped reduce the number of false positives by
20%, thereby decreasing unnecessary biopsies and reduc-
ing emotional stress for patients. In the study by A. Lands-
mann et al., DCE-MRI data from patients with various types
of breast neoplasms were analyzed. Special attention was
given to the textural characteristics of tumors, such as
heterogeneity, contrast, and signal intensity distribution.
The objective was to identify parameters that consistently
demonstrate differences between benign and malignant
lesions at various time points following contrast adminis-
tration [9].

Application of Al in Detecting Microcalcifications. Mam-
mography is the primary method for breast cancer screen-
ing. Al is actively used to automate image analysis and
enhance diagnostic accuracy. Examples of deep learning
algorithm applications demonstrate strong potential for
improving diagnostic precision and reducing errors.

Microcalcifications (small calcium deposits in breast tis-
sue) are a key indicator of early-stage cancer. The use of
deep learning algorithms, particularly CNN, enables the
automatic identification of areas containing microcalcifi-
cations with high accuracy. S.M. McKinney et al. conduct-
ed a large-scale study involving over 25,000 patients. Their
model demonstrated a sensitivity of 94.5% and a specific-
ity of 88%, exceeding the performance of most Radiolo-
gists. The study also found that the algorithm reduced the
likelihood of false-positive results by 11% [2].

H. Chougrad et al. explored the application of deep
CNNs to improve BC screening accuracy. The researchers
developed and tested a model using a dataset of 12,000
mammographic images, applying data augmentation
techniques to enhance the training process. The results
showed high model performance, with sensitivity reach-
ing 96.8%, specificity at 97.5%, and an accuracy of 98.2% in
detecting microcalcifications. Furthermore, the proposed
approach reduced the number of false positives by 14%
compared to traditional image analysis methods [10].

X. Wang et al. investigated the feasibility of automat-
ic detection of microcalcifications in digital breast tomo-
synthesis using deep learning methods. The team applied
three-dimensional image reconstructions and trained
their model on a dataset of 2,500 tomosynthesis stud-
ies, with a specific focus on analyzing the spatial struc-
ture of microcalcifications. The results showed a sensitiv-
ity of 94.7% and specificity of 92.3%, confirming the high
effectiveness of the method. The analysis time per case
was only 3.2 seconds, and the number of missed cases was
reduced by 15% compared to classical image processing
techniques [11].

N. Dhungel et al. developed a fully automated meth-
od to classify mammographic images using deep residual
neural networks (ResNet). The training dataset comprised
25,000 images, including both normal and pathologi-
cal areas. The model analyzed tissue texture and densi-
ty, achieving high diagnostic accuracy. Sensitivity reached
93.5%, and specificity was 90.2%. The use of the model re-
duced the number of false positives by 12% and outper-
formed traditional algorithms in accuracy by 6% [12].

In a large-scale study by T. Kooi et al., the model was
trained on a dataset of 45,000 mammograms. The mod-
el effectively detected both individual microcalcifica-
tions and clusters. The algorithm achieved a sensitivity
of 96.1% and a specificity of 94.8%. The processing time
per image was minimal - only 2 seconds. The application
of this method reduced the number of missed malignant
changes by 20% [13].

Prediction of Malignancy in Neoplasms. The prediction
of malignancy risk based on Al is becoming an increas-
ingly popular area of research. The study by N. Wu et al.
demonstrated that the use of DNN for mammogram anal-
ysis allows the prediction of cancer development with an
accuracy of up to 89%. This study included 15,000 pa-
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tients, and the model showed superiority in risk predic-
tion compared to traditional assessment methods such
as the Gail Model, which estimates the likelihood of BC
in women based on risk factors including age, age at me-
narche, age at first childbirth, family history, and results
of previous biopsies [14].

In 2021, researchers from the University of Massachu-
setts developed an Al model called Mirai, capable of pre-
dicting the risk of BC based on mammogram analysis. The
model forecasts the probability of disease up to five years
in advance, allowing physicians to make more informed
decisions regarding the need for additional examinations
or preventive measures. Mirai is a DNN trained on an ex-
tensive dataset comprising over 200,000 mammograph-
ic examinations, which ensures its high accuracy and re-
liability. Unlike traditional risk assessment methods, Mirai
considers the individual characteristics of each patient, in-
cluding breast tissue density and other factors, thereby
providing a personalized prediction [15].

The study by M. Larsen et al. evaluated the ability of
an Al algorithm to predict BC development in women.
The study included 116,495 women aged 50-69 who had
undergone at least three consecutive mammographic
screenings at two-year intervals. The results showed that
the Al algorithm could effectively identify women at high
risk of future disease development, opening prospects for
personalized screening approaches and earlier BC detec-
tion [16].

A study dedicated to evaluating the effectiveness of
imaging methods and neural network algorithms in pre-
dicting the response of BC to neoadjuvant chemother-
apy (NACT) included 342 patients with early and locally
advanced disease. The authors compared the diagnostic
accuracy of mammography, ultrasound, MRI, and a DNN
algorithm. It was found that MRI demonstrated the high-
est sensitivity (80.0-83.3%) in detecting residual tumors,
while neural network methods showed comparable re-
sults (69.2-72.0%), outperforming traditional mammogra-
phy and ultrasound. These data suggest the potential of
machine learning to enhance BC diagnostics, particularly
in predicting the efficacy of antitumor therapy [17].

M. Bakker et al. presented an original study on the use
of radiomics for classifying molecular subtypes of BC. The
study focuses on utilizing digital mammographic images
to extract key radiomic features that accurately predict the
molecular profile of tumors. The authors utilized data from
the large-scale OPTIMAM Mammography Image Data-
base, which comprises digital mammograms and associat-
ed clinical information. The analysis included 186 patients
diagnosed with BC, who were categorized into subtypes:
luminal A, luminal B, HER2-positive, and triple-negative
breast cancer (TNBC). To minimize errors at the tumor tis-
sue extraction stage, automated segmentation algorithms
were applied to accurately delineate tumor boundaries on
mammograms. A total of 65 radiomic features were ex-

tracted from the images, covering texture, shape, and sig-
nal intensity characteristics. Based on the selected data,
machine learning models were built, particularly using
the Support Vector Machine (SVM) method. The results
showed that SVM-based models achieved the highest pre-
dictive accuracy for the luminal A (AUC = 0.855) and lumi-
nal B (AUC = 0.812) subtypes. High sensitivity was also ob-
served for the triple-negative subtype (AUC = 0.789) and
the HER2-positive subtype (AUC = 0.755). These results
confirmed the authors’ hypothesis that radiomics can be
used for non-invasive prediction of molecular subtypes of
BC directly from mammographic images, which could re-
duce the need for biopsies and invasive procedures in the
future [18].

The study by S. Montemezzi et al. is a successful exam-
ple of using radiomic features to predict chemotherapy
response in BC. Although the main focus of the study is
radiomics, it is essential to note that radiomics plays an in-
tegral part in modern Al applications in medicine. Multi-
variate analysis methods and machine learning were used
to process the extracted features, classifying the study
within the scope of Al applications. The study investigat-
ed the potential of improving models to predict patho-
logical complete response to NACT in BC patients using
radiomic features extracted from MRI performed on a 3
Tesla scanner. The study included 60 patients, of whom 20
achieved complete response to NACT, and 40 did not. Ge-
ometric, first-order, and higher-order texture radiomic fea-
tures were extracted from the pre-treatment contrast-en-
hanced MRIs, followed by feature selection. Five selected
radiomic features were combined with other available
data to build prediction models for complete response to
NACT using three different classifiers: logistic regression,
Support Vector Machine method, and random forest. All
possible feature combinations were investigated. The AUC
for predictors excluding radiomic features reached 0.89,
while all three classifiers demonstrated AUCs above 0.90
when radiomic information was included (ranging from
0.91 to 0.98) [19].

In the study by M. Sep et al., the goal was to predict
the hormonal status of BC (ER/PR) using radiomic features
extracted from apparent diffusion coefficient maps ob-
tained via MRI. The study considered data from 185 pa-
tients, supplemented by synthetic data from 25 patients
using the Synthetic Minority Over-sampling Technique
to balance classes, followed by division into training (n =
150) and testing (n = 60) cohorts. Manual tumor segmen-
tation was performed over the entire volume, after which
first-order radiomic features were extracted. The mod-
el based on these features demonstrated high diagnostic
performance, with an AUC of 0.81 in the training cohort
and 0.93 in the test cohort. When clinical and pathologi-
cal data (Ki67% proliferation index and histological grade)
were added, the combined model maintained a high AUC
of 0.93. This model shows high potential for non-invasive
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assessment of hormone receptor status in breast tumors,
which may contribute to more accurate patient stratifica-
tion and treatment personalization [20].

The study by C.C. Mirestean et al. focuses on the use
of radiomics to characterize triple-negative breast cancer
(TNBC), an aggressive subtype of BC with poor progno-
sis and high heterogeneity. Radiomics demonstrates the
ability to differentiate TNBC from other tumor types based
on features obtained through digital mammography and
MRI. In particular, three TNBC subtypes were identified
using voxel-level texture, shape, and size features. These
subtypes showed a significant correlation with clinical re-
sponse to NACT. The authors emphasize that standardiz-
ing radiomic methodologies is critical for their implemen-
tation in clinical practice. In the future, the study’s results
suggest the possibility of creating radiomic biomarkers
and predictive models for a personalized approach to
treating TNBC, which could improve outcomes and opti-
mize therapeutic strategies [21].

A promising area of research is the use of contrast-en-
hanced mammography and radiomic microscopical anal-
ysis for the non-invasive characterization of breast tum-
ors. M. Marino et al. conducted a study on the application
of contrast-enhanced mammography combined with ra-
diomic microscopical analysis for non-invasive assess-
ment of tumor invasiveness, hormonal status, and ma-
lignancy grade in breast cancer. The retrospective study
included 100 patients (103 tumor cases) who underwent
contrast-enhanced mammography followed by radiom-
ic microscopical analysis using the MaZda platform. The
authors utilized various feature groups, including histo-
grams, co-occurrence matrices, and run-length matrices.
The model achieved the following accuracies: 87.4% in dif-
ferentiating invasive and non-invasive tumors, 78.4% in
determining hormonal receptor status, 97.2% in classify-
ing HER2-positive and hormone-negative types, and 100%
in differentiating TNBC and HER2+ hormone-positive tum-
ors. Research Prospects: The high diagnostic value of the
combined approach of contrast-enhanced mammogra-
phy and radiomics has been demonstrated for non-inva-
sive tumor stratification, which may significantly reduce
the need for biopsies [22].

Discussion: Al technologies significantly enhance the
diagnostic potential and contribute to the individualiza-
tion of therapy for breast diseases. The obtained data align
with global trends and confirm similar advancements in
improving the accuracy of diagnostic procedures and the
effectiveness of early detection programs for BC.

In international practice, particular attention is given to
large-scale studies on the implementation of Al in screen-
ing processes. For example, the National Health Service
(NHS) of the United Kingdom initiated the world’s largest
study on the use of Al for BC diagnosis, covering approx-
imately 700,000 mammograms. The goal of this study is
to evaluate the accuracy and reliability of Al compared to

traditional analysis methods. Preliminary results show that
Al can reduce the workload of Radiologists and accelerate
the diagnostic process [23].

Similar results were obtained in Germany, where the
use of Al in the screening program led to a 17.6% increase
in the detection rate of BC cases without an increase in
false-positive results. This confirms the potential of Al in
improving the efficiency of diagnostic procedures and
early disease detection [24].

The results of modern studies’ analysis demonstrat-
ed the high promise of using Al in the diagnosis of breast
pathologies. However, alongside the positive achieve-
ments, there are several limitations and challenges that
hinder the widespread implementation of Al in clinical
practice and require special attention for further develop-
ment of Al technologies.

Limited effectiveness of Al in Digital Breast Tomosyn-
thesis (DBT). Al has shown high accuracy in analyzing
digital mammograms; however, its application in Digi-
tal Breast Tomosynthesis has been less successful. Stud-
ies have shown that Al performance in digital breast to-
mosynthesis is lower compared to traditional methods,
which may be due to the limited availability of training
data for this technology. A study published in the Kore-
an Journal of Radiology in 2024 found that the use of Al
in analyzing synthetic mammograms obtained through
Digital Breast Tomosynthesis resulted in lower sensitivi-
ty compared to Full-Field Digital Mammography (FFDM).
The sensitivity of the Al system when analyzing synthetic
mammograms was 76.2%, whereas for Full-Field Digital
Mammography it was 82.8%. The reduction in sensitivity
was especially pronounced in cases with dense breast tis-
sue and early cancer stages, such as T1 and Ductal Carci-
noma In Situ (DCIS). The authors of the study emphasize
that Al systems trained on FFDM data are not always ef-
fectively applicable to synthetic mammograms without
additional adaptation or retraining. This is due to differ-
ences in image characteristics between these two imag-
ing methods. Thus, the direct application of Al developed
for FFDM to synthetic mammograms may lead to reduced
diagnostic accuracy, particularly in cases with clinically
significant findings. These findings highlight the need to
develop and train Al models specifically designed to ana-
lyze synthetic mammograms, ensuring the high accura-
cy and reliability of diagnosis using Digital Breast Tomo-
synthesis [25].

Influence of Patient Characteristics on Al Accuracy. A
study published in the journal Radiology found that pa-
tient characteristics such as race, age, and breast tissue
density significantly influence the accuracy of Al algo-
rithms used for BC screening. In particular, Black women
had a 50% higher likelihood of false-positive results com-
pared to White women. This indicator was also significant-
ly higher in women with extremely dense breast tissue.
Additionally, older women, especially those aged 61-70,
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were more likely to receive false-positive results. These
data underscore the need to include diverse data in train-
ing sets to reduce the risk of bias and improve the general-
izability of Al algorithms [26].

Lack of superiority of Al over Radiologists in some studies.
Despite the achievements of Al in the field of diagnostics,
its performance does not always surpass that of experi-
enced Radiologists. A study published in Radiology com-
pared the effectiveness of an Al algorithm with the results
of 552 Radiologists in interpreting mammograms. The re-
sults showed that Al reached a sensitivity level comparable
to that of Radiologists but did not demonstrate significant
superiority. This underscores that, despite Al's potential in
BC diagnosis, its effectiveness may be limited compared
to professional expertise. Therefore, Al should perhaps be
considered a supportive tool rather than a replacement for
the professional experience of Radiologists [27].

Lack of transparency and reproducibility in Al research.
The study conducted by D. Bontempi et al. showed that
many studies devoted to Al in medical imaging are charac-
terized by insufficient transparency, lack of access to raw
data and code, and a high risk of bias. This hampers the re-
producibility of results and undermines trust in the conclu-
sions of such studies. Thus, a systematic review published
in Nature Communications noted that insufficient efforts
to ensure reproducibility in Al research hinder the verifica-
tion of claimed performance metrics, ultimately leading to
overestimated accuracy and generalizability issues, which
impede the clinical implementation of these systems [28].

Conclusion: The application of Al in mammography
and MRI using radiomics demonstrates significant poten-
tial in improving the diagnosis and personalization of BC
therapy. Modern algorithms enable the accurate detec-
tion of microcalcifications, the prediction of therapeutic
response, and the development of personalized treatment
plans. However, the future advancement of Al technolo-
gies requires data standardization, improved model inter-
pretability, and adaptation to diverse populations.
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"KACAH/IbI THTEJLTEKTIHI CYT BE3I ITATOJIOT MSICBIH
JTUATHOCTHUKAJIAYIA KOJIJIAHY:
OJIEBUETKE LIOJTY

A.C. ITanuna'?, 9.A. Kazvixenosa', I1.C. ITunioc®, A.bI. Monoanuesa', E.K. O60ixansix'

1«C.K. ActheHamapo aTbiHaarsl Kasak ynTTbik MeauumHa yHusepcuteTi» KEAK, Anmatel, KasakctaH Pecny6nmkachi;
2«Kasak OHKOMOrist XaHe paaronoris FuinbIMU-3epTTey MHCTUTYTHI» AK, Anmarsl, KasakcTaH Pecnybnukac!;
3«OpxyH Mepukan» XLLIC, Anmarsl, Kasakcran Pecnybnukack

Oszexminizi: Cym 6e3i 00bIpbiH YaKbiMblHOA OUACHOCIUKANAY OEHCAYIbIK CAKMAy canacbiHoazel 6acmsl miHOemmepoiy 6ipi 601bin
mabwvliadsl, olumreni Oyn aypy oiem 60ubiHua dtiendep apacelnoazbl OAIM-IHCIMIMHIY 6acmul ce6ebi 6oavin Kana 6epedi. Kacandvl unmeniexm
(VKH) conzbl orcvlnoapel KeHiHeH KONOAHbLIA OMbIPbIN, MeOUYUHANLIK Oelineneyliy adxcvlpamac 6enicine aunanovl. Mammozpagus men
Mmaznummi-pesonancmolx, momoepagus (MPT) cuaxmul 3amanayu OuazHOCMuKaivly a0icmep cym 6e3iniy namonocusniapvln aHblKmayod
Mauwi306l Kypanoap o6oavin mabwiiasi, bipak onapoviy uekmeyiepi 6ap. byn ooebuem wonyvl cym 6e3i 00vipbin ouaznocmuraiayoa KH-oi
KOLOAHYObIH 3AMAHAYU MOCINOEPIH CUNAMMAObl.

3epmmeyoin marxcamer: Cym 6e3i 06vipvin ouacnocmukanayoa XH-0i Kondany ooicmepine manoay aicypeizy, convly iuinde 60aicay,
Homudcenepoi UHMepnpemayusiay Heone detineney 90icmepiniy 0o10i2iH apmmulpy MyMKiHOIKmepi.

Qoicmepi: PubMed, Medline, Cochrane Library swcone Google Scholar monimemmep 6azanapbinoa eblivbiMu HAPUATAHBIMOAPOLL 130€y
orcypeizinoi. Llony cym 6esi aypynapein ouaznocmuranayoa JXH-0i Kondanyea apraizan makaiaiaposi Kammuobl.

Homuacenepi: Lllony konovipmanwt Hetiponowvik sceninep (CNN) cusxmet KU srcytienepi mammozpammanapoazl MUKPOKATbYUHAMMApPObl
grcoeapul 0onoiknen (94,5%-ea Oeilin) anvikmayea scone gcanean oy nomudicenepoi 11%-za Oeiiin momenoemyee mymkindix 6epedi. MPT
reckindepin manoayoa CNN-RNN cusgmol eubpuomi modenvoepdi Koaidany xamepai icikmepoi OuacHoOCmukaiayovly 0ondicin 15%-za
arcakcapmaoel sHcone Kamenepoiy canvin 20%-ea asatimaodel. Paouomuxa mepanesmix scayanmel 6oaxcayoa stcozapvl 0on0ikmi 87%-0viK
KepcemeOi, ai Myibmuomouvlk depekmepoi 6ipikmipy cezimmanovikmol 92%-2a Oeilin Kammamacsl3 emeoi.

Kopvimuinovt: Cym Oesin  ouaenocmuxanayoa JKH-0i kondawmy 6Geuneney odicmepiniy 0ondicin  apmmulpadsi, Oepexmepoi
UHmMepnpemayusiayobl Jceqiloemedi JHcoHe mepanusuvl Jceke Hezizoe dcypeizyee MyMKIHOIK Oepedi. Anatida, mMooenb0epoi oKblmy Yulin
OepekmepOiy KoAxcemimoiniei Men wiewim Kadblioayobly SMUKAIbIK ACReKminepi CusiKmol KUblHObIKmMap i oe oap.

Tyiinoi ceszoep: cym 6e3i 06bipol, dHcacanovl unmeniekm, mammozpagus, MPT, paduomuka, 6ondxcam.

AHHOTANUA

INPUMEHEHUE UCKYCCTBEHHOI'O HHTEJIVIEKTA B IMAI'HOCTHUKE
HATOJIOTAA MOJIOYHOM KEJIE3bI:
OB30P JIUTEPATYPbI

A.C. ITanuna'?, 9.A4. Kazvikenoea', IL.C. ITunioc®, A.bI. Monoanuesa', E.K. A60uxanvik’

'HAO «Kazaxckuit HauvoHanbHbli MeauumMHckui yHueepeuteT um. C. 1. ActheHausiposay, Anmatel, Pecnybnuka Kasaxcrah;
*AO «Kasaxckuit Hay4HO-1CCIeOBATENbCKHIA UHCTUTYT OHKONOMM 1 paguonoriuy, Anmarsl, Pecnybrnka Kasaxcrar,
STOO «OpxyH Meaukan», Anmarsl, Pecnybnuka Kasaxcrax

AK’mthleOCmb.' C@O@@peMeHHaﬂ ouaznocmuka paka MOJNIOUHOU Jicenesbl ABAACMcs 0OHOU U3 KIIOUEBbIX 3A0ay 3()paeooxpanenuﬂ, mak
Kak 9mo 3abojesanue ocmaémcsi eedymeﬁ npuLlMHOMV CMEPMHOCMU IHCEHUWUH 60 8CéM mupe. B nocneonue 20061 mexnonocuu UCKYCCMBEHHO20
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unmennexma (MH) npouno eownu 6 chepy meouyunckoll U3yaiu3ayull, NOIYYUE WUpoKoe pacnpocmpanene 6 KIuHu4eckol npakmuke.
Ocnogubie Memoobl OUACHOCIUKU, GKAIOUASL MAMMOZPAPUIO U MacHumHo-pe3oHancuyio momoepaguio (MPT), uepaiom eedywylo poiv 6
obHapysicenuu 3a001e6aHUll MOIOUHOU Jicenesbl, 0OHAKO umelom pad oepanuvenui. Hacmoswuii 0030p noceawén anaiuzy co8pemeHHblxX
603modcHocmetl npumenenus MU ons nogvluienus d¢hghpexmusnocmu OUaZHOCMUKY paka MOL0YHOU JCee3bl.

Henvy uccnedosanusn — npoananuzuposams Memoobl NPUMeHEeHUSA UCKYCCMBEHHO20 UHMENNeKMA 8 OUACHOCIUKE PAKA MOJIOYHOU Jicee3bl,
BKIIOUAS, 6O3MOIICHOCHIU NPOCHOZUPOBAHUSL, UHIMEPAPEMAYUU PE3VIbIMAMO8 U NOGLIULEHUS MOYHOCIU MEMOO08 8U3YANUZAYUU.

Memoowti: [Iposedén nouck nayunwix nyoruxayuii 6 6azax danHvix PubMed, Medline, Cochrane Library u Google Scholar. B 0630p
BKIIOUEHBL CMamvt, NOCeAWeHHble npumenenuio UM 6 ouacnocmuke 3a601e6anuil MOJIOYHOU JCee3bl.

Pesynomamor: O630p nokasan, umo cucmemol MU, makue kax ceépmounvie HelpoHHble cemu, NO360JSAI0M C 8bICOKOU MOUYHOCMbIO (00
94,5%) obnapysrcuns MUKpOKATbYUHANBL HA MAMMOSPAMMAX U CHUNCATND KOAUYECHEO JTOHCHONOI0NCUMENbHBIX pe3yivmamos na 11%. MPT
6 OYeHKe NPOSHO3UPOBAHUSL OMEEMAd HA HEeOAObIOBAHMHYI0 XUMUOMEPANUI0 0eMOHCmpupyem Haubonvuyo yyecmeumensnocms (80,0-83,3%)
npu blAGNIeHUU OCMAMOYHOU ONYXOU, M020d KAK Helpocemesble Menmoovl noKazanu conocmasgumvie pesyrbmamei (69,2-72,0%), npesocxoos
npu 3MoM MpAOUYUOHHYIO MAMMOSPAdUIo U YIbmpaseykosoe ucciedoganue. Paduomurxa oemoHcmpupyem 6vbicoKylo mounocms (87%) 6
NPOCHOZUPOBAHUU MEPANECEMULECKO20 OMEEMd, d UHMe2PaYUs. MYTbMUOMHBIX OAHHbLX 00ecne ugaen wyecmeumenbHocns 00 92%.

3aknwuenue: I[lpumenenue UM 6 Ouaenocmuxe MOIOUHOU dicesie3bl NOGbIULAEN MOYHOCMb Memo008 Susyaiuzayuu, oobiecuaem
unmepnpemayuio OGHHLIX U cnocobcmeyem nepconanuzayuu mepanuu. QOOHAKO 0OCMarOMest 8bl306bl, MAKUE KAK OOCHMYNHOCHb OAHHbIX OJisl
00yuenus mooeneil u SMuyeckKue acneKmvl NPUHAMUSL PeueHUs.

Knwuesvie cnosa: pax monounou ogucenesvr (PMIK), uckyccmeennviii unmennexm (MH), mammoepagpus, macHumno-pe3oHancHas
momoepagus (MPT), paouomuxa, npocHosuposatie.
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ABSTRACT

Relevance: This literature review examines scientific publications on the efficacy of optical spectroscopy methods, including
Raman spectroscopy (RS), for the early diagnosis of tumors in oncology.

The study aimed to summarize the existing data, analyze their effectiveness in studying cancer located in different organs
through Raman spectroscopy, and assess their diagnostic potential in oncology.

Methods: The literature search covered publications from 2015 to May 2025 using keyword-based database queries. After
removing duplicates, articles were screened via abstracts and full texts. The research team reviewed all selected papers. All authors
agreed upon a final list of 22 articles, with relevant data synthesized into this review.

Results: Optical spectroscopy (OS) has proven to be an effective tool for diagnosing, monitoring, and predicting malignant
tumors in experimental and clinical studies. Over the past 20 years, RS has demonstrated 90% accuracy and specificity in early
cancer detection and advantages in bioavailability, speed, clarity, and multiplex analysis-key factors driving its growing interest in
biological research. However, foreign and domestic literature analysis revealed a lack of standardized protocols for RS in cancer
diagnostics, highlighting the need for optimized, systematic guidelines.

While promising, RS remains underexplored and requires further research to translate findings into routine clinical practice.

Conclusion: Recent advancements in optical spectroscopy, particularly Raman methods, contribute to deeper cellular-level
insights into oncological mechanisms and improve predictive diagnostics.
Keywords: oncology, malignant tumors, optical spectroscopy, predictive diagnostics, Raman spectroscopy, infrared spectroscopy.

Introduction: Spectroscopy is a vibrational research
method that combines various complementary methods.

Optical spectroscopy, including RS (RS), surface-en-
hanced RS (SERS), diffuse optical tomography, infrared
spectroscopy, fluorescence spectroscopy, magnetic reso-
nance spectroscopy, and electrical impedance spectrosco-
py, is a modern and optimal method for non-invasive diag-
nostics of oncological diseases.

Currently, cancer remains one of the leading causes of
death and morbidity in the world [1].

Cancer has been one of the most important health
problems worldwide for many years. This disease is as-
sociated with a disruption of cell growth and division
regulation, leading to the uncontrolled proliferation of
cells and the formation of tumors. In addition, tumors
are characterized by heterogeneity, since they consist
of different types of cells and extracellular components,
which complicates their treatment. Another impor-
tant feature is metastasis, i.e., the spread of cancer cells
throughout the body via the blood or lymphatic system,
resulting in the formation of secondary tumors in oth-
er organs [2].

Raman Spectroscopy as a Research Tool in Medicine:
Among the optical spectroscopy methods, RS is one of

the most well-known in medical research. This method is
based on the Raman effect, discovered in 1928 by C. V. Ra-
man and K. S. Krishnan. RS is a new method for studying bi-
ological tissues such as tumors [3, 4].

As a non-invasive, real-time, in vivo tool, RS ensures
high specificity, sensitivity, and multiplexing capabilities,
providing high spatial and temporal resolution to charac-
terize the molecular basis of cancer [5].

Analysis of the correlation between the intensity of
vibrational light scattering and frequency enables the
identification of unique spectral structures associated
with different samples. It is based on inelastic scattering
of photons, known as vibrational conjugate scattering.
Spectra of nucleic acids, proteins, lipids, and carbohy-
drates with Raman functional groups can be used to as-
sess the metabolic state of various cells and tissues, each
with its unique composition [6]. Monitoring the intensity
of inelastic light scattering as a function of frequency en-
ables the acquisition of a unique spectroscopic signature
for a tissue sample [7].

The study aimed to summarize the existing data, ana-
lyze their effectiveness in studying cancer located in dif-
ferent organs through Raman spectroscopy, and assess
their diagnostic potential in oncology.
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Materials and methods: A literature review was con-
ducted using keywords to search and select articles in
databases for the period from 2015 to May 2025. After
removing duplicates, articles were selected by review-
ing their abstracts and full texts. The research team’s
authors reviewed all articles. The final list of selected
articles was compiled after obtaining consent from all
authors. Of these, 20 articles were selected; the relevant
available data were analyzed and summarized in a re-
view article.

Results:

Raman Spectroscopy in Oncology: New approaches to
understanding disease pathogenesis may lead to the dis-
covery of biological markers that will allow better moni-
toring of disease progression and improve prognosis. RS is
a research and diagnostic tool that helps uncover the mo-
lecular basis of diseases and provides objective, quanti-
tative molecular information for diagnosis and treatment
evaluation. G.W. Auner and co-authors reviewed the use
of RS for the detection of brain, ovarian, breast, prostate,
and pancreatic cancer, as well as circulating tumor cells [8].
Domestic authors have described the use of electrical im-
pedance spectroscopy for the early detection of skin ma-
lignant melanoma, specifically by analyzing electrical con-
ductivity and impedance waves in the damaged layer of
the skin compared to the healthy layer [9].

Raman Spectroscopy in Neuro-Oncology: The primary
task during surgery is to distinguish between tumor and
healthy tissue, as well as to identify tumor cells that have
infiltrated beyond a clear pathological border. Deter-
mining the residual tumor load is of great importance,
as complete resection is a favorable prognostic factor.
In an experimental study by Marco Riva and co-authors,
single-point RS was performed on biopsy samples of
healthy and tumor-affected tissue from 63 patients with
stage II-1V gliomas, as classified by the World Health Or-
ganization (WHO), who underwent surgery using neu-
ronavigation. Raman spectral analysis of the active
functional groups of nucleic acids, proteins, and lipids
enabled a detailed characterization of biopsies from ne-
oplastic and normal brain tissue. Averaged Raman spec-
tra showed differences in molecular signatures between
neoplastic and normal samples. A literature review of
Raman scattering revealed 137 peak types, of which 60
peaks are known to have high specificity, and 19 new
peaks useful for differentiating glioma from healthy tis-
sue were identified. Analysis of these new bands may
contribute to the further development of real-time tis-
sue analysis, improving the accuracy and efficiency of
neurosurgical interventions. This study makes a signifi-
cant contribution to the application of this technology
in oncological brain surgery [5].

Additionally, a domestic literature review describes the
regulation of 2-hydroxyglutarate (2-HG) during tumor tis-

sue division at the cellular level using magnetic resonance
spectroscopy, a non-invasive method for diagnosing glio-
mas of the central nervous system [10].

Raman Spectroscopy in Hematology and Oncohematol-
ogy: Diagnostics and treatment of hematological and on-
cological diseases are currently possible only through a
combination of scientific advances and methods. For ex-
ample, rapid detection of acute leukemia is essential for
accurate and timely clinical decisions. The success of im-
munotherapy in hematological malignancies has creat-
ed new diagnostic challenges, including the need to as-
sess the immune status. In addition, despite the recent
introduction of high-throughput genetics, which has rev-
olutionized this field, many challenges remain to be ad-
dressed. Therefore, the development of new technolo-
gies that can overcome barriers such as inaccessibility,
lengthy diagnostic times, and the need for highly trained
personnel remains relevant.

Medical applications of mass spectrometry (MS), a
molecular spectroscopy technique that provides detailed
information on the chemical structure, phase, crystallin-
ity, and molecular interactions of a sample, have been
studied for several decades. Due to the rapid assessment
of the metabolic state of cells in vivo, MS is of particular
interest in hematology and oncology. The study of nor-
mal hematopoietic stem/progenitor cells and their prog-
eny is associated with several challenges, including limit-
ed sample availability and difficulties in preserving their
original state and functions. Due to the complex behavior
of these cell populations, functional assays that measure
cellular activity are often necessary for a comprehensive
evaluation of hematopoietic cells. In addition, single-cell
resolution and label-free protocols, another key feature
of PCa hematology, provide important insights into the
heterogeneity of stem and mature cell populations, as
well as for assessing the developmental stages and acti-
vation status of cells [11].

Raman Spectroscopy in Cartilage Cancer: A study by F.
Niccoli et al. in 10 patients with chondrosarcoma, a com-
mon primary bone tumor, demonstrated that it is chal-
lenging to distinguish between benign tumors (enchon-
droma) and chondrosarcoma grade 1 (CS1), as these two
tissue types share common biochemical components.
However, unlike standard procedures, the use of machine
learning (ML) methods for multivariate analysis can en-
hance the classification of enchondroma in the form of
CS1. This article presents the results of the best methods
for improving multivariate analysis using ML algorithms.
To differentiate the RS signals, two main methods were
employed to distinguish between tissues, cells, and the
extracellular matrix (ECM): principal component analysis
(PCA) and linear discriminant analysis (LDA). PCA (an un-
supervised method) includes projecting features onto a
hyperplane that contains most of the variance (approxi-
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mately 95%) of the data and its orthogonal complement.
LDA (supervised method) is used to find a subspace of
features that optimizes the separation of the analyzed
cartilage tissues. For this purpose, the supervised meth-
od based on PCA+LDA algorithms is highly scalable and
can be applied not only to large data sets, but also to can-
cer tissue of any type [12].

Raman Spectroscopy in Colon Cancer: About 30% of
colorectal cancer (CRC) cases are caused by mutations in
inherited genes. Approximately 15% are caused by mal-
functioning repair genes, while another 80-85% are
caused by mutations in the adenomatous polyposis coli
(APC) gene. CRC can also develop as a result of inflamma-
tory bowel disease.

Uncontrolled cell growth, a hallmark of cancer devel-
opment, requires a continuous supply of nutrients. Carbo-
hydrates and fats play an important role in tumor growth.
Changes in lipid metabolism are a primary factor in the de-
velopment of various diseases, including cancer. There-
fore, this class of compounds is of increasing interest in
clinical trials as biological markers to determine the role of
lipidomics in cancer research. Among them (FA) - saturat-
ed (palmitic acid (PA, 16:0)), unsaturated (linoleic acid (LA,
18:2), eicosapentaenoic acid (EPA, 20:5)), and their poten-
tial in the diagnosis and treatment of colorectal cancer has
been identified.

Evidence of lipid reprogramming in cancer cells was
first described in the 1920s as the Warburg effect [13].
However, there is now a widespread trend towards the
opposite of the Warburg effect: researchers have discov-
ered that different types of cancer cells have unique met-
abolic characteristics, and some can synthesize adenosine
triphosphate via oxidative phosphorylation [14].

In general, lipids can be characterized as a diverse
group of compounds using LIPID MAPS [15]. K. Be-
ton-Maysur et al. analyzed PA, LA, and EPA acids in nor-
mal (CD-18 Co) and malignant (Caco-2) human colon cells
using Raman imaging and spectroscopy [14]. In addi-
tion, excessive intake of saturated fatty acids (SFAs), in-
cluding PA, may increase the risk of obesity and digestive
disorders. Many research groups have also proven a cor-
relation between excessive PA intake and cancer devel-
opment. Lipid analysis showed that PA may affect the ag-
gressiveness of cancer cells [16].

This study demonstrated the possibility of visualiz-
ing the internal structures of individual cells (endoplas-
mic reticulum, mitochondria, lipid droplets, and nucleus)
and analyzing fatty acid metabolism using Raman mi-
croscopy and cluster analysis. The distribution and me-
tabolism of fatty acids in different cellular compartments
were monitored by spectroscopic analysis of the intensi-
ty ratios of characteristic bands (11656/11444, 11444/11256,
11444/1750 and 11304/11256). The results showed LA to be
the most effective membrane penetrator, having a signif-

icant impact on cell viability. Specifically, LA inhibits the
growth of Caco-2 cancer cells while stimulating the pro-
liferation of normal CCD-18 Co cells. PA, on the contra-
ry, exhibits the opposite effect. The obtained data con-
firm the effectiveness of using Raman imaging to study
the molecular mechanisms of colon carcinogenesis and
to assess the effect of various fatty acids on cell metab-
olism [16].

Raman Spectroscopy in Lung Cancer: Lung cancer is the
leading cause of cancer death worldwide. Due to its high
mortality rate, the development of effective non-invasive
diagnostic methods for this disease remains an urgent
problem. Traditional diagnostic methods (computed to-
mography, sputum cytology, biopsy, and bronchoscopy)
are often insufficient for early detection of the disease, as
they are expensive, time-consuming, and may have insuf-
ficient sensitivity. On the other hand, these methods are
less invasive and more convenient for the patient, without
compromising the diagnostic accuracy. Vibrational spec-
troscopy, particularly Raman and Fourier transform infra-
red spectroscopy (FTIR), has been developed, enabling the
detection of molecular-level changes with high sensitivi-
ty. These methods are non-invasive, non-destructive, do
not require reagents, and leave no residues, providing de-
tailed information on the composition and structural con-
formation of specific molecules [17-19]. FTIR spectrosco-
py measures the absorption of infrared light by a sample,
revealing information about molecular vibrations, chemi-
cal bonds, and functional groups. On the other hand, RS
measures the inelastic scattering effect and provides addi-
tional information about the molecular structure of a bio-
logical sample [20].

For RS, 1 pL of plasma from each individual was pipet-
ted onto an aluminum foil attached to a glass slide and air-
dried for 5 minutes. Aluminum foil was chosen due to its
advantages, including high reflectivity, stability, flexibili-
ty, low background noise, and low cost. This makes it the
most suitable base material for enhancing the Raman ef-
fect. FTIR spectroscopy was performed by attenuated to-
tal reflection (ATR) using a special crystal in direct contact
with the sample [21].

In the study by H. Hano et al., 36 participants were
recruited, including 18 patients with non-small cell lung
cancer and 18 healthy participants. The information
was obtained by combining Raman and FT-IR measure-
ments in a single spectroscopic instrument. This instru-
ment combines the two methods, enabling simultane-
ous measurements of a sample using two spectroscopic
methods in a single location. Data fusion strategies can
be divided into three types: low-level, mid-level, and
high-level fusion. In low-level data fusion (LLDF), matri-
ces from multiple data sources are directly combined to
create a comprehensive dataset covering the full range
of measured variables. Mid-level data fusion (MLDF) ad-
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dresses the problem of high dimensionality. This meth-
od reduces data complexity by selecting or pruning fea-
tures prior to data fusion, thereby preserving important
information and enhancing model training efficiency.
High-level data fusion (HLDF) combines the predicted
results of models created for each data source, leverag-
ing the strengths of each model to enhance the accura-
cy of predictions. In this study, the peak at 624 cm-1 in
RS indicates C-C bond bending in phenylalanine and li-
pids. The peak at 966 cm-1 corresponds to the deforma-
tion of the CH3 group in the amino acids’ tryptophan,
valine, and proline. Of particular importance is the peak
at 1125 cm-1, which indicates the stretching of the CC,
CO, and CN bonds in lipids, glycogen, and proteins. The
peak observed at 1587 cm-1 corresponds to the stretch-
ing of the C=C bond in tryptophan, while the amide |
bands between 1632 and 1668 cm-1 correspond to
changes in the secondary structure of the protein (a-he-
lix and B-sheets) [22].

In FTIR spectroscopy, the vibration bands at 1055-
1070 cm™ indicate symmetric vibration of the PO group
in phospholipids, and the intense absorption band at
1699 cm™ indicates stretching of the C=0 bond in the
amide | group.

These spectral markers enable the detection of
changes in proteins and lipids at the molecular lev-
el in the diagnosis of lung cancer. Amide | bands indi-
cate changes in protein structure, while phosphate and
carbonyl group vibrations serve as important biological
markers in the diagnosis of cancer. This study demon-
strates the potential of Raman and FTIR spectroscopy in
detecting malignant lung tumors using modern data fu-
sion techniques [22].

Conclusion: According to the literature review, RS is
one of the most widely used and proven methods in vari-
ous fields of oncology.

Furthermore, numerous experimental studies have
convincingly demonstrated the effectiveness of this
method in characterizing biological tissues. However, to
successfully transfer this technology into clinical prac-
tice, it is necessary to address several key challenges, in-
cluding the creation of a comprehensive spectral data-
base and the development of robust tissue classification
methods that are thoroughly tested for compliance with
established diagnostic standards. Solving methodolog-
ical problems will enable RS to fully realize its poten-
tial and transition from the realm of research to every-
day clinical practice, as well as establish a worthy place
among modern diagnostic tools.
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Oszexminizi: Makanada onxonozusioazvl icikmepdi epme OUAZHOCMUKANAY YWIH ONMUKALbIK CHEKMPOCKONUs 90icmepi COHbIY fuiHoe
Paman cnexmpockonuscel (PC) muimoiniei 60tibinuia 2biibl MU HCAPUATAHBIMOAP2A 90e0U WOy bepineen.

3epmmey maxcamot— Oy o0ebuemmix wiony 6ap oepekmepoi scunakmay, Paman cnekmpockonuscol apkblivl opmypii Myueoe OpHaIacKan
Kamepai icikmi 3epmmeyoe muiMOLLiciH Maiday JHeoHe 01apOblH OHKOL02US0A2bl OUACHOCMUKALLIK dleyemin bazanay 6ovin madwuliaosl.

Acinoepi: oebu wony 2015 sxncvindoan bacman 2025 xHcwlioviy Mambvlp allbiHa Oeliinel Ke3eyee apHaleaH 0epekKopaapoazsl MaKaidaiapobsl
i30ey orcone manoay myuinoi cezdepOi KOIOAHY apKblibl dcyzeee acwbipvliovl. Kewipmenepdi oscotizannan Keuin Maxanaiap oaapmeH
6aUIANLICIBL AHHOMAYUSLAD MeH MObIK MOMIHOepOi Kapay apKulivl mexcepindi. Bapuvix makanaiap sepmmey moobuvlibly asmopiapbimMen
mekcepinoi. Ipikmey dcacanean mMaKaiaiapowiy coHabl Mizimi OApiblK a8mMopiapmeH Kericiieenze Oeliin Jcypeizinin, 22 maxana ipikmeiin
anviHObl, KO0a 6ap muicmi oepexmep capanmavin, WoLy MaKaiacsl mypiHoe HCUHAKmManiobl.

Homuxcenepi: Ouxonocusoa onmuxanviy cnekmpockonusi (OC) kamepni icikmepoi ouazHocmukaiay, OaKwliay sicoHne O0x#cay yuin
modicipbuede dcone KIUHUKANLIK 3epmmeyiepoe muimoi Kypai 0oasin mabuliamuinbli Kopyee 601abl. IKCnepumenmanovl sepmmeyiepoiy
nomuoicenepinoe kopemin boncar coyewl 20 xceinoa PC odicmep kamepai icikmepoiy epme ouaenocmuxacvinoa 90% dondizi scone apnaiivlivlebii
Kepcemmi, COHbIMEH Kamap OUONO2USANBIK HCeMIMOLNIKmMe KOAHCemiMOiniciMen — Muimoi, s2HUu CHeKmpOCKONUsad Kbl3bl2yUlblIbIKMbLY
apmybviHblY OHbIY OUONOSUATLIK MAMEPAIObl 3epmmeyoe Holi0aMObLIbI2bI, HOMUNCEHTH AUKbIHObLIbIZbL MeH MYIbIMUKOMNIEKCMI 601ybl ceben
6onbin madwinadsl. Llemendix scone omanovik o0ebuemmepoi mandayoa Kordanwvliean Paman cnexmpockonuscoli OHKOIOUANBIK AYpYIapObl
Juaenocmukanayoa 6ipviHeail sdicmemenep mypaibl e2)ceti-me2icetili MeXHUKAbIK 0epekmep JHCOK eKeHiH Kepcemmi, Oyl naudaianyosl
pemmeimin xammamanapobvl Heylieni Oymatlianobipy Kaxcemminicin kopcemeoi.

PC oni 0e acakcel mycininmezen sxcone Keyipek 3epmmey Kasxcem ememin Heone aavlhaan Homuicenepoi KyHOeaikmi mosxcipubece eneizyoe
bIKNAIbL 30p 3epmmey d0icmepi 60abln MadbLIaAObL.

Kopvimuoinowt: PC conzol ocvioaper OC-0a o0icmepiHiy MeOuyuHa caiacblHoa O0amybl OHKOLOSUSIBIK aypyiapobly nauda 0oy
MEXAHUBMINIY JHCACYUATBIK Oeneetioe meper 3epmmeyee JHCoHe OHbLY OONICAYUBLIAPLIH AHbIKMAY2d KOMEeKmeceOl.

Tyitin co3dep: onxonozus, Kamepai icikmep, ONMUKATBLIK CHEKMPOCKonus, boaxcaywiiap, Paman cnekmpockonuscel, un@paxvisvli
CNEeKMpPOCKONUSICHL.
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'HAO «KaparaHamnHckui MeauumMHCKuiA yHuBepeuTeT», Kaparanaa, Pecnybnuka Kasaxcrar;
KM Ha MXB «MHoronpodunbHas 6onbHuua Ne 3 r. Kaparaapi», Kaparaxaa, Pecnybnuka KasaxcraH,
HAO «KaparaHanHckuit yHuepcuTeT» UMeHy akanemuka E.A BykeTosa, Kaparanaa, Pecnybnuka KasaxctaH

Axkmyanvnocms: B cmamve npedcmagien 0030p HAVUHbIX NYOIUKAYULL, NOCEAUWEHHBIX dPPekmueHocmu Memooos ONmuyecKoi
cnekmpockonuu, ekaouas Pamanosckyio cnexkmpockonuio (PC), 0ns panneti Ouaznocmuku onyxoneil 8 OHKOA02UU.

Llenv uccnedosanus — npedcmasisiem cooou coOOp Cywecmgyiowux OAHHbIX, AHAIU3 IPHEKMUBHOCIU UCCIeO08ANUSL 3NOKAYECNEEHHbLX
HO08000PA306AHUTL, PACHOIONCCHHbIX 8 PA3NUYHLIX OP2AHAX, ¢ NOMOWbI0 Pamanosckoli cnekmpockonuu, u oyeHky e€ OudeHOCMUYecKo20
NOMEHYUANA 8 OHKOLOZUU.
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Memoowi: [Touck numepamypusl nposoouics no nyoauxayuam ¢ 2015 200a no mai 2025 200a no karouegvim ciosam 6 6a3ax OAHHBIX.
Tlocne uckniouenus OyonuKamos cmamoi OMOUPAIUCH HA OCHOBE AHANU3A AHHOMAYULL U NOTHBIX MeKcmos. Bee nybauxkayuu bviiu nposepersl
asmopamu ucciedosanus. OKOHUamMenbHbll CNUCOK U3z 22 cmametl Obll CO2NACOBAN BCEMU ABMOPAMU, NOCIIE He2O0 COOMBEMCMBYIouue OaHHbLe
ObLIU NPOAHATUIUPOBAHBL U CUCIIEMAMUZUPOBANDL 8 8UOE 0030Da.

Pesynomamor: Onmuueckas cnexmpockonusi (OC) sensemcsi 3(QekmuHvim UHCMPYMEHMOM O0As OUASHOCMUKU, MOHUMOPUHSA
U NPOSHO3UPOBAHUS 3]I0KAYECMBEHHbIX ONYXOiell KaK 6 IKCHePUMEHMANbHbIX, MAK U 6 KIUHUYeCKUx ucciedosanusx. Pezynbmamol
IKCnepuMenmanbHelx pabom nokaszanu, ymo 3a nocieouue 20 rem PC npodemoncmpuposana 90% mounocms u cneyugpuunocms 6 pannei
ouaznocmuke paka, a makdice npeumMyuecmsd 6 6GUOOOCmMYnHOCMU, CKOPOCHMU, YeMKOCIMU U MYTbIMUNIEKCHOM AHAau3e, 4mo 00yciasiusaent
pacmywuii unmepec K 3momy memooy 6 6uon10eudeckux uccie0oganusx. OOHaKo ananus 3apyoedlcHoll u omedecmeeHHOU TUmepamypbl GblsGUIL
omcymemeue eOuHblX CIManoapmu3upo8aHHblx memooux npumenenus PC 6 ouaznocmuke onkonoeuieckux 3a60ae6anuil, 4mo nooyepkugaem
HeoOX00UMOCHb pa3pabomKy ONMUMUSUPOBAHHBIX CUCIIEMAMUYECKUX NPOMOKOLO8.

Hecmomps na nepcnexmuenocms, PC ocmaemces nedocmamoyno u3yyenHol u mpedyem OanbHeuuux ucciedo8anuil 0as 6HeOpeHus
NONYHUEHHBIX Pe3YIbMAMO8 8 KIUHUYECKYIO NPAKIMUKY.

3akniouenue: CospemeHnnvie 00CmMudxiCenus 8 001acmu ONMu4eckoll CneKmpockonuu, 8 uacmuocmu Pamanosckux memooos, cnocoocmsyom
YeNYONeHHOMY U3YUEHUIO MEXAHUZMO8 BO3HUKHOBEHUS. OHKOIOSUYECKUX 3A00Ne8AHUL HA KICMOYHOM YPOGHE U COBEPULCHCMBOBAHUIO UX
npeoOuKmuHOU OUACHOCMUKLU.

Knioueswie cnosa: onxonozus, 3nokavecmeennble ONYXoau, ONMU4ecKas CneKmpocKonus, npeouxmuenas ouaznocmuxa, Pamanoscras
CNeKmpOCKONUsl, UHPPAKPACHaAs CNeKMpPOCKONU.
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ABSTRACT

Relevance: Non-small cell lung cancer (NSCLC) remains one of the leading causes of cancer-related mortality despite significant
advances in diagnostic and therapeutic approaches. Anatomical lobectomy is traditionally considered the “gold standard” for stage
INSCLC, but the increasing detection of small-sized tumors through screening programs has renewed interest in sublobar resections.

The study aimed to compare the efficacy and safety of lobectomy versus sublobar resec-tions (segmentectomy and wedge
resection) in patients with early-stage non-small cell lung cancer.

Methods: The meta-analysis was conducted following the PRISMA and AMSTAR guidelines. Literature was searched across
PubMed, Embase, Cochrane Library, Scopus, Web of Science, and other databases for studies published between 2010 and 2024.
Eligible studies included adult patients with stage I NSCLC undergoing either lobectomy or sublobar resection, with reported
oncological or perioperative outcomes. Statistical analysis was performed using RevMan 5.4. Relative risks (RRs) with 95%
confidence intervals (Cls) were calculated; heterogeneity was assessed using the I? statistic.

Results: Twelve studies comprising 17,454 patients were included; 13,692 underwent lobectomy, and 3,762 received sublobar
resection. No statistically significant difference in recurrence rates was found (RR=0.92;, 95% CI: 0.65-1.31; p=0.66), although
heterogeneity was substantial (I’=87%). The risk of postoperative complications was significantly higher after lobectomy (RR=1.22;
95% CI: 1.08-1.37; p<0.01; I’=0%). Five-year overall survival favored lobectomy (RR=1.08; 95% CI: 1.00-1.17; p=0.05), with high
heterogeneity (I’=91%).

Conclusion: Sublobar resections demonstrate comparable oncological outcomes to lobec-tomy in selected patients with tumors
<2 cm, no signs of invasion, and reduced physiological reserve. These findings support the importance of an individualized surgical
approach. Further multicenter randomized trials are warranted to confirm oncological equivalence and define clinical indications.

Keywords: non-small cell lung cancer (NSCLC), lobectomy, sublobar resection, segmentectomy, survival, recurrence-free

survival, recurrence.

Introduction: Lung cancer (LC) continues to be one
of the leading causes of mortality from malignant neo-
plasms (malignant neoplasms) globally, despite signifi-
cant progress in cancer diagnostics and treatment. Ac-
cording to GLOBOCAN data 2020, the total number of
new cases of malignant neoplasms among women was
9,227,484, followed by colorectal cancer (865,630; 9.4%)
and LC(770,828; 8.4%). Over the same period, 10,065,305
new cases of malignant neoplasms were registered in
men, among which LC took the 1°* place - 1,435,943 cas-
es (14.3%), followed by prostate cancer (1,414,259; 14.1%)
and colorectal cancer (1,065,960; 10.6%) [1].

In terms of cancer mortality, LC also occupies a leading
position, causing about 1.8 million deaths, which compris-
es 18% of all deaths due to malignant neoplasms [1].

In Kazakhstan, according to D. Yessenbayev et al.
(2023), 36,916 new cases of LC were registered over a

ten-year period, of which 80.5% were recorded in men
and 19.5% in women. The mean age of the cases was
64.2 + 0.1 years. The highest incidence rates per 100,000
population were observed in the age groups of 65-69
years (147.6 + 2.7), 70-74 years (159.3 + 2.5), and 75-79
years (147.1 £ 3.2). The annual standardized average
amounted to 22.2 cases per 100,000 population. At the
same time, there is a trend towards a decline in inci-
dence, especially among the male population, where
the incidence rate is six times higher than in women [2].

As of today, surgery remains the main treatment op-
tion for non-small cell lung cancer (NSCLC). Anatomical
lobectomy with systemic lymphatic dissection is tradi-
tionally considered the “gold standard” of the surgical
approach, providing high rates of overall and recur-
rence-free survival. However, with the development of
screening programs and the increase in the number of
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small tumors (<2 cm) detected, approaches to the vol-
ume of resection are increasingly being revised [3, 4].

Although lobectomy remains an oncologically relia-
ble method, sublobar resections - segmentectomy and
wedge resection (wedge) — show comparable results in
older patients with limited lung function and high lev-
els of comorbidity. Due to their organ-preserving na-
ture, such interventions become preferable in this cat-
egory of patients [3].

According to the results of the analysis of data from
43,469 patients, the rate of postoperative complications
in lobectomy reached 48%, while in sublobar resections
it was 46.6%. Elevated rates were associated with severe
baseline conditions, age, and comorbidities. In most
studies, the complication rate for sublobar resections
did not exceed 15.3%. The higher burden on the cardi-
ovascular system during lobectomy explains the higher
incidence of complications [5].

Regarding recurrences, the preference is given to
lobectomy, with a risk of 32% compared to 53.4% with
sublobar interventions. This is due to the greater rad-
icality of the operation and the possibility of a full as-
sessment of the lymph nodes, especially the 11" zone. If
the tumor has spread, limited resections are associated
with a higher risk of recurrence (42.6%, versus 12.7% af-
ter lobectomy) [6, 7].

In terms of overall survival, the 5-year rates after an-
atomical segmentectomy range from 43.8% to 49.9%,
while after lobectomy they reach 78.4%. Sublobar in-
terventions yield the best results in patients with lepid-
ic-type tumors measuring less than 2 cm in diameter,
detected at an early stage [5, 8, 9].

Thus, in modern conditions, revising surgical strat-
egies for early NSCLC becomes extremely relevant. The
present study aims to conduct a systematic review and
meta-analysis to compare the efficacy and safety of
lobectomy and sublobar resection in patients with ear-
ly-stage NSCLC.

The study aimed to compare the efficacy and safety
of lobectomy and sublobar resections (segmentectomy
and wedge resection) in patients with early-stage non-
small cell lung cancer.

Materials and methods: This study was conducted
following the PRISMA and AMSTAR guidelines (Figure 1).

A systematic literature search was conducted in the in-
ternational databases PubMed, Embase, Cochrane Library,
Scopus, Web of Science, MedLine, as well as the Google
Scholar search engine (the first 300 relevant results). In
addition, to expand coverage, the clinical trial registration
platform ClinicalTrials.gov was analysed, and references in
previously published systematic reviews and meta-anal-

yses were manually searched. All found articles were im-
ported into EndNote X9 to remove duplicates.

The search period covered publications from January
1,2014, to December 31, 2024. Articles in English and Rus-
sian were included. The following keywords and MeSH
terms were used in various combinations: “non-small cell
lung cancer”, “NSCLC", “early-stage lung cancer”, “lobec-
tomy”, “segmentectomy”, “
resection”, “surgical treatment”, “meta-analysis”, “
al”, “recurrence”, “postoperative complications”.

Criteria for inclusion in the systematic review: adult pa-
tients with histologically confirmed early-stage NSCLC
(stage I, T1I-T2NOMO); anatomical lobectomy surgery;
presence of a comparison group including patients un-
dergoing segmentectomy or wedge resection; indica-
tion of at least one of the following outcomes: overall
survival, recurrence-free survival, rate of recurrence or
postoperative complications; study type — randomized
controlled trials (RCTs), cohort studies, as well as retro-
spective comparative studies.

Publications that did not contain a direct compar-
ison between lobectomy and sublobar resections, did
not describe clinically significant outcomes, and re-

”nou

wedge resection”, “sublobar
surviv-

views, case reports, experimental animal studies, du-
plicate publications, or sources with overlapping data
have been excluded.

Data on patient characteristics, type of surgery, tu-
mor size, presence of lymphatic dissection, clinical out-
comes, and duration of follow-up were extracted from
each included article. The comparability of the study
groups was assessed by age, gender, resection volume,
and concomitant diseases.

Meta-analyses were performed using RevMan 5.4
software (Cochrane Collaboration, London, UK). For bi-
nary variables, odds ratios (ORs) or risk ratios (RRs) with
95% confidence intervals (Cls) were calculated. Hetero-
geneity between studies was assessed using the I” score;
studies with an I” value greater than 50% were analyzed
using the random effects model. Statistical significance
was determined at the p level < 0.05. The results were
visualized using forest plots, and the presence of publi-
cation bias was estimated using funnel plots.

Results: The final meta-analysis included 12 studies
published between 2014 and 2023, with a total of 17,454
participants. Of these, 13,692 patients (78.44%) under-
went lobectomy (group L) and 3,762 patients (21.56%)
underwent sublobar resection (SR groups), including
segmentectomy and wedge resection. The analysis in-
cluded studies with different designs: two RCTs [11, 19],
two cohort studies [18, 21], and eight retrospective com-
parative studies (Table 1).
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Web of Science, MedLine, Google Scholar —n = 148 - Duplicate records removed manually or
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Figure 1 - Selection process for publications for systematic review and meta-analysis [10]

The mean age of patients in the L groups ranged from
59.8 to 77.9 years, while in the SR groups, it ranged from
59.7 to 79.2 years. However, in most studies, the average
age in the SR group was slightly higher. The gender com-
position showed heterogeneity: in the L group, the pro-
portion of men ranged from 41.2% to 86.4%, while in the
SR group, women predominated in several studies, for
instance, 59% [13], 63.3% [14], and 71.3% [18].

The duration of follow-up ranged from 30.3 to 109
months. The longest follow-up period was reported in
the study by N. Altorki et al., which spanned over 84
months. [11], K. Kodama et al. - 87 months. [19], W. Nish-
io et al. - 109 months [20]. In the studies of A. Fiorelli et
al. [13], A.V. Levitsky et al. [15], and R. Perez Holguin et al.
[18] provided information on the timing of observation
that was either absent or limited.

The average tumor size ranged from 1.42 to 2.29 cm in
the L group and from 1.4 to 2.02 cm in the SR group. The av-
erage values for all studies were 9.4% and 7.5%, respectively.

Recurrence rates ranged from 0% to 29.3% in the L
group and from 0% to 39% in the SR group, with a trend
towards higher recurrence rates in the sublobar resec-
tion group in most publications.

The 30-day postoperative mortality rate in all stud-
ies was low, ranging from 0% to 1.6%, with no statisti-
cally significant differences between the interventions.

The five-year recurrence-free survival rates in the L
group ranged from 60% to 91.5%, while in the SR group,
they ranged from 36% to 92.7%. Five-year overall surviv-
al was higher in the lobectomy group (60.5% to 94.1%)
compared with the sublobar resection group (45% to
95.7%), with an advantage of lobectomy in most studies.
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Analysis of tumor recurrences. The total relative risk
(RR) of recurrence was 0.92 [95% Cl: 0.65-1.31], which does
not indicate a statistically significant difference between
lobectomy and sublobar resection (p=0.66). Thus, both
surgical strategies have shown comparable efficacy in pre-
venting recurrence in the early stages of NSCLC.

However, high inter-study heterogeneity was ob-
served (1’>=87%, p<0.01), indicating significant differenc-

es between the included studies in design, population
characteristics, duration of follow-up, and criteria for
assessing relapse. For example, RR values ranged from
0.00 [0.00-0.02] in M. Subramanian et al. [16] to 5.67
[1.74-18.46] in K. Kodama et al. [19]. In a study of B.M.
Stiles et al. [22], relapse occurred significantly more fre-
quently after sublobar resection (RR=0.59 [0.50-0.70])
(Figure 2).

Lobectomy Sublobar resection Risk Ratio Risk Ratio
Study Events Total Events Total Weight MH, Random, 95% ClI MH, Random, 95% CI
Altorki N. [11] 2023 103 357 102 340 13.1% 0.96 [0.76; 1.21]
Dziedzic R. [12] 2017 568 5911 93 761 13.2% 0.79 [0.64; 0.97]
Fiorelli A. (2016) [13] 2016 29 149 21 90 10.8% 0.83[0.51; 1.37]
Mynard N. [14] 2022 315 1916 63 275 13.0% 0.72[0.56; 0.91]
Levitsky A.V. [15] 2021 0 78 1 38 1.1% 0.16 [0.01; 3.92] ——t—
Subramanian M. [16]2018 0 1354 130 333 1.4% 0.00 [0.00; 0.02] e
Yaldiz D. [17] 2020 18 257 0 12 1.4% 1.80[0.11; 28.13) R
Perez Holguin R. [18] 2023 33 306 25 401 10.8% 1.73[1.05; 2.85)
Kodama K. [19] 2022 17 69 3 69 5.3% 5.67 [1.74; 18.46) -
Nishio W. [20] 2016 12 59 5 59 6.6% 2.40 [0.90; 6.39]
Okada M. [21]2014 37 479 13 155 9.8% 0.92 [0.50; 1.69]
Stiles B.M. [22] 2019 256 2757 193 1229 13.4% 0.59 [0.50; 0.70]
Total (95% CI) 13692 3762  100.0% 0.92 [0.65; 1.31]
Prediction interval [0.30; 2.87]
Heterogeneity: Tau® = 0.2275; Chi® = 84.13, df = 11 (P < 0.01); I = 87% 0.001 0.1 1 10 1000
Test for overall effect: Z = -0.44 (P = 0.66)

Figure 2 — Forest graph: risk of recurrence after lobectomy and sublobar resection (RR=0.92 [95% Cl: 0.65 to 1.31]; p=0.66; ’=87%)

Postoperative complications. Comparative analyses re-
vealed a higher risk of postoperative complications in the
lobectomy group (RR=1.22 [95% Cl: 1.08-1.37]; p<0.01). This
suggests that lobectomy is 22% more likely to develop
complications, compared to SR (Figure 3).

The heterogeneity of the analysis was found to be
minimal (I’=0%; x’=10.62; df=11; p=0.48), indicating a

high consistency of results between studies, regardless
of region, clinical setting, and design.

Five-year overall survival. A meta-analysis of five-
year overall survival showed an advantage of lobecto-
my over sublobar resection (RR=1.08 [95% Cl: 1.00-1.17];
Z=1.96; p=0.05), but the difference is at the limit of sta-
tistical significance (Figure 4).

Lobectomy Sublobar resection Risk Ratio Risk Ratio

Study Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% CI
Altorki N. [11] 2023 48 357 28 340 7.2% 1.63[1.05; 2.54) .—
Dziedzic R. [12] 2017 464 5911 43 761 15.4% 1.39[1.03; 1.88] s

Fiorelli A. (2016) [13] 2016 25 149 6 90 1.9% 2.52[1.07; 5.90]

Mynard N. [14] 2022 175 1916 30 275 10.5% 0.84[0.58; 1.21] e

Levitsky A.V.[15] 2021 3 78 1 38 0.3% 1.46 [0.16; 13.59]

Subramanian M. [16] 2018 120 1354 25 333 8.2% 1.18[0.78; 1.79] ——

Yaldiz D. [17] 2020 16 257 1 12 0.4% 0.75[0.11; 5.18]

Perez Holguin R. [18] 2023 41 306 38 401 8.2% 1.41[0.93; 2.14] -—

Kodama K. [19] 2022 4 69 3 69 0.7% 1.33(0.31; 5.74)

Nishio W.[20] 2016 7 59 6 59 1.3% 1.17[0.42; 3.26)

Okada M. [21] 2014 34 479 8 155 2.5% 1.38[0.65; 2.91]

Stiles B.M. [22] 2019 370 2757 144 1229 43.4% 1.15[0.96; 1.37) -
Total (95% CI) 13692 3762 100.0% 1.22[1.08; 1.37) *

Prediction interval [1.06; 1.40] i — Y
Heterogeneity: Tau® = 0; Chi® = 10.62, df = 11 (P = 0.48); I = 0% 0.1 05 1 2 10
Test for overall effect: Z = 3.27 (P < 0.01)

Figure 3 — Forest graph: incidence of postoperative complications (RR=1.22 [95% Cl: 1.08 to 1.37]; p<0.01; ’=0%)

Heterogeneity was pronounced (1°=91%; x*=125.55;
df=11; p<0.01), reflecting significant differences be-
tween studies. The prognostic interval [0.81-1.44]
demonstrates potential variability in effect depending
on the clinical context. This emphasizes the need for
individualized selection of surgical tactics, taking into
account the concomitant risk factors and the patient’s
overall condition.

Discussion: The results of the meta-analysis made it pos-
sible to comprehensively assess the oncological effective-
ness and safety of lobectomy and sublobar resections (seg-
mentectomy and wedge resection) in patients with stage
| NSCLC. Even though lobectomy remains the standard of
surgical treatment, the increased interest in organ-preserv-
ing interventions is due to the need to minimize surgical
risks, especially in elderly and comorbid patients.
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Lobectomy Sublobar resection Risk Ratio Risk Ratio
Study Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% CI

Altorki N. [11] 2023 287 357 268 340 9.7% 1.02 [0.95; 1.10]

Dziedzic R.[12] 2017 4676 5911 596 761 10.4% 1.01 [0.97; 1.05]

Fiorelli A. (2016) [13] 2016 90 149 40 90 4.8% 1.36 [1.04; 1.77)

Mynard N. [14] 2022 1035 1916 126 275 8.1% 1.18[1.03; 1.35]

Levitsky A.V. [15] 2021 64 78 28 38 5.9% 1.11[0.90; 1.38]

Subramanian M. [16] 2018 837 1354 185 333 9.0% 1.11[1.00; 1.24]

Yaldiz D. [17] 2020 161 257 9 12 3.6% 0.84 [0.59; 1.17]

Perez Holguin R. [18] 2023 272 306 341 401 10.1% 1.05[0.99; 1.11]

Kodama K. [19] 2022 65 69 66 69 9.7% 0.98 [0.91; 1.06)

Nishio W. [20] 2016 55 59 51 59 8.5% 1.08 [0.95; 1.22) _

Okada M. [21]2014 451 479 148 155 10.4% 0.99 [0.95; 1.03]

Stiles B.M. [22] 2019 1792 2757 590 1229 9.9% 1.35(1.27; 1.44) 3
Total (95% CI) 13692 3762 100.0% 1.08 [1.00; 1.17] -
Prediction interval [0.81; 1.44) ———

—— ——
Heterogeneity: Tau® = 0.0151; Chi® = 125.55, df = 11 (P < 0.01); ¥ = 91% 0.75 1 15
Test for overall effect: Z = 1.96 (P = 0.05)

Figure 4 — Forest graph: five-year overall survival (RR=1.08 [95% Cl: 1.00-1.17]; p=0.05; I’=91%)

Analysis of recurrence rates revealed no statistically sig-
nificant differences between lobectomy and sublobar resec-
tion (RR=0.92; 95% Cl: 0.65-1.31; p=0.66). However, the high
heterogeneity (>=87%) reflects variability in study designs,
population characteristics, and evaluation criteria. The range
of individual RR values from 0.00 to 5.67 emphasizes the im-
portance of a stratified approach, taking into account tumor
morphology, degree of invasion, and lepidic growth.

The incidence of postoperative complications was sig-
nificantly higher after lobectomy (RR=1.22; 95% Cl: 1.08-1.37;
p<0.01), in the absence of inter-study heterogeneity (>=0%),
confirming the persistence of the effect. These findings are
particularly important for patients with limited functional
reserve, who may prefer less invasive interventions.

Five-year overall survival was higher in the lobectomy
group (RR=1.08; 95% Cl: 1.00 to 1.17; p=0.05), but the ef-
fect was on the verge of statistical significance, with pro-
nounced heterogeneity (’=91%) and a wide prognostic
interval [0.81 to 1.44], which limits the universality of the
findings. This emphasizes the need to individualize surgi-
cal tactics, taking into account the tumor’s characteristics,
size, localization, and risk factors for recurrence.

This meta-analysis is characterized by its coverage and
strict adherence to the PRISMA and AMSTAR methodol-
ogies. Unlike previously published studies, this study in-
cludes various designs, covers key outcomes (relapses,
complications, survival), and also contains a formal anal-
ysis of heterogeneity and confidence intervals, which in-
creases the reliability of the conclusions.

The present study has several methodological limita-
tions that should be considered when interpreting the re-
sults. Firstly, studies with different designs (randomized,
cohort, and retrospective) were included in the meta-anal-
ysis, which, in itself, may be a source of heterogeneity. Pro-
nounced variability in the duration of follow-up, patient
characteristics, the volume of lymphatic dissection, and
the use of additional methods of treatment also affects the
comparability of results.

A key limitation is the aggregation of two different
types of sublobar resections — anatomical segmentecto-
my and non-anatomical wedge resection - into one sub-
group. These interventions differ significantly in radicality,
volume of tissue removed, and the ability to assess resec-
tion margins and lymph nodes. Segmentectomy, as a rule,
provides higher oncological reliability compared to wedge
resection, a finding confirmed by several studies. Thus,
combining these approaches in a single analysis could af-
fect the accuracy of the cancer efficacy assessment and in-
crease the heterogeneity of the results. Due to the limita-
tions of the initial data and the lack of stratified data on the
type of sublobar resection in separate publications, it was
not possible to conduct a separate analysis of segmentec-
tomy and wedge resection in this meta-analysis.

An additional limitation is the prevalence of retrospec-
tive studies with variable quality of initial data, which re-
duces the level of evidence. In addition, the lack of access
to individual patient data limits the possibility of conduct-
ing an in-depth subgroup analysis on the morphological
characteristics of the tumor, age, comorbidities, and oth-
er significant factors.

Conclusion: Sublobar resections demonstrate compa-
rable oncological outcomes to lobectomy in patients with
NSCLC, stage I. Despite the modest benefit of lobectomy in
terms of five-year overall survival, the difference did not reach
a clinically significant level and was accompanied by high
heterogeneity. The recurrence rate did not differ statistically
between groups; however, the risk of postoperative compli-
cations was significantly higher in the lobectomy group.

The data obtained confirm the validity of an individu-
alized approach to determining the scope of intervention.
Sublobar resections can be considered as a safe alternative
to lobectomy in patients with tumors <2 cm, low invasive-
ness, and limited functionality.

Multicenter randomized trials with long-term follow-up,
standardized inclusion criteria, and access to individual data
are necessary for the final assessment of cancer equivalence.
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AHJIATIIA

EPTE CATBIJTAFBI YCAK KACYIIAJIbI EMEC OKIIE KATEPJII ICITTHAE JIOBDKTOMMUA
MEH CYBJIOBAPIJIBIK PESEKIIUSJIAP/IBIH CAJIBICTBIPMAJIBI TUIMJILJIIIT:
JKYHUEJI HIOJY )KOHE META-TAJIJAY
P.C. Pawmuoos', K.C. JKaomanosa', X.A. /[ymanosa', A.b. Bepxunéair', O.T. Hoexenoe*, A.H. Baiimaxanog*
'«KaparaHzbl MeaunumHa yHusepeuteTi» KEAK, Kaparaabl, KasakctaH Pecnybnukacsl;

2«C.)K. ActeHansipo aTbiHaarsl Kasak ynTTbik MeanumHa yueepcutetis KEAK, Anmarsl, KasakcTaH Pecry6nmkachl;
3«A.H. Cbi3raHoB aTbihfarbl ¥ATTbIK XMPYprus fbinbiMi opTanbifel» AK, Anmatel, KasakctaH Pecnybnukacs!

Oszexminizi: Ycax owcacywanvl emec exne obvipvl (YIKEOO) — 3amanayu ouazHocmuka meH emOeyoin dcemicmikmepine Kapamacman,
OHKONO2USLILIK ONIM-JICIMIMHIY He2i3el cebenmepiniy 6ipi bonvin Karyoa. I camvioazel YIKEOO ke3inde anamomusiivlk 1009Kmomus 0ocmypii
mypoe «aimvlH cmaHoapmy OONbIN CAHANAObL, A1aldd CKPUHUHSMIK Oa20apramanapobly Oamybl HCOHe Uld2blH enuemMoi ICIkmepoiy cui
AMbIKMATYbl CyO106apblK pesekyusiapad Kol3ol2yublibIKnbl Apmmuipyod.

3epmmey markcamel — ycax Jcacyuldnsl emec OKne 00blpblHbIY epme CAMbICLIHOA AHAMOMUANBIK T0OIKMOMUSL MeH CYON00apublK
pesexyuanapobly (CecMenmaKmomus, KIUHOBUOMI pe3eKkyus) muimoiniei Men Kayincizoiein canblcmvlpmansl mypoe 6az2aiay mMakcamulHod

JACytieni Wory Jdcone Mema-manoay JHeypeisy.
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Aoicmepi: Mema-manoay PRISMA scone AMSTAR o0icmemenik ycvinvimoapuina cotikec scypeizinoi. 2010—2024 sxcoiroap apanvieviinoazol
orcapusananvimoapea PubMed, Embase, Cochrane Library, Scopus, Web of Science swcone backa da depexkopaap OoubiHwa i30ey x#ypeizinoi.
Ipixmeyze 1 camvioaev ¥JKEOO ouaznosvl Kolibliean, 1009kmomus nemece cyOi00apivik pe3ekyus dcacaiedan epecek nayuenmmepee
Kamsicmol sepmmeynep eneizinoi. Cmamucmuranvix manoay RevMan 5.4 bazoapramacel apkwiivl dcypeizindi. Kayin-kamepoiy canvlcmuipmansl
xopcemxiwmepi (RR) 95% cenimoinix unmepsanvimen ecenmenoi, cemepozenoinik I? unoukamopul 6otivinuia 6a2ananob.

Homuoswcenepi: JKannvi canvl 17 454 naykacmel kammulean 12 3epmmey mema-manoayea eneizinoi, onapoviy 13 692-cinobsxmomus, 3 762-ci
cyonobapvlk pesexyusoan ommi. Peyuous sicuiniei 6oubinuwa cmamucmukansly ausipmawsliviy oatxaimaost (RR=0,92; 95% CI: 0,65-1,31;
p=0,66; I’=87%). Jlo65kmomust mobviHO0a omadaw Keuinzi ackplhy Kayni atumapavikmaii scozapul 6010vl (RR=1,22; 95% CI: 1,08-1,37; p<0,01;
1’=0%). becorcvlnovik dcannvt omip cypy kopcemriuii 1009kmomus moowvinoa srcozapuvt 6o10ul (RR=1,08; 95% CI: 1,00-1,17; p=0,05; I’=91%).

Kopoimoinowi: Cyonobapnulx pesekyusniap <2 cm emwemoeei icikmepi, ungeaszus 6enciiepi H#oK JHcoHe QYHKYUOHANObIK pe3epsmepi
wekmeyni HayKacmap apacblHod OHKOLOSUSILIK MUIMOLNIK OOUbIHWA T0OIKMOMUAMEN CANbICMbIpY2d 601amvli Homudicenep Kopcemeoi.
Xupypausinblk makmukanvl mayoayod dcexeneHoipineen mociioiy Maybl30blablebl apma mycyoe. byn bazimma Kocvlmuia panooMu3ayusianaan
KONOPMANbIKMbL 3epmmeynep Kadlcen.

Tyuinodi cesdep: ycax scacywanvt emec oxkne obvipol (YIKEOO), n065xkmomus, cyono6apivlk pe3ekyus, cecMeHmaKmomus, omip cypy,
PeYUuOUBCiz OMip cypy y3aKmoievl, peyuous.

AHHOTALIUA

CPABHUTEJBHAS D®PEKTUBHOCTH JIOBOKTOMMWU U CYBJIOBAPHBIX PE3EKIIUIA
P PAHHE CTAIMA HEMEJKOKJETOYHOI'O PAKA JIETKOI'O:
CUCTEMATHUYECKHIA OB30P 1 META-AHAJIN3

P.C. Pawmuooé', K.C. Kaomanosa', X.A. [ymanoea’, A.b. Bepxunoaii®, O.T. Hoexenos™, A.H. Baiimaxanog*

'HAO «KaparaHguHckuit MeauumHckuin yHueepcuteT», Kaparanaa, Pecnybnvka Kasaxcra;
HAOQ «Kasaxckuii HaLmMoHanbHbIi MeauumHckuin yHusepeuTeT umenm C.1. AcdeHamsipoy, Anmarsl, Pecnybnnka KasaxcraH,
A0 «HaumoHanbHbIi Hay4HbIA LEHTP xupypruv umeru A.H. CbiraHoBay, Anmarsl, Pecnybnnka KasaxctaH

Axmyanvrocme: Hemenkoxnemounwiii pax neckoeo (HMPJI) ocmaémest 00O 13 6€0yuux NPUYUH OHKOIOSUYECKOL CMEPMHOCTIU, HECMOMPSL
Ha npoepecc 6 ouazHocmuke u aedeHul. Anamomuyeckas 1009KmMoMus. MPAOUYUOHHO CHUMACMCSL «3010MbIM CHAHOAPMOMY XUPYPeUecKo2o
nevenus HMPJI I cmaouu, o0nako ¢ pazgumuem cKpuHuHed U y8eaudeHuem 4Ucid GblsA6IeHHbIX ONyXoiell Maioeo pasmepa pacmém unmepec K
CyOn00apHbIM pe3eKyusim.

Lens uccnedosanusn — cpasnumenvras oyenka dp@ekmueHocmu u 6e30nacHocmu 1009KMoMUU U cyOI00apHbIX pe3ekyutl (CecMeHmIKMoMUuL
U KIUHOBUOHOU pe3eKyuily) Y NAYUEHMOE C HeMENIKOKICMOYHbIM PAKOM JIe2K020 Hd paHHell Cmaouu.

Memoowvr: Mema-ananus evinoanen ¢ coomeemcmeuu ¢ pekomenoayusmu PRISMA u AMSTAR. [louck numepamypsi npoeedén 6 Oaszax
PubMed, Embase, Cochrane Library, Scopus, Web of Science u opyaux ucmounuxax 3a nepuood c 2014 no 2024 200. Bxaouanuce ucciedoganus ¢
NPAMBIM CPABHEHUEM I0OIKMOMUU U CYON0OapHbIX peseKkyuil y 63pocabix nayuenmos ¢ HMPJI I cmaouu u oyenkotl KIuHuvecKu 3Ha4uMblX UCX0008.
Cmamucmuueckutl ananus nPoGOOUNCS ¢ UCRONb306AHUEM NpocpamMmnozo obecneuenus RevMan 5.4. Paccuumuieanucy omnocumenshvle pucki
(OP) ¢ 95% oosepumenvhvimu unmepeanamu ([H), cemepocennocms oyeHusanu ¢ ROMowbio nokazamens I°.

Pesynomamui: B mema-ananus exntouenvt 12 uccnedosanuii (n=17 454), us nux 13 692 nayuenma nepenecau 1063xkmomuto, 3 762 — cybnobapuyio
pesexyuio. Yacmoma peyuousos cmamucmuiecky e pazaudaiacs mexicoy epynnamu (OP=0,92; 95% JIH.: 0,65-1,31; p=0,66), oonaxo ommeuanacs
svicokas cemepozeHHocmys (1°=87%). Yacmoma nocieonepayuoHHbIX 0C10M#CHeHUL Oblia 00CMO8epHO sbluie 6 epynne 100sxkmomuu (OP=1,22; 95%
JIU: 1,08-1,37; p<0,01; I’=0%). [Iamunemusisi obwas evidicusaemocms owviia evitie nocie roosxmomuu (OP=1,08; 95% /[H: 1,00-1,17; p=0,05), Ho ¢
sbIpadceHHou cemepoceHnocmoio (1°=91%).

3axniouenue: CyOnodapnvie pesekyuu OeMOHCIMPUPYIOM CPAGHUMYIO C JOOIKMOMUE OHKOIO2UYECKYIO dhexmusnocms npu pamnHem
HMPJI, ocobenno y nayuenmos ¢ onyxoasimu <2 cm, Omcymcmeuem UHea3ull u 0ePaAHUYeHHbIMU DYHKYUOHATbHbIMUY pesepsamu. Tlonyyennvle
OaHHble NOOMEEPAHCOAom 000CHOBAHHOCHb UHOUBUOVAIUIUPOBAHHO2O NOOX00a npu vlbope o0bvéma pesexkyuu. Heobxooumsl OanvHeuuue
PAHOOMUBUPOBAHHBLE UCCACO0BAHUSL OJIsL OKOHYAMENLHOU OYEHKU OHKON02UYECKOU IKGUBANCHIMHOCIU BMEULAMENbCME.

Kniouesvie cnosa: nemenkokniemounsiii pak aeekoeo (HMPJI), nobsxmomus, cyonobapnas pe3exyus, ceemenmaKmomus, 8blocUBaemMocns,
be3peyuousHas 8blHCUBACMOCb, PEYUOUB.
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ABSTRACT

Relevance: The human papillomavirus (HPV) is the most common infection transmitted worldwide. It has high oncogenic activity
and is the main reason for the development of cervical cancer. Cervical cancer is the leading cancer in women, especially in developing
countries. Preventive measures, like vaccination, are of special significance in light of HPV's high prevalence and its connection with

cancer.

The study aimed to examine current literature data on the role of HPV vaccination in the prevention of cervical cancer.
Methods: The analyzed data were obtained from scientific publications, clinical research, and systematic reviews on HPV and
cervical cancer prevention. More than 120 full-text sources were examined, of which 27 publications were selected for inclusion in the

review.

Results: An analysis of numerous epidemiological and clinical studies showed the high effectiveness of HPV vaccination in

preventing HPV-associated diseases, including cervical cancer.

Conclusion: HPV vaccination is a powerful instrument of primary prevention of cervical cancer and other HPV-associated
diseases. The widespread implementation of vaccination, especially in adolescence before the start of sexual activity, has the potential
to significantly reduce the global burden of the RSM. However, given the long latent period of disease development, screening programs
remain important and should be carried out in parallel with vaccination.

Keywords: Human papillomavirus (HPV), vaccination, cancer prevention, cervical cancer.

Introduction: Human papillomavirus (HPV) is one of
the most common sexually transmitted infections. Ac-
cording to epidemiological studies, almost every sexual-
ly active person encounters an HPV infection during their
lifetime. The highest incidence of infection is observed be-
tween the ages of 15 and 25, which coincides with the first
years of sexual activity. HPV can cause various diseases -
from benign warts to malignant neoplasms, including cer-
vical cancer (CC), anal canal, oropharynx, and other ano-
genital localizations [1].

Of particular concern is the oncogenic potential of
certain HPV genotypes, of which types 16 and 18 are re-
sponsible for approximately 70% of cervical cancer cases
worldwide. In this regard, primary prevention is of key im-
portance, particularly HPV vaccination, which can prevent
the development of malignant diseases associated with
persistent viral infections.

The study aimed to examine current literature data on
the role of HPV vaccination in the prevention of cervical
cancer.

Materials and methods: A search and selection of arti-
cles was conducted in the PubMed, Web of Science, Scop-
us, and RSCl Up to Date databases using the main keywords

" ou

and phrases: “ human papillomavirus *,

" o

cervical cancer”,

cervical cancer prevention “. The review included articles no
more than 10 years old and related to the topic of this re-
view. Reports of individual observations, correspondence,
letters, and studies not conducted on humans were ex-
cluded from the review. To achieve the study’s objective,
an analysis of data from scientific publications, clinical tri-
als, and systematic reviews on HPV vaccination and cervi-
cal cancer prevention was conducted. The following mate-
rials were used: the results of randomized controlled trials
of HPV vaccines, data on the long-term effects of vaccina-
tion, including a reduction in the incidence of cervical can-
cer and other HPV-associated diseases, systematic reviews,
and meta-analyses assessing the effectiveness of vaccines
and the results of screening programs. More than 120 full-
text sources were studied; the review included data from
27 publications.

Results: According to most authors, more than 88%
of patients with invasive cervical cancer are HPV-infect-
ed. The etiological structure is dominated by HPV types 16
(70-72%), 18 (13-15%), and 45 (5-7%). Failure to detect high-
risk HPV (HRHPV) in cervical cancer is associated, among
other things, with false-negative test results. The con-
ducted literature analysis revealed a relationship between
HPV status and age, morphological form of the tumor, vi-
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ral load, HRHV genotype, presence of deep stromal inva-
sion, and metastatic lesions in the lymph nodes. Regard-
ing the molecular genetic parameters of HPV HCR, such as
viral load and HPV DNA integration, the association with
prognostically important clinical indicators of cervical tu-
mors, including disease stage, locoregional tumor process
prevalence, and tumor histological type, remains a subject
of discussion [2].

Many publications state the presence of a correlation
between the HPV status and the HPV genotype of the
HCR, with such an important factor influencing the results
of cervical cancer treatment as the morphological form of
the tumor. Ambiguous conclusions on the presence of a
relationship between several molecular genetic parame-
ters of HPV infection and the main prognostic factor - the
stage of the disease (caused by both the heterogeneity of
samples, the use of various test systems, and insufficient-
ly complete consideration of the main parameters of HPV
infection, primarily data on the integration of viral DNA),
make it advisable to conduct further studies on a repre-
sentative group of patients with homogeneous diagnos-
tic protocols for determining the most complete spectrum
of HPV parameters of the HCR. In addition, the conducted
analysis of the literature showed the promise of searching
for predictors of the effectiveness of specialized treatment
of patients with cervical cancer among such HPV infection
parameters as HPV status, HPV genotype of the HCR, and
the significantly associated physical status of viral DNA [2].

However, recent research findings suggest opportuni-
ties for cervical cancer prevention in resource-limited set-
tings by adopting a combined vaccination and screen-
ing strategy, which has been proven to be cost-effective
in several low- and middle-income countries. The 2020
American Cancer Society guidelines update recommends
that women initiate cervical cancer screening at age 25
years and undergo primary HPV testing every 5 years until
age 65 years as the preferred option [3].

Further studies are needed to clarify the prognostic
value of HPV DNA integration and other molecular param-
eters of these HPV genotypes. The relevance of this issue
is likely to increase over time with widespread HPV vacci-
nation, which is expected to reduce the prevalence of the
more aggressive HPV genotypes 16 and 18 in cervical can-
cer [4].

Recently, three large Chinese cohort studies showed
that 7.5-15.5% of patients with cervical carcinoma had neg-
ative HCR HPV test results on previous cytology specimens.
These studies raise the question of whether these negative
HCR HPV results represent true HCR HPV-negative carcino-
mas or false-negative HCR HPV test results due to limita-
tions in cytology specimen testing. This is an increasingly
important issue with the increasing push to use only HCR
HPV testing for CC screening. This study shows that nega-
tive HPV testing on cervicovaginal cytology specimens in
women subsequently diagnosed with cervical carcinoma

can be explained by the occurrence of true HPV-negative
carcinomas in more than half of the patients. These results
should be considered in developing future CC screening
guidelines [5].

Testing is more sensitive than cytology for the detec-
tion of cervical cancer and its precursors. However, there
are limited and conflicting data on the efficacy of com-
bining these two methods for screening cervical adeno-
carcinoma. This multicenter retrospective study examined
the screening results of a cohort of Chinese patients sub-
sequently diagnosed with invasive cervical adenocarcino-
ma to determine the optimal screening method for cervi-
cal adenocarcinoma. Both cytology and HCR HPV testing
alone showed low screening efficacy, whereas their com-
bination notably improved the primary screening effi-
cacy for cervical adenocarcinoma. Thus, cytology and
combined HCR HPV testing may be the most effective
screening method for cervical adenocarcinoma [6].

Although cervical cancer is primarily caused by HPV
infection, some types of cervical cancer test negative
for HPV. Since these HPV-negative types of cervical can-
cer are often diagnosed at an advanced stage and have
a poor prognosis, it is important to understand their mo-
lecular pathology. Although cervical cancer treatment is
currently not stratified based on HPV positivity, there are
cases of HPV-negative cervical cancer that have a worse
prognosis than HPV-positive cervical cancer. For example,
HPV-negative cervical cancer has been reported to have
worse survival than HPV-positive cervical cancer [6]. How-
ever, false-negative HPV tests should also be considered,
especially those due to improper specimen handling. In
addition, metastasis to the cervix from cancers arising
from other organs should be excluded, as treatment op-
tions vary widely. With the increased availability of HPV
vaccines, the number of deaths from HPV-positive cervical
cancer has steadily decreased. However, HPV-negative CC
is expected to persist in the post-vaccination era, requiring
intensive research into carcinogenic pathways and thera-
peutic targets [7].

Current estimates of HPV infection rates in China vary
by geographic region (9.6-23.6%), with two age-specific
prevalence peaks in women aged <20-25 years and 50-60
years. The most commonly detected HPV genotypes in the
Chinese population are HPV-16, 52, and 58. Five HPV vac-
cines are licensed in China, and several others are in clini-
cal trials. Although modeling studies in China suggest that
HPV vaccination is cost-effective, population coverage and
uptake are relatively low. Various policies have been im-
plemented to raise awareness and increase vaccination
coverage, with the long-term goal of eliminating cervical
cancer in China [8, 9].

Most HPV genotypes are characterized by self-limiting
infection, with the virus being eliminated by the immune
system within 6-12 months. However, if the virus persists
in cells, especially those with high oncogenic risk geno-
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types, the likelihood of integrating the viral genome into
the host DNA increases. This, in turn, can destabilize the
cell cycle, disrupt apoptosis, and, potentially, lead to the
development of malignant neoplasms [10-12].

Human Papillomavirus Epidemiology and Typification.
HPV infection is one of the most common sexually trans-
mitted viral infections. According to the World Health Or-
ganization, during their lifetime, up to 80-90% of sexual-
ly active men and women encounter infection with one or
more types of the virus. The highest peak of infection oc-
curs in the age range of 15-25 years, especially in the first
years after the onset of sexual activity.

The human papillomavirus is a heterogeneous group
comprising over 200 genotypes, of which about 40 affect
the anogenital tract. Depending on the oncogenic poten-
tial, HPV is usually divided into types:

— high oncogenic risk (oncogenic) - 16, 18, 31, 33, 35, 39,
45, 51,52, 56, 58,59, and 68;

- low oncogenic risk (non-oncogenic) - 6, 11, 40, 42, 43,
44, 54, and others.

The most significant in terms of oncogenic potential
are types 16 and 18, causing about 70% of all cases of cer-
vical cancer. Additionally, about 20% of cases are associat-
ed with types 31, 33,45, 52, and 58. The remaining 10% are
less common, but also dangerous types, such as 35, 39, 51,
56, 59, and 68 [13,14].

Types 6 and 11, in turn, do not have oncogenic poten-
tial, but are responsible for approximately 90% of cases of
anogenital warts, as well as respiratory papillomatosis. The
geographic distribution of HPV genotypes can vary, as can
the frequency of occurrence of different types depending
on the age group and sexual behavior of the population.
This makes local epidemiological monitoring relevant, es-
pecially in countries with a high incidence of cervical can-
cer.

Thus, the high prevalence of HPV, the diversity of its
types, and the direct link with the development of onco-
logical diseases emphasize the need for large-scale pre-
ventive programs, primarily vaccination.

The Role of Human Papillomavirus in Cervical Cancer De-
velopment. Cervical cancer is one of the leading cancers in
women worldwide. According to the International Agency
for Research on Cancer, almost all cases of cervical cancer
are associated with persistent HPV infection, mainly onco-
genic types. Of these, HPV types 16 and 18 are found in ap-
proximately 70% of cases, while the remaining types com-
prise 31, 33,45, 52, 58, and others [14,15].

Oncogenic HPV types cause high-grade squamous in-
traepithelial lesions that, if untreated, can progress to in-
vasive cancer. The key event in the development of neo-
plasia is viral persistence, i.e., the long-term presence of
the virus in epithelial cells without elimination by the im-
mune system. Typically, the infection is eliminated within
6-12 months; however, during persistence, the virus can
integrate into the host cell genome, disrupting cell cycle

regulation. Integration of the viral genome leads to the
overexpression of the E6 and E7 oncoproteins, which di-
minish the p53 and Rb tumor-suppressing functions, re-
spectively. This contributes to uncontrolled cell division,
disruption of apoptotic mechanisms, and accumulation
of genetic mutations, which, in turn, lead to malignancy.
The median age of detection of precancerous changes
in the cervix is approximately 10 years after the onset of
sexual activity, which emphasizes the long-term nature
of infection progression. At the same time, early diagno-
sis (for example, using a Pap test and HPV testing) allows
for the detection of pathological changes at the preclin-
ical stage and significantly reduces mortality from cervi-
cal cancer [14-16].

Itis also worth noting that oncogenic HPV types are in-
volved not only in the pathogenesis of cervical cancer, but
also other malignant neoplasms: anal cancer (up to 90% of
cases - type 16), cancer of the oropharynx, vulva, vagina,
and penis. This further increases the importance of com-
bating HPV infection as a global medical and social prob-
lem [15,16].

Thus, the presence of persistent HPV VCR is a necessary,
although not the only, condition for the development of
cervical cancer. Prevention of infection through vaccina-
tion is an effective strategy for the primary prevention of
this disease.

Vaccination as a Primary Method to Prevent Human Pap-
illomavirus and Cervical Cancer. Vaccination against HPV is
currently recognized as the most effective method of pri-
mary prevention of cervical cancer and other HPV-associ-
ated diseases. Vaccines are developed based on virus-like
particles containing the capsid protein L1, which does not
carry viral DNA, ensuring the safety and high immuno-
genicity of the vaccine.

There are three main groups of HPV vaccines on the
market:

- The bivalent vaccine (Cervarix) is designed to protect
against types 16 and 18;

- The quadrivalent vaccine (Gardasil) affects types 6,
11,16, and 18;

— The nine-valent vaccine (Gardasil 9) protects against
types 6, 11, 16, 18, 31, 33, 45, 52, and 58.

The bivalent and quadrivalent vaccines have shown
high efficacy in preventing infections and precancerous
lesions caused by the corresponding HPV types. The non-
avalent vaccine significantly expands the spectrum of pro-
tection, covering up to 90% of cervical cancer cases.

Clinical studies and meta-analyses have shown that
vaccination:

- reduces the incidence of HPV infection;

- significantly reduces the prevalence of cervical in-
traepithelial neoplasia (CIN 2/3);

- reduces the incidence of anogenital warts;

- demonstrates a pronounced effect at the population
level due to herd immunity.
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Vaccines are most effective when administered before
the onset of sexual activity. Vaccination is recommended
for girls and boys aged 9 to 14 years, and in some coun-
tries is also administered to extended age groups up to 26
years and older.

Vaccination coverage of both sexes is of particular im-
portance. Although the direct burden of HPV-associated
diseases is higher in women, men are an important link in
the chain of transmission of the infection. In addition, they
are also susceptible to developing HPV-related cancers of
the anus, oropharynx, and penis.

In several countries, there has been a decrease in the
incidence of HPV infection and its complications 10-12
years after the introduction of mass vaccination. Howev-
er, experts emphasize that the effect of vaccination does
not appear immediately, and during the transition period,
there remains a need for secondary prevention programs,
including regular screening and testing for HPV.

Thus, vaccination is an effective, scientifically prov-
en, and safe strategy for the primary prevention of cer-
vical cancer and other diseases caused by HPV. Its wide-
spread implementation allows for a significant reduction
in HPV-related morbidity and mortality and is of great im-
portance for public health.

Limitations of Vaccination and the Role of Secondary Pre-
vention. The vaccine is most effective when administered
before the onset of sexual activity, which limits protection
among adults already infected with the virus.

Even the nine-valent vaccine does not cover all onco-
genic HPV types. High-risk genotypes not included in the
vaccine composition (e.g., 35, 39, 51, 56, 59, 68) continue to
circulate worldwide, which, although less frequently, can
also cause malignant transformations. And although there
is a possibility of cross-protection due to antigenic similar-
ity between types, it is not complete.

Additional limitations include: 1) low vaccination cov-
erage, particularly in low- and middle-income countries;
2) lack of gender parity in vaccination (in many countries,
only girls are vaccinated); 3) lack of mass revaccination
programmes or antibody titer monitoring; 4) hesitancy
and low public awareness of the importance of vaccina-
tion.

Given these factors, secondary prevention continues to
play an important role in reducing morbidity and mortal-
ity from cervical cancer. The main methods of secondary
prevention are: Pap test — to detect cellular atypia; HPV test-
ing — to determine the presence of HPV HCR; colposcopy
and biopsy - if the screening results are suspicious.

Early detection of precancerous changes in the cervi-
cal epithelium helps prevent the development of invasive
cancer, even in the case of HPV infection.

Vaccination should be considered as part of a compre-
hensive approach to cervical cancer prevention, combined
with regular screening, education, and improved access to
health care.

Discussion: All are prophylactic vaccines designed to
prevent primary HPV infection and subsequent HPV-as-
sociated lesions. In the United States, the 9-valent vac-
cine is specifically approved for the prevention of cancers
and precancerous lesions of the cervix, vulva, vagina, anus,
oropharynx, head and neck, and genital warts in women
and for the prevention of anal, oropharyngeal, and other
head and neck cancers, precancerous and dysplastic le-
sions of the anus, and genital warts in men [17].

Various models have shown that vaccinating both men
and women is more beneficial in reducing HPV infection
and disease than vaccinating women only, although vac-
cinating men is less cost-effective than vaccinating wom-
en [17,18]. However, cost-effectiveness analyses are limit-
ed by not including an estimate of the benefit of reducing
other HPV-related diseases [1] in men, as discussed above,
and by uncertainty about various variables that influence
the impact of vaccinating men. These include vaccination
coverage among women, the effect of herd immunity,
the range of health outcomes included, and the impact of
HPV-related diseases on quality of life [19,20].

According to the Advisory Committee on Immuniza-
tion Practices (ACIP) guidelines, routine HPV vaccination
is recommended for all women and men in the following
age ranges in the United States:

- Routine HPV vaccination is recommended between
the ages of 11 and 12. It can be administered starting at
age 9.

— For adolescents and adults aged 13 to 26 years who
have not previously received or completed the vaccination
series, catch-up vaccination is recommended.

- For adults aged 27 years and older, catch-up vaccina-
tion is generally not recommended [1, 21].

Itis noted that the decision to vaccinate people in this
age group should be made on an individual basis. The
likelihood of prior exposure to HPV vaccine types increas-
es with age; thus, the population benefit and cost-effec-
tiveness of HPV vaccination are lower among older pa-
tients [22, 23].

Recommendations from other expert groups for re-
source-limited settings vary somewhat. The World Health
Organization (WHO) recommends that the primary target
of HPV vaccination programmes should be girls aged 9-14
years, and that local public health programmes should rec-
ommend vaccination of older women only if it is available,
cost-effective, and does not divert resources from vaccina-
tion of the key target population or screening for cervical
cancer [24, 25].

Vaccination at a younger age is also supported by ob-
servational studies, which suggest that it is associated with
a greater reduction in cervical cancer incidence compared
to vaccination at a later age [26-28].

Conclusion: HPV is the leading cause of cervical cancer,
as well as other anogenital and oropharyngeal malignan-
cies. Its high prevalence, oncogenic potential of individu-
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al genotypes, and ability to persist in the body for a long
time make the problem of HPV infection relevant both in
clinical and epidemiological terms. Analysis of world lit-
erature indicates high efficiency of HPV vaccination as a
method of primary prevention of cervical cancer. In coun-
tries with high vaccination coverage, there is a reliable de-
crease in morbidity and mortality.

Modern HPV vaccines are an effective and safe tool for
primary prevention. They help prevent infection with the
most dangerous types of the virus, significantly reducing
the risk of precancerous and malignant changes. However,
the full effectiveness of vaccination requires broad popu-
lation coverage, the start of immunization before the on-
set of sexual activity, and a gender-neutral approach to
vaccination programs.

Limited vaccine coverage, the lack of universal immu-
nity to all HPV types, and the impossibility of treating ex-
isting infections highlight the need for a comprehensive
approach. In these circumstances, secondary preven-
tion remains important - regular screening examinations
aimed at early detection and treatment of precancerous
lesions.

Thus, the fight against HPV-associated diseases should
be based on the integration of primary and secondary pre-
vention measures, as well as on raising awareness among
the population and health workers. Only such an approach
allows us to count on a sustainable reduction in morbidity
and mortality from cervical cancer on a global scale.
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AHJIATIIA

AJAM NAITMJIVIOMABUPY CBIHBIH ITPOBJEMACBHI /KOHE KATBIP
MOWMHBI OBBIPBIHBIH AJIJIBIH AJY:
9/IEBUETKE IOJIY

I'.A. Tanvuuesa', K.E. Bepukxanosa®, /I.E. Kamaoanosa', C./I. Cosemosa', I A. Illezenos®

!«Cemelt MegmumHa yrueepcuTeTi» KeAK, Cemeit, KasakcTaH Pecny6nukacs;
DKM «National Laboratory Astana», Hasap6aes YHusepcuTteT, AcTaHa, KasakcraH Pecnybnukacsl;
3«AcTaHa meauumHa yHueepcuteTin KeAK, ActaHa, Kasakcran Pecnybnukacs!

Oszexminizi: Adam nanunnomacsel supycol (HPV) — onemoe bepinemin ey kon kezoecemin ungpexyus. Onoa oHkoeeHOik bencendiniei sxo2apul
JICOHE IHCAMBIP MOUHBL 00bIPLIH 0AMbIMYObLH He2is2i cebebi bonbin mabwvliadvl. JKamoip MoUHbL 00bIPbIH dlieldepie, dcipece 0amyulbl eroepoe
Kamepai icik aypynapel apacbiHOaz2vl dcemeKui opuiHoapovy 0ipin anadvl. HPV-niy 6uix mapanyvl scone ouwbiy Kamepai iCikneH OAuIaHbICy
AACHIHOA NPOPUIAKMUKATBIK WLAPALAPObL, MbICATbI, 6AKYUHAYUSLHBL €H2I3Y epeKuie MOHee ue 6ONaObl.

3epmmeydin maxcamol — dcamoip MOUHbBL 0ObIPLIHBIY AN0bIH anyoazbl HPV eakyunayuscvlHbly poni mypaivl Ka3ipei 90ebuem oepexmepit

3epmmey.

Adoicmepi: 3epmmey maxcamoina sxHcemy Ywlin 2blIbIMU HCAPUALAHBIMOAPOAH, KIUHUKATBIK 3epmmeynepoer dcone HPV-ce apuanzan
KAUHUKATILIK 3epmmeyiep MeH JCyUenik Woayiap MeH Jcamvip MOUHbl 00bIPbIHbIY AN0bIH-ALY OOUbIHILA MOTIMemmepOi manday Heypeiziioi.
120-0an acmam monvik mominoep 3epmmendi, woaynap 27 HcapusiaHblMHAH MOTIMemmepoi KamMmblObl.

Homuoicenepi: Kenmezen >nudemuonocusnvl JcoHe KIUHUKAILIK 3epmmeyiepdi manoay HPV-acnupammanzan aypynapoviy
AnoObIH-ATY, OHbIY [WiHOe JHcamvlp MOUHbL OObIPLIHLIY ANObIH-ANY0d2bl A0AM NANULIOMA BUPYCLIHA KAPCbl 6AKYUHAYUAHBIY MHCO2aPbl

MUIMOLLi2IH KOpcemmi.

Kopvimuinovi: HPV saxyunayuscel dcamuvlp MOUHbL 00bIpbiHbIY J#coHe 6acka O0a HPV-acnupammanean aypynapowsiy aneauiksl

anobIH-aIYOblH Kyammul Kypansl 6onvin mabwiiadsl. BakyunayusmHoly, ocipece JiCbIHbICMbIK KamvlHac Oacmanzanea Oellin, ocipece

orcacocnipimoepoe JKacocnipimee Oellin dcamvlp MOUbIH 00bIPbIHIY HaRAHOBIK ayblpmnaiblebli edayip asaumyaa Mymkindiei bap. Anaioa,

aypyobiH y3aK JHCACHIPbIH Ke3€eHl, CKDUHUHSMIK bazdapiamanap Mayeizovl 00.16In Kala 6epedi sicone aKyuHayusMeH Kamap jicypeisiiyi kepex.
Tyuinoi co30ep: adam nanuiiomMasupycsl, 6aKYUHayus, Kamepai icikmiy ai0blH a1y, Heamulp MOUHbL 0ObIPYL.

AHHOTALUA

IMPOBJIEMA BUPYCA INAIINJIJIOMBI YEJIOBEKA
N MPOPUIIAKTUKA PAKA INIENKU MATKH:
OB30P JIUTEPATYPBI
TI'.A. Tanvuuesa', K.E. Bepuxxanosa®, /I.E. Kamaoanosa', C./I. Cosemosa’, I'.A. Illezeno6®
'HAO «MeguuuHckmit yHuepcuteT Cemeiin, Cemeit, Pecnybnnka Kasaxcran,
Y «National Laboratory Astanax, Hasapbaes YHuepcuteTt, Actana, Pecnybnuka Kasaxcrar;

SHAO «MepuumHckuii yauBepcuTeT AcTaHan, ActaHa, Pecnybnnka Kasaxcran

Axmyanvrocms: Bupyc nanuniomsl yenosexa (BIIY) sensemces camotl pacnpocmpaneHHol uHekyuell 6 Mupe, nepedariyelics noio8bim
nymem. J{annuiil 6uUpyc umeem 8blCOKYIO OHKOEHHYIO AKMUBHOCTb U CYUMAEMCs 21a8HOU NPUYUHOU pas3eumus paka weuku mamxu (PLLIM).
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PIIIM 3anumaem 0OHO U3 6e0YWUX MeCM CPeoU OHKOIOSUUECKUX 3aD0Ne8aHUll Y JCeHUUN, 0COOEHHO 8 PA36UBAIOWUXCA cmpanax. B ceeme
svicoKoll pacnpocmpanennocmu BIIY u ez2o ceasu ¢ onkonoeuveckumu 3a001e6anusmu, eHeopenue npoGuUIAKmuyeckux mep, makux Kax
sakyuHayus, npuoobpemaen 0coby0 3HAUUMOCHD.

Llenv uccnedosanusn — uzyuenue akmyaibHblX OAHHLIX AUMEPAMypsbl 0 poau eaxyunayuu npomue BIIY ¢ npogdhurakmuke paka weuxu
MamKu.

Memoowr: [Ins Oocmudicenus yeau ucciedosanus Obli NPo8edéH anaIu3 OAHHLIX HAYYHBIX NYOIUKAYUL, KAUHUYECKUX UCCAeO008ANUL U
cucmemamudeckux 0630pos, noceauénnolx BIIY u npodhunakmure PIIIM. Boiio uzyueno 6onee 120 nonHomexkcmosgwix ucmouyHuKos, 6 0630p
sownu oannvle 29 nyoauxayuil.

Pesynomameur: Ananus MHO20YUCIEHHBIX INUOEMUONOUYECKUX U KIUHUHECKUX UCCAeO008AHUL NOKA3AN BbICOKYIO Phexmusnocmy
saxyunayuu npomus BITY ¢ npopunaxmuxe BIIY-accoyuuposannvix 3abonresanut, 6 mom uucie PLIIM.

3axnwuenue: Baxyunmayus npomuse BIIY sensemcs MowHviM uHCmpymeHmom nepsuunou npoguiaxmuxu PLIM u opyeux BITY-
accoyuuposannvix 3abonesanuil. [llupoxoe snedpenue saxyunayuu, 0cobeHHo 8 NOOPOCMKOBOM 603pacme 00 HAYaALd NONOBOU HCU3HU, UMeen
NOMEHYUAT CYUeCMEEHHO CHU3UMb 2100anbHoe bpemsa PILIM. Oonaxo, yuumbléas OnumenbHulll 1ameHmHublil nepuoo pazeumus 3a0071e6aHus,
nPoO2PaAMMbL CKPUHUH2A OCTNAIOMCA 8ANCHBIMU U OONHCHBL NPOBOOUMBCS NAPALIENLHO C BAKYUHAYUEIL.

Knrwuesvie cnosa: supyc nanuinomel uenosexa (BII14), sakyunayus, npogunakmuxa paxa, pax weuxku mamxu (PLLIM).
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ABSTRACT

Relevance: The high incidence of breast cancer in the world, leading to a high percentage of disability in the female population,
requires not only the development of new technologies for early diagnosis and treatment, but also calls for the creation of effective
approaches to rehabilitation measures, which indicates their socially significant nature.

The study aimed to identify the specific aspects of medical rehabilitation for breast cancer patients based on a literature analysis.

Methods: To achieve this goal, an analysis of available literary sources was conducted in leading electronic databases, including
SpringerLink, PubMed, and Embase, with an emphasis on modern scientific achievements in the field of cancer patient rehabilitation.
The selection of scientific publications was carried out according to the following key terms: “malignant neoplasms of the mammary
gland”, “rehabilitation medical strategies”, “quality of life of cancer patients”.

Results: A systematic analysis of scientific sources confirmed the need to introduce a multidisciplinary approach to the
formation and implementation of medical rehabilitation programs for patients who have undergone breast cancer treatment. It has
been proven that this category of patients faces many physiological, somatic, and psychological disorders that have a significant
impact on their adaptation and social functioning. Significant changes in the physical and psycho-emotional state often lead to the
loss of professional and social roles, which require the implementation of complex rehabilitation strategies. The complex nature
of rehabilitation contributes to the comprehensive recovery of patients, ensuring an increase in their quality of life and social

integration.

Conclusion: The use of integrated medical rehabilitation programs for patients who had breast cancer contributes to the
restoration and/or optimization of lost functions of patients and their successful social adaptation.
Keywords: breast cancer, rehabilitation measures, quality of life.

Introduction: Breast Cancer (BC) is the leading cause
of cancer death in most countries of the world. Accord-
ing to the World Health Organization, 685,000 people
died from breast cancer worldwide in 2020 and 670,000
in 2023 [1-3]. In Kazakhstan, breast cancer incidence also
ranks first among other malignant neoplasms every year,
making a significant contribution to both incidence rates
(14.5% in 2020, 14.9% in 2023) and mortality rates (7.8%
in 2020, 8.1% in 2023) [4]. At the same time, an annual re-
duction in these indicators of no more than 2-4% can be
achieved only in those countries where not only mod-
ern, effective treatment technologies are introduced, but
also methods of restorative medicine are widely adopt-
ed. The aggressiveness of the malignant process neces-
sitates the use of techniques in antitumor therapy that
aim not only to eliminate the primary tumor focus but
also to restore the normal functioning of disrupted life
processes, which significantly impact the quality of life of
patients [5-7]. Considering the above data, the most vital
task is the development and implementation of effective
rehabilitation strategies aimed at minimizing the adverse
effects of antitumor treatment and enhancing the func-
tional state of patients [8, 9].

The study aimed to identify the specific aspects of
medical rehabilitation for breast cancer patients based on
a literature analysis.

Materials and methods: This review is based on a sys-
tematic analysis of published scientific sources devoted
to the problems of medical rehabilitation of women who
have had breast cancer. The information search was con-
ducted in leading electronic bibliographic databases, in-
cluding SpringerLink, PubMed, and Embase, with a focus
on contemporary trends in restorative medicine. The fol-
lowing key terms were used as search criteria: “malignant
neoplasms of the mammary gland”, “rehabilitation medi-
cal strategies”, “quality of life of cancer patients”. The final
analysis included 30 publications that met the criteria of
scientific significance and methodological validity.

Results: Individualization of treatment and rehabili-
tation programs is a key area of modern medical rehabil-
itation of patients with breast cancer, similar to modern
trends in the treatment of this disease. According to U. Ols-
son Moller et al., women who have undergone treatment
for breast cancer face significant negative consequences,
and their rehabilitation needs often remain unmet. Stud-
ies show that up to 43% of patients experience chronic dis-
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tress, requiring a comprehensive therapeutic approach
[10]. However, the problem of timely detection and resto-
ration of individual physiological disorders in the body of
women with breast cancer remains, which significantly re-
duces their chances of full rehabilitation [11, 12].

E. Wisotzky et al. in their study analyzed the functional
interaction of specialists in rehabilitation teams and iden-
tified key problems in the distribution of responsibilities. It
was found that the lack of a clear delineation of functions
between attending physicians and rehabilitation special-
ists sometimes leads to duplication of certain responsibil-
ities and the omission of others, ultimately resulting in a
decrease in the effectiveness of rehabilitation measures.
Based on the data obtained, the authors proposed an al-
gorithm for optimizing interdisciplinary interaction, which
allows for increased coordination of specialists’ work and
improved quality of rehabilitation care for patients with
breast cancer [13].

Focusing on improving the quality of medical services,
some authors offer an updated understanding of rehabili-
tation, which eliminates the boundaries between primary
treatment, rehabilitation, and palliative care in oncology.
The last two areas, in some interpretations by individual re-
searchers, suggest similar activities, including symptomat-
ic treatment to minimize the consequences of the tumor
process and specialized treatment. These approaches are
also aimed at optimizing healthcare resources by reducing
the length of hospital stay and decreasing the number of
unexpected rehospitalizations. Despite common goals, re-
habilitation and palliative care use different methods [5].
Palliative care is aimed primarily at providing psychologi-
cal and social support to the patient, creating comfortable
conditions for his stay, and taking into account the spiritual
aspects of the disease. In contrast, rehabilitation measures
focus on restoring motor, cognitive, and psycho-emotion-
al functions, reducing the level of disability, and improving
the overall quality of life for patients [14].

S. Wittry et al. identify four key stages of rehabilitation
of cancer patients: preventive, restorative, supportive, and
palliative. The preventive stage, aimed at preparing the
patient for specialized treatment, begins after diagnosis,
with the patient being informed about the possible conse-
quences of therapy and a personalized rehabilitation plan
being developed. The recovery period encompasses re-
habilitation measures implemented during and immedi-
ately following the completion of antitumor treatment. At
this stage, physiotherapeutic, medicinal, and psychologi-
cal methods are used to help minimize the side effects of
therapy and restore the patient’s functional capabilities.
The supportive stage focuses on monitoring the condition
and correcting functional and psychosocial parameters,
while the palliative stage provides comprehensive symp-
tomatic treatment to enhance the quality of life. Particular
attention is paid to elderly patients with concomitant dis-
eases, weakened musculoskeletal system, and risk of frac-

tures, where an individualized approach is required with
the involvement of family resources [15].

J. Weis and J. M. Giesler emphasize that oncological
rehabilitation aims to reduce the impact of limitations
caused by the disease and its treatment, promoting the
social reintegration of the patient [16]. Given the increase
in breast cancer incidence and the improvement of ther-
apeutic approaches, the rehabilitation of cancer patients
is of key importance in the healthcare system. In various
countries, recommendations for follow-up care for women
who have had breast cancer are being developed based
on research results, emphasizing that to ensure the effec-
tiveness of rehabilitation, a detailed personalized assess-
ment of the patient’s condition is required based on exam-
ination data from a multidisciplinary group of specialists,
including specialized oncologists, specialized experts, re-
habilitation specialists, psychologists, and social work-
ers. To systematize information about the impact of the
pathological process and treatment measures on various
aspects of the patient’s life, as well as to monitor the im-
pact of external factors on the dynamics of rehabilitation,
various classifications are being developed, for example,
the International Classification of Functioning (ICF) of Dis-
abilities and Health, aimed at diagnosing functional limi-
tations [17].

A large-scale study by Spanish scientists has demon-
strated that increased life expectancy, active implementa-
tion of early detection programs, and decreased mortality
in breast cancer lead to an increase in the number of pa-
tients who require rehabilitation support over a long peri-
od. This fact is also explained by the fact that the disease
and the corresponding antitumor treatment of patients
complicate their integration into the professional environ-
ment, leaving significant physical and psychosocial con-
sequences that can persist for a long time. In response to
this problem, a guideline was developed to regulate the
coordinated interaction of specialized and primary health-
care services. The proposed recommendations encom-
pass aspects of post-therapeutic patient monitoring, the
development of individualized rehabilitation strategies,
and the organization of interdisciplinary specialist inter-
action. Additionally, the document contains general pro-
visions aimed at maintaining a stable condition of female
patients, including weight control, adherence to principles
of rational nutrition, regular physical activity, cessation of
smoking and alcohol consumption, use of auxiliary treat-
ment methods (in particular, reflexology), monitoring of
signs of possible relapse and strict control of compliance
with hormonal therapy for 5-10 years. The issue of profes-
sional readaptation of female patients and their return to
work is also considered [17].

J. Klocker et al. conducted a study of the effectiveness
of a three-week inpatient rehabilitation program that in-
cluded psychosocial support, correction of functional dis-
orders, and training in the basics of a healthy lifestyle. The
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sample included 3,233 patients, whose data were analyzed
dynamically over a five-year period. The use of validated as-
sessment scales (European Quality of Life — 5 Dimensions,
EuroQol EQ-5D) revealed a significant improvement in the
quality of life of patients immediately after completing the
program, as well as during subsequent monitoring at 6 and
12 months. A decrease in anxiety and depression, as well as
an increase in the level of psychological stability, were not-
ed, which confirms the high effectiveness of rehabilitation
measures based on biopsychosocial principles [18].

F.Dilulio et al. conducted a systematic review of the liter-
ature, which analyzed cognitive impairment associated with
antitumor therapy based on 29 studies. Based on the stud-
ies, the authors concluded that the combined use of hor-
monal therapy and chemotherapy in cancer patients affects
the quality of life, in particular the deterioration of cognitive
functions and the emergence of neuropsychological disor-
ders. In patients with breast cancer, memory impairment,
verbal abilities, and motor speed were most pronounced.
The importance of neuropsychological diagnostics helps to
objectively assess the effect of chemotherapeutic drugs not
only on the tumor, but also on the central nervous system of
patients with breast cancer, which can be regarded as a side
effect of chemotherapy drugs and, in turn, is necessary for
adequate rehabilitation measures [19].

The work by SL Bober et al. demonstrated that every
year thousands of young women suffering from breast can-
cer face a difficult choice: to undergo drug suppression of
ovarian function, leading to early menopause or sexual dys-
function, in order to reduce the risk of recurrence of the dis-
ease. The solution to this problem can be facilitated by the
psycho-sexual rehabilitation complex developed by the au-
thors, which is aimed not only at reducing sexual dysfunc-
tion, but also at combating psychological stress. The imple-
mentation of the developed rehabilitation complex was
carried out during a study of 20 young patients with breast
cancer, who underwent a 4-hour group treatment session,
including cognitive therapy techniques based on mindful-
ness, exercises on “body awareness,” and some questions
related to sexual health. When analyzing the obtained data,
a significant improvement in the psychological state of pa-
tients was revealed, including a decrease in anxiety levels
and restoration of sexual function. Such results indicate the
need for rehabilitation measures, which are especially rel-
evant for young women with drug-induced menopause
caused by breast cancer treatment [5, 20]. Surgical interven-
tion in the treatment of breast cancer is also fraught with
a violation of functional capabilities. Considering that more
than half of breast cancer cases occur in middle-aged wom-
en (45 to 64 years old), preserving the function of the up-
per limbs becomes a key aspect, since this group of patients
is often the main breadwinners of their families, is actively
professionally active, and is at the peak of their careers [5].

Asian women have higher body fat percentage, low-
er physical activity levels, and lower bone mass than West-

ern women, which may impact functional outcomes after
surgery. In a single-center prospective cohort study with
6-week follow-up, the functional status of 44 patients (in-
cluding 16 sector resections and 28 mastectomy patients)
was assessed after early rehabilitation (from day 1 postop-
eratively) including a set of shoulder and upper extremity
exercises. Shoulder range of motion and disability were as-
sessed preoperatively, 2 weeks, and 6 weeks postoperative-
ly. Results showed that at week 6, patients were able to re-
gain active shoulder range of motion, but some patients
experienced higher levels of disability, particularly in the
group of women who underwent axillary lymph node dis-
section after sentinel lymph node exploration. The present-
ed data further emphasize the importance of using active
methods of early rehabilitation [5, 21].

Concerning the recovery of breast cancer patients after
surgical treatment, numerous studies indicate the need for
a comprehensive approach. Thus, WA Calo and colleagues
developed the Strength After Breast Cancer (SABC) pro-
gram, which included an online course for physiotherapists
that incorporated specialized physical exercises. When sur-
veying physicians who had completed the course, 76% of
respondents reported implementing the program in their
outpatient rehabilitation clinics, confirming the effective-
ness of online training under this program [22].

A study of the effectiveness of magnetic therapy in the
early stages after radical surgery in 64 patients with breast
cancer showed a significant improvement in the quality of
life, a decrease in pain syndrome (according to the follow-
ing indicators: intensity, duration, frequency, irradiation), a
decrease in muscle-tonic syndrome in the shoulder-scapu-
lar region, a decrease in the level of venous congestion in
patients in the “magnetic therapy” group compared to the
“placebo” group [23]. Based on the data obtained, it can be
stated that the use of general magnetic therapy for 2-4 days
after surgery is rational, as it helps improve patient condi-
tion.

Psychosocial support is also an important aspect of the
comprehensive rehabilitation of patients with breast can-
cer. MK Derakhshan and MH Karbassian in their studies of
cancer patients focused on the prevalence of mental disor-
ders (depression, anxiety disorders, sleep disorders), which
were especially common in women with breast cancer. The
importance of non-drug treatments, such as cognitive be-
havioral therapy, was emphasized. The authors also point
out that such disorders are often underestimated, although
many patients need not only psychological but also psychi-
atric care. The results of using psychiatric drugs in the treat-
ment of some patients with breast cancer were evidence of
this. The researchers paid special attention to their interac-
tion with other antitumor agents and hormonal drugs used
for treatment. In conclusion, the researchers argue that psy-
chiatrists should actively participate in rehabilitation teams,
helping to identify psychosocial problems and develop in-
dividual plans for rehabilitation treatment [5, 24].
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Modern technologies also play an important role in the
rehabilitation of patients with breast cancer. J. Ollero et al.
suggested monitoring such parameters as heart rate, en-
ergy expenditure, and hand mobility in their studies. To do
this, the authors developed a system that can be controlled
from three applications (for smart watches, smartphones,
and a web application). Such technologies help patients
and medical experts evaluate the effectiveness of rehabili-
tation [5, 25]. A similar program was used by M. Rutsch et al.,
who developed the ReNaApp mobile application for the re-
habilitation of patients with breast cancer. This application
proved effective in improving long-term rehabilitation out-
comes and encouraged patients to participate more active-
ly in physical activity, thereby enhancing their quality of life
[26].

The last decade has also seen an increase in attention
to patient involvement in research, particularly in planning
individualized treatment and rehabilitation programs. This
approach enhances the quality of research and enables the
consideration of patients’ opinions. As a result of such re-
search, high acceptability of materials for participants is re-
vealed and the general applicability of the data obtained in-
creases [27]. A crucial aspect is the involvement of patients
in the research process, which enhances the understanding
of the problems being studied and strengthens the connec-
tions between researchers and the community [28].

A study by ER Nissen and colleagues demonstrates the
benefits of establishing a working group to develop a psy-
chosocial rehabilitation program for patients with breast
cancer. The group included patient representatives, re-
searchers, and a research assistant, who provided greater
mutual understanding and increased relevance of the pro-
gram. Involving patients in the design and implementation
of the study brought significant benefits, despite the addi-
tional costs associated with this approach [29].

Discussion: Current trends in the field of rehabilitation
treatment of patients with breast cancer confirm the need
for a comprehensive multidisciplinary approach in devel-
oping medical rehabilitation programs for this group of pa-
tients. The rehabilitation period can and should begin with
breast cancer prevention before a malignant tumor can ap-
pear (for example, during the treatment of fibrocystic mas-
topathy or other benign tumors of the female reproductive
system) [30]. This is because patients with breast cancer de-
velop both functional and organic somatic disorders, along
with emotional, mental, and behavioral reactions that arise
against the background of the disease. Together, these fac-
tors lead to severe psychosocial disorientation, impaired
work activity and social adaptation, which requires compre-
hensive and targeted rehabilitation measures. Such an inte-
grated approach will encompass all key aspects of patients’
lives and help address the primary goal of medical rehabili-
tation: improving the quality of life. The implementation of
a comprehensive medical rehabilitation program for wom-
en who have undergone treatment for breast cancer will

ensure optimal recovery of their physical and psychosocial
condition and support the process of their full reintegration
into society, which is a prerequisite for achieving sustaina-
ble recovery.

Conclusion: An analysis of studies devoted to the reha-
bilitation of patients with breast cancer demonstrates the
significant impact of this disease on their psycho-emotion-
al state and overall quality of life. Breast cancer is accom-
panied by pronounced psychological reactions, including
anxiety, depressive disorders, decreased concentration, a
feeling of hopelessness, and emotional burnout. These fac-
tors determine the need for timely psychiatric diagnosis and
therapy.

Women perceive the diagnosis of cancer as a threat to
their physical condition and identity, and the consequenc-
es of the disease and the treatment often lead to complex
functional and organic disorders. In this regard, patient re-
habilitation should integrate an interdisciplinary approach
that integrates oncological, psychiatric, and restorative
medical care. Comprehensive rehabilitation is designed to
minimize the negative consequences of treatment, restore
lost functions, reduce the level of disability, enhance the
quality of life, and prolong patients’ active participation in
social and professional spheres.

References:

1. Katsura C., Ogunmwonyi I, Kankam HK, Saha S. Breast cancer:
presentation, investigation and management // Br. J. Hosp. Med.
(Lond). — 2022. - Vol. 83, No. 2. — P. 1-7. https://doi.org/10.12968/
hmed.2021.0459

2. Giaquinto AN, Sung H, Miller KD, Kramer JL, Newman LA, Minihan
A., Jemal A., Siegel RL. Breast cancer statistics, 2022 // CA Cancer J. Clin. -
2022.-Vol. 72. - P. 524-541. https://doi.org/10.3322/caac.21754

3.BrayF, Laversanne M, Sung H, Ferlay J., Siegel RL, Soerjomataram I,
Jemal A. Global cancer statistics 2022: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin.
2024,;74:229-263. https://doi.org/10.3322/caac.21834

4. Kainpaposa [.P., LlatkoBckas O.B, Ownrapbaes b.T,,
Kbinkapaposa A.JK., CeinceHbaesa [.T., JlaBpeHtbeBa W.K, Carm
M.C. MokasaTtenu oHKonornyeckom cnyo6bl Pecnybnvkmu KasaxctaH B
2023 ropy: CTaTUCTUYECKME 1 aHaNNTUYeCcKne matepuanbl. — AimaTbi:
KasMOP, 2024. - 410 c. [Kaidarova D.R., Shatkovskaya O.V., Ongarbayev
B.T., Zhylkaidarova A.Zh., Seisenbayeva G.T., Lavrentyeva |.K, Sagi
M.S. Indicators of the oncology service of the Republic of Kazakhstan,
2023: statistical and analytical materials. — Almaty: KazIOR, 2024. - 410
p. (In Kaz./Russ./Engl.)]. https://onco.kz/wp-content/uploads/2024/10/
pokazateli_2023.pdf

5Xozhaev A.A., Bektaj A.B, Axmetov M.T, Dzhakipbaeva A.K,
Amanbekov N.A, Kemelzhanov A.T, Rubanova A.V. Kalmen P.B.
Medicinskaya reabilitaciya bol'nyx rakom molochnoj zhelezy (Obzor
literatury). Vestnik KazNMU. — 2020. — N° 4. - S. 172-178 [Khozhaev AA,
Bektay AB, Axmetov MT, Dzhakipbaeva AK, Amanbekov NA, Kemelzhanov
AT, Rubanova AV, Kalmen PB Medical rehabilitation of patients with breast
cancer (Literature review). Vestnik KazNMU. — 2020. - No. 4. - S. 172-178
(in Russ.)]. https://cyberleninka.ru/article/n/meditsinskaya-reabilitatsiya-
bolnyh-rakom-molochnoy-zhelezy-obzor-literatury

6. Alimabek A. T., Kaidarova D.R., Kim V. B., Khusainova I. R. Midyn
metastatic zakymdanuy bar science Omir suru sapason bagalauga
saulelik therapy Aseri// Oncology And radiology Kazakhstan. - 2020. - No.
3(57). - B. 21-24 [Almabek AT, Kaidarova DR, Kim VB, Khusainova IR The
Impact of Radiation Therapy on Quality of Life Assessment in Patients with
Metastatic Brain Lesions // Oncology and radiology of Kazakhstan. - 2020.
—No. 3(57).-B.21-24 (in Kaz.)]. https://elibrary.ru/item.asp?id=44143103

7. Baltabekov N.T., Chezare M., Alipov G.K., Potanin S.A., Ishkinin E.I.
Novye podxody k diagnostike i medicinskoj reabilitacii zZlokachestvennyx
novoobrazovanij na urovne PMSP: Otchet po mezhdunarodnomu
proektu // Onkologiya i radiologiya Kazaxstana. — 2019. — N° 4 (54). -
S. 16-24 [Baltabekov NT, Chezare M., Alipov GK, Potanin SA, Ishkinin El
New approaches to diagnostics and medical rehabilitation of malignant
neoplasms at the PMSP level: Report on an international project //

Oncology and Radiology of Kazakhstan, Ne2 (76) 2025

165



LITERATURE REVIEWS

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Oncology and radiology of Kazakhstan. - 2019. - No. 4 (54). - P. 16-24 (in
Russ.)]. https://elibrary.ru/item.asp?id=41665058

8. Heidary Z., Ghaemi M., Hossein Rashidi B., Kohandel Gargari O.,
Montazeri A. Quality of Life in Breast Cancer Patients: A Systematic
Review of the Qualitative Studies//Cancer Control.-2023.-Vol.30.-Art.
no. 10732748231168318. https://doi.org/10.1177/10732748231168318

9. Abdo J., Ortman H., Rodriguez N., Tillman R., Riordan EO, Seydel
A. Quality of Life Issues Following Breast Cancer Treatment // Surg.
Clin. North Am. - 2023. - Vol. 103, No. 1. - P. 155-167. https://doi.
0rg/10.1016/j.5uc.2022.08.014

10.Olsson Méller U., Rydén L., Malmstrom M. Systematic screening
as a tool for individualized rehabilitation following primary breast
cancer treatment: study protocol for the ReScreen randomized
controlled trial // BMC Cancer. — 2020. - Vol. 20, No. 1. - P. 484. https.//
doi.org/10.1186/512885-020-06815-3

11. Xusainova I.R. Psixologicheskaya adaptaciya pacientov so
zlokachestvennymi novoobrazovaniyami // Onkologiya i radiologiya
Kazaxstana. — 2019. — N S. — S. 96-97 [Khusainova IR Psychological
adaptation of patients with malignant neoplasms // Oncology and
radiology of Kazakhstan. — 2019. — N° S. — P. 96-97 (in Russ.)]. https://
elibrary.ru/item.asp?id=42632038

12. Ishimova L.A.,, Ajtmaganbet P.Zh., Tulyaeva A.B., Kereeva N.M.,
Umarova G.A. Kachestvo zhizni zhenshhin s rakom molochnoj zhelezy:
obzor literatury // Onkologiya i radiologiya Kazaxstana. — 2024. - N° 3(73).
- S. 75-83 [Ishimova LA, Ajtmaganbet P.Zh., Tulyaeva AB, Kereeva NM,
Umarova GA Life quality of women with breast cancer: literature review
// Oncology and radiology of Kazakhstan. - 2024. - N° 3(73). - P. 75-83 (in
Russ.)]. https://doi.org/10.52532/2521-6414-20243-73-75-83

13. Wisotzky E., Khanna A. Hanrahan N., Maltser S. Scope of
Practice in Cancer Rehabilitation // Curr. Phys. Med. Rehab. Rep. - 2017.
-Vol. 5, No. 1. - P. 55-63. https://doi.org/10.1007/540141-017-0144-y

14. Silver JK, Raj VS, Fu JB, Wisotzky EM, Smith SR, Kirch RA Cancer
rehabilitation and palliative care: critical components in the delivery of
high-quality oncology services // Support Care Cancer. - 2015. - Vol.
23, No. 12. - P. 3633-3643. https://doi.org/10.1007/500520-015-2916-1

15. Wittry S., Molinares D., Maltser S. Cancer Rehabilitation in
Geriatric Patients // In: Gatchel R., Schultz I, Ray C. (eds) Handbook of
Rehabilitation in Older Adults. — Springer, Cham, 2018. — P. 207-228.
https://doi.org/10.1007/978-3-030-03916-5_10

16. Weis J., Giesler JM Rehabilitation for Cancer Patients // Recent
Results Cancer Res. — 2018. — Vol. 210. — P. 105-122. https://doi.
org/10.1007/978-3-319-64310-6_7

17. Barnadas A., Algara M., Cordoba O., Casas A. Gonzalez M.,
Marzo M., Montero A., Mufioz M., Ruiz A., Santolaya F., Fernandez T.
Recommendations for the follow-up care of female breast cancer
survivors: a guideline of the Spanish Society of Medical Oncology
(SEOM), Spanish Society of General Medicine (SEMERGEN), Spanish
Society for Family and Community Medicine (SEMFYC), Spanish
Society for General and Family Physicians (SEMG), Spanish Society
of Obstetrics and Gynecology (SEGO), Spanish Society of Radiation
Oncology (SEOR), Spanish Society of Senology and Breast Pathology
(SESPM), and Spanish Society of Cardiology (SEC) // Clin. Transl. Oncol.
- 2018. - Vol. 20, No. 6. - P. 687-694. https.//doi.org/10.1007/512094-
017-1801-4

18. Klocker J., Klocker-Kaiser U., Pipam W., Geissler D. Long-term
improvement of the bio-psycho-social state of cancer patients after 3
weeks of inpatient oncological rehabilitation: a long-term study at the
Humanomed Zentrum Althofen // Wien Med. Wochenschr. - 2018. -
Vol. 168, No. 13-14. - P. 350-360. https://doi.org/10.1007/510354-018-
0619-1

19. Di lulio F., Cravello L., Shofany J., Paolucci S., Caltagirone C.,
Morone G. Neuropsychological disorders in non-central nervous

system cancer: a review of objective cognitive impairment, depression,
and related rehabilitation options. Neurol. Sci. — 2019. - Vol. 40, No. 9. -
P.1759-1774. https://doi.org/10.1007/510072-019-03898-0

20. Bober SL, Fine E., Recklitis CJ Sexual health and rehabilitation
after ovarian suppression treatment (SHARE-OS): a clinical intervention
for young breast cancer survivors // J. Cancer Surviv. - 2020. - Vol. 14,
No. 1. - P. 26-30. https://doi.org/10.1007/511764-019-00800-x

21. Chan KS, Zeng D., Leung JHT, Ooi BSY, Kong KT, Yeo YH, Goo
JTT, Chia CLK Measuring upper limb function and patient-reported
outcomes after major breast cancer surgery: a pilot study in an Asian
cohort // BMC Surgery. — 2020. - Vol. 20, No. 1. - P. 108. https://doi.
org/10.1186/512893-020-00773-0

22. Calo WA, Doerksen SE, Spanos K., Pergolotti M., Schmitz KH
Implementing Strength after Breast Cancer (SABC) in outpatient
rehabilitation clinics: mapping clinician survey data onto key
implementation outcomes // Implement. Sci. Commun. - 2020. - Vol.
1.-P. 69. https://doi.org/10.1186/543058-020-00060-2

23. Gerasimenko MY, Evstigneeva IS Primernenie obshhej
magnitoterapii v early nem posleoperacionnom peridone u pat’nykh
kankom masholezy // Phyzioterapiya, bal'neologiya i reabilitaciya. — 2019.
- T. 18 (1). = P. 9-16 [Gerasimenko M. Yu., Evstigneeva |. S. Application
common magnetic therapy V early postoperative period at sick cancer
dairy glands // Physiotherapy, balneology And rehabilitation. — 2019. - T.
18 (1). — P. 9-16 (in Russ.)]. https://doi.org/10.17816/1681-3456-2019-18-
1-9-16

24. Derakhshan MK, Karbassian MH Psychiatric and Psychosocial
Aspects of Breast Cancer Diagnoses and Treatments // In: Mehdipour
P. (ed.) Cancer Genetics and Psychotherapy. — Springer, Cham, 2017. -
P.45-77. https://doi.org/10.1007/978-3-319-64550-6_4

25. Ollero J.,, Moral-Munoz JA, Rojas I, Banos O. Mobile Health
System for Evaluation of Breast Cancer Patients. During Treatment
and Recovery Phases // In: Rojas |, Ortufio F. (eds.) Bioinformatics and
Biomedical Engineering. IWBBIO 2017. Lecture Notes in Computer
Science. - 2017.-Vol. 10209. - P. 653-664. https://doi.org/10.1007/978-
3-319-56154-7_58

26. Rutsch M., Jochems N., Schrader A, Brandes I, Weier L.,
Deck R. ReNaApp: increasing the long-term effects of oncological
rehabilitation through an application after medical rehabilitation
(ReNaApp): a quasi-randomized longitudinal study of prospective
design // BMC Health Serv. Res. - 2020. - Vol. 20, No. 1. - P. 378. https.//
doi.org/10.1186/5s12913-020-05248-9

27.Brett J,, Staniszewska S., Mockford C., Herron-Marx S., Hughes J.,
Tysall C,, Suleman R. A systematic review of the impact of patient and
public involvement on service users, researchers and communities //
Patient. - 2014. - Vol. 7, No. 4. - P. 387-395. https://doi.org/10.1007/
540271-014-0065-0

28. Brett J., Staniszewska S., Mockford C., Herron-Marx S., Hughes
J,, Tysall C., Suleman R. Mapping the impact of patient and public
involvement on health and social care research: a systematic review
// Health Expect. - 2014. - Vol. 17, No. 5. - P. 637-650. https://doi.
org/10.1111/j.1369-7625.2012.00795.x

29. Nissen ER, Bregnballe V. Mehlsen MY, Muldbjerg AK@.,
O’Connor M., Lomborg KE Patient involvement in the development of
psychosocial cancer rehabilitation intervention: evaluation of a shared
working group with patients and researchers // Res. Involv. Engag. -
2018.-\Vol. 4. - P. 24. https://doi.org/10.1186/540900-018-0106-2

30. Omarbayeva N.A., Kaidarova D.R., Omarov D.Kh., Askandirova
A., Keskin Kh., Abdrakhmanova A.Zh., Yessenkulova SA, Goncharova
T.G,, Jakipbayeva AK Prevention of tumors in treating fibrocystic breast
diseases using Vitex agnus-castus-based herbal remedy // Tumors of
female reproductive system. — 2024. — Vol. 20(4). - P. 62-69. https.//doi.
0rg/10.17650/1994-4098-2024-20-4-62-69

AHJIATIIA

CYT BE3I OBBIPBIMEH AYBIPATBIH HAYKACTAPAbI OHAJITY
IC-IIIAPAJIAPBIH YUBIMJIACTBIPY:
9JIEBUETKE IOJIY

A.A. Xoocaes', A.JK. Aoopaxmanoed®, T.I. I'onuaposa®, 8.C. Kasxcenosa?, H.C. Xean®

1«C. K. ActheHamsipos aTbiHaarbl Kasak ¥nTtelk MeguumHa YHueepcuteti» KEAK, Anmarsl, KasakcTan Pecnybnukachr;
2«Ka3ak OHKOMOrIst X8He paanonorist FoinbiMU-3epTTey MHCTUTYTHI» AK, Anmarsl, KasakctaH Pecnybnmkacs

Os3exminizi: Onemoe cym 6e3i 00bIpbiMeH aybipamovin olle0epOin Hco2apbl NAbI3 My2e0eKmMiciHe dKen CO2amblH HCO2apPbl CLIPKAMMAHY
epme OUACHOCIMUKALAY MeH eMOeYOil JHCaAHa MexXHOLOUSLAPbIH 0aMbImYObl 2aHA eMec, COHOA-AK OHAMY IC-UApPaLapbii HCYpeizy Kesinoe
muimoi mocindepoi Kypyosl 0a manan emeoi, 6y o1apobly deyMemmiK-uanbl30bl CUnamoiH 0i10ipeoi.

3epmmey makcamol — 90ebu depekmepoi manoay Hezizinoe cym 0esi 0ObIpbIMeH AyblpAMbIH HAYKACMAPObl MeOUYUHANbIK OHAIMYObIH

epeKuenikmepin aHblKmay.
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dodicmepi: Anea Kotivliean MaKcammeol icke acblpy YUlin OHKOJIOSUSANbIK NAYUEHMMEPOI OHAIMY CANACLIHOARbL KA3IP2i 3aMAH2bl 2blIbIMU
orcemicmixmepee 6aca nasap ayoapa omvipwin, Springer Link, PubMed scone Embase Koca aneanoa, scemexuti 1ekmpoHObIK, 0epeKKopaapoazul
KoL dlcemimOi 90ebu kezoepee manoay sicypeizinoi. Fouivimu scapusianvimoaposl ipikmey MblHadail Hezizel mepmuHoep OGOUbIHWA Jicy3e2e
acvlpblnovl: «cym Oe3iniy Kamepii icikmepiy, «OHAIMYOblH MEOUYUHANBIK CMPAMESUIAPbLY, KOHKON02UALbIK NAYUEeHMMEPOIH OMIp CYPY CANACHLY.

Homuocenepi: Fouivimu oepexkozdepoi dcytienendipiieen manoay PMIK-men emoeyoen emken nayuenmmepoi MeOUYUHALbIK OHALMY
baz0apramanapvlin Kaiblnmacmulpy Jdcone icke acelpyea MyibmuOUCYUnIUHApabl mocindi eneisy Kascemmizin pacmaowsl. Hayxacmapowiy
ocbl canamol 01apobly OeuiMOenyi MeH dneyMemmiK JCymblc icmeyine eneyni ocep ememin Konmeeen Qu3uoI0UsIbIK, COMAMUKATBIK HCOHE
NCUXONI02UANBIK OY3blayIapaa man OonamvlHbl 091e10eHOI. [lene JicoHe NCUXOIMOYUOHANObIK dcaz0atiodazbl auKbliH e32epicmep KobiHece
KOCIiOU dcone oneymemmik pondepoi xHco2animyad oken co2aovl, OYI KeuleHOi oHaimy cmpameusaniapevi eneizyoi manan emedi. Oyaimyosiy
KeweHoi cunamol nayuenmmepoiy OMip cypy Candcvli Jcone dneyMemmix UHMe2payuaCbin apmmulpyobl KAMMAMACHL3 ene OMulpbii, 01dpObl
JHCAH-DICAKMbL KATNbIHA KeIMipyee bIKNa emeoi.

Kopvimotnoot: PMJK-2a wanovikkan nayuenmmepoi MeOUYUHALBIK OHAIMYOblH UHMe2Ppayusian2an 0a20apiamaiapvli KOIOAHY
nayuenmmepoiy Jco2armKan QYHKYUAIApbIH KAINbLIHA Kelmipyae Jcone/Hemece OHMailianobipyea JHcone oaaposly madblcml d1eymMemmix
beuimoenyine viKnan emeoi.

Tyiinoi ceszoep: cym 6esiniy Kamepii iciei, OHaimy ic-uapanapel, OMip cypy canacbi.

AHHOTALNUA

OPTAHU3AIIUA PEABUJIUTAIIMOHHBIX MEPOIIPUATHUI BOJBHBIX
PAKOM MOJIOYHOM KEJE3bI:
OB30P JIMTEPATYPbI

A.A. Xoncaes', A.2K. Aoopaxmanosa®, T.I. T'onuaposa’, A.C. Kaxcenosa?, H.C. Xean*

'HAO «Kazaxckuit HawvoHanbHbIi MeauumMHckui yHueepeuteT uM. C.[. ActeHausiposay, Anmatel, Pecnybnuka Kasaxcrah;
A0 «Kasaxckuit Hay4HO-MCCTIe[0BATENbCKNIA UHCTUTYT OHKONOTMW U paauonoriuy, Anmarsl, Pecrybnnka Kasaxcrat

Akmyanvrocmy: Boicokas 3a601e8aeMOChb pakom MoaouHot scenesvl (PMIK) 6 mupe, npusodsujas k 8b1cOKOMY NPOYEHMY UHBANUOUSAYUU
JICEHCKO20 HaceneHus, mpebyem He MOAbKO PA36UmMus HO8bIX MEXHON02U PAHHEel OUASHOCIUKY U Je4eHUs, HO U NPU3bléaen K CO30AHUI0
IpPexmugHbIX N0OX0008 NPU NPOGEOCHUU PEAOUTUMAYUOHHBLX MEPONPUSMULL, YN0 0003HAUAEN UX COYUATLHO-3HAUUMBILL XapaKmep.

Lenv uccneoosanusn — sviseneHue 0cob6eHHOCmel MeEOUYUHCKOU peabunumayuy GOIbHbIX PAKOM MOJIOYHOU JHCene3bl HA OCHO8e AHAIU3A
UMepamypHuixX OAHHBIX.

Memoowr: J[ns peanusayuu nocmaeieHHou yeau Obll NPOBeOeH AHANU3 JUMEPAMYPHbIX UCIOYHUKOS, NPEOCMAGIEHHbIX 6 6e0YUUX
271eKMpPOHHBIX bazax OanHwiX, ekniouas Springer Link, PubMed u Embase, ¢ akyenmom na cogpemennvle HayyHble 0OCMUMCeHUs 6 00aacmu
peabunumayuyu OHKOLO2UYECKUX nayuenmos. OmoOop HayuHvlX NYOIUKAYUL OCYWECMBNANCS NO CLeOVIOUWUM KIIOYeEbIM MEPMUHAM:
«3I0KAYecmeenHble HO800OPA306AHUS  MONOYHOU  JiCeNe3bly, «PeaduIumayuoHnble MeOUYUHCKUe CMpamecuuy, «Kauyecmeo MHCUZHU
OHKONO2UUECKUX NAYUCHIOBY.

Pesynvmamur: Cucmemamu3upo8anHblil aHAIU3 HAYYHBIX UCTOYHUKOE NOOMBEPOUL He0OX0OUMOCTIb BHEOPEHUS MYTbIMUOUCYUNTUHAPHOLO
n00X00a K opMuposanuio u pearusayui npoepamm MeOUyuHCKoU peaburumayuy nayueHmox, nepenecuiux aevenue PMIK. Jlokaszano, umo
OaHHas Kame2opusi GONbHLIX CIMAIKUBAENCS ¢ MHOICECMEOM (DUUOIOSUYECKUX, COMAMUUECKUX U NCUXOIOSUYECKUX HAPYULeHUT, KOMOopble
OKA3bIBAION 3HAYUMENbHOE GAUAHUE HA UX AOANMAyuio U COYUaIbHoe (PYHKYuOHuposauue. BvipajicenHvie usmenenus 6 Qusuueckom u
NCUXOIMOYUOHALLHOM COCMOSHUU HEPEOKO NPUGOOAM K Yympame NpOo@ecCUOHAIbHBIX U COYUALbHBIX PORel, umo mpedyem 6HeOpeHus
KOMNIEKCHBIX peaburumayuonnslx cmpameuil. Komniexcrnwiil xapakxmep peabuiumayuu cnocobcmsyem 6CecmopoHHeMy 80CCIMAHOBNEHUIO
nayuenmox, obecneuusas noGelUeHUe UX Kauecmaa HCU3HU U COYUAIbHOU UHMe2PayuuU.

3axntouenue: [IpumereHie UHMEZPUPOBAHHBIX NPOSPAMM MEOUYUHCKOT peabuiumayuu y nayuenmox, nepenecuiux PMOK, cnoco6ecmeyem
B80CCMAHOBACHUIO U/UNU ONMUMUAYUU YIMPAYEHHBIX QYHKYUL NAYUEHIMOK U UX YCHeWHOU COYUANbHOU A0anmayuu.

Knioueswie cnosa: pax monounoii scenesvl (PMIK), peabunumayuonnsie Meponpusmus, Kauecmeo JHCusHu.
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