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Dear readers!

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

On behalf of the editorial team, | congratulate you on the arrival of the autumn season—a time for
taking stock, new plans, and professional growth. Autumn brings not only changes in nature but also
inspiration for the further development of medical science and practice.

2025 is a year of exciting events and advancements in oncology and radiology. We are witnessing
the active implementation of modern diagnostic methods, the expansion of screening programs, and
the strengthening of collaboration between specialists. This issue presents relevant and significant
research, including:

« The role of the Oncological Alertness-3 program in the survival of patients with visually localized
tumors in the Mangystau region

- Diagnostic capabilities of ®®Ga-FAPI PET/CT in gastric cancer

« Analysis of PDL-1 expression in T-cell lymphomas: correlation with clinicopathological prognostic
factors

« Multigene testing in genetic screening of hereditary and sporadic colorectal cancer.

With each issue, our journal strives to advance knowledge and improve the quality of medical
care. We continue to develop our content, emphasizing scientific validity, clinical significance, and the
practical application of the data presented.

We are committed to further improving the publication, expanding our readership, and
strengthening our professional community. May autumn inspire you with new ideas, give you strength,
and bring you confidence in the future.

We wish you good health, professional success, and new achievements!

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

Relevance: Breast cancer (BC) is the most common form of malignant neoplasm among women worldwide. In 2020, 2.3 million new
cases and about 685,000 deaths were registered. More than 80% of the cases are women over 50. Developing countries have higher
mortality rates. An increase in incidence to 3 million cases by 2040 is forecasted. This study is the first comprehensive 10-year regional
analysis of breast cancer incidence, mortality, and stage at detection.

The study aimed to analyze the impact of measures implemented in the Almaty region (Kazakh-stan) for early detection and
treatment of breast cancer on the dynamics of morbidity, mortality, and stage of detection in 2015-2024.

Methods: Assessment of trends and distribution of BC morbidity and mortality rates among the fe-male population of the Almaty
region from 2015 to 2024. Statistical reporting forms No. 7, No. 090/U, and data from the regional cancer registry were used.
Demographic data were obtained from the official public materials of the Agency for Strategic Planning and Reforms of the Republic of
Kazakhstan (Committee on Statistics). The indicators were calculated using standard epidemiologi-cal formulas, direct standardization,
and statistical software programs, including Microsoft Excel and SPSS Statistics 23.0.

Results: The incidence of BC increased from 34.8 to 42.5 per 100,000, and the standardized rate increased from 34.2 to 39.1.
Mortality fluctuated, peaking at 11.6 in 2021, then decreased to 8.5 in 2024. The conditional mortality rate ranged from 20.1% to 35.1%.

Early detection at stages I-11 in-creased from 74.1% to 89.2% and decreased at stage 111 from 20.6% to 4.6%.

Conclusion: There is a positive trend in early diagnosis and survival in BC in the region. However, the continuing mortality rate and
the stable proportion of stage IV indicate the need for further im-provement in the routing and availability of therapy.

Keywords: breast cancer (BC), epidemiology, morbidity, mortality, survival, Kazakhstan, Almaty region.

Introduction: Breast cancer (BC) is the most common
cancer among women worldwide. In 2020, approximate-
ly 2.3 million new cases were registered, accounting for
11.7% of all malignant tumors. More than 80% of cas-
es are diagnosed in women over 50 years of age, high-
lighting age as a key risk factor. BC has become the lead-
ing cause of cancer death among women, claiming the
lives of approximately 685,000 patients in 2020. Almost
two-thirds of deaths occurred in low- and middle-in-
come countries. While five-year survival rates in devel-
oped countries exceed 80%, in India, they are less than
70%, and in South Africa, they are less than 50% [1-3].
BC remains the most common form of malignant neo-
plasm (MN) among women in Southeast Asia. According
to 2022 data, this type of cancer ranks first in incidence
among women in all countries of the region. The high-
est standardized incidence rates (ASIRs) were recorded in
Singapore, at 72.61 per 100,000 women, and in the Phil-
ippines, at 60.34 per 100,000. In addition, breast cancer is
the leading cause of cancer death among women in sev-
eral Southeast Asian countries. The highest standardized
mortality rates (ASMR) from breast cancer were noted in
the Philippines - 21.47 per 100,000, in Malaysia - 19.30,

in Singapore - 17.82, in Vietnam - 14.67, in Indonesia —
14.35, and in Timor-Leste — 10.24 per 100,000 women [4].
In the United States of America, breast cancer ranks sec-
ond among the causes of death from cancer in women,
second only to lung cancer [5, 6]. In the United States, the
highest incidence of breast cancer is observed in white
women (130.8 per 100,000), and the highest mortali-
ty rate is in African American women (28.4 per 100,000),
which is 40% higher than in white women. African Amer-
ican women are more often diagnosed with the aggres-
sive triple-negative subtype of breast cancer, especial-
ly in women under 40 years of age. Mortality differences
between black and white women are most pronounced
in young women and decrease with age [7, 8].

Breast cancer remains the most common malignant
disease among women in Kazakhstan. Between 2017
and 2021, 22,736 new cases were registered, represent-
ing a 14% increase over previous years. The highest num-
ber of cases was identified in 2019 and 2021 (4945 and
4939, respectively) [9]. According to forecasts, by 2040,
the number of new cases of breast cancer will increase
by more than 40% and reach approximately 3 million per
year. The greatest increase in incidence and mortality is

4 Oncology and Radiology of Kazakhstan, Ne3 (77) 2025
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predicted in countries with transition economies and a
low development index, where the number of new cas-
es and deaths may double. The share of these countries
in the overall incidence structure will increase from 18.4%
to 22.2%, and in the mortality structure, from 30.1% to
35.2%. Such changes are primarily due to population ag-
ing and growth, but the dynamics may intensify with
changes in the incidence rate [10].

Among non-reproductive risk factors for breast can-
cer, obesity and alcohol consumption are particularly
significant. Being overweight nearly doubles the risk of
developing the disease in postmenopausal women. Ap-
proximately 4% of breast cancer cases in 2020 were asso-
ciated with alcohol consumption [11].

Molecular diagnostics of breast cancer includes the
determination of estrogen and progesterone receptors,
HER2, and the proliferation marker Ki-67. These parame-
ters allow us to determine the biological subtype of the
tumor and select effective targeted or hormonal thera-
py. Breast cancer is a clinically and genetically heteroge-
neous disease. Mutations in the BRCAT, BRCA2, TP53, PTEN,
and other genes significantly increase the risk of its devel-
opment, emphasizing the importance of genetic testing for
early detection and a personalized approach to treatment
[12,13].

A country-specific study covering 2015-2024 demon-
strated an increase in breast cancer incidence, coupled
with a decline in mortality and an increase in early de-
tection to 88.7%. Five-year survival increased by 81%,
demonstrating the effectiveness of preventive and di-
agnostic measures [14]. This study is the first to conduct
a comprehensive regional analysis over 10 years, focus-
ing on the dynamics of breast cancer incidence, mortali-
ty, and detection stages.

The study aimed to analyze the impact of measures
implemented in the Almaty region (Kazakhstan) for ear-
ly detection and treatment of breast cancer on the dy-
namics of morbidity, mortality, and stage of detection in
2015-2024.

Materials and methods: The trends and distribution
of breast cancer incidence and mortality rates among the
female population of the Almaty region were assessed
for the period from 2015 to 2024. The study relied on data
retrieved from annual medical reports, specifically Form
No. 7, “Information on the Incidence of Malignant Neo-
plasms,” and Form No. 090/U, “Statistical Card of Cancer
Patients,” as well as information from the regional can-
cer registry. Demographic data on the female population
by age group for the corresponding years were obtained
from official materials of the Agency for Strategic Plan-
ning and Reforms of the Republic of Kazakhstan (Statis-
tics Committee).

An assessment of intensive and standardized inci-
dence and mortality rates from breast cancer per 100,000
women was conducted, a conditional case fatality rate

(mortality-to-incidence ratio, %) was calculated, the age
structure of incidence was analyzed in comparison over
two five-year periods (2015-2019 and 2020-2024), as well
as the stage distribution at the time of primary diagnosis
and the share of breast cancer in the structure of all ma-
lignant neoplasms in women.

Standardization was performed using the direct
standardization method, based on the age structure of
the World Health Organization standard population. Cal-
culations were performed using standard epidemiolog-
ical formulas and Microsoft Excel, as well as SPSS Statis-
tics version 23.0. The evaluation included a comparison
of absolute and relative values, an analysis of trends, and
interperiod changes. Ethical approval was not required
because the study utilized aggregated, anonymized data
that did not contain identifiable patient information.

Results: Between 2015 and 2024, a 40.6% increase
in the number of patients registered for malignant ne-
oplasms was observed in the Almaty region, from 8,207
to 11,541. A similar trend is observed in relation to breast
cancer: the number of women with this disease increased
from 1,520 in 2015 to 2,494 in 2024, which amounted to
an increase of 64.1%. The share of breast cancer in the
overall structure of oncological morbidity in women also
increased, from 18.5% in 2015 to 21.6% in 2024 (Figure 1).

Between 2015 and 2024, significant changes in breast
cancer epidemiological indicators among the female
population were observed in the Almaty region. During
this period, the intensive incidence rates increased from
34.8 to 42.5 per 100,000 women, and the standardized
rates grew from 34.2 to 39.1. The minimum values were
recorded in 2019 (the intensive rate was 19.6, the stand-
ardized rate was 18.5). Since 2020, a steady upward trend
in incidence has been observed, reaching a maximum
of 43.7 (intensive rate) and 40.8 (standardized rate) per
100,000 women in 2022. Despite a slight decrease in rates
in 2023-2024, the incidence rate remains stably high and
significantly exceeds the values at the beginning of the
period. This trend could be attributed to both an objec-
tive increase in the number of new cases and improved
detection, including the expansion of access to diagnos-
tics and the resumption of screening programs in the
post-pandemic period (Figure 2).

Mortality rates in the Almaty region changed along a
more complex trajectory.In 2015, the mortality rates were
7.0 (intensive) and 6.9 (standardized) per 100,000 women.
Over the following years (2016-2020), those rates stabi-
lized, ranging from 5.4 to 6.7. However, in 2021, the mor-
tality rates spiked: the intensive rate reached 11.6, and
the standardized rate reached 11.3. This trend could be
attributed to delayed patient visits during the COVID-19
pandemic, late detection of malignant tumors, and tem-
porary restrictions on scheduled medical care. The mor-
tality began to decline between 2022 and 2024, reaching
8.5 (intensive) and 8.3 (standardized) in 2024, which was

Oncology and Radiology of Kazakhstan, Ne3 (77) 2025 5
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still above the baseline. This trajectory highlights the par-  patient routing, although certain problems in the availa-
tial restoration of oncology services and improvementin  bility of timely therapy remain (Figure 3).
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Figure 1 — Dynamics of the proportion of breast cancer in the structure of all newly diagnosed malignant neoplasms in
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in 2015-2024 (per 100,000 female population)
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Figure 3 — Dynamics of intensive and standardized mortality rates from breast cancer among women in the Almaty
region in 2015-2024 (per 100,000 female population)

Figure 4 shows the dynamics of intensive indicators of
morbidity and mortality from breast cancer among women
in the Almaty region for the period from 2015 to 2024 (per
100,000 women), as well as the conditional mortality rate,
reflecting the mortality-to-incidence ratio as a percentage.
Over the analyzed period, the intensive incidence rate in-
creased from 34.8 to 42.5 per 100,000, with a minimum val-
ue of 19.6 in 2019. A steady increase was observed since 2020,

reaching a maximum of 43.7 in 2022. The intensive mortality
rate ranged from 6.2 to 11.6 per 100,000 women. The mortali-
ty rate peaked in 2021, after which it decreased to 8.5 in 2024.

The case fatality rate fluctuated from 20.1% in 2015 to
a peak of 35.1% in 2019. The minimum value of 20.4% was
recorded in 2022, amid the peak incidence rate. Over the
last two years, the rate has increased to 28.2% and 27.2%,
respectively (Figure 4).
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A comparative analysis of standardized incidence and
mortality rates from breast cancer among women in the
Almaty region for 2015-2024 revealed clear changes in
the epidemiological picture of the disease. Over this peri-
od, the incidence increased from 34.2 to 39.1 per 100,000
women, while mortality decreased from 6.9 to 8.3 per
100,000 women. Against this background, the condition-

al case fatality rate decreased from 20.2% to 21.2%, de-
spite a short-term increase to 35.1% in 2019. The min-
imum case fatality rate was recorded in 2022 - 20.4%,
which coincided with the peak incidence rates. The over-
all dynamics indicate improved early detection and treat-
ment accessibility, despite the persistently high cancer
burden in the region (Figure 5).
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Figure 5 — Standardized incidence and mortality rates from breast cancer and their ratio (conditional case fatality rate)
among the female population of the Almaty region in 2015-2024 (per 100,000 women)

The distribution of breast cancer cases by stages at
initial detection demonstrated positive changes over
the study period. In 2015, the proportion of patients
with early-stage disease (I-1) was 74.1%, while by 2024,
this figure had increased to 89.2%. This increase indi-
cated a significant improvement in early diagnosis, like-
ly due to expanded coverage by screening programs, in-
creased awareness among healthcare professionals, and
improved access to mammography. The proportion of
stage lll cancers decreased from 20.6% to 4.6%, also re-
flecting progress in reducing the incidence of advanced
disease. A slightincrease in stage IV cancers (from 5.3% to
6.2%) requires further investigation. However, given the
overall increase in early detection, this indicator did not
significantly impact the positive trend (Figure 6).

A comparative analysis of the age structure of identi-
fied breast cancer cases over two five-year periods (2015-
2019 and 2020-2024) showed an increase in the number
of cases in the age group of 60-64, from 31.8 to 52.6, and
65-69, from 24.4 to 41.2. The proportion of breast cancer

among all malignant neoplasms in women in the Almaty
region has also increased from 18.5% in 2015 to 21.6% in
2024. This increase could be due to both improved breast
cancer diagnostics and a consistently high-risk level in
this population (Figure 7).

Table 1 presents the epidemiological indicators for
malignant neoplasms and breast cancer in the Almaty
region for 2015-2024. During this period, the number of
patients with oncopathology increased by 40.6% (from
8,207 to 11,541), as did the absolute number of patients
registered for dispensary care with a diagnosis of breast
cancer, which increased by 64.1% (from 1,520 to 2,494).
The incidence of breast cancer continues to grow (inten-
sive +22.1%; standardized +14.3%), while mortality rates
from breast cancer are also increasing (intensive +21.4%;
standardized +20.3%).

The staging structure reflects positive changes: the
proportion of early stages (I-1l) at detection increased
by 20.4% (from 74.1% to 89.2%), the proportion of stage
Il decreased from 20.6% to 4.6% (-77.7%), while the pro-
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portion of stage IV increased by 17% (from 5.3% to 6.2%).  cancer diagnosis rates, demonstrating the effectiveness
Overall, there has been an improvement in early breast of the interventions being implemented.
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Figure 6 — Distribution of newly diagnosed cases of breast cancer by stage at the time of diagnosis among women in

the Almaty region in 2015 and 2024 (%)
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Figure 7 — Comparative distribution of newly registered cases of breast cancer by age group among women in the
Almaty region in 2015-2019 and 2020-2024

Table 1 - Main epidemiological indicators of malignant neoplasms and breast cancer in the Almaty region,
2015 and 2024

Indicator 2015 2024
The number of patients with malignant neoplasms registered in the dispensa-ries 8207 11 541
The number of patients with breast cancer on the dispensary register 1520 2494
The proportion of breast cancer among all malignant neoplasms in women (%) 18.5% 21.6%
Breast cancer incidence (per 100,000) 34.8 42.5
Standardized incidence of breast cancer 34.2 39.1
Intensive mortality from breast cancer 7.0 8.5
Standardized mortality from breast cancer 6.9 8.3
The percentage of detection of stages I-Il (%) 74.1% 89.2%
Proportion of stage Il (%) 20.6% 4.6%
Proportion of stage IV (%) 5.3% 6.2%
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Discussion: The study findings reveal significant
changes in the epidemiological landscape of breast cancer
in the Almaty region over a 10-year observation period. A
distinct increase in incidence was established both by the
intensive (from 34.8 to 42.5 per 100,000 women) and by
the standardized indicator (from 34.2 to 39.1 per 100,000
women). The data are consistent with the results of a ret-
rospective analysis covering large cities of Kazakhstan for
2009-2018. In the study by N. Igissinov et al., age-specific
peaks in breast cancer incidence and mortality were iden-
tified, falling in the age groups 60-69 and 70 years and old-
er, respectively, which confirms the observed shift in the
oncological burden towards older age cohorts in the Al-
maty region. The authors also noted an increase in stand-
ardized morbidity rates, which was attributed to a de-
crease in mortality and was likely due to the expansion of
screening programs and increased availability of special-
ized medical care [15].

The data obtained in this study on fluctuations in the
breast cancer mortality rate, in particular the increase in
the indicator in 2021 followed by a decrease, correlate with
the findings of the aforementioned analysis, according to
which the standardized mortality rate from breast can-
cer in the republic demonstrated a steady decline (APC =
-4.0%, R* = 0.9218) during 2009-2018. The decrease in mor-
tality is explained by increased coverage of mammogra-
phy screening and improved treatment. The average age
at death was 61.6 years, and the highest mortality was ob-
served in the 70-84 age group, which is consistent with the
age structure of mortality identified in this study. Addition-
ally, pronounced interregional differences were observed,
with the highest mortality rates noted in the Pavlodar and
Almaty regions, as well as in Astana, and the lowest in the
Mangistau and Turkestan regions. This highlights the need
for further study of factors influencing the availability and
quality of oncological care, including patient routing and
the impact of environmental conditions [16]. Against the
backdrop of an increase in the proportion of early detec-
tion of breast cancer in the Almaty region and an increase
in incidence in the 40-49 age group, the international
study by J. Rantala et al. (2025) deserves attention, as it es-
tablished patterns of increasing breast cancer incidence
in women under 50 years of age against the background
of behavioral risk factors. In particular, the highest annu-
al increase in incidence was recorded in women aged 40-
49 who were overweight (AAPC = +4.0%), smokers (AAPC
= +3.3%), and those leading a moderately active lifestyle
(AAPC = 42.9%). These data partially explain the observed
changes in the incidence structure in Kazakhstan and em-
phasize the importance of considering modifiable risk fac-
tors when developing preventive programs, especially for
target age groups [17].

Conclusion: Between 2015 and 2024, the Almaty re-
gion saw a steady increase in breast cancer incidence, with
a moderate decline in mortality rates and improved early

diagnosis. The increase in detection rates at stages | and I,
while simultaneously reducing the number of stage Il cas-
es, confirms the effectiveness of ongoing preventive and
screening programs. The primary epidemiological focus is
shifting toward older women, necessitating prioritization
of this cohort in breast cancer control strategies.
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AHJATIIA

2015-2024 )KBIJIJAPBI AIMATHBI OBJIBICBIHJIA CYT BE3I KATEPJII ICITTHIH
SMUIAEMHUOJIOTIUAJBIK KOPCETKILITEPIH TAJIJIAY

JI.E. Auwoapoé', A.E. Aiioapoe'?, K.M. Amanxynoé®, C.0. Ocuxobaesa®, A.M. Aiioaposa*

I«Ka3akcraH-Peceit meguunHanbik yHusepcuteti» MEBEM, Anmarbl, Kasakctan Pecny6ankace;
Z«Anmatbl oHKonoruAsbik optanbiFbl» LMK KMK, Anmatbl, Kaszakcrax Pecny6nukach;
3«Ka3aK OHKONOTYS XaHe PAAN0NOrA FbinbIMU-3epTTeY MHCTUTYTbi» AK, Anmatbl, KazakcTan Pecny6aukace;
4«C.X. Achenamapos atbiHparbl Kasak ynTTblk MeguuuHa yHusepcuteTi» KEAK, Anmarsl, KazakctaH Pecny6nukace!

Ozexkminizi: Cym 6esiniy xkamepai iciei (CBK1) — Oykin anemoeei otiendep apacvinoa Kamepui icikmiy ey Kon mapaiean mypi.
2020 scvinvl 2,3 munnuon dcana dtcazoat dxcone wamamer 685 000 onim mipxenoi. Hayxacmapowiy 80% - oan acmamer 50 scacman
ackau otlenodep. Hamywvl endepoe onim-scimim deneetii scozapuvl. 2040 dcvinea Kapail OOnHCAM-COIDKAMMAHYUBLIBIKMGIY 3 MIH
orcazoatiza Oeuin ocyi kyminyoe. byn sepmmey CEKI-niy aypywanovix, eaim-scimim, camvicvin anvikmay, 10 scoln iwinoe xeuenoi
aumMakmolk maaoay scypeizemin Oipinwi zepmmey 6016in madwiiaobl.

3epmmeyoiny, maxcamovr — 2015-2024 ocvindapea apranean cym 0esi 00bIpblH epme AHBIKMAY JiCoHe emoey OOUbIHuA
Kaszaxcmannviy Anmamol 007161CbIHOa diCy3€e2e ACHIPLLILIN HCAMKAH WAPAIAPOblY AYPYUAHObIK, 61IM-JICIMIM, CAMbICOIH AHLIKMAY.

AQoicmepi: 2015-2024 scvinoap apanvievinoazsl kezenoe Anmamul 00.1vicoinbIH Oliendep xanksl apacuinoa ChKI coipxammany bl vl
nen eniM-dcimiyn Kopcemkiuwmepin ocikmey dwcoHe ypoicmepoi bazanay. Ne7, NeO90/E cmamucmukanvlx ecenminik Hulcanoapuvl
JHCOHe OHIPIIK OHKOpe2ucmpOiy Oepexkmepi nanoanranvliovl. [lemoepaguanviy depexmep KP Cmpamecusnvix scocnapiay rHroHe
peopmanap acenmmiziniy ¥ammolx cmamucmuka O0POCLIHbIY pecMU AWbIK Mamepuandapuinan anvinovl. Kepcemxiwmepoi
ecenmey mikeietl cmaHoapmmayovl Koioana omeipsin dcone Microsoft Excel sowcone SPSS Statistics 23.0 6az0apramanapvin Konoana
ombIpbIN, CIMAHOAPMMbL INUOEMUOTOSUATBIK QOPMYAANAP OOULIHULA HCYPI3LNOI.

Homuocenepi: CBKI aypyvt 100 000-2a waxkanoa 34,8-0en 42,5-xe Oeiiin, an cmandoapmmanean xepcemkiw 34,2-0en 39,1-ce
Oetiin oecmi. Onim-ocimim 2021 acornet (11,6) wapvikmay weeine scemin, 2024 scvinwvt 8,5-xe Oetiin momenoedi. Onim-xcimimHiy
wapmmut kod¢ppuyuenmi 20,1%-0an 35,1%-ea Oetiin 6010v1. I-1I kezendepdi anvikmay yreci 74,1%-0an 89,2%-ea oeiiin ocmi, 111
rezen 20,6%-0an 4,6%-2a Oetiin momenoeoi.

Kopvimuinowi: Onipoe CEKI kezinde epme ouaznocmuka Mmer oMip cypyoiy oy OUHAMUKACH 6AUKa1aovl. Anaioa, oaim-sHcimimHiy
mypaxmul Oeneetii dcone IV camvlcvinbly mypakmul yieci mepanusiHvly 0a2blmmaybl MeH KOl JcemiMOiniein 00an api scemindipy
Kaosicemminiein kepcemeoi.

Tyiiinoi cozdep: cym 6e3i kamepai iciei (CHKI), snudemuonocus, CulpKkammaHywslivlK, OAIM-HCIimiM, emip cypy OeHeelli,
Kazaxcman, Anmamol 06abichl.

AHHOTALIUSL

AHAJIN3 3HI/IIIEMI(IOJIOFI/I‘IECKI/IXUHOKA3ATEJIEI‘/JI PAKA MOJIOYHOH KEJE3bI
B AIMATHHCKOMU OBJIACTHU 3A 2015-2024 rr.

JILE. Aiioapos', A.E. Awoapoe‘?, K.M. Amanuxynoé®, C.0. Ocukoaesa®, A.M. Aiioaposa*

THYO «KazaxctaHckuit-Poccuitckuit MegUUMHCKNI YHUBEpCUTET», AnMarbl, Pecry6anka Kasaxcrax;
2KIT Ha MXB «ANMATUHCKWi OHKOMOTYECKWH LieHTP», Amarbl, Pecny6inka Kasaxcras;
3A0 «Ka3axckuit HayyHO-1CCEN0BATENbCKMI UHCTUTYT OHKONIOTM M paguosnoriny, Anmarbl, Pecny6imnka Kasaxcran;
4HAQ «Ka3axckuii HaLMOHANbHbIA MegMUMHCKI yHuBepcuTeT umenn C[1. Achenausposar, Anmarbl, Pecny6nuka Kasaxcrau

AKTYaJdbHOCTB: Pak monounoti sceneszvl (PMIK) — naubonee uacmas gpopma 3noxavecmeentvix Ho6000paz068anuil cpeou HeeHuun
60 6cém mupe. B 2020 200y 3apezucmpuposano 2,3 man Hogulx ciyuaes u oxono 685 000 cmepmeit. bonee 80% 3aboneeuiux — dceHuyumnbl
cmapue 50 nem. B pazeusarowuxcs cmpanax ommeyaomces Ooiee 8bicokue nokazamenu cmepmuocmu. Ilpoenos k 2040 200y — pocm
sabonesaemocmu 00 3 MaH ciyuaes. B nacmosiwyem ucciedosanuu npogeoen KOMNIEKCHbII Pe2UOHAIbHbII AHAIU3 3a001e8AeMOCTU,
cmepmuocmu u cmaouu eviasnenuss PMJK 3a 10 nem.
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Llenv uccnedosanus — npoananu3upoOBams GIUAHUE MEPONPUAMULL N0 PAHHEMY 6blsglenuto u nevenuio PMJK, peanuzyemvix 6
Anmamunckoii oonacmu Pecnyonruxu Kasaxcman, na ounamuxy sabonegaemocmu, cmepmuocmu u cmaouu gvisgienus za 2015-2024
200b1.

Memoowr: Oyenrxa mendenyuii u pacnpeodenenus nokazamenu sabonesaemocmu u cmepmuocmu om PMIK cpedu scenckozo nacenenus
Anmamunckoil obracmu 3a nepuod ¢ 2015 no 2024 200wi. Hcnonvzosansl ¢hopmul cmamucmuueckoi omuémuocmu Ne7, Ne090/Y u
Oannbvle pecuoHanrbHo2o onxopezucmpa. [lemoepaguueckue Oanmvle ObLIU NOAYYEHb U3 OPUUUATLHBIX OMKPLIMbIX MAMEPUANO8
bropo nayuonanvrou cmamucmuky Aeenmemea no cmpamecuieckomy niaHuposaruro u pegpopmam Pecnyonuxu Kazaxcman. Pacuém
nokaszameetl OCywecmeaisica no CmaHOapmublM SNUOEMUOTOSULECKUM (POPMYLAM, ¢ NPpUMEHEeHUeM NPAMOU CMAHOApMUu3ayuy u
ucnonvzosanuem npoepamm Microsoft Excel u SPSS Statistics 23.0.

Pesynvmamor: 3a6onesaemocmos PVMOK yeenuuunacy ¢ 34,8 0o 42,5 na 100 000 scenwyun, a cmanoapmuszogannsviii nokazamens — ¢ 34,2
00 39,1. Cmepmnocms konebanace, docmuehnys nuxa ¢ 2021 200y (11,6), 3amem cnusunaco 00 8,5 ¢ 2024 200y. Yenosuwiii koapguyuenm
nemanvrocmu eapvupogan om 20,1% 0o 35,1%. Jons evisienenus I-11 cmaouiil ysenuuunace ¢ 74,1% oo 89,2%, npu cuuocernuu 111 cmaouu
¢ 20,6% 00 4,6%.

3axnwuenue: B pecuone ommeuaemces nonodxcumenvras ouHamuxa panten ouaenocmuxu PMIK. Oonako coxpanaowuiics ypogens
JnemanvHocmu u cmabuavhas oona IV cmaouu ykaszvieaiom na Heo6Xo0UMOCHb 0ANbHEe20 COBEPULICHCNBOBANUSL MAPULPYMUSAYUY U
docmynnocmu mepanuu.

Knioueeswvle cnosa: pax monounoii sceneszvl (PMIK), snudemuonozus, zabonesaemocms, cmepmuocmo, Kazaxcman, Anmamunckas
obnacmo.
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EPIDEMIOLOGICAL ANALYSIS OF BREAST CANCER
IN WOMEN OF CHILDBEARING AGE
IN THE KARAGANDA REGION
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ABSTRACT

Relevance: The article examines the epidemiological features of breast cancer among women of childbearing age (15-49 years).
Over the past decade, the incidence of breast cancer in women of reproductive age has been steadily increasing. Awareness of prevention
is the first and most important step in reducing mortality from breast cancer. Breast cancer, especially among women of childbearing
age, is a major public health problem worldwide and is currently the most common cancer among women.

The study aimed to analyze the level and structure of breast cancer incidence among women of childbearing age in the Karaganda
region (Kazakhstan) in 2013-2023.

Methods: A retrospective epidemiological analysis of the long-term dynamics of cardiovascular disease incidence among women
of reproductive age in the Karaganda region for 2013-2023 was conducted. Statistical data on cardiovascular disease incidence
in the Karaganda region for 2013-2023 are provided in terms of age, mortality and mortality rates. The data are taken from the
statistical collections “Health of the population of the Republic of Kazakhstan and the activities of health care organizations for
2013-2023.”

Results: Between 2013 and 2023, breast cancer incidence rates in the Karaganda region fluctuated, with ups and downs. Every
year, breast cancer incidence among urban residents was higher than among rural residents. In recent years, the incidence of stage
1V breast cancer has decreased signifi-cantly. The region’s mortality rate decreased steadily between 2013 and 2023. The correlation
coefficient (r = 0.93) indicates a very strong positive linear connection between the number of reported breast cancer cases and the
patients’ age.

Conclusion: The average annual rate increase in breast cancer incidence remains stable. In general, breast cancer incidence in
urban areas is around 1.3-1.6 times higher than in rural areas. As the proportion of early diagnosis increases, the mortality from breast
cancer decreases considerably. Early diagnosis is crucial for improving survival and reducing mortality from this disease, as evidenced

by a significant decline in this indicator t = 3.12, p < 0.01.

Keywords: breast cancer, incidence, mortality, fertile age, screening.

Introduction: Breast cancer (BC), including in women
of reproductive age, is a pressing health problem world-
wide and is currently the most common cancer among
women [1]. Studies of the socioeconomic significance of
BC have shown that it is not only one of the leading caus-
es of mortality among women but also causes significant
economic losses.

In 2023, the World Health Organization launched
a global initiative aimed at reducing the incidence of
breast cancer by 2.5% annually through prevention,
timely diagnosis, and effective treatment [2]. In Kazakh-
stan, in 2023, breast cancer ranked first in the structure
of oncological diseases and third in mortality. Accord-
ing to data for 2023, breast cancer accounts for 13.2%
of all cancer cases in the country [3-4]. Increased aware-
ness of breast cancer, increased public attention, and
significant advances in breast research have had a pos-
itive impact on the detection and implementation of
breast cancer screening [4].

As of 2024, approximately 5,000 patients are diag-
nosed with breast cancer in Kazakhstan annually, and

up to 1,200 women die from it. Breast cancer is the sec-
ond most common type of cancer among women. About
1,800 new cases are registered annually, and about 600
women die from it [3].

Despite the seriousness of the problem, it should be
noted that there is a lack of systematic studies examining
the prevalence of cancer among women of reproductive
age. This is reflected in the limited available data, which
hinders a full understanding of the problem’s scale and
the development of effective prevention and treatment
strategies.

The study aimed to analyze the level and structure of
breast cancer incidence among women of childbearing
age in the Karaganda region (Kazakhstan) in 2013-2023.

Materials and methods: Statistical data on the inci-
dence of breast cancer in women of childbearing age (ICD
code C50.0-C50.9) in the Karaganda region for 2013-2023
were obtained from the Republican Statistical Digest No. 3
of the Karaganda City Multidisciplinary Hospital. The arti-
cle “Kazakhstan and the Activities of Healthcare Organiza-
tions in 2013-2023" [5-15] was also used.
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Statistical analysis of the data was performed using Sta-
tistica 13.3. Morbidity and mortality rates were calculated
per 100,000 population. Student’s t-test and Pearson’s cor-
relation coefficient (r) were used.

A descriptive epidemiological surveillance method
was used. A retrospective epidemiological analysis (anal-
ysis of long-term incidence dynamics for 2013-2023) was
conducted.

Results: A retrospective epidemiological analysis of
newly diagnosed cancer incidence in the Karaganda re-
gion is presented in Figure 1. In the Karaganda region,

an uneven incidence rate, with fluctuations, was record-
ed from 2013 to 2023. The highest rates were recorded
between 2016 and 2018. In the Karaganda region, there
were 280.3-290.3 cases per 100,000 population. In partic-
ular, in 2018, the highest incidence rate was recorded in
the Karaganda region (290.3 cases) per 100,000 popula-
tion. Between 2018 and 2022, a significant decrease was
observed in the Karaganda region, from 278.5 cases per
100,000 population to 245.1. This phenomenon may be re-
lated to the reduction in the number of routine screenings
and medical examinations during the COVID-19 pandemic.
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Figure 1 — Long-term dynamics of cancer incidence in the Karaganda region
for the period 2013-2023 (per 100,000 population)

The lowest level was recorded in 2022, at 245. The av-
erage incidence rate in the analyzed years is 250.08. per
100,000 population. In 2023, a comparative analysis of in-
cidence compared to 2013 revealed a 1.47-fold increase.
In 2023, the highest incidence rate was reported in the
Karaganda region, with 290 cases per 100,000 popula-
tion. This figure is comparable to the peak in 2018. This
increase could be due to the resumption of preventive
examinations and timely diagnostic procedures in recent
years.

Generally, the incidence rate in the Karaganda re-
gion remained consistently high throughout the re-
view period. The average annual growth rate was sta-
ble at " o =0:94%. The projected incidence rate in 2024
was 280.71 per 100,000 population. If the trend that de-
veloped in the previous period continued, the incidence
rate could range from 278.9 to 281.86

An analysis of cancer incidence in urban and rural pop-
ulations in 2013-2023 revealed that breast cancer was
more common among urbanites (Figure 2). Figure 2 shows
the annual breast cancer incidence in urban and rural pop-
ulations of childbearing age in the Karaganda region for
2013-2023 (per 100,000 inhabitants). The average inci-
dence in urban areas was 1.19 times higher than in rural
areas, amounting to 260.6 and 219.3 cases per 100,000 in-
habitants, respectively.

The incidence rate among urbanites was consistently
higher every year compared to rural residents.

The lowest and highest rates were observed among
urbanites, at 220 per 100,000 residents in 2013 and 275 in
2023, respectively. Among the rural population, the rates
were 180 in 2013 and 210 in 2019 and 2023. The overall in-
cidence in urban areas was about 1.3-1.6 times higher than
in rural areas. A slight increase in breast cancer mortality
was observed in both groups in 2018-2020, and screening
and early detection efforts will likely be intensified during
this period.

Table 1 presents an analysis of breast cancer incidence
in the Karaganda region from 2013 to 2023, categorized by
disease stage.

The incidence rates for stages | and Il from 2013 to 2019
are presented separately. These stages have been com-
bined since 2020. Notably, the incidence rates for stages
I and Il were higher per 100,000 population compared to
stages lll and IV. Between 2013 and 2023, there was an im-
provement in early detection of breast cancer (at stages |
and Il), likely due to screening programs and higher med-
ical awareness among women. The decrease in the inci-
dence of stages Ill and IV could indicate improved treat-
ment efficacy.

A downward trend in long-term dynamics of mortality
from breast cancer in the Karaganda region was revealed

14 Oncology and Radiology of Kazakhstan, Ne3 (77) 2025



) KazIOR

7~ KAZAKH INSTITUTE OF ONCOLOGY AND RADIOLOGY

EPIDEMIOLOGY

(Figure 3), with a 2.9-fold decrease in mortality, from 15.7
to 5.4 per 100,000 population. The peak mortality rate of

15.7 was recorded in 2013. The projected mortality rate in
2024 was 4.94 cases per 100,000 population.
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Figure 2 — Long-term dynamics of breast cancer incidence among the urban and rural
population of childbearing age in the Karaganda region for the period 2013-2023 (per
100,000 inhabitants)

Table 1 - Prevalence of breast cancer by disease stage in the Karaganda region, 2013-2023

Year Breast cancer (by stage)
Stage | Stage Il Stage Il Stage IV

2013 38.7 41.2 12.8 7.4
2014 44.7 37.7 121 5.4
2015 40.7 40.5 12.3 6.3
2016 46.2 39.9 8.8 5.2
2017 46.9 38.8 6.7 47
2018 41.8 40.9 11.5 5.8
2019 31.8 45.4 15.2 7.4
2020 78.0 15.8 6.0
2021 78.8 14.0 7.1
2022 82.8 11.6 5.6
2023 73.3 21.8 4.7

A positive correlation with the total number of detec-
tions indicates improved diagnostic and screening cover-
age. However, a clear decline in early detections (7.2%) is
observed, confirming the impact of the pandemic in 2020.
The increase in the share of early detection is a positive
sign, as it increases the chances of successful treatment
and reduces mortality.

Statistical analysis revealed a very high correlation be-
tween the frequency of screening tests and the rate of ear-
ly detection (r = 0.98). This provides important evidence of
the direct link between early diagnosis and screening. Fur-
thermore, a strong positive correlation was observed be-
tween the frequency of general preventive examinations
and the rate of detected cases (r = 0.993). This confirms the
high effectiveness of preventive examinations.

The study also included a statistical analysis of mortali-
ty rates. A significant reduction in mortality rates has been
noted due to improved early diagnosis. The statistical sig-
nificance of this reduction (t = 3.12, p < 0.01) indicates that

early diagnosis is a key factor in improving survival and re-
ducing mortality.

Discussion: Cancer remains one of the most signifi-
cant health issues in modern medicine. Cancer diseas-
es spread rapidly worldwide. According to the literature,
breast cancer is more common in women living in urban
areas than in rural areas. This is attributed to increased
access to diagnostic capabilities, screening, and medical
care. Late or inadequate diagnosis in rural areas, as well
as low public awareness, can negatively impact early de-
tection. Low registration rates in rural areas may be due
not to a low true incidence but to limited diagnostic ca-
pabilities. This situation underscores the importance of
developing targeted prevention programs in rural areas
to reduce regional disparities among women of repro-
ductive age [16-17].

Between 2013 and 2023, an improvement in the detec-
tion of early-stage breast cancer (stages | and Il) was not-
ed, which may be due to the availability of screening pro-
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grams and increased medical awareness among women.
An increase in the incidence of stage Ill and a decrease in
stage IV cases during this period may indicate increased
treatment effectiveness. In recent years, the integration of

mass screening, mammography, ultrasound, and public
education on self-examination methods into the medical
examination of women over 40 years of age has provided
a valuable opportunity for early disease detection [ 18-19].
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Figure 3 — Long-term dynamics of mortality from breast cancer in the
Karaganda region for the period 2013-2023 (per 100,000 inhabitants)

Regular examinations and screening programs are the
most effective tools for early detection of breast cancer,
which in turn allows for timely initiation of treatment, pre-
vention of disease complications, and reduction of mor-
tality [20].

Several factors increase the risk of developing breast
cancer [21-22]. Some risk factors are independent of a
woman'’s lifestyle, such as age or genetic predisposition,
but other factors, including reproductive behavior, hor-
monal use, and lifestyle, may also influence them. A sys-
tematic literature review [23] of 197 citations in PubMed,
Web of Science, and Scopus summarized the influence of
lifestyle factors on the risk of breast cancer; for example,
smoking and alcohol consumption increase the odds ratio
by 7% and 10%, respectively, while regular physical activ-
ity reduces the risk by 10%. The same study summarized
the influence of reproductive behavioral factors (infertility,
late pregnancy, breastfeeding, oral contraceptive use) and
hormones (estrogen, progesterone, estrogen/progester-
one, hormone therapy), as well as diet and radiation thera-
py. Itis important to note that there are also secondary risk
factors, such as night shift work, which influence the risk of
developing cancer through changes in women’s hormon-
al status [22, 24]. Furthermore, the influence of risk factors
may vary depending on the genetic and ethnic character-
istics of women [25-26].

The study demonstrates that the introduction of mod-
ern diagnostic and treatment methods has a significant
impact on reducing cancer mortality. The findings confirm
the importance of implementing innovative technologies
and improving organizational processes in the healthcare
system. Further research aimed at analyzing additional
variables will help clarify the impact of various factors on
mortality dynamics and facilitate the development of ef-
fective strategies to improve the quality of medical care.

Further research in this area includes conducting in-
depth quantitative analysis using regression modeling and
correlation analysis to identify key factors contributing to
the development of the disease. This will not only enhance
our understanding of epidemiological patterns but also
enable the development of effective measures to reduce
the incidence of the disease.

Conclusion: The incidence rate in the Karaganda re-
gion remains consistently high throughout the period un-
der review. The average annual growth rate is estimated to
be stable at T =" or = 0.94%. The projected incidence rate in
2024 is 280.71 per 100,000 population, and if the trend es-
tablished in the previous period continues, the incidence
rate is expected to range from 278.9 to 281.86.

Generally, the incidence rate in urban areas is approx-
imately 1.3 to 1.6 times higher than in rural areas. The in-
cidence of diseases detected for the first time in life in the
region and the city was 1.19 times higher than in rural ar-
eas, amounting to 260.6 and 219.3, respectively.

In the Karaganda region, a gradual decline in mortality
was observed between 2013 and 2023. The mortality rate
in the Karaganda region has decreased from 15.7 to 5.4
per 100,000 people. The number of registered cases has
increased by 2.9 times. The maximum mortality rate was
15.7 in 2013. The projected mortality rate in 2024 is 4.94
cases per 100,000 population.

Between 2013 and 2023, an improvement in early de-
tection of breast cancer (stages | and Il) was noted, which
may be due to the availability of screening programs and
increased medical awareness among women. Further-
more, a decrease in the incidence of stage IV breast cancer
has been observed in recent years. The relatively uniform
incidence of cancer and the decrease in stage IV breast
cancer incidence and mortality are due to several social,
medical, and organizational factors. The increase in stage
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Il breast cancer cases and the decrease in stage IV breast
cancer cases during this period may indicate improved
treatment effectiveness.

Statistical analysis revealed a very high correlation be-
tween the frequency of screening tests and the rate of ear-
ly detection (r=0.98). A strong positive correlation was also
observed between the frequency of general preventive
examinations and the number of cases detected (r=0.993).
This confirms the high effectiveness of preventive exam-
inations.

In conclusion, it should be noted that the increase
in early breast cancer diagnosis rates over the past de-
cade demonstrates the effectiveness of screening pro-
grams and awareness-raising activities in the healthcare
system. These data are important from both a scientific
and practical perspective, as early cancer detection is a
crucial factor in improving treatment effectiveness and
quality of life.
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AHJATIHA

KAPAFAH/IBI OBJIBICHI BOMBIHIIIA ®EPTUJIB/II )KACTAFBI OUEJAEPIIH CYT
BE3I KATEPJII ICIT'TH SIIMAEMUAOJIOTI' UAJIBIK TAJIIAY

A. Kypmanoex', ®.M. Ilaizaouna', M.M. Beiicexosa', JK.A. Ceitnxanosa’,
A.A. Mamvimog', C.T. Menoioaii', H.O. Anviuesa'

I«Kaparanabl Meauunna Yuusepcuteti» KEAK, Kaparanabl, Kasakctas Pecny6nmkachl

Ozexminizi: byn makanada epmunvoi socacmazvl (15-49 oucac) oviendep apacvinoazvl cym 6esi xamepni iciei (CBKI)-nin
InudemMuonocusnvblK epexwenikmepi zepmmenedi. Conabl OHICHLIObIKMA penpodykmugmi scacmazvl otendep apacvinoa CBKI-wiy
oicuiniei Oipminden ecin Kene dcamiauvl 0aUKanovl. Andvin ary mypanel aknapammarovipviiy — oyn CbKI-nen 6onamvin eaimoi
azaumyovly an2awksl sHcone manywvizovt Kaoamvl. CBKI, onviy iwinoe ¢epmunvoi dcacmazvl auendep apacviHoa xcone OYKin onemoe
OeHcaynvik cakmayobly 63eKmi Mocenecin myovlpaovl dHeone Kasipei yakbimma alienoep apacvlnoa ey Kon mapaneau icik mypi 6o1vin
maowinaowl.

3epmmey maxcamer — 2013-2023 acvinoapea Kazaxcman Pecnybnuxacwinvly Kapazanowr obnvicvlnoa gepmunvoi dicacmasvl
oliendepdiy cym Oe3i Kamepii iCieiHiy aypyuanyovlebl MeH KYPbLIbIMbIH 3epmme).

Aoicmepi: Kapazanowvt obnvicer 6otivinwa 2013-2023 scvindapea apnanean penpooykmuemi scacmazul duenoepoiy Jcypex-Kam
MAMbIPIAPbL AYPYIAPLIHGIY Y3aK MeP3iMOi OUHAMUKACLIHA PemPOCNeKmMusni SNUOeMUOIOUALLIK Manoay xHcypeisindi. Kapazanovl
obavicel botvinua 2013-2023 scvindapea apuanaam sHcypek-Kan mamovipaapvl aypyiapblHbly cmamucmuKkanivlk 0epekmepi scac, onim
JicoHe oniM-dcimim Kopcemkiwmepi Oouvinwa bepineen. Monimemmep «Kazaxcman PecnyOnuxacol XanKplibll OEHCAYIbIbl HCOHE
dencaynvix cakmay yuvimoapwinsiy 2013-2023 sicvlnoapea apranean Kplsmemiy cmamucmukaniblk HCUHAKMAPbIHAH AJIbIHObL.

Homuocenepi: Kapazanowr ooavicoinoa 2013-2023 ocvindap apanvievinoa CBEKI-men cvipkammanyuvlivikmoly OIpKeaki emec
OuHamuxacel kemepinin, memenoeoi. Kana mypavindapur apacvinoa CEKI-Mer colpkammaryubliblK #Coll CAUlbIH Ayl MyPblHOAPbIHA
Kapazanoa mypakmul mypoe owcozapvl 6010vl. Conevl scvinoapvr CBKI-niy IV camvicvinviy memenoeyi 6aiikaniaosi. Kapasanowvl
oonviceinoa 2013-2023 ocvinoapul enim-scimimuiy muicinwe memenoey ypoici mipkenyoe. Koppenayusa xosgguyuenmi (r=0,93)
nayuenmmepOiy opmawia xHeacvl mMen cym 0Oesi icicinbly mipKencen Hca20aillapblHbly OPMAuld Camnbl apacblnodz2bl ome Kyumi oy
CbI3BIKMbIK OATLIAHbICHIbL KOPCEeMEOI.

Kopvimuvinovi: Kapazanovr obnviceinoa CBKI-men colpkammanyublivlKmoly Opmauia JicbliOblK, 6Cy KAPKbIHbL  MYpPaKnivl
ocyoe. JKannwvi, kananvix sceprepoe CBKI-Hiy aypyuwanoviebl ayvliovik scepaepee Kapasanoa wamamen 1,3-1,6 ece swcozapvl. Epme
anvikmay yneciuiy ynearovimern CBKI-nen 6onamuin enim-scimiyn Oeneelli aumapavikmai momeHoeuoi. byn kepcemxiwmiy meomenoeyi
CMamucmukanblk Mayslzovl 600wl (1=3,12, p<0,01), 6yn epme Ouaznocmuxa omip cypyoi apmmulpy HCOHe OCbl aypyOaH Oaimoi
azaumyovly wewyui pakmopvl eKeHin Kopcemeol.

Tyuinoi cesdep: cym 6esi kamepii iciei (CBKI), colpkammanywolivlk, o1im-sHcimim, epmuiboi sHeac, CKpUHuHe.
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Kazal

AHHOTADLUS

SMUAEMHUOJIOTMUYECKU AHAJIN3 PAKA MOJIOYHOM KEJIE3bI
Y XKEHIIUH ®PEPTHJIBHOI'O BO3PACTA B KAPATAHAWHCKOHN OBJIACTH

A. Kypmanoex', @.M. Illaiizaouna', M.M. Beiicexosa', K. A. Ceitnixanosa',
A.A. Mamvimos', C.T. Menoioai', H.O. Anvtuesa’

THAO «KaparaHauHCKuii MeAMUMHCKI YHUBepcuTeT», Kaparanza, Pecnybnnka Kasaxcran

Axmyansnocms: PB cmamve paccmampusaiomes anuoemuonocudeckue ocobeHHOCmu paka MOJIOYHOU JHeene3bl cpeou HeHUUH
epmunvroco eospacma (15-49 nem). 3a nocarednee decamunemue 3a601€6aeMoOCmb PAKOM MOIOUHOU dcenesvl (PMIK) cpedu ocenwyun
PEnpoOyKMUBHO20 603pAcma HeyKIOHHO pacmem. HH@dopmMuposaHHocms 0 npoQuiakmuke A611emcs NepeviM U CamblM GANHCHbIM
WA2OM 8 CHUdICEHUUU CMepmHocmu om paka 2pyou. PMIK, ¢ mom uucne cpeou sicenuun pepmuiivHo20 603pacma, npedcmagisen coooi
cepbesnyio npobnemy 00uWecmeeHH020 30paBOOXPAHEHUS. 80 8CEM MUPE U 8 HACMOAWee 8PeMs ABNAENCS Hauboee pacnpOCmpaHeHHbIM
B8UOOM paKad cpeou HCeHUJUH.

Lens uccnedosanus — usyuume ypogens u CMpyKmypy 3a001€6aeMocmu pakoM MOIOYHOU dHeeaesbl CPeOU HCEeHWUH PepmuIbHO20
6o3pacma ¢ Kapazanounckoii o6nacmu Pecnybruxu Kazaxcman 3a nepuoo 2013-2023 200si.

Memoowi: [Iposeden pempocneKmugHvlli dSNUOEMUOIOSUNECKUL AHAIU3 MHO20NIemHel OUHAMUKU 3a0601e8aeMOCmU CepOeyHO-
cocyoucmuimu 3a001e8AHUAMU CPeOU HCeHWUH PenpodyKmuerno2o gospacma Kapazanournckoii oonacmu 3a 2013-2023 200v1. [lpusedernvl
cmamucmudeckue OaHHvle 0 3a001e8aeMoCcmu cepoedHo-cocyoucmuimu 3aooneeanuimu 6 Kapaeanounckoti obnacmu 3a 2013-2023
2006l 6 paspese 803pacma, CMEPMHOCMU U NoKa3amenel 1emaibHocmu. JJanHvle 635mol U3 CMAMUCMUYECKUX cOOPHUKOE «300p06be
nacenenus Pecnyonuxu Kasaxcman u oesmenvnocms opeanusayuil 30pagooxparenus 3a 2013-2023 200v1».

Pesynvmamot: B meuenue 2013-2023 2e. ¢ Kapacanounckot o6iacmu ommeuaemcsi HepasHoMepPHblll YPO8eHb 3a00.1e6aemocmu
PMJK, ¢ nepuodamu noovemos u cnaoos. Yposewv 3abonesaemocmu PMIK cpedu copoockux ocumeneu 6vina ejnce2o00HO
cmabunbHo Bvliie, uem cpedu ceabCKuXx. B nociednue 200vl Haba100an0Cch CHUdNICeHUe Ypo8Hs 3abonresaemocmu PMOK IV cmaouu.
B 2013-2023 200v1 6 obracmu ommeuanacy ycmouuusas meHOeHyus cHudceHus cmepmuocmu. Kosgguyuenm xoppenayuu
(r=0,93) noxasvieaem oueHb CULLHYIO NOJOHCUTNETLHYIO TUHEUHYIO C8A3b MeNCOY YUCIOM 3apecucmpuposantulx cayiaes PMIK u
6803paACMOM OObHBIX.

3akniouenue: Cpednecodosoii memn npupocma 3saboresaemocmu PMIK ocmaemcsi cmabunvhvim. B yenom 3abonesaemocmo
PMJK 6 copoockoti mecmnocmu npumepno 6 1,3-1,6 paza eviwe, uem 6 cenvcrou. C ysenuuenuem 00U PAHHE20 GbIAGNEHUSL YPOBEHD
cmepmuocmu om PMOK cywecmsenno cnusicaemes. Cuudicenue 0annozo nokazamens Oblio CMamucmudecku 3naqyumvim (t=3,12,
p<0,01), umo o3mauaem, umo pawHsAs OUASHOCMUKA ABIAEMCA KIOUEBbIM (AKMOPOM NOBLIUEHUS BbIHCUBAEMOCU U CHUIMCEHUS
cMepmHocmu om 0aHHO20 3a6071e8aHUA.

Kanrouesvie cnosa: pax monounoti scenesvt (PMIK), sabonesaemocmo, cmepmuocmo, (hepmuiibivlii 03pacm, CKPUHUHE.
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MODERN APPROACH TO THE TREATMENT
OF T-CELL LYMPHOMA:
A CLINICAL CASE OF USING HIGH-DOSE CHEMO-
AND TARGETED THERAPY

A.S. JAZYLTAEVA', S.T. GABBASOVA?, Z.D. DUSHIMOVA®, E.B. SATBAEVA*,
RM. RAMAZANOVA', G.A. SAGINDYKOV>, K.S. DISSAYENKO®

'Asfendiyarov Kazakh National Medical University, Aimaty, the Republic of Kazakhstan;
Kazakh Institute of Oncology and Radiology, Almaty, the Republic of Kazakhstan;
*Al-Farabi Kazakh National University, Aimaty, the Republic of Kazakhstan;

“Almaty Oncology Center, Aimaty, the Republic of Kazakhstan;
5City Multidisciplinary Hospital with Oncology Center, Shymkent, the Republic of Kazakhstan;
®Kostanay City Oncology Multidisciplinary Hospital, Kostanay, the Republic of Kazakhstan

ABSTRACT

Relevance: T-cell lymphomas are rare, aggressive non-Hodgkin lymphomas. Therapy for T-cell lymphomas remains a
challenge for oncologists. In recent years, immunotherapy has developed greatly in the treatment of cancer. PD-LI expression
correlates with an unfavorable prognosis in many cancers, therefore, the prognostic value of PD-LI levels in non-Hodgkin
lymphomas is relevant.

The study aimed to determine the level of PDL-1 expression in T-cell ymphomas using TPS and CPS analyses, and to analyze the
correlation between expression levels and clinical and pathological features, as well as patient treatment outcomes.

Methods: A retrospective study of pathomorphological material from primary patients with T-cell [ymphomas was conducted
from 2015 to 2020. PD-L1 expression was determined using a modified combined positive score (CPS) and tumor share index (TPS).
Clinical, laboratory, and instrumental data, as well as the results of therapy for patients included in the study, were collected.

Results: The study included 40 patients; the average age was 48 years (range 18-76). 55% of patients were men, 45% were women.
In 60% of cases, patients were under 60 years old. All patients received therapy according to the CHOP regimen (cyclophosphamide
750 mg/m? on Day 1, doxorubicin 50 mg/m’ on Day 1, vincristine 1.3 mg/m? on Day 1, and prednisolone 60 mg/m2 on Days 1-5).
Complete remission was achieved in 12 patients, disease progression was observed in 19 patients, and 6 patients died from disease
progression. PDL-1 overexpression was detected in 37 patients. Statistical correla-tion of PDL-1 expression with late-stage disease
(p = 0.001), high IPI index (p = 0.001), high relapse rate (p = 0.001), and high serum LDH level (p = 0.001) was observed. PD-L1

expression was a prognostic factor affecting therapy outcome and prognosis.

Conclusion: The significant increase in PDL-1 expression is a key prognostic factor and a predictor of poor response to standard
therapy. The combination of two research types, CPS and TPS, more effectively detects PDL-1 expression, which is optimal given the
biology of the tumor process. Immune therapy is a promising therapeutic option.

Keywords: epidemiology, T-cell lymphomas, immune therapy, PDL-1 expression.

Introduction: Non-Hodgkin lymphomas (NHL) rank
sixth among men and fifth among women worldwide
among all oncological diseases, comprising both B-cell and
T-cell variants of the condition [1]. T-cell ymphomas are a
rare and aggressive type of NHL, with the most common
forms being peripheral T-cell ymphomas (PTCL), ALK-pos-
itive and ALK-negative subtypes, Sézary syndrome, myco-
sis fungoides, nasal-type T/NK-cell lymphomas, and oth-
ers [2]. For all types of T-cell ymphomas, except for Sézary
syndrome and mycosis fungoides, disease staging is per-
formed according to the Ann Arbor classification and the
International Prognostic Index (IPI), which determines the
disease prognosis [3, 4].

In contrast to B-cell lymphomas, for which various
treatment options are available, the treatment of T-cell
lymphomas remains a challenge for oncologists [5, 6]. De-

spite the availability of similar therapeutic options and
treatment strategies, the prognosis of T-cell lymphomas
varies depending on histological subtype, molecular var-
iants, and the patient’s clinical condition. Therefore, iden-
tifying new biomarkers may expand therapeutic options
and help determine disease prognosis.

In recent years, immune therapy with immune check-
point inhibitors (ICls) has made significant advances in the
treatment of many cancers [7]. Tumor immune regulation
occurs through PD-1, PD-L1, and PD-L2 ligands in three
stages: immune surveillance, immune homeostasis, and
immune evasion [8].

PD-L1 is a ligand that is highly expressed not only on
malignant cells in various solid tumors, but also on T-lym-
phocytes, B-lymphocytes, and antigen-presenting cells
(APCs), and becomes further activated upon immune cell
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stimulation [9]. PD-L2 is expressed by comparatively fewer
cell types than PD-L1, primarily on APCs [10-11].

According to some researchers, PD-L1 expression cor-
relates with poor prognosis, underscoring the importance
of studying its prognostic significance in NHL [12]. Cur-
rently, there is no standardized interpretation of PD-L1 ex-
pression in NHL, which significantly complicates its analy-
sis [13].

In this study, we evaluated the level of PD-L1 expres-
sion in T-cell ymphomas using a modified approach based
on two methods of expression analysis: the Combined Pro-
portional Score (CPS), which measures PD-L1 expression
on both tumor cells and immune cells within the tumor mi-
croenvironment, and the Tumor Proportional Score (TPS),
which measures PD-L1 expression on tumor cells only. We
also compared the results of immunohistochemical PD-L1
expression analysis with other clinicopathological charac-
teristics and patient treatment outcomes.

The study aimed to determine the level of PD-L1 ex-
pression in T-cell ymphomas using TPS and CPS analyses,
and to analyze the correlation between expression levels
and clinical and pathological features, as well as patient
treatment outcomes.

Materials and Methods: A retrospective study was
conducted using histological material from patients diag-

nosed with T-cell lymphoma during 2015-2020. A total of
40 patients were included in the study. All patients had a
confirmed diagnosis of a T-cell lymphoma variant and un-
derwent excisional biopsy. Medical records were analyzed
for clinical and laboratory data and treatment outcomes.
Treatment outcomes were categorized according to the
Lugano classification [14].

Cases were classified based on the variant of T-cell lym-
phoma in accordance with the 2022 WHO classification
of hematopoietic and lymphoid tumors [15]. Immunohis-
tochemical staining for PD-L1 was performed using pol-
yclonal PD-L1 antibodies (Biospes) according to the man-
ufacturer’s instructions, with appropriate positive and
negative controls.

PD-L1 analysis in T-cell ymphomas is complex, as PD-
L1 expression is also present in the tumor microenviron-
ment. PD-L1 expression was evaluated using two assess-
ment methods: a modified Combined Positive Score (CPS)
and the Tumor Proportion Score (TPS) [16].

Figure 1 shows the ratio of the total number of
PD-L1-positive tumor cells to lymphocytes and mac-
rophages, as well as the total number of viable tumor cells.

TPS analysis calculates the ratio of PD-L1-positive tu-
mor cells to the total number of tumor cells in the sam-
ple (Figure 1).

TPS

®)
o

PD-L1+ tumor cells

TPS =

Total tumor cells

TPS (Tumor Proportion Score)

TPS takes into account only the percentage of
tumor cells with PD-L1 staining (membrane
expression)

OO
®
@g@@

PD-L1+ tumor cells

CPS = 100

PD-L1+ lymphocytes/macrophages

O

CPS (Combined Positive Score)

PD-L1+ tumor cells and immune cells {lymphocytes
and macrophages) are taken into account.

Figure 1 - Comparison of PD-L1 scoring systems.
Source: ChatGPT. Generated illustration [On-line resource]. Available at: https://chatgpt.com/c/68ad47b6-7ee0-8325-
941c-6e8dbc30fe41 (accessed: 26.08.2025)

The threshold for CPS analysis was set at 5% of cells ex-
pressing cytoplasmic and/or membranous PD-L1. Cases
were considered positive with either low expression (=5%
to <50% of cells) or high expression (=50% of cells) [17, 18].

For TPS, the result - expressed as a percentage (0-
100%) - indicated the level of expression: low expres-

sion was defined as <1% or =1%, and high expression as
>50% [19].

Statistical Analysis: Data were analyzed using IBM SPSS
Statistics for Windows, Version 27.0 (Armonk, NY: IBM
Corp.). Qualitative data were expressed as absolute num-
bers and percentages. Quantitative data were expressed
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as mean + standard deviation for parametric data after
testing for normality using the Shapiro-Wilk test (n < 50).

The chi-squared test or Fisher’s exact test was used to
compare qualitative variables across two or more groups.
Fisher’s exact test value was 0.906.

Relapse-free survival (RFS) was measured in months
from the date of complete response to the date of death,
relapse, or last follow-up visit.

Overall survival (OS) was measured in months from the
date of diagnosis to the date of death or last follow-up vis-
it. Survival data were analyzed using the Kaplan-Meier
method.

Cox regression analysis was used to identify independ-
ent factors that could jointly affect survival. The p-value
was considered significant if it was less than 0.05 at the
95% confidence interval.

The Local Ethics Committee of Asfendiyarov Kazakh
National Medical University reviewed and approved this

Table 1 - Characteristics of the Study Patients (n=40)

study (Protocol No. 5(82) dated 24.04.2019). The authors
declare adherence to the World Medical Association’s Dec-
laration of Helsinki.

Results: The study included 40 patients with T-cell lym-
phomas (Table 1). The median age of the patients was 48
years (ranging from 18 to 76 years). Men accounted for 55%
of the patients, and women 45%. In 60% of the cases, pa-
tients were under 60 years of age. Serum lactate dehydro-
genase (LDH) levels were elevated in 67.5% of patients,
and extranodal involvement was observed in 70% of cas-
es. 85% of cases were at an advanced stage (stage Ill or
IV according to the Ann Arbor classification). 57% of cases
had a high-intermediate or high IPI score.

Among the 40 patients included in the study, 19 were
diagnosed with PTCL, 6 with anaplastic large-cell lympho-
ma (ALK-negative), 5 with anaplastic large-cell lymphoma
(ALK-positive), 8 with mycosis fungoides, and 2 with Sézary
syndrome.

Indicator Absolute number, n Relative quantity, %

Sex

Male 22 55

Female 18 45
Age

<60 28 70

>60 12 30
Lactate dehydrogenase Level (normal: 135-214 U/L)

Normal 16 33

Elevated 27 67
Disease Spread

Nodal 12 30

Extranodal 28 70
Ann Arbor Stage

I, 13 32

1, v 27 68
IPI Risk Group

Low 5 13

Low-intermediate 12 30

High-intermediate 15 37

High 8 20
PD-L1 Expression

Low 6 15

High 34 25
Response to Therapy

Complete remission 12 30

Partial remission 7 17.5

Stable disease 2 5

Disease progression 19 47.5
Relapse after 1st-line therapy

Yes 4 33.3

No 8 66.6

All patients included in the study received ther-
apy according to the CHOP regimen (cyclophospha-
mide 750 mg/m? on day 1, doxorubicin 50 mg/m? on
day 1, vincristine 1.3 mg/m? on day 1, and prednisone
60 mg/m? on days 1-5). Regarding treatment response,

12 patients achieved complete remission, 19 expe-
rienced disease progression, and 6 died of disease
progression.

PD-L1 expression was detected in the majority of cas-
es in the study. In 4 patients, expression was below 5% and
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was classified as negative. One patient showed low ex-
pression (Figure 2).

High PD-L1 expression was observed in 35 patients
(Figure 3). Lack of PD-L1 expression in 2 cases may be due
to low-quality material.

PD-L1 Expression and Clinicopathological Features: Ac-
cording to the statistical analysis, high PD-L1 expres-

sion was significantly associated with: advanced dis-
ease stage (p=0.001), high IPI score (p=0.001), high
relapse rate (p=0.001), and elevated serum LDH level
(p=0.001).

No statistically significant association was found be-
tween PD-L1 expression and sex (p=0.73) or age (p=0.152)
(Table 2).

2z

Figure 2 — Low PD-L1 Expression in T-cell Lymphomas

Table 2 - Association of PD-L1 Expression with Clinical Features

: Low/Absent PD-L1 High PD-L1 Expres-sion L
Indicator Expression (n=6) (n=34) P-value
Sex
Male 3 19
Female 3 15 p<0.73
Age
<60 3 25
=60 3 9 p<0.152
LDH level
Normal 4 12
Elevated 2 25 p<0.001
Ann Arbor Stage
I, 1l 3 10
<
I, v 3 24 p<0.001
IPI Risk Group
Low, low-intermediate 5 12
<
High-intermediate, high 1 22 p<0.001
Relapse after 1st-line therapy
Yes 0 4
No 6 > p<0.001

The estimated 1-year and 5-year progression-free
survival (PFS) rates for the study cohort were 92.2% and
58.5%, respectively.

PD-L1 expression was found to be a prognos-
tic factor: 5-year overall survival (OS) was 29% in
patients with high PD-L1 expression and 84.8%

in patients with low PD-L1
(Figure 4).

Discussion: T-cell lymphomas are rare malignant ne-
oplasms characterized by aggressive progression and the
development of resistance to standard chemotherapy pro-

tocols [20]. Currently, novel agents such as brentuximab ve-

expression (p=0.001)
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dotin, romidepsin, and pralatrexate are being used in the
treatment of T-cell lymphomas [21]. Autologous bone mar-
row transplantation is performed at the consolidation stage

[22]. The effectiveness of T-cell lymphoma therapy remains
low, necessitating the search for new markers to accurate-
ly predict disease prognosis and treatment outcomes [23].

100 m
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Survival, %
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(=]
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Overall survival, months

42 48 54 60 66 72 78 84

Figure 4 — Association Between Overall Survival and PD-L1 Expression Level

PD-L1 is expressed on the majority of hematopoietic
cells at various stages of maturation and is constitutively
expressed on T cells, B cells, macrophages, and dendritic
cells. This ligand is additionally activated and induced by
mitogenic stimulation and IFN-y, resembling the expres-
sion pattern of the PD-1 receptor. High expression of this
ligand has been identified in most hematologic malignan-
cies, including primary mediastinal large B-cell ymphoma,
Epstein-Barr virus (EBV)-associated lymphomas, T-cell/his-
tiocyte-rich large B-cell lymphoma, plasmablastic lympho-
ma, extranodal NK/T-cell lymphoma, and Burkitt lympho-
ma [24]. This may be due to genomic aberrations at the
9p24.1 locus or to EBV proteins, which can upregulate PD-
L1 expression [25-27].

To date, ICl drugs have been approved for the treat-
ment of relapsed and refractory classical Hodgkin lympho-
ma (cHL), primary mediastinal large B-cell lymphoma, and
the nasal-type T/NK-cell lymphoma variant [28-29].

M. Xie et al. (2019) believe that increased infiltration
by PD-1+ tumor-infiltrating lymphocytes (TILs) is a favora-
ble prognostic factor in diffuse large B-cell lymphoma,
but not in HL. In follicular lymphoma, PD-1+ expression is
higher than in other B-cell lymphoma subtypes; however,
its prognostic significance remains controversial [30]. PD-
L1 expression is highly heterogeneous across peripheral
T-cell ymphoma subtypes.

P.K. Panjwani et al. (2018) evaluated PD-L1 expression
in 702 patients with lymphoma and identified PD-L1-posi-
tive cells in 80% of both ALK-positive and ALK-negative an-
aplastic large-cell lymphomas (ALCL) [32].

In 2021, Y. Shi et al. assessed PD-L1 expression levels.
PD-L1 expression >50% was identified in 78.9% of na-
sal-type T/NK-cell ymphomas, 71.4% of ALK+ ALCL, 38.5%
of ALK-negative ALCL, and 35.7% of PTCL cases [33].

There are complexities in analyzing PD-L1 expression,
including assessing PD-L1 levels in tumor tissue and the
microenvironment, evaluating the specificity of different
PD-L1 antibody clones for immunohistochemistry (IHC)
analysis, and technical aspects such as tissue fixation, pro-
cessing, and antigen retrieval [34]. Various commercial-
ly available companion/complementary diagnostic tests
are available for PD-L1 IHC analysis. A companion diagnos-
tic test can determine a patient’s eligibility for anti-PD-L1
therapy. Validity, threshold values, and data registration
methods vary across platforms [13]. As for PD-L1 cellular
localization, complex measurement systems are used. The
Tumor Proportion Score (TPS) measures the proportion of
tumor cells expressing PD-L1 among all tumor cells. The
modified Combined Positive Score (CPS) correlates the
number of positive tumor and immune cells with the to-
tal cell count.

There is no clear consensus on which threshold level
is relevant for distinguishing positive and negative results.
The threshold for positive PD-L1 expression across studies
ranged from 1% to 50% [35].

Conclusion: Increased PD-L1 expression correlates
with prognostically unfavorable clinical variants and a low
response to standard therapy. The combination of two as-
sessment methods demonstrated an effective approach
for determining PD-L1 expression, which is considered
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an optimal option given the biology of the tumor process
and the abundance of PD-L1 in microenvironmental cells.
The detection of PD-L1 expression not only on cancer cells
but also in their microenvironment confirms that ICls are
a promising treatment approach. However, to standardize
PD-L1 assessment methods in NHL and the evaluation cri-
teria for expression, more prospective multicenter studies
with larger sample sizes are required.
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MAKAJIA TAKBIPBIBbBI T-)KACY IHAJIBIK TUM®OMAJIAPIAFbI
PDL-1 SKCITPECCUSACBIH TAJIJIAY:
KIMHUKOIATOJIOI'UAJIBIK BOJIZDKAM/BIK ®PAKTOPJIAPMEH KOPPEJIALIIUA

A.C. /Dicazvinmaesa’, C.T. Fab6acosa?, 3./1. [ymumosa’, 3.5. Combaesa®,
P.M. Pamaszanoea', I A. Cazoinowvikos®, K.C. /Jucaenko®

QK. Acdenpuapo aTbiHaarbl Kazak ynTblk MeauumHa yausepcuteti» KEAK, Anmarel, KasakctaH Pecny6nukacel;
2AK «Ka3ak OHKONIOTUA XaHe pajnonorus FbiibIMi-3epTTey MHCTUTYTbl», ANMaTbI, Ka3akcTan Pecny6nukacsl;
3«In-Oapabu atbinaarl Kasak YTtk yHuepcuteti» KEAK, Anmatbl, Kasakcrax Pecny6nmkacl;
41UKK KMK «<Anmatbl oHKonoruanblk aucnatcepi, Anmartel, Kazakcran Pecny6aukace;
S«OHKonoruanblk aucnaxcepi b6ap kananblk kencananbl aypyxaHacbl» PKK MKKK, WbimkenT, Kazakctan Pecnybnmkace;
b«KocTaHaii kananblk kencananbl oHkonorusblk aypyxasac! LK KMK, Koctawaii, Kasakcran Pecny6nukacol

Ozexminizi: T-orcacywanvik iumpomanap Xo0dckuHOIK emec TUMBOMAHbIY CUpeK Ke30ecemin azpeccusmi mypi 60avin maobuliaosl.
T-srcacymansviy, aumpomanrapovly mepanusacsl OHKOJI02Map yulin Kypoeni mocene boavin Kaia bepedi. CoHabl Hcblioapbl UMMYHObIK
mepanusi icik aypyvin emoeyoe aumapivikmail 0amulovl. PD-L1 sxcnpeccusicol konmezen Kamepiii icikmepoe2i KoLaticvl3 OONHCAMMEH
KOPPerAyUAIanaosl, COHOLIKMAan Xo0#KUHOIK emec aumpomanapoazbi PD-LI Oeneetinepiniy 6012camobly MoHIH 3epmmey 63eKmi
bonvin mabwliaobl.

3epmmeyoin maxcamor: TPS ocone CPS mandayvina necizoencen T-oscacywanvix aumgomanapoasvt PDL-1 sxcnpeccusicoinbly
OeHeellin  aublKmay, IKCnpeccus OeHeeUiHiy KIUHUKALbIK JHCOHe NAMONOUANbIK OencilepMen Jcone nayueHmmepoi emoey
HomuoIcenepimen Koppenayuscoli manoday.

AQoicmepi: T-scacywanvix rumgpomacvl dap bacmankvl nayueHmmepoiy namomophoIocusIblK MaAmepuaIbli pempocneKxmuemi
sepmmey 2015 scvrnoan 2020 sicvinea oeiiin dcypeizindi. PD-LI1 sxcnpeccuscol mooughukayusnanean ipikmipineen oy 6ann (CPS) ocone
icix yreciniy unoekci (TPS) apKbvlivt aHblKkmandbl. 3epmmeyee eHei3iieen HayKacmapobiy KIUHUKANBIK, 3ePMXAHAIBLK HCOHE ACNANMbLK,
Oepexmepi, mepanus HOMuUMcenepi HUHALObL.

Homuoicenepi: 3epmmeyee 40 nayuenm Kamvicmyl, HayKacmapowvly opmauia sxcacsl 48 scacmul (18-0en 76 sicacka Oetlin) Kypaowl.
Hayxacmapowviy 55%-v1 epnep, 45%-uv1 otiendep. 60% owcazoatioa naykacmap 60 xcacka moamaean. bapnvix emoenywinep CHOP
pedicumine cotikec mepanust andvt (Yuxiopochamuo 750 me/m’ 1 kyn, doxcopybuyun 50 me/m? 1 kyn, éunkpucmun 1,3 me/m? 1 kyn ocone
npednuszonon 60 me/m? 1-5 kyn). 12 naykacma monvlx pemuccusiaa Ko scemkizindi, 19 naykacma aypyoviy eputyi 6aiikaiosl, 6 Haykac
aypyouvly eputyinen Kaimoic 601001 37 naykacma PDL-1 scozapuvl sxcnpeccuscel anvikmanowl. PDL-1 sxcnpeccusicvinvly aypyosiy ke
camvicoimer (p=0,001), scoeapwr IPI unoexcimen (p=0,001), sicozapvl kaumanarny srcviioamoviavivmern (p=0,001) scone capvicyoazvl
JIAI" Oeneetiiniy srcozapul deneevimen (p=0,001) cmamucmuxanvix Koppeaayus anvlkmanowvl. PD-L1 sxcnpeccusicol mepanusi men
6ONIHCAMHBIY HOMUIICECTHE dcep ememin DONHCAMObIK (pakmop 6010bL.

Kopovimuinowvr: PDL-1 5KcnpeccusiclHbll AHbIK HCO2apbLIAYbl aypyObll GOIHCAMIHOA MAHBIZObL HCOHE CIMAHOAPMMbL Mepanusiad
meomen dcayan 6epeodi. CPS ocone TPS sepmmeynepiniy exi mypin 6ipikmipy PDL-1 epnexmepin muimoipex anvikmaiiosl, Oyu icik
npoyeciniy OUONOUACHIH ecKepe OMbIPbiN, OymMaiiabl. IMMYHObIK mepanis nepcnekmusaibl mepanusivlk Hycka 60 mabuliaobl.

Tyuiinoi co3oep: snuoemuonozus, T-scacyuanvix aumpomanap, uMmyHowvix mepanus, PDL-1 sxcnpeccuscoi.
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Axmyansrocms: T-Kiemounvie IUMPOMbLAGIAIOMEA PEOKUM, A2PECCUBHBIM BUOOM HeX0OHCKUHCKUX Iumpom. Tepanus T-kiemounvix
AUMGPOM ocmaemces b13080M 0Jis1 OHKON0208. B nocnednue 200vl 6 neuenuu OHKOI02uuecKux 3a001e6anutl 60abuioe pasgumue noayuuild
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ummynnas mepanusi. Jxcnpeccust PD-L1 koppenupyem ¢ nebia2onpusimusbim RPpOSHO30M APU MHO2UX OHKOLOSUYECKUX 3A00/1e6aHUSIX,
6 C6513U C IMUM, UCCTIe008AHUE NPOSHOCMUYECKO20 3HAYeHUsl yposHs PD-L1 npu HeX00JICKUHCKUX TUMPOMAX S615€MCsl AKMYALbHbLM.

Lenv uccnedosarnusn — onpedenums yposenv sxcnpeccuu PDL-1 npu T-knemounvix rumgpomax, na ocnosanuu ananuza TPS u CPS,
nposecmu AnaIU3 KOPpeisiyuu yposHsl IKCAPECCUl ¢ KIUHUKO-NAMOL0UYECKUMU NPUSHAKAMU U UCX00AMU JIe4eHUs] NAYUEHIMOE.

Memoowbi: Bviio nposedeno pempoCneKmueHoe Uccie008aHue NAmomMoppoIocuieckoe0 mMamepuaia nepeutdtblx nayueHmos
¢ T-knemounvimu aumpomamu, 8 nepuod ¢ 2015 no 2020 200. Dxcnpeccus PD-LI onpedensnacy ¢ nomowwpio Mooupuyuposaniozo
KOMOUHUPOBAHHO20 nonodcumenvrozo oania (CPS) u unoexca doau onyxoau (TPS). Bvin nposeder coop KauHuueckux, 1a00pamopho-
UHCIPYMEHMANbHBIX OAHHBLX, Pe3YIbMmama mepanuy Nayuennos, KJII0YEHHbIX 8 UCCIe008aHUe.

Peszyromamui: B ucciedosanue ovino exaoueno 40 nayuenmos, cpeonuti gospacm nayuenmog cocmagun 48 nem (om 18 oo 76
nem). 55% nayuenmos myscuunsl, dtceHwun cocmasuno 45%. B 60% cayuaes nayuenmol Oviau maadwe 60 nem. Bce nayuermul
nonyuanu mepanuio no cxeme CHOP (yuxiopochamuod 750 me/m? 1 dens, 0okcopyouyun 50 me/m’ loens, sunkpucmun 1.3 me/m’
10ensw, u npeonusonon 60 me/m? 1-5 onu). ¥ 12 nayuenmos Gviia docmueryma noanas pemuccust, y 19 nayuenmos — npozpeccuposanue
3abonesanus, 6 nayueHmos ymepau om npoepeccuposarus sabonesanus. I unepskcnpeccus PDL-1 6vina o6napyacena y 37 nayuenmos.
Onpeodenena cmamucmuyeckas koppenayus sxcnpeccuu PDL-1 ¢ nosoueti cmaoueii 3abonesanus (p = 0,001), evicokum unoexcom I[Pl
(p = 0,001), evicokoti wacmomoii peyuousos (p = 0,001), u evicoxum yposuem cvigopomounou JUII" (p = 0,001). Dxecnpeccus PD-L1
SAGNANACH NPOSHOCMUYECKUM (PAKMOPOM GAUSIOWUM HA UCX00 MEPANUU U NPOSHO3.

3aknrouenue: Onpeoenenno nogvlutennas skcnpeccusi PDL-1 3nauuma 6 npocnoze 3a60ne6anus u HU3BKUM OMBEMOM HA
cmanoapmuylo mepanuio. Kombunayusi 08yx 6uooe uccieoosanuss CPS u TPS appexmusnee svisensem sxcnpeccuto PDL-1, umo
saensiemest bonee ONMUMAIbHBIM € YYemoM OUoLo2UU ONyxXoneeo2o npoyeccd. Ummynnas mepanus —sA615emcs MHO2000ewaiowen
mepanesmuueckou onyuel.

Kniouesvle cnosa: snuoemuonocus, T-kiemounvle num@omsl, umMmyrnHas mepanusi, sxcnpeccusi PDL-1.
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ABSTRACT

Relevance: This study analyzes the health status of women diagnosed with ovarian cancer, with a particular focus on identifying
factors that influence their quality of life and evaluating their access to healthcare services and the level of disease-related awareness.
Ovarian cancer remains one of the most prevalent oncological conditions affecting women, and its frequent late-stage diagnosis
significantly contributes to poor prognostic outcomes. It is important to understand how different aspects of a patient’s life affect their
emotional and physical well-being.

The study aimed to investigate the impact of socio-economic and psychological factors on the quality of life of women diagnosed
with ovarian cancer in the Abay Region, and to evaluate the existing relationships between factors within the framework of a multicenter
study.

Methods: The study included 35 women with a verified ovarian cancer. Data was collected using a questionnaire comprising items
related to travel time to healthcare facilities, educational attainment, marital status, financial circumstances, caregiving responsibilities,
and the range of symptoms experienced by participants. Both quantitative and qualitative analytical methods were applied to interpret
the collected data.

Results: A total of 68.6% of participants reported a travel time of 30 to 60 minutes to reach a healthcare facility, a factor that
may negatively influence their overall well-being. Regarding educational attainment, 54.3% of the women had completed secondary
vocational education. Similarly, 54.3% of respondents were married, suggesting the presence of a potential source of social support.
In terms of economic status, 48.6% rated their income as average, which may have implications for their ability to access timely
and comprehensive treatment. Additionally, 68.6% of participants reported having no caregiving responsibilities, potentially reducing
their emotional burden. The most frequently reported symptoms were general weakness (48.6%) and abdominal enlargement (57.1%).
Notably, the majority of respondents (42.9%) sought care from gynecologic oncologists.

Conclusion: The study found that socio-economic factors such as education level and financial status have a significant impact
on the quality of life of women with ovarian cancer. A considerable proportion of participants reported reasonable travel times to
healthcare facilities and access to medical specialists, underscoring the critical role of timely diagnosis and appropriate treatment in
managing the disease. However, there is a need to increase awareness of the disease and access to psychological support.

Keywords: ovarian cancer, quality of life, anxiety and depression, oncopsychology, emotional well-being, family support.

Introduction: Ovarian cancer (OC) is one of the most
dangerous gynecological malignancies. According to Glo-
bocan, in 2024, OC was the eighth most common cancer
among women, with 324,603 new cases reported world-
wide. The highest incidence was recorded in Europe and
the CIS countries, including Latvia and Russia. Forecasts in-
dicate a significant increase: up to 503,448 new cases are
expected annually by 2050, an increase of more than 55%
[1]. Five-year survival rates for OC in developed countries
are 36-46%, while in low- and middle-income countries
(LMICs) they are significantly lower [2].

In China, OC is the second most common gynecologi-
cal cancer in women and has one of the highest mortality
rates (21.6%) [3]. In the United States, 21,179 new cases of
OC and 13,230 deaths are expected in 2022. According to
data for 2024, 19,680 new cases and 12,740 deaths are ex-
pected, with a five-year survival rate of about 50.8% [4].

In Kazakhstan, ovarian cancer ranks 8th among all on-
cological diseases in women and is the third most common
gynecological cancer. In 2023, 1,251 new cases were regis-
tered, and the mortality rate was 5.3 per 100,000 women
[5]. The highest number of cases was detected in Almaty
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(228) and the Karaganda region (98), while the lowest rates
were observed in the Ulytau region (8 cases). In most re-
gions of Kazakhstan, an increase in the incidence rate is re-
corded, which may be due to improved diagnostics and in-
creased public awareness [6].

Ovarian cancer is asymptomatic in its early stages,
making early diagnosis difficult. Most diagnoses are made
at stages lll-IV of the disease, when the five-year survival
rate is less than 20% [7].

In addition to clinical and statistical aspects, it is essen-
tial to consider the disease’s impact on patients’ quality of
life. Treatment of ovarian cancer - primarily surgery and
chemotherapy - is associated with physical and psycholog-
ical stress: pain, fatigue, fear of relapse, depression, sleep
disturbance, and social adaptation [8]. Long-term side ef-
fects, lifestyle changes, and fear of disease progression sig-
nificantly worsen the general condition of patients [9].

Results of international studies show that socio-eco-
nomic status, level of education, marital status, mental
health, caregiving responsibilities, financial difficulties,
and level of awareness all have a significant impact on the
quality of life of women with ovarian cancer [10]. It has also
been shown that lack of support, especially emotional and
social, worsens the subjective perception of the disease
and reduces treatment adherence [11].

In the context of Kazakhstan, research on the quality
of life of women with ovarian cancer remains extremely
limited, especially at the regional level. The Abay region is
one of the country’s new regions, characterized by a pre-
dominantly rural population and limited access to special-
ized oncological care. This is why studying this population
within the framework of a multicenter study is justified
and relevant [12].

Studying the relationship between socio-economic
and psychological factors and quality of life will help iden-
tify vulnerable patient groups and develop more targeted
support measures, both at the clinical practice level and at
the regional healthcare program level [13].

The study aimed to investigate the impact of so-
cio-economic and psychological factors on the quality of
life of women diagnosed with ovarian cancer in the Abay
region, and to evaluate the existing relationships between
factors within the framework of a multicenter study.

Materials and methods: This study is part of the in-
ternational Every Woman Study™ project organized by the
World Ovarian Cancer Coalition (WOCC) and the Interna-
tional Gynecologic Oncology Society (IGCS), and aimed at
assessing the epidemiological and clinical characteristics
of ovarian cancer in LMICs [14]. The project includes more
than 2000 women from 22 countries, with up to 10 centers
in each country. For several countries, this was the first ex-
perience of participating in national or international stud-
ies. During the data collection process, the researchers en-
countered several organizational and logistical challenges,
including the need to account for language barriers, litera-

cy levels, and access to the Internet (surveys were conduct-
ed in both paper and electronic formats), as well as ensur-
ing fair access to publications and funding.

The objectives of the Every Woman Study™ that are rel-
evant to our research are:

- To estimate the prevalence and incidence of ovarian
cancer in LMIC countries, taking into account age and eth-
nic characteristics;

— Determination of risk factors and prognosis of the
disease;

— Analysis of the availability and quality of medical care
(diagnostics, surgery, chemotherapy, palliative care);

- Identification of social, economic, cultural, and geo-
graphic barriers to accessing health care;

- Evaluation of the need and effectiveness of palliative
and psychosocial support.

Methodology of the local study: As part of the Kazakh-
stani part of the Every Woman Study, 35 women with a
confirmed diagnosis of ovarian cancer living in the Abay
region took part in the study. A structured questionnaire
adapted from the main toolkit of the Every Woman Study
[14] was used to collect data. The questionnaire included
sections on:

— socio-economic characteristics;

- access to health care;

- psychological aspects;

- symptoms and types of treatment;

- quality of life.

The analysis was conducted using quantitative meth-
ods, including correlation analysis and multiple regres-
sion, to identify relationships between socio-economic
and psychological variables and quality of life indicators
of patients.

Study cohort: A total of 35 women were surveyed, all
of whom live in Semey, Republic of Kazakhstan, and are
registered with the D-registration. They are observed
and undergo treatment at the Center for Nuclear Medi-
cine and Oncology of the Abay Region Health Administra-
tion (CNMO, Kazakhstan). All women included in the study
were also diagnosed at the CNMO.

Inclusion criteria:

—women aged 18 to 99 years;

- availability of informed consent to participate in the
study;

— The patient had been diagnosed with ovarian can-
cer within the previous five years (at the time of inclusion
in the study).

Exclusion criteria:

- The patient was at the diagnostic stage, and the diag-
nosis had not been established;

- The patient was unable (physically or emotionally) to
answer the questionnaire questions;

— The patient had been diagnosed with mental health
problems (dementia, delirium, psychosis) and/or has learn-
ing difficulties.
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Results:

Demographic characteristics and anamnesis. When se-
lecting patients for the survey, in 6 cases (17.1%), women
were invited who had been observed in our center for the
past 5 years. Those who had recently visited an oncogyne-
cologist or had undergone special treatment (in particular,
chemotherapy courses) made up the majority of the sur-
veyed women, 23 (65.8%). Another 6 (17.1%) women who
were surveyed had already received special treatment at
the beginning of the study.

Table 1 - Age at diagnosis, years ( n = 35)

Table 1 presents the age at diagnosis of ovarian can-
cer. The lowest ages were 25, 33, 35, and 44 years, and the
highest were 67, 68, and 69 years.

Figure 1 shows the distribution of histological types of
ovarian cancer among the surveyed women.

The data in Figure 1 show that epithelial forms of ovarian
cancer, in particular without specifying the subtype, are the
most common among the women surveyed. This is impor-
tant information for understanding the epidemiology and
clinical features of ovarian cancer in this group of patients.

. . ) Percentile of patient age at diagnosis (years)
Unique Minimum Maximum Middle age Standard o
values age age deviation )
9 9 0.05 0.10 0.25 | median | 075 0.9 0.95
0.0% 23 69 56.63 10.59 34.40 44 53 58 64.50 | 67.60 69
Other type (indicate) 3 (8.6%)
Granule cell tumors of the ovary 2 (5.7%)
Epithelial (mucinous) ovarian carcinoma 1(2.9%)
Epithelial (subfebrile serous) ovarian cancer 9 (25.7%)
Epithelial (high grade serous) ovarian cancer 2 (5.7%)
Epithelial ovarian cancer (non-specified) 18 (51.4%)
5 10 15 20

Figure 1 - Histological types of ovarian cancer among the surveyed patients (n=35)

Staging of ovarian cancer in women included in the
study was performed mainly after surgical intervention — 32
(91.4%). Only three (8.6%) of the surveyed women had their
stage diagnosed based on examination and biopsy data.

At the first stage of the survey, it was also analyzed at
what stage, according to the FIGO (International Federa-
tion of Gynecology and Obstetrics) classification, the dis-
ease was diagnosed (Figure 2).

60.0%

0 10

20 Row1 30

Figure 2 — Distribution of disease stages
according to the FIGO classification among
the surveyed women (n=35)

Among the women surveyed, only 1 (2.9%) did not un-
dergo surgical intervention, while 8 (22.9%) patients had
radical surgery, and the rest — 26 (74.3%) — did not undergo
full surgical intervention.

Results of the survey. The average time spent by patients
on the way to the hospital was analyzed (Figure 3).

Time spent to travel to the Center for Nuclear Medicine
and Oncology of the Abay Region Health Department —
less than 15 minutes for 4 (11.8%) and 15 to 30 minutes for
8 (22.9%) women - significantly affected their well-being.
Most women spent 30-60 minutes on the road, with 10
(28.6%) doing so, while 4 of them (11.4%) — mainly city res-
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idents - had to travel for 1-2 hours. Out-of-town women
spent 2 to 5 hours on the road - 1 (5.7%), over 5 hours - 4
(11.4%), and more than 24 hours - 3 (8.6%).

Among the surveyed patients, one woman (2.9%) had
a basic education; most had secondary education - 10

(28.6%), secondary specialized or technical education - 19
(54.3%). Five (14.3%) of the surveyed women had higher
education.

The women surveyed indicated their marital status at
the time of diagnosis (Figure 4).

30.0 - 28.6%
25.0 1 22.9%
20.0 A
15.0 A
11.4% 11.4% 11.4%
10.0 A 8.6%
5.7%
5.0 1 I
0.0 T T T T
<15 15-30 30-60 1-2 hours 2-5hours >5hours <24 hours
minutes minutes minutes
Figure 3 - Average travel time among women surveyed (n = 35)
Not married,
14.3
Not married
Not married,
14.3% (n=5)
Divorced, 8.6
Divorced E
Divorced, 8.6%
(n=3)
) Widow, 22.9
Widow
Married, 54
Married Married, aried, 54,3
54.3%
(n=19)
0 10 20 30 40 50 60
[ percentage B absolute quantity

Figure 4 — Marital status of the women surveyed (n = 35)

The financial situation at the time of ovarian cancer di-
agnosis was also specified. Eight (25.7%) women assessed
their financial situation as “below average”, 16 (48.6%) pa-
tients reported the average income level, and 4 (12.5%)
women assessed their financial situation as “above aver-
age”. At the same time, 4 (12.5%) women surveyed pre-
ferred not to answer this question.

The quality of life, as well as emotional and physical
well-being, is also affected by caring for loved ones and

managing household responsibilities. The patients an-
swered the question about the presence or absence of re-
sponsibilities for caring for other family members (Figure 5).

At the time of diagnosis, most women had the status of
“employed” (n = 15) or were retired (n = 14), which reflects
the mixed social profile of the patients (Figure 6).

At the time of diagnosis, women had the following gy-
necological status (there could be several answers to the
question, as this affected the prognosis and identification
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of the presence of risk factors for the development of ovar-
ian cancer among respondents):

- menopause occurred - 11 (31.4%),

— absence of childbirth — 5 (14.3%),

—one birth -5 (14.3%),

— birth twice - 6 (17.1%),

- three or more births - 13 (37.1%),

- breastfeeding - 13 (37.1%),

- taking oral contraceptives before 5 years — 1 (2.9%),

- taking oral contraceptives from 5 to 10 years -
1 (2.9%),

- infertility treatment - 1 (2.9%).

No, no caregiving responsibilities

Yes, a spouse with iliness

Yes, an elderly relative

Yes, minor children

2(5.7%)

24 (68.6%)

4 (11.4%)

5 (14.3%)

0

10 20 30

Figure 5 — Presence or absence of care responsibilities in the family among
the women surveyed (n=35)

Others

Pensioners

Self-employed

Partial employment

Full-time employment

11.4% (4 people)

2.9% (1 person)

2.9% (1 person)

40.0% (14 people)

42,9% (15 people)

0

15 20

Figure 6 - Employment status of the women surveyed (n=35)

Taking into account the high risk of heredity in the
development of ovarian cancer, the oncologic histo-
ry of the women surveyed was assessed. At the same
time, 16 (45.7%) women indicated the presence of onco-
logic disease in relatives, 15 (42.9%) noted the absence
of an aggravated oncologic history, and some wom-
en — 4 (11.4%) - experienced difficulty in answering
this question.

Among the women surveyed, only 4 (11.4%) partic-
ipants knew enough information about the diagnosis of
ovarian cancer, 17 (48.6%) had heard about it, but did not
know full information, and 14 (40.0%) did not know any-
thing about the disease.

The symptoms that bothered the women before the
diagnosis were also assessed. The survey results are pre-
sented in Figure 7.

Abdominal pain

Repeated urination

Low appetite

Altered defecation pattern (diarrhea, constipation)
General weakness and fatigability
Abdominal swelling

Fast saturation

Unexplained weight loss
Frequent urge to urinate

Pelvic pain

Abdominal distention

Other symptoms

P

Figure 7 - Symptoms present before the diagnosis of ovarian cancer was established in the surveyed
women (n=35)

Among the most common symptoms, women noted
general weakness and fatigue - 17 (48.6%), an increase in

abdominal size - 20 (57.1%), pain in the pelvis bothered 12
(34.3%) patients, while abdominal pain and frequent uri-
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nation were noted in 9 (25.7%) cases, respectively. The re-
maining symptoms bothered patients less often.

Upon discovering alarming symptoms, most wom-
en turned to specialized specialists: to a gynecologist in
13 (37.1%) cases and directly to an oncogynecologist in 15
(42.9%) cases. Only in 7 (20.0%) cases did patients turn to
other specialists (probably emergency doctors, general
practitioners, healers, gastroenterologists in connection
with non-specific complaints, an endocrinologist, etc.).

Significant delay in diagnosis is one of the main prob-
lems in ovarian cancer. In most cases, the diagnosis was es-
tablished only 2-6 months after the first visit to the doctor.

The main reasons included long waits for follow-up exam-
inations and surgery, infrequent visits to the doctor, and
territorial remoteness from medical institutions, which is
especially relevant for rural areas.

According to the survey, the time from diagnosis to treat-
ment was less than three months. At the same time, patient
satisfaction with the doctors’ actions during the examina-
tion, diagnosis, and treatment period was more than 70%.

When undergoing special treatment, all patients expe-
rience a wide range of side effects. When answering the
questionnaire, patients most often indicated the following
effects (Figure 8):

Anxiety

No side effects
Muscle pain

Joint pain
Constipation
Sleep disturbance
Paresthesia
Stomatitis

Loss of hair

Low appetite
Diarrhoea
Nausea, vomiting

General weakness and fatigability

37.1%

34.3%

34.3%

Figure 8 - Side effects during special treatment for ovarian cancer (n=35)

The questionnaire also inquired about the participation
of medical workers in addressing side effects and the effec-
tiveness of their actions. The results were distributed as fol-
lows: “yes, very” - 13 (37.1%); “yes, to some extent” - 19 (54.3%).
The remaining respondents answered negatively or refrained
from answering.

The questionnaire also included a question about the
use of alternative means (alternative medicine, dietary
supplements, etc.). The answers were “yes, all the time” -
3 (8.6%), “yes, at some point” - 6 (17.1%), “no, but | thought
about it” - 5 (14.3%), and “no” — 18 (51.4%)).

When asked about periods and moments of need foremo-
tional support, respondents answered as follows (Figure 9):

The questionnaire also included a multiple-choice
question: “Are there any particular problems you encoun-
tered?” Figure 1 shows the most common responses.

Patients, namely, did not select some answer options: fear
of death, difficulties returning to “normal life” after treatment,
partner or spouse leaving, feeling isolated, feeling unable to
connect with other people, loss of fertility, regaining sexual

intimacy with a partner, or overcoming menopause.

There was also a question about whether the women
met and talked with other women or groups of women with
ovarian cancer after diagnosis. The answers were as follows:
“yes, we talked in person” - 10 (28.6%), “yes, we talked as
part of an oncology group” - 6 (17.1%), “yes, we talked online
(social networks, chat, forum)” - 1 (2.9%), “yes, we talked on
the phone” - 2 (5.7%), and “no” — 16 (45.7%).

Other questions concerned the practical support that
patients needed in connection with the established dis-
ease of ovarian cancer (it was possible to choose several
answers) (Figure 12).

It was also specified who exactly provided the neces-
sary practical support. The answers were as follows: family
members — 23 (65.7%), friends — 5 (14.3%), someone else —
1 (2.9%), no one and/or herself — 0 (0.0%).

The questions also concerned financial problems. Fig-
ure 13 shows how the respondents’ answers to the ques-
tion “Did the diagnosis of ovarian cancer affect the finan-
cial situation?” were distributed.
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No need for emotional support

Other causes (incurability of the disease,
the need for constant monitoring, etc.)
for constant monitoring, etc.

During a relapse

After treatment

During treatment

i 22.9%
0.0%

B 2.9%
L
I 34.3%
During diagnostics | INNE M 60.0%

14.3%

0.0

20.0 40.0 60.0 80.0

Figure 9 — Periods and moments, when the respondents need emotional support
(n=35)

Others

Combating the stigma of-a cancer diagnosis
Problems related to family and friends

Difficulties returning to "normal life" after treatment
Fear that treatment will be inefficient

Fear of relapse

62,9%

42,9%

20,0 40,0 60,0 80,

Figure 10 - Specific problems encountered by surveyed women with ovarian cancer (n=35)

Doctor and/or nurse

Psychologist of psychotherapist

Family members or friends

Charity foundations

Religious orhganizations

2,9

Figure 11 - The parties women with ovarian cancer apply to when they need emotional support, in % (n=35)

The questionnaire included a question regarding infor-
mation and its necessary sources when identifying ovari-
an cancer in patients. Most often, respondents indicated
doctors as a source of information — 26 (74.3%) or nurses
- 3 (8.6%). One patient (2.9%) indicated that she contact-
ed charitable organizations. Some respondents answered
that they did not need help - 6 (17.1%).

Considering the relevance of digitalization of health-
care, the questionnaire included a question regarding the
information space: did patients search for information

about their diagnosis on the Internet, and several answer
options could be given. The patients answered: “yes, and
| found useful information in Kazakh” - 24 (68.6%), “yes,
but | did not find any useful information in Kazakh” — 7
(20.0%), “I do not have easy access to the Internet” — 1
(2.9%) and “no, | did not use the Internet to search for in-
formation” - 1 (2.9%).

There was also a question about how willing patients
were to participate in clinical research (multiple answer
options) (Figure 14).
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Help with daily household chores
Assistance with personal hygiene
(dressing, washing, wound care)

Adaptation to home
(use of wheelchair, handrails)

Assistance in caring for dependents
(parents, siblings, children)

Assistance with transportation, including
travel to and from the hospital

Financial support

No need for practical support

28.60%
17.10%
11.40%
11.40%
28.60%
25.70%
O.OIO% 10.(IJO% 20.(IJO% 30.(I)0% 40.60%

Figure 12 - Practical support required for women with ovarian cancer (n=35)

. 57

| prefer not to answer
Not at all

Not too much

Yes, to some extent

Yes, to a large extent

B 43

I 171

I 4.3
I 186

0

20 40 60

Figure 13 — Impact of ovarian cancer diagnosis on women'’s financial
situation (n=35)

8.6%

20.0%

25.7%

| would consider participation in a clinical study, even if it meant a trip to another hospital
| would be interested to participate in a clinical study in this hospital
= | would like to know more information first

54.3%

Figure 14 - Readiness of women with ovarian cancer to participate in clinical research (n=35)

In the final part of the questionnaire, answer options
were offered for improving the diagnosis and treatment of
women with ovarian cancer: what, in the opinion of wom-
en who have encountered this problem, requires develop-
ment and investment (from 1 to 3 answer options).

Participants were also asked to select the areas that
they believed were most important for improving ovarian
cancer care (multiple answer options) (Figure 15).

Discussion: The obtained results confirm the main
conclusions of the international study: social and psycho-
logical factors play a key role in the prognosis and quality
of life of patients with ovarian cancer. Detailed information
on global methodologies and conclusions is presented
in the article, “The World Ovarian Cancer Coalition Every

Woman Study: Identifying challenges and opportunities
to improve survival and quality of life,” and on the WOCC
website [15].

A detailed analysis of the study and comparison with
the results of other authors allows for a deeper under-
standing of the factors affecting the quality of life of pa-
tients with ovarian cancer. The study emphasizes the im-
portance of timely access to treatment and diagnosis. One
of the key problems for women from remote areas is the
long time they spend on the road to a medical facility,
which has a negative impact on their physical and emo-
tional state. These results are confirmed by studies, such
as one showing that long travel times and distance from
specialized medical centers reduce patient compliance

Oncology and Radiology of Kazakhstan, Ne3 (77) 2025

35



ORIGINAL INVESTIGATIONS

%
@) KazlOR

and negatively affect survival [16]. This study also empha-
sizes the need to create local oncology centers, which will
facilitate access to treatment, reduce waiting times, and

improve the effectiveness of diagnosis and therapy, espe-
cially for women with limited financial means for transpor-
tation [17].

Screening with no symptoms

Free diagnostics

Reducing delays 4(11.8%)

Awareness of the symptoms 3 (8.8%)

Free treatment

Experienced surgeons
Access to new drugs
Identification by family history 1(2.9%)
Access to clinical studies 1(2.9%)
Funding of studies 4(11.8%)

Others

20 (58.8%)

9 (26.5%)

15 (44.1%)

9(26.5%)

11 (32.4%)

0.0 2.5 5.0 7.5

10.0 12.5 15.0 17.5 20.0

Number of respondents

Figure 15 - Respondents’ suggestions for improving care for ovarian cancer (n=35)

Social and family responsibilities have a significant im-
pact on the psycho-emotional state of women with can-
cer. For example, a study (2021) showed that caring for chil-
dren or elderly relatives significantly increases stress levels
among patients and negatively affects their quality of life.
Similar to this study, the authors’ work emphasizes the im-
portance of psycho-emotional support for women who
face additional burdens associated with family responsibili-
ties and financial difficulties. The study also highlighted the
need for comprehensive support, including the assistance
of specialists such as psychologists and social workers, as
well as the involvement of relatives to provide care [18].

The distance from a healthcare facility has a significant
impact on the physical and emotional well-being of pa-
tients. Our study found that 40% of women spend more
than 30 minutes on the road, and 25.7% of out-of-towners
spend more than two hours. These data confirm the find-
ings of a systematic review [19], according to which a long
distance to a healthcare facility is associated with increased
stress, decreased adherence to treatment, and later stages
of diagnosis, especially in patients from rural areas.

Socio-economic difficulties also play a key role. In our
study, 25.7% of patients rated their financial situation as
below average, which limited their ability to seek medical
care on time. Comparable data are presented in a review
[19], which emphasizes that economic vulnerability limits
access to specialized treatment, especially in conditions of
lack of insurance coverage or transportation accessibility.

Family responsibilities increase the burden on patients;
in our study, 31.4% of women reported having to care for

children, elderly relatives, or a spouse with a health issue.
Such additional responsibilities may interfere with regular
therapy and impact recovery. Other studies [19] also show
that the role of primary caregiver negatively impacts treat-
ment adherence.

Low awareness of the disease remains a problem. In
the study, almost half (40%) of patients were previously
unaware of their ovarian cancer diagnosis, despite the ma-
jority having typical symptoms. These findings are consist-
ent with a study from Palestine [20], which also found low
awareness, particularly among women under 50 and those
living in rural areas, leading to delays in diagnosis.

Finally, the problem of insufficient support from medical
personnel is also confirmed, as only 37.1% of our respond-
ents reported receiving a high level of professional atten-
tion. This emphasizes the need to improve the system of
psychological and informational support during the treat-
ment process, which is also reflected in the systematic re-
view [21], which emphasizes the importance of a patient
navigation program and empathy from doctors to improve
overall well-being and quality of life during therapy.

The data of the present study are also supported by the
results presented in a systematic review [22], which exam-
ined the impact of distance to cancer centers on the stage
of diagnosis, stress, and adherence to treatment. The re-
sults of our study coincide with the key findings of this re-
view: patients from remote areas are more likely to expe-
rience delays, emotional instability, and low engagement
in therapy. In addition, a study [23] conducted in Palestine
noted insufficient awareness of women about the symp-
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toms of ovarian cancer, which is also similar to our data.
There was a clear link between low awareness and late
seeking of medical care. Comparison of these results with
our data allows us to state that the described barriers are
cross-country in nature and require adaptation of commu-
nication and infrastructure solutions.

The results of this study are consistent with the data of
the international Every Woman Study project, which also
noted significant delays in diagnosis, low awareness of dis-
ease symptoms among women, and limited access to spe-
cialized care [10]. For example, in Canada, as part of the
Every Woman Study™: Canadian Edition study, 557 women
diagnosed with ovarian cancer from 11 Canadian provinc-
es were surveyed. The study showed that only 46% of pa-
tients sought medical care within the first month after the
onset of symptoms, despite a high level of awareness and
the availability of genetic testing in 75% of women. Access
issues were especially acute for women living in remote
regions, who reported significant logistical, financial, and
emotional difficulties [24]. These findings are consistent
with the results of our study, which also identified prob-
lems of geographic remoteness, delays in diagnosis, and
insufficient systemic support. The similarity in the results
highlights the universality of the barriers identified and
the need for integrated approaches to addressing access
and awareness issues at both national and global levels.

Conclusion: The results of this study confirm the signif-
icant impact of various factors on the quality of life of pa-
tients with ovarian cancer. Thus, the data analysis revealed
that long travel times to the medical center are a signifi-
cant obstacle for women, especially those residing in re-
mote areas. This creates a need to create local oncology
centers, which will improve access to timely treatment and
reduce waiting time.

Patient awareness of ovarian cancer symptoms also
leaves much to be desired: a significant proportion of
women do not have sufficient information about the dis-
ease. This delays seeking medical care and highlights the
importance of educational programs aimed at increasing
cancer awareness, especially among women with low lev-
els of education and income.

Support from healthcare professionals and loved ones
is also crucial for patients’ psychological well-being. Al-
though many women experience side effects from treat-
ment, the level of support from healthcare profession-
als is often insufficient. This urges the need for improved
communication between doctors and patients, which can
contribute to increased patient satisfaction and overall
well-being.

Overall, the study highlights the importance of a com-
prehensive approach to treating ovarian cancer that in-
cludes not only medical aspects but also social, education-
al, and psychological factors. Investing in these areas can
significantly improve the quality of life of women affected
by the disease.
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AHJATIIA

AHAJIBIK BE3 OBBIPBI BAP O EJJEPIIH OMIP CYPY CAITACBIHA DJIEYMETTIK-
3KOHOMUKAJIBIK KOHE NCUXOJOT USIIbIK ®AKTOPJIAPbIH OCEPI
(KA3BAKCTAH, ABAM OBJIBICHI MBICAJIBIH/IA)

JI.P. Kaiioaposa', P.O. Boraméexosa®, O.5. Anopeesa’, b.A. Ancanuxos*, A.b. Acmaesa®,
' K. Kymaposa®, A.A. JKonamanoea®, O.F. Kynicosa*, bB.b. Axpi16exos*

1«C.XK. AcheHamnapoB aTbiHAarbl Kazak ynTTbik MeguuuHa yHusepcuteti» KEAK, Anmatbl, Kasakcran Pecny6ankacl;
Z«AnIMaTbl OHKONOTUSAIbIK 0PTaNbIFbl», AnMarel, KazakctaH Pecnybankace;
3A6aii 067bICbI AeHCayNblK CaKTay 6ackapMacbiHbIH «APonbIK MeANLIMHA XaHe oHKonorna opTanbiFbi LXK KMK, Cemeit, KazakctaH Pecnybankace;
4«Cemeit MeguumHa yusepauteTi» KeAK, Cemeii, Kasakcran Pecny6nukacsl;
S«N 6 emxata» XLUC, Cemeii, KasakctaH Pecny6amkachl

Oszexkminizi: 3epmmey ananvix 6e3 iciei OuacHO3bl KOUbLI2AH 9Ue0epOily 0eHCAYIbIK Hea20alblh manoayead, o1apobly OMIp cypy
canaceina ocep ememin hpakmopaapovl aHbIKmayad, COHOAll-ax MeOUYUHALbIK Kbl3Memmepae KOAANCeMIMOLLIK neH aKknapammaHnobipy
Oeneellin bazanayea apuanzan. Ananvix 6e3 iciei otiendep apacvlHOd Key mapaizat OHKOI02USIbIK AypPyaapObly 6ipi 6oabin mabwliadvl,
OHbl Keul AHbIKMay KoOiHece JHcaablMCbl3 Homudcenepee okenedi. Haykac emipiniy opmypni acnekminepi OHblH IMOYUOHANObIK HCOHE
Qu3UKaANBIK ON-AYKAMbIHA KAIAl 9cep ememinin myciny Manbi30b.

3epmmeyoin maxcamol — Abail ayoanvinoazel (Kazaxcman Pecnybnuxacet) ananvix 6e3 oovipvinan 3apoan uieeemin atiendepoin
OMIp CYpY canacvlna 91eyMemmir-9KOHOMUKANBIK JHCOHE NCUXONOSUSILLK, PAKMOPAAPOblY dCePin AHLIKMAY JCOHE KON OPMALbIKM b
sepmmey wenbepinoe haxmopnap apacviHoazbl KaIblNMacKan 6aiiansicmapovl 6azanay.

Aoicmepi: 3epmmeyze ananvik 6e3 icici ouacnosvl Kotviiean 35 ouen xamvicmol. [epexmepee Oellinei Jicon yaKvlmul,
Oinim Oeneelli, omOACHIILIK dHCA20Albl, KAPAHCHLIBIK HCA20Albl, HCAKLIHOAPBIHA KYMiM Kepcemy MiHOemmepiniy 601yvl HcoHe
HayKacmapovl Ma3aiaimvlh CUMNIMOMOAp Mypaisl CypaKxmapobl KAMMUmslH cayaiHama apKulibl HCUHAN0bl. AnbiHean depekmepoi
unmepnpemayuALay yuin Canoblk H#oHe Canaiblk manioay o0icmepi Ko10aHbLaObL.

Homuaicenepi: Oiiendepoiy 68,6%-i meduyunanviy mexemeze 30-60 mumym jwinde ocememinin, OY1 0aapObly JHCAINbL
Jcazoativina ocep ememinin kepcemmi. Ouendepoiy 54,3%-i opma rocinmik 6inimee ue 6ondvl. Pecnondenmmepoiy 54,3%-i
yilneneen, oOyn oneymemmix Ko10ay oap exenin 6indipedi. iiendepoiy 48,6%-i mabvicmapein opmawa oen bazanazamn, 6yn emoeyee
Konoicemimoinikke ocep emyi mymkin. Pecnonoenmmepoiy 68,6%-inde kymim kopcemy mindemmepi 6oamazam, 6y IMOYUOHATObIK
HcyKmemeni azatmyvl MymKin. Ey kon anayoamxan mocenenepoiy KamapulHOa sHcaansl oaciz30ik (48,6%) swcone iwumiy yaxeroi (57,1%)
6010b1. Konmeeen otiendep onxkoeunexonoemapeaa sxcyzineen (42,9%).

Kopvimuinowi: 3epmmey xepcemrenoeil, Oinim OeHeell JHCOHe KaAPICHLIbIK 24ca20all CUAKMblL oAeyMemmik-3KOHOMUKALIK
Gaxmopnap ananvlk Oes icicimMeH ayblpamvlH oiie0epOiH OMIp CyPY CAnachlHa aumapivikmaii ocep emeoi. Ouendepoiy aumapivlkmai
naivl3bl MEOUYUHALBIK MeKeMeze YAKbIMbIHOA JHeeme Al2aH JHCoHe MeOUYUHATbIK MAMAHOAP2a KONl JCemKi3eeH, Oyl VaKblmblibl
0uUaeHo3 KO MeH emoeyoi KamMmamacwvl3 emyoiy Maybl30blibleblH Kopcemeoi. Anaiida, aypy mypanvl aKnapammanovipy 0eHyeeuin
HCOHE NCUXONOUANBIK KOIOAY2d KOAHCEMIMOLNIKMI apmmulpy Kasxcem.

Tyiiinoi co30ep: Ananvix Oe3 Kamepaui iciel, OMIp canacwl, Mazacvi30bIK JCOHe 0EnPeccusi, OHKONCUXOI02US, OMOACHLIbIK KOLOAY,
IMOYUOHANObL dI-AYKAM.
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Axkmyanvnocme: Hcciedosanue nocesiuyeno ananu3y coCmosiHusi 300pP08bsl JHCEHUWUH ¢ OUACHO30M PAKA SUYHUKOS, BbISGIEHUIO
Gaxkmopos, BAUAIOWUX HA UX KALECMBO HCU3HU, A MAKIICE OYeHKe OOCTNYNA K MEOUYUHCKUM YCIY2aM U YPosHIo ungopmuposannocmu. Pak
AUYHUKOB ABAAEMCS OOHUM U3 CAMBIX PACNPOCMPAHEHHBIX OHKO3A001e6aANULl CPEOU HCEHWUH, €20 NO30Hee 8bIABACHUEe YACTO NPUBOOUTN
K HeO1a2onpusimubl;M ucxooam. Basicno nonumamo, KAk pasiudnble ACnekmol JCU3HYU NAYUEHMOK GIUSION HA UX IMOYUOHATILHOE U
Qusuueckoe cocmosinue.

Lens uccnedosanus — 6oisa6UMb GAUIHUE COYUATLHO-IKOHOMUYECKUX U NCUXOL02UYECKUX (PAKMOPO8 HA KA4eCMB0 HCUZHU JHCCHUUH,
cmpaoarowux om paxa sudnuKos, ¢ oonacmu Abaii (Pecnybauxa Kazaxcman), a maxaice oyenums cyujecmeayiowue 63aumocesizu Mexicoy
Gaxkmopamu 6 pamrax MyIbmuyenmpo8o20 Uccie008aHusl.

Memoowi: B uccnedosanuu npunsiu yuacmue 35 dceHWUH ¢ YCMAHOBICHHBIM OUACHO30M PAKA AUYHUKOS. [lantble Obliu cOOpaHbl
MemoOoOM AHKemuposanusi. Ankema eKuouaida 60NPOCyL 0 PEMeHU 8 nymu 00 6OAbHUYbL, YPOGHE 00PA306AHUL, CEMEUHOM NOIOICCHUU,
Gunancosom cocmosHuy, HAAUNUIO 003AHHOCMEl NO YX00Y 34 ONUKUMU, d MAKJICEe CUMAMOMAX, OeCnOKOSWUX NAYUEHMOK.
Hcnonv3o6anucy konuiecmeenHble U Ka4eCmaeenHble Memoobl AHAAU3A Ol5i UHMEPNPEMAayull NOY4eHHbLX OAHHbLX.

Pesynomamer: 68,6% owcenuun O0obupanucs 00 aeuebnoco yupescoenusi ¢ meuenue 30-60 munym, umo 6IUsIO HA UX
obugee camouyscmeue. 54,3% owcenwun umenu cpeoue-cneyuaivhoe obpazosanue. 54,3% pecnonoenmos OvbLiu 3aMydHCEM, UMO
ceudemenbcmeyenm 0 CoyuanbHol noooepicke. 48,6% dceHuun oyeruIu cou 00X00bl KaK cpeoHue, Unmo Moxicen 6ausims Ha 00Cmyn
K aeuenuio. 68,6% pecnondenmos ne umenu 0053aHHOCMeEN No YX00Y, Yno MOJCem CHU3UNMb dIMOYUOHAIbHYIO Hazpy3Kky. Hauborvuee
becnokotlicmeo 8vi3bleanu oobujas crabocms (48,6%) u ysenuuenue pazmepos scugoma (57,1%). bonvuwuncmeo sscenujun obpawanucy K
oHkoeunexonozam (42,9%).

3aknrouenue: Hccneoosanue nokasano, 4mo coyuaibHo-3KOHOMUYECKUE (PaKmopbl, maxue Kaxk ypogehb 00pazoeans u punancogoe
nonodicenue, OKA3bIBAIOM 3HAYUMENbHOe GAUAHUE HA KAYeCME0 JICUZHU JICEHWUH C PAKOM SUYHUKOS. Bvicoxuil npoyenm ocenuyun,
dobuparowuxcs 00 OOTbHUYbL 8 PA3YMHBIE CPOKU U UMEIOWUX OOCMYN K MEOUYUHCKUM CReYUATUCTAM, CBUOeMeNbCHEYent 0 8AACHOCTIU
obecneyenus ceoespemennoll ouaznocmuku u revenus. OOHaKo HeobXo0UMo nOGLIULAMDb YPOBEHb UHPOPMUPOBAHHOCMU O 3a001e8aHUU
U 00Cmyn K NCUXo102uyeckoll noodepicKe.
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IDENTIFICATION OF FACTORS AFFECTING
THE QOL OF WOMEN
AFTER BREAST CANCER TREATMENT

N.M. KEREYEVA', L.A. ISHIMOVA', PZh. AITMAGANBET', A.B. TULYAYEVA', S.T. TAZHBENOVA'
"West Kazakhstan M. Ospanov Medical University, Aktobe, Republic of Kazakhstan

ABSTRACT

Relevance: Breast cancer (BC) is one of the most common oncological diseases among women, and its physical, psychoemotional,
social, and sexual consequences negatively affect pa-tients’ quality of life (QoL). A decrease in QoL in the post-treatment period may
hinder full rehabilitation. Therefore, studying the sociodemographic and clinical factors affecting QoL in women with BC remains
relevant.

The study aimed to identify the impact of sociodemographic and clinical factors on the quality of life of women after breast cancer
treatment.

Methods: The study was conducted at the West Kazakhstan Marat Ospanov Medical University Medical Center. Participants
completed the EORTC QLQ-BR23 standardized questionnaire. A total of 103 women took part in the study. In addition to the questionnaire,
sociodemographic and clinical data were collected. Data analysis was carried out using IBM SPSS Statistics 25.0. Multivariate logistic
regression was used for statistical analysis.

Results: Single women (p = 0.022) and those who detected the disease independently (p = 0.030) reported significantly lower QoL.
Employed women (p = 0.040) and those who underwent breast-conserving extended sectoral resection (BCESR) (p = 0.013) rated their
body image and confidence in the future higher (p = 0.041). Unemployed and moderately educated women had signifi-cantly lower
scores in sexual function and future outlook (p < 0.05). Pensioners more frequently experienced arm symptoms (p = 0.003), while

increased hair loss was noted after BCESR (p = 0.030).

Conclusion: The findings reveal that multiple factors influence the QoL of women with BC. Socioeconomic status, type of surgery,
and psycho-emotional support are key determinants of QoL. These results may provide a scientific basis for enhancing rehabilitation

programs.

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

Introduction: Breast cancer (BC) is the most common
malignant disease in women worldwide [1]. It is a unique
disease because it can significantly affect women's ap-
pearance, which in turn directly or indirectly affects their
quality of life (QoL). In addition, the cancer itself, the fear of
its recurrence, or death, also complicates the psycho-emo-
tional state of women [2]. In recent decades, the number
of studies devoted to the QoL of patients with BC has in-
creased. Assessment of QoL is particularly important, giv-
en that this is a common chronic disease with a favorable
prognosis when diagnosed early and adequately treated
[3]. QoL encompasses a person’s perceptions of their phys-
ical and mental health, as well as various factors that affect
it. Many theories of QoL are based on the World Health Or-
ganization’s definition of health, which generally consid-
ers health to be physical, psychological, and social well-be-
ing [4]. The prognosis for the etiology and course of cancer
emphasizes the importance of studying the interaction
of various biological, psychological, and social factors [5].
This may be a prognostic factor for cancer patients and
also an important factor influencing survival after recur-
rence of squamous cell carcinoma [6].

Overall survival of women diagnosed with BC is closely
related to their socioeconomic status as well as the stage

of the disease. In the context of universal health coverage,
the impact of sociodemographic characteristics on overall
survival components becomes more pronounced after the
active treatment period. Gender roles in the family and so-
ciety are also important factors that affect women'’s over-
all survival. Family obligations, the burden of household
chores, or difficulties in balancing work and personal life
may negatively affect overall survival in women. In addi-
tion, in women with BC, late diagnosis, aggressive disease
relapse, and/or complexity of treatment methods may
negatively affect overall survival [1].

In oncology, the concept of OS is particularly impor-
tant due to the specific nature of the pathology and the
radical nature of the treatment methods (surgery, radi-
ation, and chemotherapy) [7]. Removal of the mammary
gland, an aesthetically important organ, causes significant
harm to women’s physical, psychological, and emotion-
al well-being [8]. Sexual function, sexual satisfaction, and
body image were rated higher by women who underwent
organ-preserving surgery, while they were rated lower by
respondents who underwent radical mastectomy (RME).
Decreased libido was often observed in the group of wom-
en who underwent RME, which led to a decrease in their
OS. In these studies, although 80% of patients were satis-
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fied with their appearance, only 54% of them were able to
accept their naked body [9].

A meta-analysis showed a significant correlation be-
tween age and overall survival in patients with BC (p =
0.03), with each additional year of age associated with
a 0.19 increase in overall survival. This result is consist-
ent with other studies showing that breast conservation
improves body image, social and emotional well-being,
and, in turn, increases overall survival [10]. Some studies
have shown that older patients are more psychologically
prepared for treatment, despite the presence of comor-
bidities [11].

High levels of anxiety are observed in women who
are married or in relationships. This may be due to a feel-
ing of insecurity about their partners’ acceptance of the
disease, as well as a fear that the disease may cause the
partner to break off the relationship or leave for anoth-
er woman [12].

This was a great challenge, and some mothers pre-
ferred to hide their condition from their children. During
the mother’s iliness, some children had difficulty with their
studies. Patients felt that they had lost their social identi-
ty and were labeled as “cancer patients,” which was so de-
pressing and debilitating that they did not want anyone
except their family to know about it. Other women tend-
ed to hide their emotional experiences from relatives and
children [13]. Several studies have shown that women with
minor children have higher levels of anxiety and depres-
sion. This may be explained by the increased responsibili-
ty for their children and the psychological burden associ-
ated with it [14].

Most of the factors identified in many studies are re-
lated to monthly income, medical expenses, and level
of education. Level of education also influences OD [12].
Women with university education have higher OD rates,
which may be related to a higher cultural level and edu-
cation, as well as a better-paid job. Compared with those
whose income is lower than their expenses, women with
incomes equal to or higher than their expenses showed
significantly higher scores on the quality of sexual life
(mean scores 33.35+26.05 and 52.50+29.74, respective-
ly; p=0.003), as well as on the level of dyadic adaptation
(88.90+30.55 and 107.43+£26.61; p=0.004) [15]. This ena-
bles them to access information and utilize more tools,
resources, and strategies to manage the disease. Like-
wise, increased economic resources allow them to meet
the needs arising from this new health situation [1, 2].
A better understanding of the QoL and body image of
women with BC can contribute to the development and
improvement of therapeutic and curative measures, as
well as modern service and care models [16]. In addition,
the study of QoL allows for individualization of rehabil-
itation programs for women who have undergone rad-
ical breast surgery [17]. Reconstructive surgery is an ad-
vanced method of surgical rehabilitation. The main goal

of this method is to ensure a high level of psychosexu-
al well-being and satisfaction with the QoL of patients
while maintaining oncological safety [18].

This study is one of the first to comprehensively ana-
lyze sociodemographic and clinical factors affecting the
QoL of women with BC undergoing treatment in Kazakh-
stan, including the Aktobe region. In addition, the study
demonstrated the validity of using international question-
naires, the EORTC QLQ-BR23 and QLQ-C30, in Kazakhstan.
An analysis of factors influencing the QoL of women with
IBD demonstrates the multifaceted nature of this problem
and the close relationship between physical, social, psy-
cho-emotional, and sexual aspects.

This work is a continuation of the author’s previous
work on this topic. While the previous publications con-
ducted a literature review based on international and do-
mestic scientific sources to collect data on the impact of BC
on women's QoL [12], and the QoL was assessed at a gen-
eral descriptive level [19], then the present study, based
on empirical data conducted in a specific region (Akto-
be region), significantly deepens this topic and includes a
comprehensive analytical study aimed at identifying the
relationships between QoL and specific sociodemograph-
ic and clinical factors. The study employed multivariate
logistic regression analysis, and statistically significant re-
lationships were identified between patient characteris-
tics and QoL scales.

The study aimed to determine the influence of socio-
demographic and clinical factors on the quality of life of
women undergoing treatment for breast cancer.

Materials and methods:

Data collection. The EORTC QLQ-BR23 questionnaire
was administered to patients of the Medical Centre of the
West Kazakhstan Marat Ospanov Medical University (let-
ter of permission No. 13/8-21-77). The widely recognised
standardised EORTC QLQ-BR23 questionnaire was used to
determine the influence of sociodemographic and clinical
factors on patients’ QoL. This instrument was developed in
1996 by the Quality of Life Task Force of the European Or-
ganisation for Research and Treatment of Cancer (EORTC).
The questionnaire consisted of 23 questions and was di-
vided into 4 functional (body image, sexual function, sex-
ual satisfaction, outlook on the future) and 4 symptomat-
ic scales (side effects of systemic therapy, arm and breast
symptoms, hair loss). Each question was rated on a scale
from 1 (none) to 4 (very strong). In addition, to obtain com-
prehensive information on patients’ QoL in line with the
EORTC measurement guidelines, two questions from the
EORTC QLQ-C30 health status/QoL scale were used. In
these two questions, patients rated their health and over-
all QoL on a scale of 1-7 (1 = very poor, 7 = excellent). The
assessment was scored on a 0-100 scale by linearly trans-
forming each scale’s raw scores, as recommended in the
EORTC assessment guidelines. For the functional scales, a
higher score corresponded to a higher QoL. In contrast, the
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opposite was true for the symptom scales: higher scores
indicated greater negative symptoms. Unanswered ques-
tions were handled according to the guidelines: if a scale
consisted of a single item and was left unanswered, it was
scored as “not available” [20].

During data collection, in addition to the questionnaire
questions, respondents’ sociodemographic and clinical
data were collected, including age, marital status, number
of children, level of education, employment status, place
of residence, diagnostic method, and type of surgical in-
tervention.

Sample. When planning the study, the sample size was
calculated using Cohen'’s > calculator for regression anal-
ysis with an effect size of f> = 0.35, power of 0.8, and sig-
nificance level (a) of 0.05. As a result, the required sample
size was 82 people. Taking into account possible losses
(non-responses, etc.), a 20% margin was added, and a to-
tal of 98 people were planned to participate. Of the 210
patients who sought treatment at WKSU Medical Center
between January 15, 2024, and January 1, 2025, 103 met
the inclusion criteria and provided consent to participate
in the study.

Inclusion criteria:

- all women first hospitalized for BC at Marat Ospanov
West Kazakhstan State University Medical Center after sur-
gery (in the volume of RME or breast-conserving extended
sectoral resection (BCESR) of the mammary gland);

- those who have given consent to fill out the ques-
tionnaire.

Exclusion criteria:

- women with newly diagnosed BC not eligible for sur-
gical treatment;

- patients who have undergone surgery for benign tu-
mors;

— patients who have undergone breast-conserving sec-
toral resection of the mammary gland;

- those who did not give consent to complete the
questionnaire.

Ethical aspects: Before the study, the local bioethics
committee of the West Kazakhstan State Medical Univer-
sity, named after Marat Ospanov, approved the research
work in strict compliance with all necessary ethical stand-
ards and rules (Protocol No. 9, dated 02.10.2023). Partici-
pants were informed about the study’s goals and objec-
tives, its significance, their right to refuse participation at
any time, the confidentiality of the data, and the measures
taken to maintain their anonymity. All respondents signed
informed consent to participate in the study.

Statistical analysis: The data were processed using
IBM SPSS Statistics (version 25.0, Armonk, NY: IBM Corp.).
The distribution of numerical variables was assessed using
the Shapiro-Wilk test. The mean (M) and standard devia-
tion (SD) were calculated for numerical data, while the fre-
quency (N) and percentage (%) were calculated for qualita-
tive variables. Survey results from the EORTC measurement

were presented to management, with values ranging from
0 to 100, which showed a linear relationship on the trans-
formed scales [20]. These scales were then dichotomized
(good/bad) based on their mean values. For the functional
and health/QoL scales, scores from 0 to 50 were interpret-
ed as “bad”, from 51 to 100 as “good”; for the symptomat-
ic scales, scores from 0 to 50 were interpreted as “good”,
from 51 to 100 as “bad”. To determine the influence of so-
ciodemographic and clinical factors on Qol, a multivariate
logistic regression analysis was employed. This method
enabled the estimation of the influence of several inde-
pendent variables (e.g., age, socioeconomic status, treat-
ment type) on the dependent variable, specifically the
QoL level (good or poor). p<0.05 was taken as statistical
significance, and the Exp(B) values characterize the direc-
tion and strength of the effect.

Results: The sociodemographic and clinical character-
istics of the women participating in the study were as fol-
lows (Fig. 1). The average age of the respondents was 58.4
years (SD=10.89). By the age structure, most women were
56 to 65 years — 39.8% (Cl: 30.4-49.3), the least of them
were 25 to 35 years — 2.9% (Cl: -0.3 to 6.2) (Fig. 1A). Most
of the respondents were urban residents (81.6%; Cl: 74.1-
89.0), with 18.4% of rural residents (Cl: 11.0-25.9) (Fig. 1B).
By level of education, 70.9% of respondents (Cl: 62.1-79.6)
had secondary education, and 29.1% (CI: 20.4-37.9) had
higher education (Fig. 1C). By employment status, the larg-
est proportion was made up of employed women - 43.7%
(Cl: 34.1-53.3) and pensioners — 39.8% (Cl: 30.4-49.3), while
the unemployed accounted for 16.5% (Cl: 9.3-23.7) (Fig.
1D). By marital status, 54.4% (Cl: 44.7-64.0) of respondents
were married, and 45.6% (Cl: 36.0-55.3) were single (Fig.
1E). By the number of children, 65.0% of women (Cl: 55.8-
74.3) were mothers of 2-3 children, 18.4% (Cl: 11.0-25.9) had
0to 1 child, and 16.5% (Cl: 9.3-23.7) had 4 or more children
(Fig. 1F). By diagnostic method, 52.4% (Cl: 42.8-62.1) were
diagnosed with cancer through screening, and 47.6% (ClI:
37.9-57.2) sought medical care by self-referral (Fig. 1G). Re-
garding treatment methods, most patients (70.9%; Cl: 62.1-
79.6) underwent RME, and 29.1% (Cl: 20.4-37.9) underwent
BCESR (Fig. TH).

In our study, we identified and statistically analyzed
the sociodemographic and clinical factors influencing sex-
ual dysfunction (Fig. 2). However, the sexual satisfaction
scale was not included in the calculations due to an insuf-
ficient number of responses (15). Take-aways:

1. Age, place of residence, or number of children did
not have a significant effect on the health status/QolL scale
of women who had undergone treatment for BC (p > 0.05),
taking into account sociodemographic and clinical factors
(Table 1). Compared with married women, single women
(Exp(B) =0.312; p = 0.022) and women examined and diag-
nosed independently, rather than through screening (Ex-
p(B) = 0.339; p = 0.030), reported significantly lower health
status/QoL.
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Figure 1 - Socio-demographic and clinical characteristics of respondents who took part
in the study (A, B, C, D, E, F, G, H).

Social/clinical factors

p=0.05 (limit value)

Quality of life

Body image

Sexual function

Confidence in the future
Symptoms of hand damage
The problem of hair loss

Single women
Self-referral

Working women

BCESR

Unemployed women

Secondary education

Pensioner

BCESR and hair loss

0.00 0.02 0.04
p-value

Figure 2 - Results of multivariate logistic regression of factors influencing the quality of life of
respondents who participated in the study
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2. Age, place of residence, or number of children did not
have a significant effect on the functional scores of patients
(p>0.05) (Table 1). Statistically significant factors influencing
the functional scores (p < 0.05) included: Working patients
(Exp(B) = 7.742; p = 0.040) who underwent organ-preserving
BCESR (Exp(B) = 5.988; p = 0.013) demonstrated a better per-
ception of body image and higher confidence in the future
(Exp(B) = 7.652; p = 0.041) than unemployed patients who
underwent radical surgery. Unemployed women had sig-
nificantly lower sexual function scores (Exp(B) = 0.023; p =
0.003). In addition, women with secondary education rated
sexual function (Exp(B) = 5.828; p = 0.044) and confidence in
the future (Exp(B) = 0.123; p = 0.004) lower than women with
higher education. Retired women, in contrast, had a higher
confidence in the future (Exp(B) = 5.741; p = 0.022).

3. Marital status and employment status, diagnostic
method, and type of surgical intervention did not have a
significant effect on symptomatic indices (p > 0.05) (Table
2). Statistically significant factors influencing symptomat-
ic scales (p < 0.05) included: Symptoms of hand damage
are more common among pensioners (Exp(B) = 4.386; p =
0.003). Hair loss was more common among patients who
underwent organ-preserving BCESR for squamous cell car-
cinoma (Exp(B) = 3.565; p = 0.030).

According to the study results, factors influencing the
QoL of women undergoing treatment for BC are complex
and multifaceted. Lower assessment of the QoL of sin-
gle women (p = 0.022) and women who were diagnosed
independently (p = 0.030) compared to married wom-
en may be associated with a lack of social support, a feel-
ing of loneliness, and late seeking of medical care. These
factors make it difficult for the patient to accept the dis-
ease, increase psychological distress, and negatively affect
the overall QoL. According to the functional scale, better
body image perception (p = 0.040) and greater confidence
in the future (p = 0.041) among working women are likely
due to their active engagement with society and a sense
of social significance. Organ-preserving BCESR was also as-
sociated with a positive effect (p = 0.013 for body image; p
= 0.041 for confidence in the future), as women perceived
themselves more positively because their appearance was
preserved without compromising body image.

In contrast, unemployed women showed a significant
decrease in sexual function (p = 0.003). This situation may
be associated with a decrease in social status, psycho-emo-
tional stress, lack of income, and decreased self-confi-
dence. Low assessment of sexual function (p = 0.044) and
confidence in the future (p = 0.004) in women with second-
ary education is explained by their inability to fully compre-
hend information about the disease, lack of access to nec-
essary resources, and limited adaptation strategies. High
confidence in the future of pensioners (p = 0.022) may be
associated with a shift in their expected life goals due to ag-
ing and a greater ability to adapt psychologically, resulting
from life experience. Regarding symptom score, the high-

er incidence of symptoms of hand damage among retirees
(p =0.003) may be due to a slower recovery process associ-
ated with aging and impaired lymphatic circulation. In ad-
dition, patients who underwent organ-preserving BCESR
for squamous cell carcinoma had a higher incidence of hair
loss (p = 0.030), probably due to the side effects of chemo-
therapy that continue after surgery.

Thus, the results of the study indicate that many factors
influence the outcome of the disease after traumatic brain
injury, and it is necessary to pay attention not only to clin-
ical treatment but also to the social and psycho-emotion-
al state of the patient.

Discussion: The study’s results showed that the factors
influencing the QoL of women with BC receiving treatment
are multifaceted and complex. This result is consistent with
data from several studies demonstrating the major role of
psychosocial and economic factors in shaping QoL [10].
However, some authors do not deny the importance of age.
For example, a meta-analysis [11] found a statistically signifi-
cant correlation between the patient age and QoL (p =0.03),
with each additional year of age associated with a 0.19-point
increase in the QoL index. These contradictory results could
be attributed to differences in age-related adaptation strat-
egies and the level of social support available to patients.

The study’s results showed that employment and edu-
cational level play significant roles in QoL perception. Pa-
tients with secondary education rated their sexual function
(p = 0.044) and confidence in the future (p = 0.004) lower. It
was found that employed women have a better perception
of their body image (p = 0.040) and higher confidence in
the future (p = 0.041). This finding is consistent with the lit-
erature. In particular, it was demonstrated that women with
a university education have a higher ES, and women whose
income exceeds their expenses also exhibit higher sexu-
al function (p = 0.003) and dyadic adaptation (p = 0.004)
[16]. Additionally, patients who underwent organ-preserv-
ing surgery reported a more positive body image (p = 0.013)
and greater confidence in their future (p = 0.041). Other
studies confirm these data: patients after organ-preserv-
ing operations better assessed their QoL in terms of physi-
cal (p =0.001) and sexual (p = 0.007) indicators [10], and also
showed that this was associated with higher functional indi-
cators, increased confidence in the future (p = 0.005), and a
higher level of sexual satisfaction (p = 0.001) [11].

The above data suggest that the main factors influenc-
ing the survival of women with BC are social support, eco-
nomic stability, educational level, and type of surgery. The
results of this study provide a comprehensive understand-
ing of the factors that affect patients’ QoL and can serve as
a basis for guiding post-oncological support. In particular,
it is demonstrated that during the post-treatment period,
it is necessary to consider not only medical but also psy-
cho-emotional, social, and aesthetic aspects. This study is
considered a crucial scientific and practical foundation for
planning programs and interventions in this area.
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Conclusion: A complex combination of sociodemo-
graphic and clinical factors influenced overall survival
in patients with BC. The study’s results showed that the
levels of social support, employment status, education
level, and type of surgery significantly influenced over-
all survival. In particular, women who were employed,
had higher education, and underwent organ-preserv-
ing surgery had higher levels of body image satisfaction
and future confidence (p < 0.05). In contrast, single, un-
employed, and moderately educated patients had lower
overall survival scores. In addition, specific symptomatic
problems, such as symptoms of hand damage (p = 0.003)
and hair loss after BCESR (p = 0.030), were reported by re-
tired women.

The obtained results indicate the need to strengthen
psychosocial supportand rehabilitation in the fight against
BC, not limited to drug treatment alone. An integrated ap-
proach that comprehensively considers the factors influ-
encing BC development will enhance the effectiveness of
oncological care and facilitate patients’ successful adapta-
tion to everyday life. The study can serve as a valuable sci-
entific and practical foundation for developing measures
of preventive, psychosocial, and informational support for
cancer patients.
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AHJATIIA

CYT BE3I KATEPJII ICITI BAP EMJIEYJEH OTKEH SUEJIJIEPIIH OMIP CAITACBIHA
ICEP ETETIH ®AKTOPJIAP/IbI AHBIKTAY

H.M. Kepeesa', JI.A. Huumosa', ILK. Aimmazanoem', A.B. Tynseea', C.T. Taxcoenosa’

I«Mapar OcnaHoB atbiHarbl baTbic Kasakctan MeauiyHa yHuBepcuteTi» KeAK, Aktebe, KasakctaH Pecnybankachl

Ozexminizi: Cym Oe3i kamepai iciei (CBKI) — otiendep apacwinoa scui Ke30ecemin OHKOLOUATLIK AypYLapobly Oipi dHcoHe OHbIH
usuKanvix, NCUXOIMOYUOHANOBIK, dNEYMEMMIK HCOHE CeKCYAI0blK canroapaapsl ouendepoiy oemip canacvina (OC) mepic acep emeoi.
Emnen retiinei xezeyoe OC momendeyi nayuenmmepoiy morviKKaHovl oyanyvina xedepei keamipyi mymxin. Conovikman CBHKI bap
otiendepoiy OC ocep ememin oneymemmik-0eMoepapusAIbIK HCoHe KIUHUKATBIK (akmopiapovl 3epmmey 03eKmi moceie 00ibin
maowinaowl.

3epmmey markcamuvt — cym 6esi kamepii iciei 6ap emoeyOen emken ouendepoiy oMip canacvlha dieyMemmir-0eMocpapusinIblK
JHCOHE KIUHUKANIK PaKMOPAapObLY SCepPiH aHbIKMAY.

Aoicmepi: 3epmmey M.Ocnanos amvinoazbt BKMY Meouyunanvix opmanvievinoa scypeizindi. Kamvicywwoiiap EORTC QLQO-
BR23 cmanoapmuina cotikec cayannama moamuipovl. Kamvicywwinap canvt — 103 otien. [epexmepoi sicunay 6apvicbinoa cayaiHama
CYPAKMAapuiMeH Koca pechoHOeHmmepoiy oieymMemmik-0eMoepaQuanblK JeoHe KIUHUKAbIK, Oepekmepi anblkmanovl. JJepexkmep IBM
SPSS Statistics 25.0 6aeoapramacvinoa eyoendi. Cmamucmukaislk maioday Konoauemoi 102UCmMuKaibly peepeccus 90ici apKblivl
2HCYPRIZINOL.

Homubosicenepi: 3epmmey nomuoicenepi 6otivinwa, nekeoe mypmaumuin (p = 0,022) scone aypyovl o30icinen anvikmazau olienroep
(p = 0,030) OC memen 6azanaovt. Kymvicol bap (p = 0,040) scone azsa cakmavimuin cym 0e3iHiy Keyeumineen cekmopaiobl pe3eKyus
(CBEKCP) onepayusacvinan emxen otienoep (p = 0,013) oene betinecin sco2apul 6a2anaovl Hcone bonauaxka ceHimi xeoaapsvi 601061 (p =
0,041). XKymwiccol3 sicone opma 6inimoi oiiendepoe cekcyanovlk QynKyus men O0IAWaKKa ceHim kopcemxiumepi e0ayip momen 6010bl
(p < 0,05). 3etinemxepnepoe Kon cumnmomoapul xcuipex (p = 0,003), an CEKCP onepayuscvinan Keliin waw mycy sHcuiniei apmyansi
batixanowt (p = 0,030).

Kopvoimuinowi: Anvinzan sepmmey nomuocenepi kepcemrenoei CEKI 6ap otiendepoiy OC ocep ememin paxmopiap KenKvipivl.
Oneymemmik-3KOHOMUKATBIK HCA20atl, Onepayus mypi dHcone ncuxodamoyuonanoviy Konoay OC ailikbinoaimbli He2izei KopcemKiumep
bonvin mabviiadvl. Byn nomuoicenep peaburumayusinviy 6a20apramanapovl i Cemindipyoe 2vliblMu Hezi3 peminoe Kbl3Mem eme
anaovl.

Tyiiinoi cozoep: oiien, cym 6esi xamepni iciei (CBKI), emip canacwr (OC), EORTC QLQ-BR23, oneymemmik-0emozcpauaibiy
¢haxmopaap, KIuHUKAILIK hakmoprap.

AHHOTADUS

ONPEJAEJEHHUE ®AKTOPOB, BJUAIOIUX HA KAYECTBO KU3HHU KEHII[MH,
MNPOIEAIINX JIEHEHHUE OT PAKA MOJIOYHOMU 7KEJIE3bI

H.M. Kepeesa', JI.A. Huumosa', ILJK. Aiimmazanoem', A.b. Tynrseea', C.T. Taxncoenosa'

'HAO «3anagHo-Ka3axcTaHckuit MesuLMHCKHi yHBepcuTeT uMenn M.OcnaHoBa», AkTobe, Pecny6nuka Kasaxcrax

Axmyansnocme: Pax monounoil ocenesvr (PMJK) aensemcs oomum u3z Haubonee pacnpocmpaHéHHuIX OHKOLOSUYECKUX
3a0onesanuil cpedu HCeHwUH, U e2o Qusuieckue, NCUXOIMOYUOHATbHbIE, COYUANbHBIE U CEKCYANbHble NOCIe0CNBUs He2AMUBHO
enuaiom na kavecmego dncusnu (KIK) nayuenmox. Cuuocenue KK 6 nocmueuebuviii nepuod modxcem 3ampyoHums noiHOYEHHYIO
peabunumayuio. Ilosmomy ucciedosanue coyuanbHo-0emMoepapuueckux u Kiunuyeckux gakxmopos, sausowux na KX scenwun ¢
PMOK, sisnsiemes akmyanvrou.

ILenv uccnedoganus — onpedenums 6IUAHUE COYUATLHO-0EMOPAPUUECKUX U KIUHUYECKUX (QAKMOPO8 HA KAYecmeo JCU3HU
JICeHWUH, NPOMWEOUUX IeHeHUe OM PAKA MOJOYHOUL Jiceie3bl.

Memoowi: Hccneoosanue dvino npogedeno 8 Meouyunckom yenmpe 3KMY umenu M. Ocnanosa. Yuacmuuyvl 3anonnunu ankemy
coznacro cmandapmy EORTC QLQO-BR23. Obwee koruuecmso yuacmuuy cocmasuno 103 sxcenwyunvl. B xo0e coopa 0anHvlx, HAPAOY
¢ ankemuposanuem, 61U NOLYYeHbl COYUAIbHO-0emozpaduueckue u Kiunuieckue xapakmepucmuku pecnornoenmos. Obpabomka
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danHblx nposoounacy 6 npoepamme IBM SPSS Statistics 25.0. Cmamucmuueckuili aHaiu3 @bINOIHEH C UCNOIb308AHUEM Memood
MHO2OMEPHOU JI02UCMUYECKOU pezpeccull.

Pesynomamur: Coenacro pesyivmamam uccied08anus, HezamysxcHue sxcenwyunvt (p = 0,022) u dcenyuHvl, camocmosamenbHo
sviasuguiue sabonesanue (p = 0,030), oyenunu ceoé KK nuoce. Tpyooycmpoennvie nayuenmxu (p = 0,040) u scenwyunvi, nepenécuiue
0pP2aHOCOXPAHAIOWYIO PACUIUPEHHYIO CEKMOPATbHYI0 pe3eKyuio monounotl scenezvl (PCPMIK) (p = 0,013), sviute oyenunu obpas mena
U npoaAsAAIU 6obULYI0 YeepenHocms 6 6yoywem (p = 0,041). V b6e3pabomuuvix u sxcenwun co cpeOHuUM obpazosanuem noKasamenu
CeKCyanbHoU yHKYuY u ysepennocmu 6 6yoyujem oviiu snauumenvho nuice (p < 0,05). ¥ nencuonepox uauje ommeuanucy CUMnmMombl
co cmoponwl pyku (p = 0,003), a nocie PCPMJK uawe nabaiooanocs evinadenue ¢onoc (p = 0,030).

3axnrwuenue: [lonyuennvle pezynomamul noxkazvieaion, umo na KK scenwyun ¢ PMPK enusiem muosicecmeo pakmopos. Coyuanvho-
9KOHOMUUECKOE NONOJICEHUe, MUN ONepayuL i ypo8eHs NCUXOIMOYUOHANLHOU NOOOEPIUCKU ABINAIOMCI OCHOBHBIMU ONPeOeNiOUUMU
nokaszamenamu KXK. Dmu oannvie Mo2ym caydlcums HAYUHOU OCHOBOU Oll5l CO8EPUIEHCIMEOBAHUS PeaOUNUMAYUOHHBIX NPOSPAMM.

Kniouegvie cnosa: ocemwyuna, pax monounou scenesvt (PMIK), xawecmeo ocusnu (KXK), EORTC QLQ-BR23, coyuanvho-
demoepaghuueckue paxmopwl, KIUHUYECKUE AKMOpbI.
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SUCCESSFUL EXPERIENCE WITH FAECAL

MICROBIOTA TRANSPLANTATION
IN A PATIENT WITH MYELODYSPLASTIC SYNDROME
AND GRAFT-VERSUS-HOST REACTION WITH
INTESTINAL LESIONS COMBINED
WITH ENTEROCOLITIS CAUSED
BY CLOSTRIDIUM DIFFICILE INFECTION:
A CLINICAL CASE

K.U. BATYRBEKOV', A.A. GALIAKBAROVA', V.M. KEMAYKIN",
A.S. SULEIMENOVA', A.V. KOLESNEWV

National Research Oncology Center, Astana, the Republic of Kazakhstan
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ABSTRACT

Relevance: Faecal microbiota transplantation (FMT) is the transfer of intestinal contents from a healthy donor to a patient to restore
normal microflora. The material contains beneficial bacteria, fungi, antibodies, prebiotics, and other biologically active components.
FMT is most effectively used for recurrent Clostridium difficile infection, showing better results compared to traditional treat-ment,
such as vancomycin. Studies also suggest the potential of FMT in treating inflammatory bowel diseases, obesity, metabolic syndrome,
and gastrointestinal tract functional disorders. In recent years, the method has gained widespread recognition and is now considered a
potential first-line therapy for Clostridium difficile.

The study aimed to present the first successful clinical experience of faecal microbiota transplanta-tion in a patient with
myelodysplastic syndrome and graft-versus-host disease, characterized by in-testinal lesions.

Methods: A clinical case of a 46-year-old patient who underwent allogeneic bone marrow trans-plantation for myelodysplastic
syndrome is described. In the early post-transplantation period, the patient developed severe manifestations of Graft-versus-host
disease (GvHD) with predominant in-volvement of the gastrointestinal tract: severe diarrhoea, abdominal pain, weight loss, signs of
dysbiosis, and nutritional deficiency. After ineffective therapy with steroids and supportive care, a decision was made to perform FMT
using carefully selected donor material.

Results: The FMT procedure was clinically successful, with improvements in general condition, a decrease in the severity of
diarrhea, stabilization of body weight, and restoration of appetite noted within several days. Endoscopic and histological examinations
of the intestinal mucosa confirmed a reduction in inflammatory changes. No side effects, complications, or signs of systemic infection

were recorded after FMT.

Conclusions: The successful application of FMT in this case demonstrates the potential of the meth-od as an additional therapeutic
tool in (GvHD) with intestinal involvement, particularly in steroid-resistant forms of the disease.
Keywords: Faecal microbiota transplantation (FMT), gut microbiota, myelodysplastic syndrome, graft-versus-host reaction

(GvHD), dysbiosis.

Relevance: Graft-versus-host disease (GvHD) is a severe
complication of allogeneic hematopoietic stem cell trans-
plantation (allo-HSCT), including transplantation for myel-
odysplastic syndrome (MDS). In GvHD, donor immune cells
attack the recipient’s tissues, recognizing them as foreign.
GVHD can occur in acute or chronic forms, affecting vari-
ous organs and systems of the body. Acute GvHD typical-
ly develops within the first 100 days post-transplantation
and may manifest as skin rash, diarrhea, and liver damage.
Chronic GvHD develops later and may present with skin
changes, damage to the lungs, gastrointestinal (Gl) tract,
and other organs. Both forms of GvHD can be severe and

pose a life-threatening risk to the patient. The pathogene-
sis scheme of GvHD is presented in Figure 1.

Faecal microbiota transplantation (FMT) is a medical
procedure that involves transferring intestinal contents
from a healthy individual into the patient’s intestine. This
is not merely the transfer of stool, but of an entire ecosys-
tem that includes billions of bacteria, fungi, viruses (bacte-
riophages), prebiotics, natural antibiotics, secretory immu-
noglobulins (mainly IgA), mucin proteins, bile acids, and
other biologically active components. This method gained
widespread recognition due to its high efficacy in treating
recurrent Clostridium difficile infection (CDI). Moreover,
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preliminary data suggest the potential of FMT in treating
inflammatory bowel diseases, obesity, metabolic syn-
drome, and functional Gl disorders. Over the past decade,
the method has been actively studied, and some experts
now recommend FMT as first-line therapy for CDI, includ-

ing recurrent and treatment-resistant forms. Randomized
controlled trials have confirmed that the effectiveness of
FMT exceeds that of traditional vancomycin therapy for re-
current CDI [1]. The decision-making algorithm for FMT is
presented in Figure 2.

Allogeneic BMT Donor T-lymphocytes

activation

Role of disrupted microbiota
(decrease in Firmicutes,
increase in Proteobacteria)

————-—‘

Restoration of
microbial balance

Barrier damage

- - - “\

Inflammation of the
Gl mucosa

\---ﬂ

Aggravation of GvHD

Immune regulation

Legend: BMT - bone marrow transplantation, Gl - gastrointestinal; GvHD - graft-versus-host disease, FMT - faecal microbiota transplantation
Figure 1 — Pathogenesis scheme of graft-versus-host disease with intestinal involvement and microbiota disruption

Confirmation of
Gl involvement

Clinical presentation
of GVHD

Administration

Donor selection

\

Lack of response '

to GCS

Exclusion of infections

Decision to perform FMT

Legend: GCS - glucocorticosteroid, Gl - gastrointestinal, GvHD - graft-versus-host disease, FMT — faecal microbiota transplantation.
Figure 2 — Algorithm for decision-making regarding faecal microbiota transplantation in intestinal graft-versus-host
disease

Aim of the study: To present the first success-
ful clinical case in Kazakhstan of faecal microbio-
ta transplantation in a patient with myelodysplastic
syndrome and graft-versus-host disease with intesti-
nal involvement, complicated by Clostridium difficile
infection.

Materials and Methods: A retrospective analysis was
conducted of a clinical case involving a patient with MDS
who developed intestinal GvHD following allogeneic
bone marrow transplantation (BMT), complicated by se-

vere dysbiosis and clinically significant symptoms. FMT
was performed using donor material prepared in accord-
ance with international safety protocols [2].

Clinical case:

Patient information: Patient T., 43 years old, upon ad-
mission complained of general weakness, periodic mus-
cle pain in the legs, decreased appetite, and lack of weight
gain. According to the medical history, the disease onset
occurred in 2012, when intermittent bruises began to ap-
pear on the body.
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Clinical data: In July 2018, in the hematology depart-
ment of City Hospital No.1 in Astana (Kazakhstan), based
on histological, cytological, flow cytometric, and FISH
studies of the bone marrow, the diagnosis was confirmed:
Myelodysplastic syndrome, hypoplastic variant with a par-
oxysmal nocturnal hemoglobinuria (PNH) clone, without
signs of hemolysis.

Bone marrow histology from 05.07.2018: A morpho-
logical pattern consistent with hypoplasia of the mega-
karyocytic lineage is observed.

Bone marrow histology from 16.07.2018: Morpholog-
ical features in the bone marrow are suspicious for MDS
substrate.

Flow cytometry of peripheral blood for PNH from
27.06.2018: PNH clone on monocytes — 2.81%; granulo-
cytes — 1.95%; erythrocytes type Il - 0.23%; type lll - 1.2%
(total — 1.43%)).

FISH from 02.08.2018: EGR1/D5523, D55721 -5;5q: not
detected

FISH -7/79- from 12.10.2022:

Karyotype: nucish (KMT2E, EZH2, CEP7) x2[200].

Conclusion: Deletion of 7922/7936 loci and monos-
omy of chromosome 7 were not identified in the analyz-
ed interphase nuclei.

The patient received immunosuppressive therapy
with Cyclosporin and blood component transfusions, but
no positive effect was achieved.

After identifying a partially matched donor, the pa-
tient was referred to the National Research Oncology
Center for HSCT.

On 17.05.2023, the patient was admitted to the Na-
tional Research Oncology Center (NROC, Astana, Kazakh-
stan) for further evaluation. Bone marrow aspiration on
May 18, 2023, showed no excess blasts or transformation;
hypoplasia with signs of dysplasia persisted.

Myelogram from 18.05.2023: blasts — 2.4%. The bone
marrow smear was cellular and polymorphic. Differential
count performed on 500 myelokaryocytes. Erythropoie-
sis was of the normoblastic type with signs of megalo-
blastoid changes. The erythroid lineage was expanded to
30.6%, with preserved maturation and signs of dyseryth-
ropoiesis. The granulocytic lineage was preserved and
represented evenly at all stages of maturation.

On May 22, 2023, Rituximab was administered at
375 mg/m?%day in monotherapy, two weeks prior to the
planned conditioning regimen and three weeks prior to
the haplo-HSCT transfusion.

The patient underwent all necessary pre-transplant
examinations and was evaluated by a team of specialists.
No absolute contraindications for haplo-BMT from her
son were found.

On 14.06.2023, following conditioning (Bu 8 mg/kg +
Flu 30 mg/m?) and premedication, the patient received a
hematopoietic stem cell suspension transfusion: 330 mL,
CD34 - 6.1 million/kg recipient’s body weight, CD3 - 21.3

million/kg. The procedure was well tolerated.

On 13.06.2023 (day -1), prophylactic therapy for GvHD
was initiated using the calcineurin inhibitor tacrolimus at
0.03 mg/kg/day, with serum level monitoring. Engraft-
ment occurred on day 21 post-HSCT.

Diagnostics: On 31.08.2023, the patient was urgent-
ly hospitalized at the NROC due to a severe condition
(ECOG score 3), caused by acute antral gastric ulcer
pain syndrome, diarrhea (possible intestinal GvHD), and
transfusion dependence. On 28.08.2023, the patient ex-
perienced a gastric ulcer exacerbation with bleeding.
Esophagogastroduodenoscopy (EGD) showed an acute
gastric ulcer with confirmed bleeding. On 05.09.2023,
prednisolone was added to the immunosuppressive
therapy at a minimal dose of 0.5 mg/kg due to increased
stool volume (up to 750 ml), elevated calprotectin (448),
and dyspeptic symptoms (nausea, vomiting). The con-
dition was assessed as acute intestinal GVHD, with up-
per Gl tract involvement. Gastrointestinal bleeding was
noted.

On 11.09.2023, due to persistent GvHD symptoms and
ulcer healing signs on EGD, methylprednisolone was pre-
scribed at 1 mg/kg.

On 18.09.2023, methylprednisolone was discontinued
due to a lack of clinical effect and the risk of profound im-
munosuppression. Tacrolimus IV was continued as immu-
nosuppressive therapy. Colonoscopy under IV anesthesia
revealed: Ulcerative terminal ileitis. Ulcerative colitis with
total involvement.

On 19.09.2023, the patient was evaluated by a gas-
troenterologist. Diagnosis: Gastrointestinal GvHD? Pseu-
domembranous colitis? CMV colitis? Metronidazole ther-
apy was initiated. A positive result for Clostridium difficile
toxins was obtained.

On 25.09.2023, histological examination of the in-
testinal tissue showed: Colonic mucosa with ulceration,
increased apoptosis, crypt distortion, and loss. This
morphological pattern, taking into account the clini-
cal and anamnestic data, most closely corresponds to
GVHD with intestinal involvement (Grade IV according
to Lerner).

Thus, based on endoscopic findings, Clostridium dif-
ficile toxin positivity, and intestinal biopsy, two concur-
rent intestinal pathologies were identified: enterocol-
itis caused by Clostridium difficile infection and severe
intestinal GvHD. Clinical manifestations: Diarrhea up to
10 times per day, dark green mucous, mucous stool up
to 1,100 mL, nausea, multiple episodes of vomiting, and
abdominal pain requiring analgesia. Immunosuppres-
sive therapy: IV tacrolimus under serum level monitor-
ing. Frequent tramadol analgesia, symptomatic and syn-
drome-targeted therapy, and rectal mesalazine.

Treatment: On September 27, 2023, both EGD and
colonoscopy were performed under IV anesthesia.
Through the gastroscope, 50 mL of faecal microbiota
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was administered into the descending part of the du-
odenum; during colonoscopy, 150 mL was introduced
into the ileum. Starting from 20.10.2023, gradual clinical
improvement was noted: Decrease in diarrhea frequen-
cy to 1 - 2 times/day, stool became pasty and brown.
Pain resolved. Oral medication was resumed, and the
patient began self-feeding. Intermittent dyspeptic
symptoms persisted.

On 13.12.2023, the patient was hospitalized at the He-
matology Center in Karaganda. An assessment of chron-
ic GvHD activity was performed according to the criteria
of the U.S. National Institutes of Health (NIH, Consensus
Conference, 2014) [2]: ECOG - 2 points.

Skin: focal hyperkeratosis, peeling, dry skin syndrome
- notincluded in score — 0 points.

Eyes: occasional dryness without visual impairment;
uses drops as needed (Natural Tears/Dexatobrom) — 1
point.

Gl tract: nausea, vomiting once daily, stool twice daily,
pasty without pathological impurities — 2 points.

Figure 3 — Faecal microbiota transplantation into the

Results: Patient T., 43 years old, diagnosed with myelod-
ysplastic syndrome, underwent allogeneic BMT. Post-trans-
plantation, her condition worsened: febrile fever, diarrhea,
hypotension, and severe neutropenia. Sepsis caused by
Staphylococcus epidermidis was diagnosed, followed by se-
vere diarrhea due to Clostridium difficile and subtotal pseu-
domembranous colitis. Intestinal GvHD developed, con-
firmed endoscopically and histologically (Grade IV).

Due to worsening condition, pronounced dysbiosis,
and failure of conventional therapy, FMT was performed.
The procedure was conducted on 27.09.2023, using a
combination of: 50 mL via EGD and 150 mL via colonos-
copy (Figures 3 and 4).

In the following days, marked positive dynamics were
observed, including normalization of temperature, a pro-
gressive reduction in stool frequency, full normalization of
stool characteristics, and laboratory improvements (leuko-
cyte recovery, decreased C-reactive protein, and platelet
stabilization). Detailed dynamics of clinical and laboratory
parameters are presented in Table 1.

Figure 4 — Faecal microbiota transplantation into the

duodenum lumen colon lumen
Table 1 - Dynamics of Clinical and Laboratory Parameters
g o @ -
O~ = = =
& £3 | E_ | 22 2 8
Date Event / Condition 59 1<) oOR °> £ = Notes
S == 5= i o S
€ o~ (0] o — o o
g — z O
31.08.2023 |Hospitalization 37.5 1.2 38 12 102 +++  |Anemia, hepatosple-
nomegaly
14.09.2023 [Sepsis (Staph. epidermidis) 39.2 0.8 25 250 +++ Hypotension
24.09.2023 |Clostridium difficile infection 38.7 11 40 10 198 ++++ [Pseudomembranous
(CDI) enterocolitis
25.09.2023 |Diagnosis: Intes-tinal GvHD, 38.4 1.3 42 9 175 ++++  |Enteritis, ulcers, GIT
Grade IV involvement
27.09.2023 |FMT (IV and endoscopic 37.8 1.7 48 20 132 ++ FMT via EGD and
administration) colonoscopy was ad-
ministered
30.09.2023 |Improvement after FMT 371 2.4 55 45 84 + Improved appetite and
general condition
10.10.2023 |Reactivation of CMV 37.9 21 50 60 98 - CMV: 6.5 x 102 IU/mL
infection

Note: CMV - cytomegalovirus; EGD - esophagogastroduodenoscopy; CRP - C-reactive protein; GIT - gastrointestinal tract; GvHD - graft-versus-

host disease; FMT - faecal microbiota transplantation
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The timeline of disease progression is presented in Table 2.

Table 2 - Timeline of faecal microbiota transplantation in a patient with myelodysplastic syndrome and graft-
versus-host disease with intestinal involvement and Clostridium difficile infection

[arta Event Note / Diagnosis

2012 Disease onset Appearance of bruises

27.06.2018 | Immunophenotyping PNH clone detected: monocytes 2.81%, granulocytes
1.95%, total 1.43%

05.07.2018 | Bone marrow histology Hypoplasia of the megakaryocytic line-age

16.07.2018 | Bone marrow histology Suspected myelodysplastic syndrome

02.08.2018 | FISH (5q) Negative result

July 2018 Diagnosis confirmed: “Myelodysplastic syndrome, hypoplastic variant with PNH clone, without hemolysis”

12.10.2022 | FISH (7q) No 7q deletion or monosomy 7 detected

17.05.2023 | Hospitalization at NROC Pre-transplant evaluation, planned ritux-imab therapy

18.05.2023 | Bone marrow aspiration and myelogram Hypoplasia, dysplasia, blasts — 2.4%

22.05.2023 | Rituximab administration 375 mg/m?, two weeks before condition-ing

13.06.2023 | Tacrolimus initiated GvHD prophylaxis

14.06.2023 | Haplo-BMT after conditioning Donor — son, Bu+Flu, CD34 — 6.1 mil-lion/kg

31.08.2023 | Emergency hospitalization at NROC Diarrhea, gastric ulcer, suspected GIT GvHD

05.09.2023 | Prednisolone started 0.5 mg/kg. Diarrhea up to 750 mL, dys-pepsia

11.09.2023 | Methylprednisolone started 1 mg/kg. GIT GvHD - clinical symptoms persist

18.09.2023 | Methylprednisolone discontinued, tacrolimus continued; Ulcerative ileitis, ulcerative colitis (total involvement)

colonoscopy performed

19.09.2023 | Diagnosis clarification, Metronidazole therapy started Clostridium difficile confirmed

25.09.2023 | Intestinal histology Grade |V intestinal GvHD per Lerner

27.09.2023 | Faecal microbiota transplantation performed 50 mL — duodenum, 150 mL — ileum

20.10.2023 | Clinical improvement noted Diarrhea reduced to 1 - 2 times/day, mushy stool, pain
syndrome resolved

13.12.2023 | Hospitalization at Hematology Center, Kara-ganda; NIH criteria: ECOG 2; eyes — 1 point; GIT — 2 points; skin — 0

evaluation of chronic GvHD points

26.11.2024 | Hospitalization at NROC, general condition evaluation NII_-|tcriteria: ECOG 1; eyes — 1 point; GIT — 0 points; skin — 0
points

29.11.2024 | Patient discharged with improvement for outpatient follow-up at the place of residence.

Note: GIT — gastrointestinal tract; BM — bone marrow; NROC - National Research Oncology Center (Astana, Kazakhstan); PNH - paroxysmal
nocturnal hemoglobinuria; GVHD - graft-versus-host disease; BMT — bone marrow transplantation; FMT - faecal microbiota transplantation;
CMV - cytomegalovirus; EGD - esophagogastroduodenoscopy; NIH - U.S. National Institutes of Health

Discussion: Graft-versus-host disease (GvHD) remains
one of the leading causes of adverse outcomes follow-
ing allo-HSCT. When the gastrointestinal tract is affected
- especially in steroid-resistant cases — the risk of fatal out-
comes increases significantly, necessitating the search for
new therapeutic approaches.

Faecal microbiota plays an important role in regu-
lating the immune response and maintaining the barri-
er function of the mucosal lining. In patients with GvHD,
particularly in the context of immunosuppression and
antibiotic therapy, severe dysbiosis develops, character-
ized by the loss of beneficial commensal bacteria, which
worsens the disease course and reduces treatment effec-
tiveness [3, 4].

FMT helps restore microbial diversity, reduces pro-in-
flammatory cytokines, enhances the production of short-
chain fatty acids, and contributes to the restoration of in-
testinal epithelial integrity. Although data on the use of
FMT in GvHD remain limited in the literature, a Chinese
pilot study (Qi et al., Suzhou, 2018) on steroid-refracto-
ry acute intestinal GvHD included eight patients who re-
ceived FMT. All patients showed significant improvement,
including reduced stool frequency, pain resolution, and
restoration of microbial flora, with none of the procedures
causing serious side effects [5]. Additionally, a review pub-

lished in Biology of Blood and Marrow Transplantation
(2019) described several cases in which FMT “cured” ster-
oid-refractory intestinal GvHD [6].

Thus, accumulated clinical observations, including the
presented case, confirm the safety and potential efficacy
of this method in this patient population.

It is essential to emphasize the importance of strict
adherence to safety protocols when selecting a donor,
performing infection screening, and preparing biologi-
cal material, particularly in immunosuppressed patients.
Multidisciplinary management is essential for such pa-
tients, involving gastroenterologists, infectious disease
specialists, and hematologists.

Conclusion: This clinical case demonstrates the success-
ful application of FMT in treating severe post-transplant
dysbiosis. The observed clinical improvement supports
the theoretical rationale for using FMT as adjunctive ther-
apy in immune-mediated gastrointestinal diseases, includ-
ing GvHD. The described case highlights the importance of
an individualized approach and opens new perspectives
to introduce FMT into clinical practice in oncohematology,
particularly in intestinal GvHD. However, randomized con-
trolled trials are necessary to determine the efficacy, opti-
mal regimen, frequency of procedures, and long-term safe-
ty of FMT in immunocompromised patients.
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The successful experience of using FMT in a patient with
GvHD and MDS demonstrates the potential of the meth-
od to expand its indications beyond CDI. Further studies in-
volving a larger number of patients are required to assess
the efficacy and safety of FMT under conditions of immu-
nosuppression.
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MMUEJIOAUCTIIACTAKAJIBIK CHHAPOMMEH JKOHE IIEK 3AKBIMJIAHYBIMEH
"KYPETIH «TPAHCILIAHTATTBIH MECTHE KAPCBI PEAKIIUSACHI» BAP,
KJOCTPUIUAJIBIK MHOEKIIMAMEH IAKBIPBLIFAH SHTEPOKOJIMTIIEH
KATAP ’KYPETIH HAYKACKA ®EKAJIbJbI MUKPOBAOTA
TPAHCILIAHTALASICHIH KYPII3YIIH COTTI TOKIPUBECI:
KJIWHUKAJIBIK KAFIAN

K.Y. Bamuwipoexos', A.A. Fanuaxoaposa', B.M. Kemaixun', A.C. Cyneiimenosa', A.B. Konecnes'
LYNTTBIK FbINbIMM OHKONOTMANBIK OpTanblk» XLUC, AcTana, Ka3akcTaH Pecny6nukace!

O3ekminizi: Hoowcic mukpobuomanvl mparcniaumayusnay (HMT) — Oyn kanvinmsl MUKpogiopanvl KainviHa Keamipy yuin cay
00HOpOan nayuenmke iwex Mazmynvin bepy. Mamepuanoa naiioansl 6akmepuanap, CayblpayKkyiaKkmap, anmuoenenep, npeouomuxmep
Jicone backa buonozuanvlk dencendi komnonenmmep oap. Ey muimoi HMT xaiimananamuvin Clostridium difficile ungexyuscvinoa
KONOAHbLIaA0bl, Oy Bankomuyun cuagmol 0oCmypii eMMeH CAlblCmblp2aHod dHaKchl Homuce Kopcemedi. 3epmmeynep cOHbIMEH
Kamap iwexmiy KaObIHy aypyiapoii, cemizoikmi, MemadonuKaiblk CUHOPOMObL JHCOHE ACKA3AH-IUEK JHCONOAPLIHbIY QYHKYUOHATIObIK
oysviavicmapuin emoeyoeei HMT oneyemin kopcemeoi. Coyavl scwindapel 6yn o0ic keyinen Kadbvlioanowl scone Clostridium difficile-
O0e MyMKiH 601ambiH OIpiHWT Kamapoaavl mepanus peminoe KapacmulpulLiobl.

3epmmey maxcamot — Mueiooucniacmukaiblk, CUHOPOMbL 6ap JHcoHe TueK 3aKbIMOAHYbl 6ap MPAHCHAGHMAMMbIY UeCiHe Kapcbl
pearyuscol (THKP) 6ap naykacma noxcic Mukpoobuomacvin mpancnianmayusiayobly aieauikbl COMmi KAUHUKAbIK MOXHCIPUOECIH YCbIIY.

AQoicmepi: Muenooucniacmukanvlx cuHOpom Ywiin cyllek Kemiein annocenoi mpancnianmayusniayoan emxen 46 dcacmasol
HAyKacmuly KAUHUKAAIK, Jrcaz0aiivl  cunammanean. Tpancnianmayusoan Keuinei epme Keseyoe HAYKACMA ACKA3AH-IuleK
gicondapwinwly Kamoicyvimen THUKP ayvlp xepinicmepi naiida 6010bl: ayvlp ouapes,, iuwtmiy ayvblpybl, CAIMAK JHCO2AIMYy, OUcoOuo3
benecinepi scone Kopekmix 3ammapoviy sxcemicneywinici. Cmepouomepmen muimMciz mepanuaoan sxHcome oemeyuli KymiMHeH Kellin
MYKUsIm manoaizan 0OHOPAbIK Mamepuaiovl navoarana omoipuin, HMT acypeizy mypansl wewim Kadwvlioanobl.

Homuboicenepi: HMT npoyedypacvl KIuHUKALLIK MYpablOaH commi emmi. OipHeute KyH iuiHoe Hcaansl #a20atiobly HeaKcapyul,
OUapesiHbly aAyblpIbl2bIHbIY MOMeHOeYl, 0eHe CANMA2biHbIY MYPAKMAaHybl Hcone mobemmiy KaanviHa kenyi Oaikanowvl. luiexmiy
WelpblUmsl KaOvleblH SHOOCKONUSIBIK JHCOHE 2UCMON0LUANLIK 3epmme)y KabvlHy o32epicmepiniy momenoeyin pacmaodvi. HMT-0en
KelUin ewKanoal Heanama scepuep, AcKblHyaap nemece xeyienik ungexyus denzinepi mipkeneer Hcox.

Kopvimuinow: byn sicazoaiioa HMT-nol commi Kon0auy iuiekmiy KamulCyblMeH, ocipece aypyowly cmepouomepee mo3iMoi
mypaepinoe mpancniaHmammeoly uecine Kapcovl peakyusacblHOd KOCbIMULA eMOIK Kypaa peminoe 90icmiy oneyemin kepcemeoi.

Tyuinoi co30ep: Hooxcic muxpobuomanwt mpancnianmayusnay (HMT), iwex mukpobuomacwl, MueioOucniacmuKkaiblk CUHOPOM,
mpaucnianmammuly uecine Kapcuvl peaxyusicol (TUKP), oucouos.
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BBbI3BAHHbIM KﬂOCTPHI[HéﬂLHOfI @HQEKHHEﬁ:
KIMHUYECKHUHU CJIYYAHU

K.Y. Bamubipoexos', A.A. Fanuaxoaposa', B.M. Kemaiikun', A.C. Cyneitmenosa', A.B. Konecnes!
1700 «HavmoHanbHblii HayuHblit OHKONOrMYECKIiA LEHTP», T. AcTaHa, Pecny6nmka KazaxcTau

Axmyanvrocmo: Tpancnaianmayus gexanvroi mukpobuomol (TOM) — 3mo nepenoc KumeuHo2o cooepicumo2o om 300P08020
00HOpa nayuenmy Ois 60CCMAHOBICHUS HOPMALbHOU MUKPOo(aopsl. Mamepuan cooepacum nonesuvie bakmepuu, pubku, anmumend,
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npebuomukuy u opyaue Ouosoeutecku axkmuguvie komnonenmol. Haubonee sgpghexmusno TOM npumensemcs npu peyuousupyroueii
unpexyuu Clostridium difficile, noxazvieas iyuiue pe3yibmamol no CpagHeHUI0 ¢ MPAOUYUOHHBLM ICYSHUEM, HANPUMED BAHKOMUYUHOM.
Hccneoosanus makoice ykaszwvigarom na nomenyuan TOM 6 mepanuu ocnanumenvHvix 3a001e6aHUL KUUEYHUKA, OICUPEHUS,
Memaboauueckoeo cunHopoma u @yHkyuonanrvuvix Hapyuwtenuti JKKT. B nocnednue 20061 mMemoo noayuun wupokoe npusHawue u
pacemampueaemcst Kaxk 603moxcnas mepanus nepeoul aunuu npu Clostridium difficile.

ILlenv uccnedosanus — npedcmagums nepevitl 6 Kasaxcmane ycnewHolli KAUHUYECKUT ONbIM MPAHCHAAHMAYUY (DEKATbHOL
MUKPOOUOMbL y NAYUEHMA ¢ MUETOOUCHIACMULECKUM CUHOPOMOM U PeaKyuell « Mpancnianmam APomue X035UHay ¢ nopaicenuem
KUMEYHUKA U KIOCMPUOUATbHOU UHpeKyuell.

Memoowi: Onucan kiunuveckuil ciyuai 43-1emneeo nayuenma, neperecuieco 2anioudeHMuYHyI0 Mmpancnianmayuio KOCmHo2o
MO32a MO NOBOOY MUENOOUCHIACTNULECKO20 CUHOPOMA. B pannem nocmmpancnianmayuoHHomM nepuooe y NaAyueHma pa3euiuch
msHCENble NPOSIGNIEHUS] PeaKYUY «MPAHCIIAHMANM NPOMUE XO3AUHAY C NPEUMYUCCMEEHHIM NOPANICCHUEM JiCeNYOOUHO-KUULEUHO2O0
mpakma: ewlpasicennas ouapesi, 6016 6 JcuUome, NOMepsi MACCbl Mmend, NPU3HAKU OUcoUo3a u HYmpumueHol HeoOCMAamo4HOCmu.
Tlocne HeaghpexmusHou mepanuu cmepoudamu u HOOOEPACUBAIOWUMU CPEOCBAMU ObLIO NPUHAMO pelieHue o npogedenuu TOM c
UCNONIb308AHUEM MUAMENLHO OMOBPAHHO20 OOHOPCKO20 MAMePUudd.

Pezynomamut: [Iposedennas npoyedypa TOM oxazanace KIuHUYeCKu YCReUHO: 8 MedeHUue HeCKOIbKUX OHell OMMeUeHO YIyylieHue
00e20 cocmosinusl, CHUICEHUE 8bIPAIICEHHOCMU Ouapeu, cmaduiu3ayus Maccsl meid, 60CCMAHOGIeHIe annemuma. DHOOCKONUYecKoe
U 2UCMON02UYeCKOe UCCIe008aHIe CAUZUCTION KUMUEUHUKA NOOMBEPOUNIO CHUIICEHUEe 0CNAIUMENbHbIX UsMeHenull. Hukakux nobounsix
aghpexmos, ocrodcHeHUll unu NPUHAKo8 cucmemuol ungexyuu nocie TOM ne 3apurcuposato.

3akniouenue: Yenewnoe npumenenue TOM 6 0annom ciyuae demoncmpupyem nomenyuai OaHH020 Memooa Kaxk 00NOJHUMEIbHO20
mepaneemuiecko20 UHCMPYMeHma npu HAAUNUL PeaKyuu KMpPaHCniaHmam npomue X03aunay ¢ NOpadCeHuem KUeuHuKd, 0CoOeHHO
npu cmepoud-pe3ucmenmusLx popmax 3a601e6anusl.

Knioueeswle cnosa: mpancnianmayus gpexanvhou muxpoouomot (TOM), kuweunas Mukpobuoma, Mueio0UCniacmuieckuti CUHOPOM
(MJIC), peaxyusa «mpancnaianmam npomus xosaunay (PTIIX), oucouos.
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ABSTRACT

Relevance: Gastric cancer remains a significant medical issue due to its high incidence and mortality rates. Hybrid imaging
techniques, including positron emission tomography/computed tomography (PET/CT), play an important role in the diagnosis of
malignant tumors, including gastric cancer. The development and clinical evaluation of radiopharmaceuticals used in oncology
continues to advance.

The study aimed to evaluate the diagnostic capabilities of PET/CT using fibroblast activation protein inhibitor labeled with
gallium-68 ([**GaJFAPI-PET/CT) in gastric cancer.

Methods: This review includes data from 8 clinical studies (both prospective and retrospective) comparing the diagnostic
performance of [**Ga]FAPI-PET/CT and fluorodeoxyglucose labeled with fluorine-18 ([*FJFDG) in patients with histologically
confirmed gastric cancer. The number of patients in the studies ranged from 13 to 112, totaling 379 patients. The parameters analyzed
included maximum standardized uptake value (SUVmax), tumor-to-background ratio (TBR), and the sensi-tivity in detecting primary
gastric tumors, as well as lymph node and peritoneal metastases.

Results: According to multiple clinical studies, [**Ga]FAPI demonstrated higher SUVmax and TBR values compared to [F]FDG,
especially in the visualization of diffuse, mucinous, and signetring cell histological subtypes of gastric cancer. This is associated with
strong expression of FAP in the tumor stroma, enabling effective tracer accumulation in affected areas. Furthermore, [**GaJFAPI-PET/
CT showed higher sensitivity in detecting primary gastric lesions (100% vs. 53%), lymph node metastases (79% vs. 54%), and peritoneal
metastases (96% vs. 55%) compared to [*FJFDG-PET/CT. In 11-67% of patients, the use of [*Ga]FAPI-PET/CT led to a change in tumor

staging and influenced the formulation of an individualized treatment plan.

Conclusion: [*Ga]FAPI-PET/CT demonstrated greater diagnostic performance compared to [*F]JFDG-PET/CT in staging gastric
malignancies, particularly in histological subtypes with low glycolytic activity. The method offers superior sensitivity and visualization
of peritoneal, visceral, and lymphatic metastases, playing a crucial role in determining treatment strategies.

Keywords: gallium-68 labeled fibroblast activation protein inhibitor ([**GaJFAPI), gastric cancer (GC), positron emission
tomography/computed tomography (PET/CT), cancer staging, fibroblast activation protein (FAP).

Introduction: According to GLOBOCAN 2022, gastric
cancer (GC) remains one of the leading causes of can-
cer-related mortality worldwide, ranking fifth in terms
of the number of new cases and deaths among all ma-
lignant neoplasms (MNs). It is estimated that in 2022,
968,784 new cases and 660,175 deaths related to this pa-
thology were recorded, indicating that gastric cancer is
one of the most prevalent types of oncological diseases
[1]. Gastric MNs have risk factors, most of which are im-
mutable characteristics [2].

The diagnostics of gastrointestinal MNs is conducted
using standard imaging methods, such as radiographic
examination, ultrasound (US), computed tomography (CT),
magnetic resonance imaging (MRI), and positron emis-
sion tomography (PET) [3]. Each method has its advantag-
es and limitations, including in assessing the extent of the
malignant process [4].

Modern approaches to the diagnostics and staging
of GC require high sensitivity, specificity, and reproduci-
bility [5]. An important aspect of the diagnostic process
remains hybrid imaging methods, particularly positron

emission tomography/computed tomography (PET/CT)
with the radiopharmaceutical (RPh) 18-fluorodeoxyglu-
cose (['®FIFDG). However, the informativeness of this
method is significantly reduced in cases of mucinous,
poorly differentiated, and undifferentiated tumors [6].
One of the reasons for this is the low glucose metabolism
in some histological subtypes of gastric tumors, which re-
sults in insufficient accumulation of ['®F]FDG for their de-
tection [7]. Fibroblast activation protein (FAP), expressed
in cancer-associated fibroblasts (CAF), plays a key role in
remodeling the tumor microenvironment, invasion, and
metastasis [8, 9]. FAP belongs to the family of dipeptidyl
peptidases and has enzymatic activity involved in the re-
modeling of the extracellular matrix, contributing to the
progression and invasion of epithelial tumors [10]. In 90%
of all epithelial-origin tumors, increased FAP expression is
observed [11]. Given that the tumor stroma can predom-
inate in the structure of the neoplasm, targeted imaging
of its components, such as activated fibroblasts, repre-
sents a more sensitive alternative compared to the visu-
alization of tumor cells alone [12]. The RPh fibroblast ac-
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tivation protein inhibitor labeled with gallium-68 ([*®Ga]
FAPI), developed as a high-affinity ligand to FAP, demon-
strates a high degree of accumulation in most MNs, in-
cluding gastric MNs. It has high affinity to FAP, rapid clear-
ance from the blood, and low nonspecific accumulation
in normal tissues [13]. [*®Ga]FAPI has become widely used
in oncological imaging following the demonstration of
its high affinity to FAP and its potential for radiolabeling
for PET diagnostics [14]. Experience with the use of [*®Ga]
FAPIin patients with other solid tumors, including thyroid
tumors, confirms its universality and high diagnostic ef-
fectiveness [15]. Studies have also shown widespread ac-
cumulation of FAPI in patients with various solid tumors,
including gastrointestinal tumors [16]. [*®Ga]FAPI-PET/CT
has demonstrated clinical significance in planning radi-
ation therapy and delineating the radiation volume [17].
Aggregated data confirm the high safety of [*®Ga]FAPI
and its high accuracy in visualizing gastrointestinal tum-
ors [18]. It should also be noted that the accumulation of
[°®Ga]FAPI is independent of the glycolytic activity of the
tumor, making it particularly useful for signet-ring cell tu-
mors of the stomach and other forms with low glucose
metabolism [19]. Several studies have shown that [**Ga]
FAPI has advantages in detecting peritoneal metastases
and metastatic lymph nodes, as well as in identifying ear-
ly disease recurrence after treatment [20]. Peritoneal me-
tastases are the most common form of spread in GC and
are responsible for nearly half of the mortality cases, high-
lighting the need for accurate methods to detect them at
early stages. Additionally, [**Ga]FAPI has proven effective
in diagnosing tumors with low glucose metabolism and
in cases with negative ["*FIFDG-PET/CT results [21]. Thus,
[*®Ga]FAPI is a versatile tool for imaging the tumor mi-
croenvironment and staging the tumor [22].

The study aimed to evaluate the diagnostic capabil-
ities of PET/CT using fibroblast activation protein inhibi-
tor labeled with gallium-68 ([°®Ga]FAPI-PET/CT) in gastric
cancer.

Materials and Methods: This study includes the results
of 8 prospective and retrospective clinical studies pub-
lished between 2018 and 2024, focusing on the compari-
son of diagnostic efficacy between [*®Ga]FAPI-PET/CT and
['"®*FIFDG-PET/CT in patients with confirmed gastric cancer
(GCQ). The search was conducted in PubMed, Scopus, Web
of Science, and Google Scholar databases using the follow-
ing keywords: “68Ga-FAPI", “PET/CT”, “gastric cancer”, “fi-
broblast activation protein”. Inclusion criteria for the pub-
lications were: histological confirmation of the diagnosis,
performance of both [*®Ga]FAPI-PET/CT and ["®FIFDG-PET/
CT, reporting of maximum standardized uptake value (SU-
Vmax) and tumor-to-background ratio (TBR), indication
of TNM stage, and data on the impact of the method on
treatment strategies.

Standardized PET/CT protocols were used in all includ-
ed studies: intravenous injection of RPh, a field of view

from the head to the upper third of the thighs, and hybrid
PET/CT imaging.

Effectiveness of imaging was assessed by comparing
SUVmax and TBR between [**Ga]FAPI and ["*FIFDG in pri-
mary lesions, lymph nodes, and metastatic sites.

Results: An analysis of the results from 8 prospective
and retrospective clinical studies allowed for a compre-
hensive overview of the existing evidence. Table 1 pre-
sents the clinical and methodological parameters of stud-
ies on the use of [*®Ga]FAPI-PET/CT in gastric cancer.

Study Design. 5/8 sources included in the review de-
scribe prospective studies, which enhances the evidence
strength of the presented results. 3/8 studies followed a
retrospective design, which potentially increases the risk
of systematic errors and biases related to data selection
and the lack of control over variables. Sample size varied
from 13 patients [19] to 112 patients [3].

Indications for [*®Ga]FAPI. The indications to perform
[°®Ga]FAPI-PET/CT were staging, restaging, diagnostics of
['®FIFDG-PET/CT negative cases, visualization of specific
histological subtypes, and peritoneal metastatic lesions.
These indications highlight the expanding clinical use of
[*®*Ga]FAPI beyond standard diagnostics.

Patients (n). A total of 8 clinical studies with 379 patients
were included. Larger samples (e.g., S. Zhang [3], Y. Sun [7])
allow for statistically significant conclusions, while smaller
series focus on more specialized subtypes.

Activity. The RPh activity used in the studies ranged
from 1.11 to 2.96 MBqg/kg. In 2 out of 8 studies, the ac-
tivity was between 1.11-1.85 MBg/kg, in 2 studies it was
1.85 MBg/kg, in 2 studies it ranged from 1.8 to 2.2 MBg/kg,
and one study used [**Ga]FAPI activity in the range of 2.0-
2.5 MBqg/kg and 1.85-2.96 MBg/kg. The standard activity
dosage range is 1.8-3.7 MBq/kg.

Interval. This parameter indicates the period from the
intravenous injection of the RPh to the PET/CT scan. In 7
out of 8 studies, this interval was 60 minutes, and in 1 out
of 8 studies, the PET/CT scan was performed between 60
and 90 minutes after the RPh injection.

Stage Correction. The highest frequency of stage mod-
ification was noted in the study by A. Selcuk [18], 2025,
which was 67%, potentially related to the selection of pa-
tients with ["*FIFDG-negative tumors. Similarly, a high per-
centage of stage progression was observed in the studies
by J. Kuten [19], 2022 (38.5%), and Z. Shumao [20], 2022
(27.9%). The lowest frequency of stage correction, 5.8%,
was observed in the study by Y. Sun [7], 2024, which can
be attributed to the prevalence of signet-ring cell and mu-
cinous subtypes of gastric MNs with high FAPI accumula-
tion, but without significant revision of the TNM stage.

Treatment Adjustment. The performance of [*®Ga]FA-
PI-PET/CT also impacted treatment strategies. In 4 out of
8 studies where this parameter was specifically tracked,
changes in therapy ranged from 12.9% [4] to 67% [18]. In
the study by S. Zhang, the proportion of therapy adjust-
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ments was 17.9%, confirmed by the decision of a multidis-
ciplinary team [3].

Table 2 presents a comparative analysis of [**Ga]FAPI
and ["®FIFDG in the visualization of gastric cancer (GC)
based on the data from 8 studies.

Table 2 provides a comparative analysis of the diagnos-
tic characteristics of [**Ga]FAPI and ['®FIFDG based on data
from 8 clinical studies. All studies included patients with
confirmed GC, including difficult-to-visualize histological
types such as signet-ring cell carcinoma (SRCC), mucinous
carcinoma (MAC), and diffuse adenocarcinoma types. In
some studies, the TBR value was not provided. In such cas-
es, the contrast between the tumor and background tis-
sues was calculated using the formula

SUVmax onyxoJu.

TBR = S vmean dom M
The average SUVmean value of the ascending aorta (SU-
Vmean=2.5) was used as the standard for background ac-
cumulation in evaluating the effectiveness of [**Ga]FA-
PI-PET/CT. Given the repeatability of these values in several
publications (e.g., [4, 6, 7]), the adopted value can be con-
sidered a reasonably acceptable benchmark for compara-
tive analysis.

The comparative analysis of the studies presented in
the table confirms a consistent advantage of [**Ga]FA-
PI-PET/CT over ["®FIFDG in terms of SUVmax and TBR in pa-
tients with GC, including aggressive histological subtypes
and cases with low glucose metabolism.

J. Kuten et al. demonstrated that the SUVmax for [*®Gal]
FAPI was 16.6, while for ["®F]FDG it was 11.6. The median
TBR value for [*®Ga]FAPI was 11.9, compared to 3.2 for ['*F]
FDG. These data were accompanied by 100% detection of
primary tumors using [*®*Ga]FAPI, while ["*FIFDG showed
only 50% sensitivity [17].

In the study by Y. Pang et al., the SUVmax for [*®Ga]
FAPI was 12.7, while for ['®F]FDG it was 3.7. The TBR was
also significantly higher for [*®Ga]FAPI, with ["*FIFDG
showing values of 7.6 versus 2.2. All tumors (n=20) were
visualized with [®3Ga]FAPI, while ["®FIFDG detected only
53%, emphasizing the limitations of ['*FIFDG in non-in-
testinal tumor types [8].

A. Selcuk et al. reported a primary tumor SUVmax of
14.8 for [**Ga]FAPI and 6.8 for ['®FIFDG. For peritoneal me-
tastases, the values were 6.9 and 3.3, respectively. The cal-
culated TBR for [*®Ga]FAPI was 5.92, while for ['*FIFDG it
was 2.72. [*®Ga]FAPI enabled stage modification in 30% of
patients [18].

In the study by S. Zhang et al., the average SUVmax for
primary tumors with [*®Ga]FAPI was 10.28 versus 3.20 for
["®*FIFDG. For metastatic lesions, the values were also high-
er for [*®Ga]FAPI: in lymph nodes, 9.20 versus 3.15, and in
distant metastases, 8.00 versus 4.20, respectively. Based
on our calculations, the TBR for [*®Ga]FAPI was 4.11, while
for ['®FIFDG it was 1.28. This allowed for stage modification
in 7 out of 25 patients [20].

D. Jiang et al. presented the most detailed compari-
son of SUVmax based on tumor size and T-stage: Overall
SUVmax: 7.4 ([*GalFAPI) vs. 6.5 (['®FIFDG); Tumors >4 cm:
11.0+4.5 ([°®Ga]FAPI) vs. 6.3+1.8 (['*FIFDG); T2-T4: 9.7+4.4
([°®Ga]FAPI) vs. 5.6+1.9 (['*FIFDG); T1: 3.1+1.5 ([*®Ga]FAPI)
vs. 2.7+0.9 (["*FIFDG); TBR: 9.2+5.9 ([*®Ga]FAPI) vs. 5.9+4.2
(["*FIFDG) [6].

Y. Miao et al. demonstrated the highest absolute SU-
Vmax among all studies: 18.81 for [**Ga]FAPI compared
to 10.44 for ['®*FIFDG, also confirming the superiority of
[*®Ga]FAPI across all stages and histological subtypes.
The TBR for [®®Ga]FAPI was 12.9 and 4.5 for ['®*FIFDG, re-
spectively [4]

Y. Sun et al. studied [**Ga]FAPI in patients with muci-
nous and signet-ring cell carcinoma (MAC/SRCC), showing
a primary tumor SUVmax of 9.3 for [*®*Ga]FAPI compared
to 3.1 for ["®*FIFDG. For peritoneal metastases, the values
were 6.9 and 3.3, respectively. The TBR calculation indicat-
ed that [*®Ga]FAPI (3.7) outperformed [*FIFDG (1.2). In the
study by Y. Sun et al., FAPI outperformed ["*FIFDG in sen-
sitivity for peritoneal and intestinal metastases. For peri-
toneal metastases, SUVmax was: 5.66+1.97 for [®3Ga]FAPI
versus 4.28+2.70 for ['®F]FDG, and TBR was: 4.22+1.47 for
[®®Ga]FAPI versus 1.41+0.89 for ['®F]FDG. For tumor im-
plantation into the intestinal wall, SUVmax for FAPI was
6.70+0.25, and for [®FIFDG it was 7.58+1.66, but the TBR
was still higher for [**Ga]FAPI (5.63 vs. 2.20) [7].

S. Zhang et al. provided the following values for [**Ga]
FAPI: SUVmax=13.6, TBR=5.44. For ["*F]FDG in this study,
SUVmax and TBR values were not provided [3].

Advantages. Table 2 reflects the qualitative parameters
highlighted by the authors of the original studies, and the
comparative analysis of these allows the assessment not
only of numerical parameters such as SUVmax and TBR but
also the practical significance of each method. In 5 out of
8 of the analyzed sources, a clear advantage of detecting
metastatic lesions was identified. The remaining studies
emphasize that [*®*Ga]FAPI-PET/CT provides a clear visual-
ization of primary gastric MNs, histological subtypes like
MAC and SRCC, and lymph nodes.

Discussion: FAP is expressed in the tumor microen-
vironment, particularly in activated fibroblasts, making
it a valuable target for stromal imaging [22, 23]. FAP ex-
pression in the microenvironment of gastrointestinal tu-
mors opens new opportunities for targeted visualization
of stromal components, particularly in clinical scenarios
where the effectiveness of conventional imaging modal-
ities, such as CT, MRI, and ["®F]FDG PET/CT, is limited due
to cirrhotic changes or high background activity in nor-
mal tissues [24]. Despite its high specificity, it is known that
FAPI can accumulate in areas of inflammation, trauma, and
IgG4-related diseases, which must be taken into account
when interpreting imaging results [25]. [**Ga]FAPI PET/CT
demonstrates superior contrast and faster clearance kinet-
ics, making it more suitable for use in frail patients [26]. The
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increased sensitivity of [**Ga]FAPI in detecting peritoneal
metastatic lesions is a critically important factor in surgical
decision-making, particularly concerning the need for lap-
aroscopy and the extent of surgical intervention [27]. FAP,
expressed by activated fibroblasts in the tumor microenvi-
ronment, has been identified as a key factor in tumor pro-
gression and has emerged as a promising target for the
development of next-generation RPhs [28].

In contrast to [®*FIFDG, which reflects glucose metabo-
lism, [*®Ga]FAPI accumulates more uniformly within the tu-
mor background and is effective in tumors with low gly-
colytic activity, such as mucinous adenocarcinoma and
signet ring cell carcinoma. Consequently, it can detect le-
sions that are poorly visualized by ["*FIFDG PET/CT [29].
Due to the low metabolic activity of ['*F]FDG and potential
physiological confounders, the method has certain limita-
tions in imaging specific subtypes of gastrointestinal tum-
ors, including MAC and SRCC [30].

In recent years, [*®Ga]FAPI PET/CT has demonstrated ex-
panding clinical utility in the diagnosis and staging of GC
[31]. Several studies emphasize its superiority over tradi-
tional imaging methods, including ["®*FIFDG PET/CT and CT,
particularly in identifying peritoneal metastases, region-
al lymphatic spread, and tumors with low glucose metab-
olism [32, 33]. The high reproducibility across different his-
tological tumor types, consistent uptake parameters, and
high selectivity of [**Ga]FAPI for tumor stroma underscore
its diagnostic value [34]. Systematic reviews and meta-anal-
yses confirm the superiority of [**Ga]FAPI not only in terms
of imaging performance but also in clinical relevance, from
more accurate staging to direct influence on treatment
strategies [35]. Furthermore, the use of [**Ga]FAPI is active-
ly discussed in contemporary clinical guidelines, including
national protocols in China, where it is considered a poten-
tial alternative to ["*FIFDG PET/CT [36]. Its integration into
preoperative diagnostics remains a promising direction, in-
cluding the detection of [®FIFDG-negative metastatic le-
sions, helping to avoid unnecessary surgical procedures
and improve therapy personalization. The two tables pre-
sented in this study summarize both methodological and
clinical parameters as well as the comparative diagnostic
advantages of [**Ga]FAPI relative to conventional [*FIFDG.

Aggregated data from eight studies demonstrated that
[°®Ga]FAPI PET/CT was used for initial staging and evalua-
tion of disease extent, including signet ring cell carcino-
ma, mucinous adenocarcinoma, and other diffuse forms of
GC. These histological tumor types are traditionally char-
acterized by low glucose metabolism, limiting the sensi-
tivity of ["*FIFDG PET/CT. In this context, FAPI shows an ad-
vantage by accumulating in the tumor stroma regardless
of the glycolytic activity of tumor cells. Notably, all stud-
ies employed standardized protocols (60-minute interval
post-injection, scan coverage from head to upper/mid-
thigh, PET/CT acquisition), ensuring data comparability.
Particular attention is given to “Treatment Correction.” In

7 out of 8 studies, the impact was quantified numerically
(ranging from 12.9% to 67.0%), where FAPI PET/CT findings
led to changes in treatment strategy, including the choice
between surgical and pharmacological approaches. In the
remaining cases, the impact was reflected in improved
staging, detection of peritoneal metastases, or clarifica-
tion of tumor resectability. These data indicate that [**Ga]
FAPI PET/CT functions not only as a diagnostic tool but also
as a patient management aid.

The second analytical section focuses on the compari-
son between [*®Ga]FAPI and ["*FIFDG. In all included stud-
ies, [°®Ga]FAPI outperformed ["®FIFDG in terms of SUV-
max and tumor-to-background ratio (TBR), primarily due
to lower physiological background in abdominal organs
when using [**Ga]FAPI. This is especially significant for vis-
ualizing: SRCC and MAC, which often yield false-negative
results on ["®FIFDG PET/CT: Peritoneal metastases, where
FAPI imaging enabled detection of lesions not visible with
conventional PET or CT; Metastatic and small-volume le-
sions, including lymph nodes and subserosal spread. To
date, ['®F]FDG PET/CT remains the imaging standard in on-
cology. However, in GC - particularly undifferentiated and
mucinous forms — its effectiveness is limited. In the review
by X. Liu et al., [*®Ga]FAPI PET/CT demonstrated 100% sen-
sitivity in detecting primary gastric tumors and 96% sen-
sitivity for peritoneal metastases, significantly surpassing
["®FIFDG, which showed 53% and 55%, respectively [37].

[°®Ga]FAPI also outperformed [®*FIFDG in detecting
lymphatic metastases, with sensitivities of 79% and 54%,
respectively [6, 38, 39]. [**Ga]FAPI exhibited rapid and se-
lective accumulation in the tumor microenvironment with
minimal background uptake, enabling high-contrast visu-
alization of peritoneal metastatic lesions [40]. These find-
ings underscore the advantages of FAPI for imaging tum-
ors with low glucose metabolism, particularly metastatic
lesions. Several studies consistently confirm that [*®Ga]FAPI
PET/CT improves the detection of malignant peritoneal in-
volvement, which is often difficult to diagnose using con-
ventional imaging methods [41, 42]. Additionally, the low
background activity associated with [**Ga]FAPI-04 provides
a clearer contrast between tumor and surrounding tissues
compared to ["*FIFDG, enhancing lesion visualization [43].

In all studies, [**Ga]FAPI demonstrated superiority in
SUVmax and TBR compared to ["*FIFDG. This was especial-
ly evident in difficult-to-visualize forms of gastric MNs and
in cases where ['®F]FDG yielded negative results [44].

Thus, [*®Ga]FAPI is a more sensitive imaging tool for
diffuse, mucinous, and metastatic disease forms. [*3Ga]
FAPI PET/CT for GC staging demonstrates high effective-
ness in detecting peritoneal metastases and histolog-
ically challenging tumor types [45, 46]. [*®Ga]FAPI has
proven to be an effective component of a comprehen-
sive therapeutic approach, facilitating optimized preop-
erative planning and objective assessment of tumor re-
sectability [47, 48].
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Its inclusion in clinical guidelines and research proto-
cols confirms its practical value and clinical promise [49,
50]. Further research should aim to explore the prognostic
significance of FAPI, its role in therapy monitoring, and the
potential therapeutic use of FAPI-based RPhs.

Conclusion: [**Ga]FAPI-PET/CT is a promising imag-
ing method for GC staging, demonstrating high accuracy
in detecting peritoneal metastases and difficult-to-diag-
nose tumor forms. This makes [*®*Ga]FAPI a valuable tool in
a multimodal approach to treatment. The potential of this
method is confirmed by its integration into clinical guide-
lines and research protocols.
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BGA-FAPI IIDT/KT-HbIH ACKA3AHHBIH KATEPJII ICITTHIH
JUNATHOCTUKACBIHAAFbBI MYMKIHAIKTEPI
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1«C.XK. AchenpmuapoB aTbiHAarbl Kasak ynTTbik MeauumHa yHusepcuteTi» KEAK, Anmatbl, Kazakctan Pecny6nukacs;
Z«Kananblk KnuHukanblk aypyxaxa N°g K 1Cb» XLUC, Anmarbl, KasakctaH Pecny6amnkach;
3«Ka3aK OHKoNOrs XaHe paAnonoria FolnbIMu-3epTTey UHCTUTYTbl» AK, Anmarsl, KazakctaH Pecny6nukace!

Ozexkminizi: Ackazannviy Kamepni (AK) iciei aypyuanovix nen oaim-acimiMOiniK Oeyeeiliniy rco2apvl OOLYbiHA O6AUIAHBLCIbL
MeOuyuHanvly 03ekmi moceneci 60avin maowinaowvl. I ubpuomi susyanusayus, consty iwminoe I[IT/KT kamepni icikmepoiy, conblMeH
xamap AK icieinHiy OuaecHoCMuKacvlHOa Maubl30bl OpblH anaovl. OHKOI02UA0A KOLOAHBIIAMbBIH PAOUODAPMAYESMUKATILIK,
npenapammapOobl 93ipiey HCoHe 3epmmey JHCYMbLCIMAPbL AHCAN2ACYOd.

3epmmeyoin maxcamol — ackazannviy kamepii icicinoe [**Ga]FAPI-TIDT/KT ouaznocmuxanvlk MymKiHOIKMepin 3epmmey.

Qoicmepi: 3epmmeyee eucmonocusnvik mypoe pacmanean AK iciei 6ap naykacmapea owcypeizineen [*Ga]FAPI-IIDT/KT
owcone [BFJFDG-TIDT/KT ouaznocmukaivlk KOpcemrimmepi caibiCmoulpMaibl acnekmioe 3epmmenzen 8 KIUHUKALBIK 3epmmeyoin
(npocnexmuemi Jcone pempocneKmuemi) Homuocesepi eneizinodi. 3epmmeynepoeci naykacmap cauvl 13-men 112-2e Oetiin, scannvi
canvl — 379 nayuenmmi gypaowvl. SUVmax, TBR monoepi, ackazannvly aizawksl iciein, 1umga myuinoepinoezi scone iwnepoeoezi
Memacmamuraiblk 3aKbIMOAHYO0bl AHLIKMAYOdabl Ce3IMMAan0blK Mail0aHObL.

Homuoicenepi: Bipkamap xaunukaivlk sepmmeynepoiy morimemmepi oouvinwa, [**Ga]FAPI eusyanuzayus xeszinoe [FJFDG-
MmeH canvicmoipeanoa dicozapovl SUVmax sicone TBR kopcemxiwmepin kepcemmi, ocipece oughyzovt, Myyuno30ul HCoHe UWblPbLULNbL
arcacywanvt AK socazoaunapvinoa. byn FAP akyvl3vlHblH iCIK CMPOMACHIHOA HCO2aPbl IKCAPECCUACHIMEH MYCIHOIPINeOl, Homudicecinoe
npenapam 3axvimoanzan owakmapoa muimoi ocunakmanaovl. Convimen xamap, [Ga]FAPI-IIDT/KT [YF]FDG-IIDT/KT-men
canvicmulpaanoa acKasanoaezovl anrzauksl icik owaxmapuin (100% xapcor 53%), aumepa myiindepinoeei memacmaszoapowvt (79%
Kapcol 54%) oicone iwnepoenix memacmaszoapowst (96% xapcol 55%) eusyanuzayusiayoa sxcozapel cezimmanovlk kopcemmi. [*Gal
FAPI-TIDT/KT sepmmeyinen reiiin naykacmapowvly 11-67%-vinoa icik npoyeciniy camviCbl HAKMbLIAHBIN, eM HCOCRAPbIH 0apailay
MYMKIH 60N10bL.

Kopvoimoinovr:  [**Ga]FAPI-TIDT/KT ooici  [PFJFDG-IIDT/KT-men  canvicmoipzanda AK — camviianovipyoa anazypibim
aknapammuliblabl Jco2apbl 6010bl, Icipece AUKOAUMUKANBIK Memaboausmi moemen icik eucmomunmepi dcazoaivinoa. byn odic
iwnepoenix, uCyepanloblk HeoHe TUMPO2eHOIK Memacmazoapovl Hco2apvl Ce3IMMALObIKNEH AHbIKMay2d MyMKIHOIK 6epedi dcone
emoey makmuKaculi aHbIKMayoa Mansl30bl po AmKapaobl.

Tyuindi ce3dep: @ubpobracmmapooiy 0OelceHOeHy aKyvisbiHbly medceziui, eanrnuti-68-wen manbaranean ([*Ga]FAPI),
ackazan obvipvl (AK), nosumpou-smuccusnvis momoepagus/xomnviomepnix momoepapus (IIDT/KT), xamepni icik camuvicol,
Gubpobracmmapoviy bencenoeny axyvisol (FAP).

AHHOTALUA

JUATHOCTHUYECKUE BO3MOKHOCTHU 68GA-FAPI IIDT/KT ITPU PAKE KEJIYAKA
A.A. Manc', ZK.K. Kakenosa', .M. Myxum', E.3. Amanmaiieé*, ’K.M. Amankynog*

THAOQ «Ka3axckuii HawmoHanbHblit MeAMUUHCKNiA yHuBepcuTeT um. C. [l AchenanspoBar, Anmarbl, Pecny6nnka Kasaxcras;
2100 “Topoackas KnuHuueckan 6onbHuwa N°g Y03, Anmarbl, Pecnybnuka Kasaxcrah;
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Axmyansnocme: Pax owcenyoka (PXK) sasnaemcsa axmyanvHoli npobnemoll MeOuyunsvl, 6 C8A3U C BbICOKUMU NOKA3AMENAMU
sabonesaemocmu u cmepmuocmu. I'ubpuoHan 6u3yanu3ayus, 6 Mom yucie nO3UMpOHHO-IMUCCUOHHA MOMOZPADUA/KOMNLIOMEPHAL
momoepagpus (IIT/KT), umeem sasxcnoe 3nauenue 6 OUa2HOCMUKe 3710Ka4ecmseeHHblx onyxonel, exniodas PIK. Paspabomka u usyuenue
603MONHCHOCHIEU PAOUODAPMIPENAPAmMos, NPUMEHAEMBIX 8 OHKOLO2UU, NPOOOIHCAIOMCAL.

ILlenv uccnedosanusn — usyyums ouaznocmuyeckue gosmoxcnocmu [OT-KT ¢ npumenenuem uneubumopa 6eika axmuayuu
¢ubpodracmos, meuennoeo earnuem-68 ([68Ga]FAPI-IIDT/KT) npu pake scenyoxa.

Memoowi: Ilposedeno cpasnerue pe3yibmamos 8 KAUHUYECKUX NPOCHEKMUBHBIX U PEMPOCHEKMUBHBIX UCCIEO08AHUT, 8 KOMOPbIX
npugedenwvt ouacnocmuyeckue noxazamenu I[I9T/KT ¢ npumenenuem uneudumopa benxka axmusayuu @Gubpobiacmos, meueHHo2o
eannuem-68 ([68Ga]FAPI-IIOT/KT) u ¢mopoesoxcueniokosvl, mevennot ¢pmopom-18 (['SFJFDG-IIDT/KT) npu eucmonozuvecku
sepupuyuposanrom P)K. Konuvecmeo nayuenmos 6 ucciedosanusax 6vino om 13 0o 112 nayuenmos, obujee Koauvecmeo cocmasuio —
379. [IpoananuzupogaHnuvl 3Ha4eHUs MaKCUMAIbHO20 cmanoapmu3zosaniozo nakonaenus (SUVmax), omnowenus onyxonu k ghony (TBR),
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YYBCBUMETLHOCHL OOHAPYICEHUU NEPBULHO20 04a2d 8 JiceNyOKe, d MAKICe MeMACmamuieckux UsMeHeHull 8 AUMPamuieckux y3uax
u bprowune.

Pesynemamui: Cocnacho OaHHbIM NPOAHANUSUPOBAHHLIX KAUHUYecKux uccaedosanutl, [68GaJFAPI npooemoncmpuposan
bonee gvicoxue 3navenuss SUVmax u TBR no cpasuenuio ¢ [ISFJFDG, ocobenno npu suzyanuzayuu Ou@@ysnuix, MyyuHosHuix u
nepcmuesuorHokiemounvix opm PXK. Dmo ceasano ¢ evipasicennoul sxcnpeccueti FAP 6 onyxonesom cmpome, umo obecneuusaem
apppexmusnoe naxonnenue npenapama 6 nopasicénnvix yuacmiax. Kpome mozo, [68Ga]FAPI-IIDT/KT xapaxmepu3syemcs 6onee 8b1cokol
Y4YBCMBUMENTLHOCTBIO NPU U3YATU3ayuY nepeuynslx ovaeos PXK (100% npomue 53% ons [18F]FDG-II9T/KT), memacmamuyeckozo
nopasicenus aum@pamuveckux y3nos (79% npomue 54%), nepumoneanvuvix memacmamuieckux ouazos (96% npomus 55%). ¥ 11-67%
nayuenmog nposeoenue [68Ga]FAPI-TIDT/KT noseonuno ymounums cmaouro onyxoneeo2o npoyecca u nogausio Ha Gopmuposanue
UHOUBUOYANLHORO NIAHA NeHUeHUs.

3akniouenue: Ipumenenue [68Ga]FAPI-TIDT/KT nokazano 6onee gvicokyio ungpopmamusnocms no cpasuenuio ¢ [18FJFDG-I12T/
KT npu cmaouposanuu 3n10xavecmsennuix onyxonetl jcenyokd, 0CO6eHHO NPu 2UCMON02UYECKUX NOOMUNAX C HUSKUM 2AUKOIUMUYECKUM
memaboauzmom. [68Ga]FAPI-TIDT/KT obecneuusaem 6onee GbiCOKYIO 4y8CMEUMENbHOCb U DONlee KAYeCMBEeHHYIO 8U3YAIUZAYUIO
NepumoHeanbHuIX, UCYEPATbHBIX U TUMPOLEHHBIX MEMACMAMUYECKUX 04a208, YMO Uepaen GadCHYI0 poib 8 onpedeienu maKmuKu
JledeHusl.

Kniouesvie cnoea: uneubumop Genxa axmusayuu ¢uopodracmos, meuennviii earnuem-68 ([68GaJFAPI), pax ocenyoxa (PXK),
NO3UMPOHHO-IMUCCUOHHASE  momozpadus/komnviomepnan momoepagua ([IDT/KT), cmaduposanue paka, 6Oenrox axmusayuu
¢ubpodracmos (FAP).
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ABSTRACT

Relevance: Colorectal cancer (CRC) remains one of the leading causes of cancer-related mortality worldwide, largely due to late
diagnosis. In recent years, particular importance has been given to the search for accessible and sensitive molecular markers for the
early detection of precancerous changes, especially in resource-limited countries, including Uzbekistan, where national screening
programs are absent and access to colonoscopy remains limited. One of the most extensively studied markers is the hypermethylation

of the tumor suppressor gene CDKN2A4, which plays a crucial role in cell cycle regulation.

The study aimed to investigate the frequency of CDKN2A promoter hypermethylation in patients with colonic and rectal polyps
and polyposis, and its association with morphological features of dysplasia.

Methods: The study included 31 patients with precancerous intestinal lesions. Mucosal biopsies and blood plasma samples were

analyzed using methylation-specific PCR (MSP-PCR).

Results: CDKN2A hypermethylation was detected in 17 patients (54.8%). The methylation frequency was 65% in patients with
polyps and 36.4% in those with polyposis (p=0.043). A direct association with morphological changes was established: patients with
hypermethylation more frequently exhibited moderate dysplasia (70.6%), whereas in marker-negative cases, mild dysplasia or its

absence predominated.

Conclusion: The findings confirm that CDKN2A4 hypermethylation is an early marker of CRC pathogenesis, closely associated
with the progression of precancerous lesions. The MSP-PCR method demonstrated high sensitivity and accessibility, making it a
promising tool for implementation in the regional laboratories of Uzbekistan. CDKN2A may serve as a risk stratification criterion,
a component of molecular screening, and a basis for personalized surveillance of patients with precancerous intestinal changes.

Keywords: colorectal cancer (CRC), polyps, CDKN2A, hypermethylation, epigenetic biomarkers, MSP-PCR, molecular screening.

Introduction: Colorectal cancer (CRC) is one of the most
significant oncological challenges of our time, both clinical-
ly and epidemiologically. According to the global statistics
GLOBOCAN 2022, CRC ranks third in incidence and second
in mortality among all malignancies worldwide: in 2022,
1.93 million new cases and 935,000 deaths were recorded
[1]. Although in high-income countries mortality has tend-
ed to decline in recent years thanks to screening programs
and early treatment, in middle- and low-income countries,
including Uzbekistan, the figures remain alarming. In par-
ticular, in the Republic of Uzbekistan in 2022, 2,125 new CRC
cases were registered, and more than 50% of patients were
first diagnosed at stages IlI-IV [2].

The principal cause of high CRC mortality is late diag-
nosis, driven by the absence of a national screening pro-
gram, insufficient public awareness, limited access to colo-
noscopy, and deficiencies in the routing of patients within
the primary care network. Therefore, the search for new,
more sensitive, accessible, and reproducible markers of
early diagnosis becomes especially urgent [3]. One of the
priority directions in this regard is the introduction of mo-
lecular-genetic and epigenetic methods capable of de-
tecting tumor transformation at a preclinical stage, well
before morphological changes appear [4].

Despite clear advances in understanding the molecular
bases of carcinogenesis, CRC continues to develop incon-
spicuously over a long period, often beginning with sub-
tle precancerous changes - such as solitary adenomatous
polyps or diffuse polyposis. These conditions may remain
asymptomatic for years until key molecular alterations ac-
cumulate, triggering invasion and metastasis [5]. Modern
colonoscopy with histological verification remains the di-
agnostic gold standard; however, it has several limitations —
its invasiveness, high cost, shortages of personnel and
equipment in primary health care, and limited coverage of
target populations [6].

These circumstances amplify interest in finding alterna-
tive or adjunctive diagnostic methods that are highly sen-
sitive and specific and applicable in outpatient settings.
Epigenetic biomarkers, such as promoter methylation of
tumor suppressors, exhibit all of these characteristics and
are being actively adopted in clinical oncology in leading
countries worldwide [7].

Hypermethylation of CDKN2A is among the most stud-
ied and reproducible alterations involved in early tumor
transformation. Beyond the p16™4¢ and p14*% roles in
critical antiproliferative mechanisms, studies have shown
that methylation of their promoter regions can be detect-
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ed long before clinical and histological signs of malignan-
cy appear [8]. Moreover, these changes may be detectable
not only in tumor tissues but also in circulating DNA, open-
ing the possibility of so-called “liquid biopsy” [9].

In this context, in recent years there has been growing
interest in incorporating molecular diagnostic methods,
including CDKN2A methylation assessment, into standard
protocols for early CRC detection. This is especially rele-
vant for countries such as Uzbekistan, where both popula-
tion-level screening and high-risk group screening require
adapted, low-cost, and reproducible solutions. Given the
lack of overt clinical symptoms in most patients and the
limited availability of invasive diagnostic methods, plas-
ma DNA-based molecular tests may become a vital com-
ponent of a regional strategy against CRC [7].

The CDKN2A (cyclin-dependent kinase inhibitor 2A)
gene, located at 9p21.3, is one of the most studied tumor
suppressors in oncology [8, 10]. It encodes two independ-
ent proteins: p16™Ka which inhibits CDK4/6 and thereby
controls the G1 phase of the cell cycle, and p14*%, which
stabilizes p53 by inhibiting MDM2. Disruption of the ex-
pression of these proteins leads to deregulation of pro-
liferation, suppression of apoptosis, and activation of the
carcinogenic process. Promoter hypermethylation is a key
mechanism of CDKN2A inactivation, making this gene par-
ticularly interesting for molecular diagnostics in oncology,
including CRC.

Among the earliest foundational studies of CDKN2A hy-
permethylation were the papers by M. Toyota et al. (1999),
which demonstrated CDKN2A hypermethylation in intes-
tinal adenomatous polyps, long before the development
of an invasive carcinoma. This allowed methylation to be
considered an early event in the adenoma-carcinoma cas-
cade [11]. These conclusions were confirmed in subse-
quent large meta-analyses, including those by M. Esteller
etal. (2001), which detected p16 hypermethylation in more
than 40% of patients with early-stage CRC [12].

The methods used to study CDKN2A methylation are
varied. In addition to classical methylation-specific PCR
(MSP-PCR), bisulfite sequencing, quantitative methyla-
tion-specific PCR, and, in recent years, DNA methylation
arrays (lllumina 450K and EPIC) and methylated DNA im-
munoprecipitation sequencing (MeDIP-seq) are widely
used [13].

In addition to tumor tissue and plasma, CDKN2A is be-
ing actively studied in stool samples, which is particularly
relevant for non-invasive CRC screening. Studies conduct-
ed in China, South Korea, and Finland have shown that CD-
KN2A methylation in fecal DNA is highly sensitive com-
pared with conventional immunochemical fecal occult
blood tests [14].

Thus, CDKN2A hypermethylation is not merely a bi-
ochemical phenomenon but an important component
of the molecular profile of CRC. Its measurement allows

identification of patients in risk zones, prediction of dis-
ease course, assessment of therapy sensitivity, and, most
importantly, enables early, non-invasive diagnostics of
precancerous changes. Considering the simplicity and
accessibility of the methodology, as well as its high repro-
ducibility, the inclusion of CDKN2A methylation analysis in
regional screening and diagnostic strategies — especially in
resource-limited settings — appears justified and relevant.

In view of the foregoing, the authors sought in this
study to evaluate the diagnostic value of this marker for
early detection of tumor transformation, its association
with morphological signs of dysplasia, and its potential for
inclusion in national approaches to molecular screening
for CRCin Uzbekistan.

The study aimed to investigate the frequency of CD-
KN2A promoter hypermethylation in patients with colon-
ic and rectal polyps and polyposis, and its association with
morphological features of dysplasia.

Materials and Methods: The study was conducted as
part of an initiative to develop molecular methods for ear-
ly diagnosis of colorectal cancer (CRC) in the Republic of
Uzbekistan. The work was performed at the Department
of Coloproctology and the Molecular Diagnostics Labo-
ratory of the Republican Specialized Scientific-Practical
Medical Center of Oncology and Radiology (RSSPMCOR,
Tashkent, Uzbekistan), and in cooperation with the High
Technology Center of the Academy of Sciences of the Re-
public of Uzbekistan. The study protocol was approved by
the local ethics committee, and all patients provided writ-
ten informed consent.

Study design and sample selection. The study included
31 patients (n=31) with a confirmed diagnosis of polyps
or polyposis of the colon and/or rectum, without signs of
invasive cancer at the time of inclusion. Inclusion criteria:
(1) age from 18 to 75 years; (2) presence of endoscopical-
ly confirmed intestinal neoplasms (single or multiple pol-
yps); (3) no history of malignancies; (4) written consent to
participate. Exclusion criteria: inflammatory bowel disease,
prior radiotherapy or chemotherapy, and severe somatic
comorbidities.

Clinical characteristics. The mean age was 49.2+3.3
years. The sample included 18 men (58%) and 13 wom-
en (42%). Among the patients, 20 had a single or multi-
ple polyp(s) (64.5%), while 11 had polyposis (35.5%). All pa-
tients underwent colonoscopy with biopsy.

Collection and transport of biomaterials. Two types of bi-
omaterials were used for molecular analysis: (1) intestinal
mucosa biopsy tissue samples (weighing at least 50 mg),
obtained endoscopically; and (2) venous blood (5 ml) col-
lected into EDTA tubes. Tissue samples were placed into
sterile tubes containing isotonic NaCl solution and trans-
ported at +4°C. Blood was centrifuged (1,600 g, 10 min-
utes), plasma was separated and re-centrifuged (16,000 g,
10 minutes) to remove cells.
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DNA extraction. DNA from tissue and plasma was ex-
tracted using the QlAamp DNA Mini Kit (QIAGEN, Germa-
ny) according to standard protocol. The concentration and
purity of DNA were assessed spectrophotometrically us-
ing a Nanodrop 2000 (Thermo Fisher Scientific, Massachu-
setts, USA) at 260/280 nm.

Bisulfite modification and MSP-PCR. The extracted DNA
was subjected to bisulfite conversion with the EpiTect Bi-
sulfite Kit (QIAGEN), which enables differentiation between
methylated and unmethylated cytosines. Methylation-spe-
cific PCR (MSP-PCR) was used to detect methylation in the
CDKN2A promoter region. Two pairs of primers were used:
one for amplifying the methylated sequence and the other
for the unmethylated sequence. Amplification conditions:
95°C for 5 min, followed by 40 cycles (95°C for 30 sec, 58°C
for 30 sec, 72°C for 30 sec), with a final extension of 72°C
for 7 min. The amplicons were analyzed by electrophoresis
in 2% agarose gel stained with ethidium bromide and vis-
ualized under UV light. The results were documented and
stored digitally.

Histological verification. All biopsy samples underwent
standard morphological processing and hematoxylin-eo-
sin staining. Assessment of dysplasia grade (none, mild,
moderate, severe) was performed by two independent
pathomorphologists according to the WHO (2019) classi-
fication [15].

Statistical analysis. Data processing was conduct-
ed using SPSS v. 26. Categorical variables were analyz-
ed using the x’ test or Fisher's exact test. Differences
were considered statistically significant at p < 0.05. Cor-
relation analysis between methylation status and clini-
co-morphological features was performed using the ¢
(phi) coefficient.

Results: Hypermethylation of the CDKN2A promot-
er region was observed in 17 of 31 patients (54.8% of the
sample). Significant differences in methylation frequency
were observed when stratified by morphological lesion
type: in patients with polyps, methylation was detected in
13 cases (65.0%), while in polyposis it was found in only
4 patients (36.4%). Statistical analysis showed a significant
difference between the groups ()(2 =4.09; p = 0.043), sug-
gesting differences in the molecular pathogenesis of local-
ized versus diffuse forms of pre-neoplastic intestinal pro-
cesses (Table 1).

Table 1 - Frequency of CDKN2A promoter region
hypermethylation

Type of lesion Ngarlrt‘igﬁ{s"f CDKN2A (+) | Frequency (%)
Polyps 20 13 65,0
Polyposis 11 4 36,4
Total 31 17 54,8

Histological assessment of dysplasia severity showed
moderate dysplasia in 10 patients (32.3%), mild in 12

(38.7%), and no dysplasia in 9 cases (29%). It was estab-
lished that, among patients with positive CDKN2A sta-
tus, moderate dysplasia predominated - 12 of 17 cases
(70.6%) — when methylation data were compared with
morphological findings. In contrast, in patients with-
out methylation, mild dysplasia or its absence was more
common (Table 2). Thus, a direct correlation was found
between the extent of epigenetic changes and the de-
gree of proliferative epithelial alteration, suggesting
molecular-level progression toward morphologically
overt cancer.

Table 2 - Histological assessment of dysplasia severity
in patients with positive and negative CDKN2A status

Level of dysplasia CDKN2A (+) CDKN2A (-)
Moderate 12 1
Mild 4 8
Absent 1 5

The mean age of patients with hypermethylation was
50.6 + 2.8 years, whereas among patients without meth-
ylation it was slightly lower — 47.3 + 3.5 years. Although a
statistically significant difference between these indica-
tors was not observed (p = 0.18), there is a trend toward in-
creasing methylation frequency with age, consistent with
the literature.

Thus, the results of the present study demonstrated a
high frequency of CDKN2A gene hypermethylation in pa-
tients with intestinal polyps and polyposis, with the most
pronounced epigenetic changes observed in polyps ac-
companied by moderate dysplasia. These findings sup-
port the potential use of CDKN2A as an early molecular
biomarker of malignancy, particularly in high-risk pop-
ulations. The presence of a significant association be-
tween methylation and morphological features of pro-
liferative activity allows CDKN2A to be considered a risk
stratification criterion and a basis for enhanced clinical
surveillance.

Discussion: In the present study, it was established
that CDKN2A gene hypermethylation is a frequent molec-
ular event in patients with precancerous lesions of the co-
lon and rectum. Its frequency was 54.8%, consistent with
international studies reporting rates of 40% to 70% among
patients with adenomatous polyps. These data confirm
that CDKN2A is involved in the earliest stages of colorec-
tal carcinogenesis. Of particular importance is the finding
that hypermethylation frequency was significantly higher
in patients with localized polyps (65%) than in those with
polyposis (36.4%). This difference may be related to the
distinct nature of the pathologies: in sporadic polyps, ac-
quired epigenetic alterations play a leading role, while in
polyposis (including hereditary forms), mutational mech-
anisms involving genes such as APC, MUTYH, SMAD4, and
others often predominate. The observed pattern may indi-
cate that CDKN2A hypermethylation is a typical marker of
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the sporadic pathway of tumor transformation, rather than
the hereditary one.

An important clinicopathological conclusion concerns
the association between CDKN2A hypermethylation and
the severity of dysplasia. Among patients with hypermeth-
ylation, moderate dysplasia was identified in 70.6% of cas-
es — significantly more frequent than in the unmethylated
group. This may indicate that CDKN2A gene hypermethyl-
ation precedes and accompanies dysplasia progression.
Thus, methylation may be considered not only a marker of
a precancerous process, but also an indicator of its molec-
ular aggressiveness.

The obtained results are also consistent with the epi-
genetic model of carcinogenesis, which posits that meth-
ylation of tumor suppressor genes, including CDKN2A, rep-
resents the first “epigenetic hit” in the multistep process
of malignant transformation. In their classic 1999 study on
adenomatous polyps, M. Toyota et al. first demonstrated
that CDKN2A methylation can be detected long before the
onset of invasion [11].

Our data confirm that CDKN2A hypermethylation can
be used not only for diagnostics, but also for risk stratifica-
tion. For example, a patient with moderate dysplasia and
CDKNZ2A methylation may require more frequent monitor-
ing than a patient with the same morphological diagnosis
but without methylation. This aligns with the current prin-
ciples of personalized medicine and biomarker-based sur-
veillance.

From a technical standpoint, the MSP-PCR method
used in our study demonstrated high sensitivity and repro-
ducibility, making it especially attractive for resource-lim-
ited countries. Its application is feasible not only in large
reference centers but also in regional laboratories, provid-
ed that basic molecular biology infrastructure is available.

It is also important to highlight CDKN2A'’s potential as
a component of multigene panels for early CRC detection.
Our results support the inclusion of CDKN2A in such pan-
els as part of local adaptation and national screening strat-
egy development.

Nonetheless, the study has limitations: a small sample
size, lack of a control group with diagnosed CRC, and ab-
sence of case follow-up, which would allow assessment of
the prognostic value of hypermethylation. Future studies
should include expanded cohorts, evaluation of the sensi-
tivity and specificity of CDKN2A methylation in cfDNA, and
monitoring of clinical outcomes.

Conclusion:

CDKN2A gene hypermethylation is a common epige-
netic event in patients with precancerous lesions of the co-
lon and rectum: it was detected in 54.8% of the examined
individuals, confirming its involvement in the early stages
of colorectal carcinogenesis.

A significantly higher methylation frequency in pa-
tients with polyps (65%) than in those with polyposis

(36.4%) suggests differences in epigenetic alterations be-
tween sporadic and diffuse precancerous intestinal pro-
cesses.

CDKN2A hypermethylation is reliably associated with
moderate dysplasia, highlighting its significance as a mark-
er of early malignant transformation and the potential pro-
gression of benign neoplasms to cancer.

The MSP-PCR method is accessible, sensitive, and tech-
nologically reproducible, making it a promising tool for
molecular diagnostics, especially in resource-limited set-
tings. It can be implemented in the practice of regional
and national laboratories.

CDKN2A is a potential clinically significant biomark-
er for risk stratification in patients with precancerous in-
testinal changes to decide on follow-up strategies and the
need for intervention.

Further research should include a control group of pa-
tients with confirmed CRC, expand the sample size, and
ensure case follow-up of clinical outcomes. Particular at-
tention should be paid to the analysis of circulating DNA
(cfDNA) as a non-invasive diagnostic modality.
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AHJATIIA

CDKN2A MOJIEKYJIAJIBIK-BUOJIOT'UAJIBIK MAPKEPIHIH TOK IIIEK OBbIPBIH
EPTE IUATHOCTHUKAJIAYIAFbI POJII

M.H. Tunnawaiixos', X./I. Hcnamos', A.B. Ten', U.I1. 3usnee', A.II. 3uses!

10HKonOrus XaHe paanosnoria 6oitbiHia Pecny6MKanblk MamaHaHabIpbINFaH FoIbIMU-TaXIpUBENiK MeAuLMHanbIK 0pTanblk, TalkeHT, B36eKcTaH

Oszexminizi: Konopexmanowl 0ovip (KPO) onem Ootiviniua Kamepii icikmepoeH 601amvlH 01iM-HCIMIMHIY dcemeKiui cebenmepiniy
0ipi bonvin Kana bepedi, Oyn kobine kew ouaznocmuxanayea oavnanvicmol. Coyewl HcbiI0apsl AnN0bIH Ald ICIK al0biHOA2bl 032epicmepoi
epme aHblKmayaa apHaiean KOANCemimol opi ce3iMma MOAeKyIaiblK Mapkepiepoi iz0ey epexwe o3exminikke ue 6010wui. byn, ocipece
YIMMbIK, CKPUHUHSIIK OA20apIaMAnapul HCOK JHcoHe KONOHOCKONUAHBIY KOIHCEMIMOINIel moMeH MeMaeKemmep YuiH Maysi30bl, COHbIY
iwinde Oz6excmanda. Ey xen 3epmmencen mapkepaepoiy 6Ipi — dcacywa yukiin pemmeyoe He2isel pol amkapamvlt iCiKk Cynpeccopul
CDKN2A zeniniy eunepmemunoemyi.

3epmmeyoin maKcamsl — mox HcoHe mix iulexmiy noaunmepi men noaunoswl oap naykacmapoa CDKN2A npomomop atimazvinvly
eunepmMemun0eny JHcuiniein dcone oHwlly OUCHAAZUAHBIY MOPPONO2UANLIK Oeneinepimen 6alIanbiCbii 3epmmey.

Qodicmepi: 3epmmeyee iwexmiy icik anovl mysinimoepi b6ap 31 nayxac eneizinoi. [lvipoiuimel Kabvix 6uonmammapsl MeH Kam
naasmacel memunee-cneyuguxanvik [ITP o0icimen mandanosi.

Homuocenepi: CDKN2A eunepmemundenyi 17 naykacma (54,8%) anvikmanowl. [lonunmepi 6ap naykacmapoa Mmemunoeny jcuiniel
65%, an nonunoswvl bap naykacmapoa — 36,4% xypaowr (p=0,043). Mopghonozusnvix e32epicmepmen mixkenei 6aIAHbIC OPHAMBLIObL:
eunepmemunoenyi bap naykacmapoa opmauia oucniasus sxcui oauxanowl (70,6%), an mapkep mepic naykacmapoa siceqin OUCHaAa3usl
HeMmece OHbIH DoMaysl bacvim 6010b1.

Kopvtmuinowvi: Anvinean oepexmep CDKN2A eunepmemundenyi KPO namoeenesindezi epme maprep 607vin mabwliamolHblH JCOHe
icik anovl npoyecmiy yoeyimeH molevl3 6atiianvicmol ekenin pacmatiovl. MSP-IITP o0ici scozapbi ce3immanobik neH KoaicemimoLiKmi
xepcemmi, Oyn OHbl O30eKCmMaHHbIY OHIPIIK 3epmMXAHALApbIHA  eHei3y ywiin nepcnekmusanvt emedi. CDKN2A moyekenoi
cmpamugpurkayuanay Kpumepuiii, MOIeKY1AIblK CKPUHUHSINIY KOMIOHEHMI JcoHe iulekmiy icik anovl e3eepicmepi 6ap HayKacmapoul
JrcexeneHoipineen OaKwiiayobly He2i3i peminoe KOIOAHbLIYbl MYMKIH.

Tyitinoi ce30ep: konopexmanowt 0ovip (KPO), norunmep, CDKN2A, cunepmemunoeny, snuzenemuranvix buomapxepaep, MSP-IITP,
MONEKYNANbIK CKPUHUHE.

AHHOTALUA

POJIb MOJIEKYJISIPHO-BUOJIOTUYECKOI'O MAPKEPA CDKN2A
B PAHHEU TUATHOCTHUKE PAKA TOJICTOU KHIIKA

M.H. Tunnawmaiixos', X,/I. Hcnamos', A.B. Ten', U.I1. 3uses', A.II. 3usnee’

1Pecny6anKaHCKuii CNewyManu31poBaHHbIi HayuHO-NPAKTUYECKIIt MeAVLIHCKIR LIEHTD OHKONOTM U PajIonorui, TaliKkeHT, Y36eKncTan

Axmyansnocme: Konopexmanvhuviii pak (KPP) ocmaémcs 00HOU u3 6e0ywjux NPUYUH CMEPMHOCMU OM 3/10KAYECTNEECHHbIX
HOB000PA3068AHUIL 80 8CEM MUpe, UMO 80 MHO20M 00VCI061eHO No30Hel duacHocmuxol. Ocobyio akmyaibHOCMb 8 NOCIe0HUe 200bl
npuobpemaem nouUcCk OOCMYNHbIX U YYECTBUMENLHBIX MOIEKYIAPHBIX MAPKEPOE PAHHE2O 6blAGNIEHUS NPEOONYXONe6blX UMeHeHUl,
6 MOM Yucie 8 CMPAHAX C O2PAHUYEHHBIMU pecypcamu, eKaouas Yzboexkucman, 20e omcymcmeyiom HAYUOHATbHbIe CKPUHUH2OGbIE
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npoepammel, @ 00OCMYNHOCMb KOIOHOCKONUY ocmaémces Huzkot. OOnum u3 naubonee u3yueHHuIX AGNACMC 2UNepMemuIuposanue 2end-
cynpeccopa onyxoneti CDKN2A, uepaiowezo kniouegyio poiv 6 pecyiayuu KiemouHo20 Yukid.

Lenv uccnedosanus — usyuenue uacmomol cunepmemuiuposanus npomomoprot oonacmu CDKN2A y nayuenmos ¢ norunamu u
NOAUNO30M MOACMOU U NPAMOU KUWKU, d AKIICE e20 ACCOYUAYUU C MOPPOI02ULeCKUMU NPUSHAKAMU OUCTIA3UU.

Memoowvi: B uccnedosanue 6xkaouén 31 nayuenm ¢ npedonyxonegulmu 00pa308anuimu KuweyHuka. buonmamol cauzucmoil u
naasma Kpogu Obliu NPOAHAIUZUPOBAHbL MeMOOOM Memu-cneyuguueckoti ITLP.

Pesynemamut: ['unepmemuauposanue CDKN2A evissneno y 17 nayuenmos (54,8%). Ilpu nonunax uwacmoma memunupo8anus
cocmasuna 65%, npu nonunose — 36,4% (p=0,043). Yemanoeaena npamas cesa3ze ¢ MOp@onocuieckuMy UsMeHeHUAMU: Y NAYUEHINOE
¢ eunepmemuauposanuem yauje Habaooaracs ymepennas oucniasus (70,6%), mozoa kak npu ompuyamenbHoM cmamyce no mapKepy
npeobnadanu néexkas OUCnIA3us Uiy e€ omcymcmeue.

3axnwuenue: Illonyuennvie Oannvie noomeepoicoarom, umo eunepmemunupoganue CDKN2A aenaemcs panHum mapkepom
6 namoeeneze KPP, mecno ceéssannvim ¢ npoepeccueti npedonyxoneeoeo npoyecca. Memoo MSP-PCR nokazan 6ulcOKyio
Y4YBCMBUMENLHOCTL U OOCMYNHOCMb, YMO Oenden e20 nepcnekmueHuiM i BHeOpeHUs 8 pecuoHanbhvle 1abopamopuu Y3oexucmana.
CDKN2A4 mooicem 6vimb ucnonb306an Kax Kpumepuil cmpamu@ukayuu pucka, KOMNOHEHM MONEKYIAPHO20 CKPUHUH2A U OCHO8A OJiA
nepCoHAIU3UPOBAHHO20 HAONI00EHUS 30 NAYUEHMAMU C NPEOONYXONeGbIMU USMEHEHUAMU KUIUEYHUKA.

Knioueeswie cnosa: xonopexmanvuwiil pax (KPP), nonunvt, CDKN2A, eunepmemunuposanue, snuceHemuyeckue ouomapkeput, MSP-
PCR, monexynapHulii cKpuHuHe.
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EFFICIENCY OF TOMOTHERAPY IN THE TREATMENT
OF LUNG CANCER IN MALES WITH CONCOMITANT
CARDIOVASCULAR PATHOLOGY (EXPERIENCE
OF THE “UMIT” INTERNATIONAL ONCOLOGY CENTER
OF TOMOTHERAPY)

D.K. BERIKBOL', A.M. GANINA?, YM. SHAYAKHMETOV', A.D. BRIMOVA', D.N. IDRISSOVA'

T«UMIT» International Oncology Center for Tomotherapy, Astana, the Republic of Kazakhstan;
National Scientific Medical Center, Astana, the Republic of Kazakhstan

ABSTRACT

Relevance: Non-small cell lung cancer (NSCLC) is frequently diagnosed in men with associated myocardial pathologies. Radiation
therapy is one of the treatment methods for NSCLC; however, in Kazakhstan, there are virtually no studies on the efficacy and safety of

tomotherapy in cancer patients with cardiac pathologies.

The study aimed to evaluate the clinical results of mono-tomotherapy in patients with NSCLC and concomitant cardiac pathologies
at the International Oncology Center for Tomotherapy “UMIT” (Astana, Kazakhstan).

Methods: The study included 201 men with NSCLC who underwent spiral mono-tomotherapy at UMIT between 2020 and 2024.
Patients were divided into Group 1 (n=139) — patients without cardiac pathologies- and Group 2 (n=62) — patients with severe associated
cardiac pathologies. The average course duration was 32 days, the average treatment duration was 15 minutes, OD, 5 days a week.
Treatment efficacy was assessed 8-12 weeks after completion of the course using PET-CT and CT data.

Results: Complete regression was more common in patients in Group 1, while disease progression was more common in patients
in Group 2. Partial responses were more common in Group 1, and stabilization of the oncological process was more common in
Group 2. In Group 2, the proportion of patients with positive dynamics was 49%, after accounting for the identified stabilization of the
process, it was 84%. In Group 1, the one-year overall survival rate was 84%, and 74% for stages I1I and 1V, respectively, with a median
progression-free survival of 10.3 months. The two-year survival rate for stage Il disease was 65%. In Group 2, the one-year overall
survival rate was 76% and 63% for stages I1I and IV, respectively, with a median progression-free survival of 8.1 months and a two-year
survival rate of 54% for stage II1. No device malfunctions were observed in Group 2. Two patients undergoing coronary artery bypass
grafting experienced decompensated heart failure requiring temporary hospitalization.

Conclusion: Tomotherapy demonstrates high clinical efficacy in the treatment of NSCLC with severe comorbid cardiac disease,
although overall survival and treatment efficacy were lower than in patients without cardiac disease. Our experience confirms the
feasibility of a relatively safe treatment in such patients when a personalized approach, strict dosimetric control, and multidisciplinary

monitoring are employed.

Keywords: lung cancer, tomotherapy, cardiopathology, pacemaker, hypofractionation, high-precision radiation therapy.

Introduction: Malignant neoplasms of the lung remain
one of the leading causes of cancer death worldwide. Ac-
cording to the Global Cancer Observatory international in-
itiative, in 2022, lung cancer was the most common cancer
diagnosed [1]. According to US cancer registries for 2020-
2021, it ranked second (11% on average in men) in the num-
ber of diagnosed cases and first (20% in men) in estimated
cancer deaths [2]. Globally, in 2022, the incidence of lung
cancer reached 15.3% among other cancers (including un-
identified ones), which amounted to more than 1,570,000
new cases per year. Moreover, the share of lung cancer in
total cancer mortality, regardless of gender, was 22.7% or
more than 1,233,000 deaths [1]. Lung cancer is usually diag-
nosed more often in men than in women, and the first de-
tection in a significant number of cases occurs at late stages
(II-1V), limiting the possibilities of radical treatment [1, 3-6].

Lung cancer occupies a leading position in the struc-
ture of oncological morbidity in the Republic of Kazakh-
stan.In 2010-2019, 36,916 cases of lung cancer were detect-
ed in the Republic of Kazakhstan, of which 80.5% were in
men [4]. In a later study, covering the period from 2014 to
2022, the proportion of men in the total number of deaths
from lung and respiratory tract cancer was more than 75%
[5]. When using low-dose computed tomography, stage Il
and Il lung cancer is detected in men on average 2 times
more often than in women [6]. Despite a trend towards a
slight decrease in the proportion of lung cancer (includ-
ing trachea and bronchial cancer) in the total pool of on-
cological diseases in Kazakhstan from 2014 to 2022, it still
constitutes about 16% of all types of cancer [5]. Moreover,
according to recent national studies, the detection rate of
asymptomatic patients with previously undiagnosed can-
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cer may reach 2% among the population of regions with
high background radiation levels, with more than half of
them being diagnosed with lung cancer at stage Ill [6]. Sim-
ilarly, regions with high levels of heavy metals (lead, co-
balt, copper) also show a higher incidence of lung cancer
[7]. As aresult, lung cancer, along with other common can-
cers, makes a significant contribution to the total number
of lost person-years, which negatively impacts the econo-
my and social spectrum of the population of Kazakhstan
[8]. This determines the relevance of assessing the effec-
tiveness of new lung cancer treatments, including in men,
as a significantly more vulnerable category of patients.

For patients with non-small cell lung cancer (NSCLC),
when surgical intervention is not possible, conserva-
tive treatment, including chemotherapy, immunothera-
py, and radiation therapy, becomes the priority. One of
the modern approaches to radiation therapy is spiral to-
motherapy with intensity-modulated tumor irradiation
modes (Intensity-Modulated). Radiation Therapy (IMRT)
with daily imaging during radiotherapy (Image-Guided
Radiation Therapy (IGRT), which provides increased pre-
cision in planning and conducting sessions [9, 10]. As a
result, it becomes possible to reduce the dose load on
healthy tissues and organs surrounding the tumor (espe-
cially organs at risk) and to ensure a high level of control
over tumor dynamics [11, 12].

Radiation therapy requires an individualized approach
for all cancer patients. This is especially important for can-
cer patients with a complicated somatic background, par-
ticularly in the presence of severe cardiovascular diseas-
es. Cardiovascular pathologies account for a significant
part of the structure of comorbidities in cancer patients,
occurring in approximately 22.6% of the total number of
patients diagnosed with cancer of any type [13]. Concom-
itant congestive heart failure is detected in 16.5% of pa-
tients with lung cancer [14]. In patients with NSCLC, severe
forms of cardiovascular pathology occur in 31.1% of cases,
among which the most common are heart failure (47.7%),
myocardial infarction (33.0%), and chronic arrhythmias
(30.4%) [15]. These patients may also have implanted pace-
makers (PMPs), cardioverter-defibrillators (ICDs), or may
have a history of coronary artery bypass grafting (CABG).

The presence of severe concomitant cardiovascular diseas-
es significantly influences the choice of treatment strate-
gy, increases the risk of cardiotoxic complications during
radiation therapy, and requires the use of both high-preci-
sion and gentle radiotherapy methods, such as tomother-
apy. Furthermore, antitumor therapy itself can provoke the
manifestation or exacerbation of cardiac pathology and/or
malfunction of implanted devices. In such patients, there is
a clear need to strictly limit the dose to critical structures,
including the heart, coronary vessels, and the pulmonary
artery trunk [12].

Kazakhstan has accumulated limited but promising ex-
perience using high-precision tomotherapy in this patient
population. However, the domestic literature is virtually
devoid of studies evaluating the efficacy and safety of this
method in cancer patients with significant underlying car-
diac pathology.

The study aimed to evaluate the clinical results of mo-
no-tomotherapy in patients with NSCLC and concomitant
cardiac pathologies at the International Oncology Center
for Tomotherapy “UMIT” (Astana, Kazakhstan).

Materials and Methods: This retrospective study in-
cluded 201 male patients diagnosed with non-small cell
lung cancer (NSCLC). All patients underwent a course of
mono-tomotherapy at the UMIT Tomotherapy Center be-
tween January 2020 and December 2024. The patients
were divided into two groups: patients in Group 1 (n = 139)
had no significant cardiovascular diseases, while patients
in Group 2 (n = 62) were diagnosed with severe comorbid
cardiovascular conditions prior to the start of tomother-
apy, including ischemic heart disease, the presence of im-
planted pacemakers, and a history of coronary artery by-
pass grafting (Table 1).

Inclusion criteria for Group 2 were: reduced left ven-
tricular ejection fraction (EF) <50%, history of coronary
artery bypass grafting (CABG), presence of pacemak-
ers (PM) or implantable cardioverter-defibrillators (ICD),
post-infarction cardiosclerosis, and angina pectoris of
functional class llI-IV.

Exclusion criteria for Group 2 included: unstable angina,
acute coronary syndrome, or inability to complete a full
course of tomotherapy.

Table 1 - Distribution of types of cardiovascular diseases and disorders in Group 2 patients

Category of cardiovascular pathology Absolute number of cases (n) Share in Group 2 (%)
Post-coronary artery bypass grafting 24 38.7
Ejection fraction <40% 19 30.6
Ejection fraction between 40-50% 28 45.2
Implanted pacemakers 12 19.4
Implanted cardioverter-defibrillators 6 9.7
Post-infarction cardiosclerosis 16 25.8
Angina pectoris (class Ill-1V) 21 33.9

The mean age was 62.3 years in Group 1 and 68.5 years
in Group 2.

The distribution of patients by cancer stage is pre-
sented in Figure 1: the relative distribution across differ-

ent stages was approximately equal in both groups, with a

predominance of patients with stage Il and IV NSCLC.
Spiral tomotherapy (Radixact X9, Accuray, Madison,

WI, USA) was used in the study, combining the capabili-
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ties of a computed tomography scanner and a linear ac-
celerator. Adjustable parameters of the tomotherapy
system were used, with an automatic correction system

that adjusts patient positioning and irradiation param-
eters, reducing the likelihood of erroneous dose deliv-
ery (Table 2).

A Absolute number
80
60
40 I
20 .
, HE —
Group 1 Group 2
m Stage Il Stage Il m Stage IV

B ,
Relative number (%)
60
40
20 I
0 i =
Group 1 Group 2
m Stage Il Stage Il ®mStage IV

Figure 1 - Distribution of study participants by cancer stage: A — absolute number (n), B - relative
number (%)

Table 2 - Technical parameters of the computed tomography system used in the study

Parameter

Description of the parameter

Accelerator power

6 MV (megavoltage) X-ray photons

Beam width (fan beam width)

Varies from 1 to 5 cm to adapt the treatment mode to individual anatomical features

Gantry rotation speed

Approximately 1 rotation every 15-30 seconds, depending on the selected mode

Dose intensity modu-lation

Achieved through real-time changes in the shape and intensity of the radiation beam

Tumor doses

Range from 50 to 60 Gy, distributed over 20-30 fractions, with daily monitoring and plan
adaptation if needed

Exposure time

On average, 15-25 minutes per fraction

In some cases, multifocal irradiation modes were ap-
plied, in which several anatomical zones were irradiated
simultaneously — both the primary tumor and regional
lymph nodes - while providing maximal sparing of sur-
rounding healthy tissues (average dosimetric exposure pa-
rameters are shown in Table 3, “Results” section).

The tomotherapy protocol included mandatory CT-
based planning with a 2-3 mm slice thickness at the pre-
liminary stage, with the patient in the supine position
and fixed. The scan duration was 15 minutes. Irradiation
was performed daily (5 times a week, on working days)
with one session per day; in exceptional cases (<2% of
patients), alternate-day regimens were used based on
clinical indications, such as decompensation of chron-
ic somatic pathology. The course duration ranged from
20 to 40 days, depending on the protocol (normo- or
hypofractionation, radiation volume, individual tolera-
bility, and treatment regimens). Hypofractionated reg-
imens were used in 22% of cases (n = 44); however, the
distribution across the groups was uneven: in Group 2,
hypofractionated irradiation was used in 59.7% of cas-
es (37 out of 62) vs. only 5% of cases in Group 1 (7 out
of 139).

CT data were processed using MIM Maestro software
and the TomoTherapy Precision” planning system. Sta-
tistical data analysis was performed using SPSS v.26 and
Microsoft Excel. Student’s t-test was used for normally
distributed data and the Mann-Whitney U test for non-nor-

mally distributed data to compare quantitative variables
between groups. Differences were considered statistical-
ly significant at p < 0.05.

Overall survival was defined as the time from the start
date of the tomotherapy course to death from any cause
or the date of the last follow-up. Progression-free surviv-
al was defined as the time from the start of treatment to
the first documented disease progression (according to
RECIST 1.1) or death. Comparison of survival values be-
tween groups was performed using the log-rank test. Me-
dian overall and progression-free survival were calculated
for the entire cohort and for each study group, with 95%
confidence intervals (95% Cl) reported.

Results: Table 3 presents the recommended and ac-
tual average dose parameters to critical organs in the
patients included in the study, used to assess the quali-
ty of treatment planning and radiation safety. In Group
2 patients (with cardiopathology), the mean heart dose
was significantly higher than in Group 1 patients (with-
out cardiopathology), whereas no significant differenc-
es were observed in other organs. At the same time,
the mean dose in Group 2 did not exceed the recom-
mended threshold, and the mean doses differed by no
more than 1.4 Gy between the groups. Based on this,
we assume that the observed statistically significant dif-
ference in myocardial dose between the study groups
did not influence the effectiveness of the tomotherapy
course.
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Table 3 - Recommended and actual mean dose parameters to critical organs in patients included in the study

; ; Actual mean dose
Organ / Risk zone F{:ggg:ﬂ%ggggﬁgg‘)t o Groun2 p-value
Lungs (V,,) <30% 27.1+2.8% 28.4+3.1% 0.08
Heart (D, ..) <15Tp 11.2+2.1 Gy 12.6+2.4 Gy 0.04*
Esophagus (D, ) <50 Tp 41.5+5.3 Gy 43.1+4.8 Gy 0.21
Spinal cord (D, ) <45Tp 34.7+3.6 Gy 35.9+3.9 Gy 0.15

Note: The symbol “*” indicates a statistically significant difference between the study groups (at a significance level of p < 0.05).

Treatment efficacy was evaluated based on PET-CT
and CT data obtained 8-12 weeks after completion of
the course. The results on cancer disease dynamics are
presented in Table 4. Complete regression was observed
significantly more often in Group 1 patients, where-
as disease progression was more frequent in Group 2.
There was a trend toward a higher partial response rate
in Group 1, whereas stabilization of the oncological pro-
cess occurred more often in Group 2. A comparison of
the relative frequency of complete regression, partial

response, stabilization, or disease progression between
the study groups indicates that tomotherapy was less
effective in Group 2 than in Group 1. Nevertheless, in
Group 2, positive dynamics were observed in nearly half
of the participants (49%; complete regression + partial
response), and, among patients with oncological pro-
cess stabilization, in 84%. This suggests a fairly high ef-
fectiveness of mono-tomotherapy in patients with NS-
CLC and concomitant severe cardiopathology of various
etiologies.

Table 4 - Outcomes in patients included in the study following tomotherapy

Qutcome Group 1 Group 2 p-value
Complete regression (%) 10% (14) 3% (2) 0.03
Partial response (%) 58% (81) 46% (29) 0.10
Stable disease (%) 28% (39) 35% (22) 0.25
Oncological disease progression (%) 4% (5) 16% (9) 0.01°

Note: The symbol “*” indicates a statistically significant difference between the study groups (at a significance level of p < 0.05).

The median overall survival in the entire patient co-
hort was 18.6 months (95% Cl: 16.9-20.3); Group 1 - 19.8
months (95% Cl: 18.2-21.4); Group 2 - 16.2 months (95%
Cl: 14.1-18.3) (significantly lower in Group 2; log-rank
p=0.04). The median progression-free survival was 9.7
months (95% Cl: 8.5-10.9); Group 1 — 10.3 months (95%
Cl: 9.2-11.4); Group 2 — 8.1 months (95% Cl: 6.9-9.3) (log-
rank p=0.03). The one-year overall survival rate was
82% for the entire cohort, 84% for Group 1, and 76%
for Group 2. The two-year overall survival rate was 62%
for the entire cohort (65% in Group 1 vs. 54% in Group
2). Depending on the stage of the disease, the medi-
an overall survival in the entire cohort was: Stage Ill -
20.4 months (95% Cl: 18.5-22.3); Stage IV - 16.3 months
(95% Cl: 14.5-18.1). The median progression-free surviv-
al was 10.8 months (95% Cl: 9.4-12.2) for stage Ill and
8.3 months (95% Cl: 7.1-9.5) for stage IV. Both indicators
showed a statistically significant difference between
stages (log-rank p<0.01).

Comparative safety analysis showed that patients
with significant cardiopathology had a higher risk of
cardiovascular complications; however, the overall tol-
erability profile of tomotherapy remained acceptable.
Other radiation-induced complications (esophagi-
tis, pneumonitis) did not exceed grade Il according to

the Common Terminology Criteria for Adverse Events
(CTCAE) and occurred in less than 10% of patients in
both groups. Thus, helical tomotherapy demonstrat-
ed high efficacy and satisfactory tolerability in pa-
tients with cardiopathology. Key safety factors includ-
ed contouring cardiac devices and bypass grafts as
critical structures, strict dose control, IMRT, and daily
IGRT.

Safety in patients with pacemakers (PMs) or implantable
cardioverter-defibrillators (ICDs): In patients with implanted
PMs or ICDs (n=18), irradiation was performed using adap-
tive planning, with the implanted devices contoured as
critical organs (Figure 2). The mean distance from the tu-
mor to the device was 4.3 cm. The maximum dose to the
PM or ICD did not exceed 2 Gy. As a result of treatment, no
cases of device malfunction or need for replacement were
recorded (0/18 patients).

Treatment of patients after CABG and with low EF: In pa-
tients with prior CABG (n=24), the radiation dose to the
graft region was limited to 15 Gy or less (Figure 3). Patients
with EF<40% received standard irradiation regimens (2-
2.5 Gy per fraction). In two patients, decompensated heart
failure was observed, requiring temporary hospitalization,
but the full course of tomotherapy was completed in both
cases.
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Legend: KappnosepTep-gedubpunnatop — Implantable cardioverter-defibrillator
Figure 2 — Implanted devices (PM/ICD) were contoured as critical structures (the device is indicated by the arrow in the
upper right corner). Average distance to the tumor: 4.3 cm; maximum dose to the device: <2 Gy. Notes: PRV (Planning
Organ at Risk Volume) - region defined for an organ at risk; PTV (Planning Target Volume) - target irradiation area; CTV
(Computed Tomography Venography) — region used for CT venography

Contourng ROIs Plan Settngs Beam Angles

Transvarse

Figure 3 — Example of dose distribution to the target volume and critical organs in a patient with concomitant
cardiopathology, demonstrating target coverage with minimal irradiation of adjacent structures. Color-coded regions
represent different radiation dose levels, and different organs are delineated with predefined contour colors

Discussion: Tomotherapy continues to evolve as an
approach to cancer treatment, including by reducing the
risk of harmful radiation exposure [16]. This leads to a de-
crease in the incidence of radiation-induced toxic effects,
as demonstrated in numerous studies on tomotherapy for
prostate cancer [17], breast cancer [11, 18], metastatic liver
cancer [19], grade Il gliomas [20], craniospinal tumors [21],
skin neoplasms [22], and other types of cancer. Advance-
ments in particle accelerators across different tomother-

apy systems have led to more effective spatial distribution
of radiation doses, as demonstrated in a study involving
patients with six cancer types, including lung cancer [23].

IGRT provides additional benefits by preventing or sig-
nificantly reducing exposure to tissues and organs adjacent
to the target, while simultaneously enhancing the irradia-
tion efficacy of the target itself through respiratory motion
management [24]. This approach is recommended by radio-
logical associations for many types of cancer [9, 25].
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Numerous publications have demonstrated the high ef-
ficacy and safety of helical tomotherapy in cancer treatment
[16,20-22], including head and neck cancers [26, 27], gastro-
intestinal malignancies [26], breast cancer (without regional
lymph node metastasis) [18], inoperable stage Il NSCLC [28],
and localized prostate cancer in elderly patients [29, 30]. On
the other hand, the presence of comorbidities increases the
risk of developing toxic conditions during tomotherapy. For
example, in patients with compromised immune status, the
risk of pulmonary complications (e.g., pneumonia) increas-
es during craniospinal irradiation with helical tomotherapy
[31]. The same applies to the risk of complications in patients
with comorbid cardiovascular conditions. Specifically, the
risk of cardiotoxicity is directly related to the absorbed radi-
ation dose delivered to the heart or its structures [32]. Heli-
cal tomotherapy, when combined with IMRT/IGRT, reduces
this risk by minimizing the dose to the left ventricle and the
left anterior descending artery compared with 3D-confor-
mal radiation therapy [12, 33].

The role of computed tomography in the treatment and
diagnostics of oncology patients (with or without cardio-
pathology) is evident. In particular, regarding myocardial
pathophysiology, this method enables visualization and as-
sessment of calcium accumulation, facilitating earlier detec-
tion of atherosclerotic lesions in cardiac vessels [34]. On the
other hand, further clarification and continued data accu-
mulation are required to conduct a more detailed analysis
of the short- and long-term outcomes in patients with co-
morbidities. The results presented in this article are general-
ly consistent with previously published data on the efficacy
and safety of tomotherapy in oncology patients with cardi-
ovascular disorders. Our quantitative assessments demon-
strate that tomotherapy is an effective and safe treatment
option for NSCLC, even in patients with significant cardiac
pathology. However, to ensure the necessary level of safety
and to reduce the risk of complications, at least three condi-
tions must be met: 1) incorporation of PMs, ICDs, and bypass
grafts into the treatment plan as risk structures, in order to
minimize radiation exposure to these devices; 2) use of the
IMRT mode to achieve the most uniform radiation dose dis-
tribution to the target, taking into account its anatomical
and morphological features; 3) application of IGRT to ensure
high precision in beam positioning and to monitor tumor
and adjacent structure dynamics during each treatment
session. In addition, the more frequent use of hypofraction-
ated regimens in patients with cardiopathology may have
contributed to the lower rates of complete tumor regres-
sion and higher incidence of oncological process progres-
sion observed in this group. Nevertheless, reduced radia-
tion intensity is necessary in such patients to preserve the
heart’s functional characteristics and minimize the risk of in-
terference with implanted cardiac devices.

Conclusion: Helical tomotherapy in patients with NSCLC
and coexisting cardiopathology demonstrated a fairly high
efficacy, albeit lower than in patients without cardiac condi-

tions, in terms of complete regression and disease progres-
sion. One- and two-year overall survival rates were lower in
patients with cardiopathology, although this may have been
due to causes of death unrelated to cancer, such as compli-
cations arising from cardiovascular disease. Tomotherapy
showed high safety and satisfactory tolerability, with infre-
quent side effects, in patients with cardiopathology. Key
safety factors included contouring cardiac devices and by-
pass grafts as critical structures, strict dose control, IMRT,
and daily IGRT. The experience of the UMIT International To-
motherapy Oncology Center confirms the feasibility of de-
livering relatively safe treatment in this patient population,
provided that a personalized approach, rigorous dosimetric
control, and interdisciplinary monitoring are implemented.
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AHJATIIA

KYPEK-KAHTAMBbBIPJIAPBIHBIH KATAPJTAC ITATOJIOI' USICBI BAP EPJIEPJAE
OKIIE OBbIPBIH EMJAEYAEI'l TOMOTEPAIIUSAHBIH TUIMILJITT
(«UMIT» XAJIBIKAPAJIBIK OHKOJIOT' USAJIBIK TOMOTEPAIIUAJABIK
OPTAJIBIFBIHBIH TOXIPUBECI)

JI.K. Bepuxébon', A.M. I'anuna®, E.M. Hllaaxmemos', A.J]. Bpumosa', /I.H. Hopucosa'

1<UMIT» Xanbikapanblk OHKONOrMsIbIK TOMOTEpania opTanbifbl, ActaHa, Kasakcrax Pecny6nmkach;
ZYNTTHIK FHINbIMU MeAULMHATIbIK 0pTanblk» AK, ActaHa, KasakcTan Pecny6nmkachl

Oszexminizi: Oxneniy ycax srcacywanvt emec kamepii iciei (NSCLC) xeobinece ep adamoapoa Muoxkapo namonioeuscbiMer Kamap
ouaenos Kouwiiaowvl. HMPJI emoey adicmepiniy Gipi coynenik mepanus 6onvin mabwvliadel, aiatioa Kazaxemanoa kapouonamonocusicol
bap onxonayuenmmepoe momMomepanusAHvliy MuimMoiniei Men Kayincizoiei O0UbIHUIA 3epMmeYaep ic HCy3iHOe HCYPII3iNeeH Hcaummap Hcox.

3epmmeyoin maxcamol: Xanvikapaivik onkonozusnvik Tomomepanus « Umity opmanvigvinoa (Acmana, Kaszaxeman) NSCLC srcone inecne
Kapouonamonocusicol bap nayuenmmepoe MOHO-MOMOMEPANUAHbL KONOAHYObIY KIUHUKATLIK HOmMuicenepin bazanay 6onvin mabuliaobi.

Aoicmepi: 3epmmeyze « UMIT» opmanvizvinoa 2020-2024 scvindapel cnupanvovt mono-Tomomepanus kypcvinan omxern NSCLC 6ap
201 ep aoam kipeoi. [layuenmmep 1-monka 6eninedi-kapouonamonozusicwiz (N=139) scone 2 — mon-aywlp inecne kapOuonamoniocusmMeH
(N=62). Kypcmuviy opmawa y3axmeizvl - 32 KyH, npoyedypanvly opmauia y3aKmeiasbl — 15 munym, KyHine 0ip pem, anmacviHa 5 KyH.
Emoey muimoiniei I[1DT-KT acone KT depexmepi 6otivinuia Kypce asxmaneanHan Keiiin 8-12 anmaodan ketiin 6a2ananobl.

Homuocenepi: Tonvi peepeccus I-monmasvl nayuenmmepoe, aypyoviy opuiyi 2-monmaavl nayuenmmepoe xui baiixanovl. Kebinece
orcayan 1-monma, OHKONO2USILIK NPOYECMIY MYyPAKMAanysl 2-monma sHcui kezoeceoi. 2-monma oy OUHAMUKACHL 6ap nayueHmmepoiy
yreci 49% — 8 Kypaowi, npoyecmiy anvblKkmanean mypaxmauywin eckepe omuipoin-84% -. Kypaowvl. 1-monma s#cwli CaublHabl HCaAaNbl OMIp
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cypy Oeneetii 111 oicone IV kezenoepoe 84% owcone 74% Kypaowl, colikecinue npoepeccuscoiz opmauia yzagmeievt — 10,3 ail, 111 kezenoezi
ekl HCBLIObIK OMIp cypy Oeneetii — 65%. 2-monma JHewll catlbiiebl dcainvl omip cypy oeneetii 111 scone 1V kezenoepde 76% ocone 63%
Kypaoul, cotikecinuie npozpecc 8,1 npoepeccuscwiz opmawia y3axmoiavl, 11 kezenoeei exi acol10biK omip cypy oenzeiii 54%. 2-monma
UMNAAHMAYUATAH2AH KYPbla2bl PYHKYUACLIHBIY OY3bLLY dHca20alliapbl mipKkeimMe2eH, KOPOHAPAbIK, apmepusHbl auHaIsln emyi 6ap exi
nayuenmme yaxKblmua aypyxanaza H#amrwbl3yovl Kaxcem ememin #Cypex HCemrinikcizoieiniy 0ekoMneHcayusacol 0012an.

Kopvimuinowi: Tomomepanus ayvip kamap scypemin kapouonamonocuada NSCLC emoeyoe dcozapvl KAUHUKAAGIK MUIMOINIKMI
Kopcemeoi, 0ezeHMeH MHCANNbl OMIp Cypy dHcoHe emoey MuiMmoinici Kapouonamono2usachl JHCoK HayKacmaped Kapazanod momeH
Kepcemxiwmep 6anKanovl. bizoiy moxcipubemis dxcexkenieHOIpiieeH moci, Kamay 003UMempUsIblK OAKbIIAY HCOHe NOHAPALLIK OAKbLIAY
nPUHYURMepin cakmati Omvipbin, MyHOAl nayueHmmepoe CaiblCmoulpMaibl mypoe Kayinciz emoey MymKkinodiei 6ap exenin pacmaiobi.

Tyiiinoi co30ep: oxne pazvl, momomepanus, KapoOUonamoa02us, KapoOuoCmuMynamop, 2unoQpaxyus, Hco2apsl 0010ikmeei coynenix
mepanus.

AHHOTALUA

IPPEKTUBHOCTb TOMOTEPAIINH B JIEYEHUU PAKA JETKUX 'y MYKYNH
C CONYTCTBYIOUIEN CEPAEYHO-COCYAUCTOU ITATOJIOI'MEN
(OIIBIT MEXJYHAPOJHOI'O OHKOJIOIT'HYECKOI'O HEHTPA TOMOTEPAIINU «UMIT»)

JI.K. Bepukoon', AM. I'anuna’, EM. Illaasxmemos', A.J]. Bpumosa', /I.H. Hopucoea'

IMexayHapoaHblit oHKonoruueckiit ueHtp Tomotepanum “UMIT’, Actaa, Pecny6nuka Kasaxcran;
2A0 «HaumoHanbHblii HayuHblil MeSULMHCKNI LieHTP», AcTaka, Pecnybnuka Kaaxcran

Axmyanvnocms: Hemenxoxnemounwiii pax aézkoeo (HMPJI) uacmo ouacnocmupyemcs y Mys#Cuun 6 couemanui ¢ namoiocusimu
muoxapoa. Oonum uz memooos newenuss HMPJI asnsemes nyuesas mepanus, oonaxo 6 Kazaxcmane npaxmuuecku omcymcmeyom
uccnedosanus 3¢ pekmusHocmu u 6€30NACHOCMU MOMOMEPANUY Y OHKONAYUEHTNO08 C KAPOUONAMON0UAMU.

Lenv uccnedosanua — oyenumsv KiuHUYECKUe pe3Vibmamvl HPUMeHeHUs MOHO-momomepanuu y nayuenmos ¢ HMPJI u
conymemeyouwumu kapouonamonozuimu 6 Mesicoynapoonom onxonozuyeckom yewmpe momomepanuu « UMITy (Acmana, Kazaxcman).

Memoowi: B uccnedosarnue exarouen 201 myscuuna ¢ HMPJI, npowedwuii kypce cnupansrot mono-momomepanuu 6 2020-2024 2ooax
6 yenmpe «UMITy. Ilayuenmor pazoenenvt na I pynny 1 — 6e3 kapouonamonoeuii (n=139) u I'pynny 2 — ¢ msaicénvimu conymemsyowumu
kapouonamonozusimu (n=62). Cpeonsisi OnumenvHocmv Kypca — 32 OHsl, CpeOHsis NPOOOINCUMENbHOCIb RPOYedypbl — 15 munym, oOur pas
6 Oenvb, 5 OHell 6 Hedenio. Dpghexmusnocmy neuenus oyernusanu yepes 8-12 nedenw nocne saseputenus Kypca no oawuvim IHIOT-KT u KT.

Pesynomamui: [lonnwiii peepecc uawje ommeuanca y nayuenmos I pynnoi 1, npoepeccuposanue 3abonesanus — uawye y NAyueHmos
Tpynnot 2. Yacmuunwiti omeem uawe ecmpeuancs 6 Ipynne 1, cmabunuzayus oHKono2uyeckoeo npoyecca — uawe 6 1 pynne 2.
B I'pynne 2 dona nayuenmog ¢ nonodcumenvholl ounamurot cocmasuna 49%, c yuemom 6viAeniennoll cmabdbunuzayuell npoyecca —
84%. B I'pynne 1 oonoremusis obwas gviocusaemocmos cocmasuia 84% u 74% npu Il u IV cmadusix, coomgeemcmeenno, meouannas
npooondcumenbHocms Oe3 npoepeccuposanus — 10,3 mecsiyes, 0gyxaemuss evigcusaemocms npu 111 cmaouu — 65%. B I'pynne 2
00HONeMHAA 00w as svlocusaemocms cocmasuna 76% u 63% npu Il u IV cmaousax, coomeemcmeenno, MeOUaHHAs RPOOOIANCUMENLHOCTIb
6e3 npoepeccuposanusi — 8,1 mecsiya, ogyxaemnss evlocusaemocms npu I cmaouu — 54%. B I'pynne 2 ne 3agukcupogano ciyiaes
HapywieHusi QYHKyuu UMRIAGHMUPOBAHHO2O YCMPOUCMEd, y 08YX NAYUEHMO8 C AOPHMOKOPOHAPHBIM WYHMUPOBAHUEM Oblid
Odekomnencayus cepOeyHou HeOOCMAamoyHOCMuU, NOMpedo6asuULdsl BPEMEHHOU 20CHUMATUZAYULL.

3aknrouenue: Tomomepanus OeMOHCMPUPYem BbICOKYIO KIUHUYecKyio sggexmuenocmo npu nevenuu HMPJI npu mscénou
conymemeyioweti KapOuonamono2uu, Xoms 00wds 8blICUBAEMOCb U IPHeKmusHoCms neuenus Obliu Hudxice, Yem y NayueHmos
be3 kapouonamonozuii. Haw onvim noomeepoicoaem 603MONCHOCHb CPABHUMENbHO 0€30NACHO20 JNledeHus y Makux NayueHmos
npu cobaiodeHuu NPUHYUNO8 NePCoOHAIUIUPOBAHHO20 NOOX00d, CMPO2020 O003UMEMPULECKO20 KOHMPOLS U MeANCOUCYUNTUHAPHOLO
Hab00e us.

Knioueeswle cnosa: pak nézxkoeo, momomepanus, KapoOuonamono2us, KapouoCmumyasmop, cunoQpaxKyuoHupo8aHue, 8biCOKOMoOUHAs
Jyuesas mepanus.

Transparency of the study: Authors take full responsibility for the content of this manuscript.

Conflict of Interests: The authors declare no conflict of interest.

Funding: The study was conducted with the financial support of the Science Committee of the Ministry of Science and Higher Education
of the Republic of Kazakhstan (IRN AP19680098).

Authors Contribution: Conceptualization, Study Design — D.K. Berikbol, A.M. Ganina, E.M. Shayakhmetov; Investigation, Validation —
all authors; Writing — Original Draft Preparation — D.K. Berikbol, A.M. Ganina, E.M. Shayakhmetov, D.N. Idrissova.
Acknowledgements: The authors express their gratitude to the Candidate of Biological Sciences O.N. Lukin (National Scientific Medical
Center, JSC) for assistance with scientific expertise and manuscript preparation.

Information about the Authors:

D.K. Berikbol — Radiation Oncologist, Head of the Radiation Oncology Department of the “UMIT” International Oncology Center

for Tomotherapy, Astana, Kazakhstan, tel.: +77011506606, e-mail: Bericbol@mail.ru, ORCID: 0009-0003-4629-6900;

A.M. Ganina (Corresponding author) — Head of the Department of Cellular Technologies and Transplantation, National Scientific
Medical Center JSC, Astana, Kazakhstan, tel.: +77024346421, e-mail: anastassiya_smelova@mail.ru, ORCID: 0000-0002-2047-1497;
E.M. Shayakhmetov — Head of the “UMIT” International Oncology Center for Tomotherapy, Astana, Kazakhstan, tel.: +77017996771,
e-mail: erzhan_1965@mail.ru, ORCID: 0009-0005-9124-3650;

A. D. Brimova — Oncologist-Mammologist, “UMIT” International Oncology Center for Tomother-apy, Astana, Kazakhstan,

tel.: +77764591877, e-mail: aigul_umit@mail.ru, ORCID: 0009-0001-8643-3928;

D.N. Idrissova — Roentgenologist, “UMIT” International Oncology Center for Tomotherapy, Asta-na, Kazakhstan, tel.: +77022772125,
e-mail: Didrissova888@gmail.com, ORCID: 0009-0006-3122-0876.

Address for Correspondence: A.M. Ganina, Abylay Khan Ave. 42, Astana 010000, the Republic of Kazakhstan.

Oncology and Radiology of Kazakhstan, Ne3 (77) 2025 79



TREATMENT

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

UDC: 616.155.392-036.12
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ABSTRACT

Relevance: Clinical and genetic heterogeneity of chronic lymphocytic leukemia (CLL) influences therapy choices and outcomes.
Cytogenetic and biological markers are crucial for disease staging, therapeutic decision-making, and prognosis. Real-world data
comparing chemo-, immunotherapy, and targeted regimens are essential for refining patient management strategies.

The study aimed to evaluate the comparative effectiveness of chemotherapy, immunotherapy, and targeted therapy in patients with
chronic lymphocytic leukemia, taking into account cytogenetic parameters, age, and stage of the disease.

Methods: This retrospective cross-sectional study included 114 CLL patients treated at the City Clinical Hospital No. 7 (Almaty,
Kazakhstan) between 2001 and 2024. Patients received either chemoimmunotherapy (FC, FCR, CR, COP, chlorambucil) or targeted
regimens (BTK/PI3K inhibitors, anti-CD20 antibodies). Primary endpoints were progression-free survival (PFS) and overall response
rate (ORR).

Results: Distribution of patients with CLL by disease stage: stage B — 59.6% (n = 68), stage A — 25.4% (n = 29), stage C — 9.6% (n =
11), stage not established — 5.4% of cases (n = 6). According to cytogenetic testing (n = 63), the most frequent abnormality was del(13q14)
(33%, n = 21), either isolated or combined with other aberrations. Del(11q22.3) was detected in 17.5% (n = 11), trisomy 12 in 11% (n =
7), and TP53 mutations in 6.3% (n = 4). Among treatment regimens, the highest median PFS was observed with FC (46.6 months), CR (45
months), and ibrutinib (32.1 months). In patients receiving ibrutinib in later therapy lines (n=10), comparable complete response rates
and disease stabilization were achieved.

Conclusion: In real clinical practice, targeted therapy demonstrates superior PFS and better tolerability in high-risk patients and
in those pretreated with one or more prior lines of therapy, whereas chemotherapy remains a viable option for selected subgroups
(vounger patients, IGHV-mutated, favorable cytogenetics). Treatment personalization based on genetic profiling improves outcomes in
CLL. Expanding access to comprehensive genetic testing is critical to further enhance prognosis and survival.

Keywords: chronic lymphocytic leukemia; comparative effectiveness; targeted therapy, chemoimmunotherapy, cytogenetics.

Introduction: Chronic lymphocytic leukemia (CLL) is
one of the most common types of leukemia in adults and
represents a major public health problem [1]. The glob-
al age-standardized incidence rate (ASIR) is 4.7 cases per
100,000 people, resulting in more than 103,400 cases an-
nually. By the end of 2025, 23,690 new cases of CLL are
expected, with a projected increasing trend until 2030
[2, 3]. CLL incidence varies significantly by geographic lo-
cation, gender, age, and ethnicity, with a higher preva-
lence in men and older adults. In East Asians, Asian Indi-
ans, and Native Americans, age-adjusted CLL incidence
is 5-10 times lower than in people of predominantly Eu-
ropean descent [4]. However, gender differences persist
regardless of ethnicity [3]. Several studies have report-
ed a growing incidence of CLL in developing countries.
At that, overall survival (OS), treatment strategies, and ef-
fectiveness largely depend on socioeconomic conditions
and access to quality medical care, including diagnostic
methods and new medications [4].

The clinical course of CLL can be quite heterogene-
ous, ranging from an indolent disease requiring no treat-

ment to an aggressive disease refractory to several lines
of therapy. The vast majority of patients may be asympto-
matic at the time of diagnosis [2, 3, 5]. However, in some
patients, the disease progresses aggressively, with multi-
ple relapses, and requires aggressive treatment.

The prognosis of CLL varies greatly depending on
the stage of the disease, age, functional status of comor-
bidities, and many other factors, and remains serious for
the majority of patients. Currently, risk group stratifica-
tion is performed using the International Prognostic In-
dex ( CLL-IPI), which includes, in addition to age (>65
years), Rai staging (I-IV), determination of the level of
?-2 microglobulin (>3.5 mg/l), also genetic markers: the
presence or absence of mutations in the genes of immu-
noglobulin heavy chains ( IGHV), TP53 and the del17p de-
letion determined by fluorescence in situ hybridization
(FISH) [6]. These changes, independently of each other,
can affect overall survival. Thus, patients with CLL and
TP53 dysfunction or a complex karyotype belong to a very
high-risk group and have a shorter survival [7]. Deletion
of the short arm of chromosome 17 (del(17p)), which in-
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cludes the TP53 tumor suppressor gene locus, can often
be mutated and is associated with both an unfavorable
course of CLL and refractoriness to chemoimmunothera-
py [8]. Based on the IGHV mutation status, a distinction is
made between more mature, genetically stable CLL and
more immature, genetically unstable CLL. Patients with
unmutated IGHV genes have a more aggressive course of
the disease and are more likely to develop adverse genet-
ic events than patients with mutated IGHV [9].

Historically, CLL therapy has undergone significant
changes. Beginning with the use of the alkylating agent
chlorambucil or its combination with glucocorticoids in
the 1970s, later combination regimens (CHOP, CVP), and
the combined use of fludarabine and cyclophosphamide
(FC regimen) in first-line therapy, to the recent use of tar-
geted immunotherapy with the chimeric monoclonal an-
tibody to CD20, rituximab, including in combination with
fludarabine, cyclophosphamide (FCR), and other target-
ed and immunotherapeutic agents.

The introduction of new targeted and immune drugs
into practice, such as Bruton kinase inhibitors, veneto-
clax (a selective inhibitor of the anti-apoptotic B-cell lym-
phoma (BCL-2) protein), ofatumumab, obinutuzumab,
idelalisib, and duvelisib, among others, has significant-
ly increased the survival of patients with CLL. However,
in some cases, treatment remains ineffective, requiring
multiple lines of therapy and a personalized approach
with multiparametric risk assessment.

Due to the importance of molecular genetic markers
of CLL in stratifying risk groups, and also considering the
variability of data on disease course and the use of vari-
ous treatment approaches and regimens, the authors as-
sessed the effectiveness of CLL therapy in patients in Al-
maty.

The study aimed to evaluate the comparative effec-
tiveness of chemotherapy, immunotherapy, and targeted
therapy in patients with chronic lymphocytic leukemia,
taking into account cytogenetic parameters, age, and the
disease stage.

Materials and methods: A retrospective analysis of
data from 114 patients diagnosed with CLL who received
treatment at the City Clinical Hospital No. 7 (Almaty, Ka-
zakhstan) from 2001 to 2023 inclusive was conducted.

Diagnosis and monitoring of CLL were performed in
accordance with the recommendations of the 2018 Inter-
national Workshop on Chronic Lymphocytic Leukemia
(IWCLL).

The research methods for prognosis and monitoring
of CLL included: complete blood count at the time of di-
agnosis and during the disease dynamics; morphological
and cytological examination of bone marrow at diagno-
sis; immunophenotyping of atypical B cells of peripheral
blood to confirm the diagnosis ( n = 112 patients, normal
B lymphocytes were not taken into account in the analy-
sis, the panel included CD19, CD5, CD20, CD23, k and A to

confirm the diagnosis); standard cytogenetic study and
FISH on interphase nuclei of peripheral blood lympho-
cytes n = 63 (55.2%) using locus-specific probes for CLL
from Abbot ( Chicago, IL, USA).

Statistical processing of data was carried out using MS
Excel tables.

The distribution of quantitative variables was analyz-
ed using the Shapiro-Wilk test. After assessing compli-
ance with the normal distribution law, the statistical anal-
ysis method was selected. In the normal distribution of
quantitative variables, the central tendency and disper-
sion of features were described using the mean (M) and
the standard deviation (SD). When the distribution of
quantitative characteristics differed from normal, the de-
scription was carried out using the median (Me). Confi-
dence intervals were calculated for a probability of p =
95%. Differences between compared parameters were
considered statistically significant at p < 0.005.

When comparing patient groups by categorical char-
acteristics, the x2 test with Yates’ correction was used.
The statistical significance of differences between two
related groups was calculated using Student’s t-test. For
two unrelated groups, the Student’s t-test or the nonpar-
ametric Mann-Whitney test was used. At p < 0.005, the
alternative hypothesis of group differences was accept-
ed, and paired comparisons were performed using the
Mann-Whitney test.

Results: The structure of a cohort of patients with CLL
(the total number of those registered for dispensary care,
newly diagnosed cases, and the number of deaths) was
studied for the period from 2001 to 2023 in Almaty. The
study included 114 patients with CLL; staging was estab-
lished based on the 1981 Binet classification [10]. The age
of patients ranged from 38 to 92 years, with a median of
68 years, which is consistent with the data from the world
literature. The proportion of patients over 65 years was
62% (n = 71). Women predominated among the patients
(57%, n = 65); men accounted for 43% (n = 49).

Distribution of patients by stages. Patients were divided
according to CLL stages. as follows: stage B was the most
frequently diagnosed stage in 59.6% (n = 68), stage A oc-
curred in 25.4% (n = 29), stage C - in 9.6% of patients (n
= 11), and some had no data on the stage of the disease
(Table 1). It should be noted that most cases of CLL were
asymptomatic at the time of diagnosis.

Cytogenetic testing was performed on 63 patients.
Analysis of cytogenetic changes revealed that the most
common alteration (33%, n = 21) was deletion of 13q14,
either isolated or in combination with other abnormali-
ties. Del 11g22.3 was detected in 18% of cases (n = 11), tri-
somy 12in 11% (n = 7), and TP53 mutations in 6.3% of cas-
es (n =4) (Figure 1).

The limitations of cytogenetic research data are pri-
marily due to the lack of access to FISH research for adult
patients in the Republic of Kazakhstan until 2017-2018.
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Table 1 - Distribution of patients by CLL stages ( Binet J, 1981) [10]
Stage Number of patients, n Percentage of patients, %
Stage A 29 25.4
Stage B 68 59.6
Stage C 11 9.6
No data 6 5.4
norm“a,l
caryotype ~del13q14
32% \ ey
mut TP53
6%
. del11q22.3
trisomy 12 - 8%
11%
mdel 13914 mdel11g22.3 mtrisomy 12 amutTP53 = normal caryotype

Figure 1 - Structure of cytogenetic aberrations in patients with CLL (n = 63)

Therapy. When choosing treatment tactics, in 32 cas-
es (41.2%), patients did not receive initial active treatment
due to a lack of indications for therapy initiation according
to the protocols for managing patients with CLL. Chemo-
and chemoimmunotherapy (FC, FCR, CR, COP, chlorambu-
cil) was used in the majority of patients. Targeted thera-
py with the Bruton tyrosine kinase inhibitor ibrutinib was

Table 3 - Treatment of patients with CLL (n=114)

received by 14 patients (12.8%), including 4 patients with
the TP53 mutation. In 10 patients without the TP53 muta-
tion, ibrutinib was used after one or more previous lines
of chemotherapy. As a previous therapy, patients received
treatment in the form of combination regimens using
fludarabine, chlorambucil, cyclophosphamide, and rituxi-
mab (FC, FCR, CR, COP) (Table 3).

Treatment (with treatment regimen) Number of patients, n Percentage of patients, %
FC 17 14.9
Ibrutinib 14 12.8
With R 13 11.4
FCR 12 10,5
Chlorambucil 10 8.7
COP 2 1.75
No therapy at the time of diagnosis 47 41.2

Notes to Tables 3 and 4: FC - fludarabine, cyclophosphamide; CR - cyclophosphamide, rituximab; FCR - fludarabine, cyclophosphamide, rituximab; COP -

cyclophosphamide, vincristine + prednisolone.

Response to therapy was recorded in all groups. Com-
plete and partial response rates, as well as median pro-
gression-free survival (PFS), are presented in Table 4.

When comparing the treatment regimens, the high-
est median PFS was observed with the FC regimen (46.6
months), with sustained remission achieved in 55.5% of
patients in this group. The CR rate was higher in the group
of patients treated with the SOR regimen (the difference
was not significant), with a PFS of 31.6 months. Patients re-
ceiving ibrutinib in subsequent lines of therapy achieved

comparable rates of complete responses and disease sta-
bilization.

When comparing the treatment regimens, the high-
est median PFS was observed with the FC regimen (46.6
months), with sustained remission achieved in 55.5% of pa-
tients in this group. The CR rate was higher in the group of
patients treated with the SOR regimen (the difference was
not significant), with a PFS of 31.6 months. Patients receiving
ibrutinib in subsequent lines of therapy achieved compara-
ble rates of complete responses and disease stabilization.
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Table 4 - Response to therapy depending on the treatment regimen for CLL

T::git&n::t Number of patients, n |Full answer, % patients P F)Zstﬁa?ﬂge’ s @1 DIS%ZS;« Bg{g;?\stglon, Pﬂ:giﬂfvw;g(rggﬂt%g
FCR 12 78.2 15.1 14.4 31.4
FC 17 89.1 9 0.5 46.6
COP 2 91 6 0.0 31.6
CP 13 89 8 1.8 45.2
Ibrutinib 14 88 7 0.0 321

Discussion: The obtained results demonstrate that
the structure of the Almaty cohort of patients with CLL
is comparable with international data. The median age,
stage distribution, and frequency of major cytogenetic
changes are generally consistent with published epide-
miological data [1-4].

The 1314 deletion, being the most common anom-
aly, was associated with a favorable prognosis, consist-
ent with the literature. Meanwhile, TP53 mutations and
17p deletion, not fully identified due to diagnostic limita-
tions, remain key prognostic markers guiding treatment
decisions.

Ibrutinib treatment has demonstrated efficacy even
in patients with poor prognoses and multiple prior treat-
ment lines. This confirms the high clinical value of target-
ed therapy in high-risk groups.

The use of traditional chemotherapy regimens has also
shown an effect, especially in young people, which allows
the use of traditional treatment regimens and careful strat-
ification of patients.

Limitations of the study include its retrospective de-
sign, incomplete coverage of cytogenetic testing (due to
limited availability of FISH and modern molecular technol-
ogies), and a small sample size of patients receiving target-
ed therapy.

Take-aways:

The structure of the cohort of patients with CLL in Al-
maty corresponds to international data on age and distri-
bution of disease stages.

Cytogenetic alterations, especially del (13q14), del
(11g22.3), TP53 mutations, and trisomy 12, play a key role
in prognosticating the course of CLL.

Ibrutinib demonstrated efficacy in a cohort of patients
with a poor prognosis and late lines of therapy, confirm-
ing its important role in modern CLL treatment strategies.

Expanded access to genetic research and the intro-
duction of next-generation sequencing technologies are
needed to stratify risk and optimally select treatments.

Further research in the field of CLL, including multi-
center studies, particularly in asymptomatic, progressing,
or relapsing patients as our own data accumulate, shall im-
prove the quality of treatment and optimize approaches
to patient management, including in conditions of limited
access to modern treatment methods.

Conclusion: Modern tactics for managing patients
with CLL involve a comprehensive assessment of the pa-
tient’s condition and biological markers to stratify risk

groups, determine treatment strategies, and assess prog-
nosis. An important role is played by independent indica-
tors, such as the patient’s age, general physical condition,
comorbidities, the presence of TP53 and /IGHV mutations,
and the level of ?-2 microglobulin. Cytogenetic changes
play a key role in prognosticating the course of CLL. De-
letion of 13q14, the most common aberration, is associat-
ed with a relatively favorable prognosis. The presence of
TP53 mutations and the deletion of 17p (del17p) indicates
an unfavorable prognosis and resistance to standard im-
mune chemotherapy [7-9]. In these cases, the effective-
ness of chemotherapy and CD20 monoclonal antibodies
is reduced. The presence of isolated trisomy 12 is con-
sidered an “intermediate” prognosis, while the combina-
tion of trisomy 12 with deletion 11922.3 is associated with
a more aggressive course of the disease [7]. The data ob-
tained by the authors correlate with data from the world
literature regarding the age structure; discrepancies in the
sex distribution may depend on the overall life expectan-
cy in our country. The diagnostic capabilities, availability
of necessary reagents, method resolution, and accessibili-
ty of genetic and biological diagnostics limit the spectrum
of cytogenetic changes outlined in the study. Widespread
implementation of genetic diagnostic methods is neces-
sary for the purpose of stratification and the selection of
treatment tactics, as well as the introduction of new drugs
to expand therapeutic options, improve survival, and re-
duce the side effects of therapy.
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AHJATIIA

CO3BLIMAJIBI INM®OJIEHNKO31bI EMAEYIIH CAJTBICTBIPMAJIBI TUIMILIITI:
AJIMATBI KIMHUKACBIHBIH TOKIPUBECI

P.M. Pamazanosa', 3./1. [ywmumosa®, I A. Cabvipbacea’

«C.XK. AchenauapoB atbiigarbl Kasak ynTToik MeguuuHa yuuepcuteTi» KEAK, Anmatbl, Kasakctan Pecny6nnkachl;
«3n-Oapabu aTbiHparsl Kasak YnTTbik yHusepcuteti» KEAK Anmatbl, Ka3akcrad Pecny6ankacsl;
3«N7 Kananbik KnuHuKanblk aypyxaHacbly, Anmatbl, Kasakcrau Pecny6ankacbl

O3zexminizi: Cozviamanvt iumgoyumapavix aetikozovty (CLL) KAUHUKATBIK dHcOHe 2eHeMUKAIbIK 2emepo2eHOLLiei mepanus mayoayvl
MeH nomudicenepine ocep emeoi. Llumozenemuxansvi dcone OUOIOSUANBIK MApPKepaep aypyoblly CAMbLIAHYbIHOA, eMOey MAKMUKACHIH
aUKbIHOAYOa dicone OONdICAM Jcacayoa Manwi30bl poi amiapadsl. Haxmol Kiunukaiel mooicipube oepexmepin maiday, Xumuo-,
UMMYHOMEPANUsL JCOHE HbICAHAb MePanus pescumoepiniy Homuoiceaepin canvicmuipy CJII 6ap naykacmapowl emoeyoin oymaiivl
aneopummoepin Kaiblnmacmuipyaa MyMKiHOIK 6epeoi.

3epmmeyoin, maKcamol — YumMoeHeMUKAIbIK napamempiepol, aypyobiy HCACbIH HCOHE CAMBICHIH eCKepe OMblPblN, CO3bLIMAILbL
uUMeponelikozben ayvipamvii HAYKAcmapoa XuMuomepanuanll, UMMYHOMeEPANUAHblH JHCOHe MAKCAMMbL MEPANUAHBIY CATLICTNLIPMALbL
muimoiniein bazanay 6010bl.

Aoicmepi: 3epmmeyee 2001-2024 scvindap apanvievinoa Ne7 Kananiblk KIUHUKATLIK aypyxanaoa (Aamamel, Kazaxcman) emoenzen
114 CLL nayuenminiy meouyunanvlx oepexmepine pempocnexmusmi manoay enzizindi. Haykacmap exi monka 06niHOi: Xumuo-
ummynomepanus moout (FC, FCR, CR, COP, xnopambOyyun pedxcumoepi), nvicananv mepanus moowt (BTK/PI3K meoceciwumepi, anmu-
CD20 npenapammapwt). Heeizei nykmenep: yoemeciz omip cypy yzaxkmoiewt (YOY) owcone swcannwi scayan swcuiniei (HKIKIK).

Homuacenepi: CJl/I-men ayvipamvin naygacmapowvl aypy camvicul 0ouvinua 6ony: B camvicor — 59,6% (n=68), A camvicol —
25,4% (n=29), C camvicol — 9,6% (n=11), anvikmanmazan camoicol — 5,4% oucazoaiinap (n==6). Llumocenemukanvix 3epmmeyee colikec
(n=063), ey acui abeppayua dell3ql4 (33%, n=21), oxwaynanean nemece 6acka ayvimkynapmen oipikmipineen. Delllq22.3 — 17,5%
(n=11), 12-xpomocomanwiyy mpucomusicol — 11% (n=7), TP53 mymayusanaper — 6,3% (n=4) nayxacmapoa anvikmanowi. Em nomudicenepi
bouvinua ey sncozapvl meouananwi YOY FC (46,6 aiy), CR (45 ai) socone ubpymunub (32,1 aii) pescumoepinoe oaikanovl. Keilinei
emoey aceninepinde ubpymunub Kaowiioazan naykacmapoa (n=10) monvix srcayan sxcuiniei men aypyoviy mypaKmany Kopcemxiwmepi
canvlcmulpmanvl oeyeetioe 6010bl.

Kopvimuinowvi: Haxmoi kaunuxanvix moxcipubede HolCaHambl mepaniisi #co2apsl Kayin mobvlH0a2vl HayKacmapoa sHcoHe OypuiH Oip
Hemece Oipuewe em diceninepin anzan monma YOY 6otiviHuia apmulKiublivlK 6epeodi opi JcaKculpak KomepiMOLliknen epexkueneneoi. An
Xumuomepanus xcexenezeH Kiuii monmapoa (xcac naygacmap, IGHV-wymayuscel 6ap, Konauivl yumozenemura) Ko10aHbliamoiH Onyus
bonvin Kana bepedi. I enemuxanvix npoduivee nezizoencen emoi scexenendipy CJIJI bap naykacmapoaasl nomudicenepoi scakcapmaosi.
Bonocamovt apmmuipy ywin eenemuxanix, sepmmeynepoiy KOAHCEMIMOINIZiH HeoHe CNeKMPIH Keneumy Kajcen.

Tyiiinoi co3dep: co3vlimansl AUMPONEUKO3, CATLICMBIPMATLL  MUIMOLLIK, HbICAHALbL  MePAnus; XUMUOUMMYHOMePANus,
yumozenemuxa.

AHHOTALUA

CPABHUTEJIbHAA D®PEKTUBHOCTb TEPAIIMA XPOHUYECKOT'O
JIUM®OJIEUKO3A: OIIBIT KIMHUKU I'. AIMATbBI

P.M. Pamaszanosa', 3. /1. /lymumosa’, I.A. Caovipoaesa’

'HAO «Ka3axckuii HawmoHanbHblit MeguUuHcKnil yuusepcutet umenn C. Achenanaposar, Anmatsl, Pecny6auka Kasaxcras;
2HAQ “Ka3axcKuii HaLMoHanbHbIii yHuBEpCuTeT UM. anb-Oapabu’, Anmarbl, Pecny6nuka Kasaxcran;
3TKN Ha MXB «Topoackas knuHnueckas 6onbHuua No7», Anmarbl, Pecny6amka KasaxcTan

Axmyansnocms: Kiunuko-zenemuueckan eemepoeeHHOCHb XpOHUUeckoz2o numgoneiixoza (XJIJI) eausem na evibop mepanuu
u ucxoowvl. borvuwioe snauenue 6 cmaouposanuu, blb6Ope MaKMuKU JeUeHus U nPocHo3e 3a60Ne6aHUs UMem yumozeHemuyeckue u
buonozuyeckue maprepul. M3zyuenue 0annwlx pearbHblX KIUHUYECKOU NPAKMUKU, CPABHEHUE Pe3VaAbMaAmo8 XUMUO-, UMMYHOMepanuu u
Mapeemuvlx pedlcuMos nomozaem onpeoeaums aieopummbl eoenus nayuenmos ¢ XJ1J1

84 Oncology and Radiology of Kazakhstan, Ne3 (77) 2025



@) KazlOR TREATMENT

Lensv uccnedosanusn — oyenums CpagHUMENbHYIO dPPEKMUBHOCHIL XUMUO, UMMYHOMEPANUY U MaAPeemHoll mepanuu y nayuenmoes
€ XPOHUYECKUM TUMGPONEUKO30M C YUEMOM OAHHBIX YUNOLEHEMUKU, 803PACMA U CINAOUU.

Memoowi: [Iposeden pempocnexkmuenvlil ananuz oannvlx 114 nayuenmos ¢ XJ1J1, nonyuasuiux nevenue ¢ I'KI1 na I1XB «['opodckas
KauHudeckas bonvruyaNe7y (Anmamor, Kasaxcman) 6 2001-2024 2e. I pynnoi: xumuo-ummynomepanuu (FC, FCR, CR, COP, xnopamoéyyun)
u mapeemuvie pexcumvl (uneubumopvr BTK/PI3K, anmu-CD20). Koneunvie mouxu: gvlycueaemocms 6e3 npoepeccuposanus (BbII),
yacmoma obweeo omgema (40).

Pesynomameor: Pacnpeoenenue nayuenmos ¢ XJIJI no cmaousm sabonesanus: cmaous B — 59,6% (n=68), cmaous A — 25,4% (n=29),
cmaousn C — 9,6% (n=11), cmaous ne ycmanosiena — 5,4% cayuaes (n=6). Cocnacno yumoeenemuieckomy ucciedoganuio (n=63),
naubonee pacnpocmpanénnoil abeppayueti agaanace deli3ql4 (33%, n=21), uzonuposannas unu 6 couemanuu ¢ OpyeuMu HapyueHuIMu.
Delllg22.3 evisignena y 17,5% (n=11), mpucomus 12 xpomocomwr — y 11% (n=7), mymayuu TP53 — y 6,3% (n=4). Ilo pezyromamam
Jevenus Hauboavan meouarna BBl nabrioodanacs npu npumenenuu cxemvl FC (46,6 mec), CR (45 mec), ubpymunuo (32,1). ¥ nayuenmos,
noayuaswux ubpymunud 6 nociedyrouux aunuax mepanuu (n=10), yoanoce 0ocmuib conoCmMaguMol 4acmomyl NOIHbIX OMBEMO8 U
cmabuauzayuu 3a001€6aHUS.

3akniouenue: B peanvroll KIuHU4eckou npakmuke mapeemuas mepanus obecneuugaem npeumywecmeo no BBII u nyuuiyro
NePeHoCcUMOCmb Yy NAYUEHNO8 BbICOKO20 PUCKA U 6 2pYNNe NAYUeHMO8, NOAVUUBUIUX OOHY UNU HECKOAbKO JTUHUL npeduecmsyiouell
mepanuu, mo2oa Kax Xumuomepanus ocmaémcs onyueu Ons 8blOpaHHLIX nooepynn (monoovie, IGHV-wymayus, 6raconpusmuasn
yumozenemuxa). Ilepconanusayus nevenus Ha OCHOSE 2eHeMUYeCKo20 npoguas yayduwaem ucxoowt y nayuenmos ¢ XJJI C yenvio
VIyUUeHUs NPO2HO34A, 8bIICUBACMOCHIb HEODXOOUMO pacuiupere O0OCMYNa U CNeKmpa 2eHemuyeckux ucciedo8anuil.

Kniouesvie cnosa: xponuueckuil ium@oneiikos; cpagHumenbuas IhGexmueHocmy, mapeemuas mepanus; XuMUuOUMMYHOMePanus,
yumoeenemuxra, TP53.
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POTENTIAL OTOTOXIC EFFECTS
OF DIFFERENT GENERATIONS
OF EGFR TYROSINE KINASE INHIBITORS:
A LITERATURE REVIEW

L.S. BALYMBETOVA', YM. IZTLEUOV", E.K. ISMAGULOVA',
S.K. KOZHANTAYEVA', GM. IZTLEUOVA'

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

ABSTRACT

Relevance: Lung cancer is one of the most frequent malignant tumors, and non-small cell lung cancer (NSCLC) accounts for
approximately 85% of all cases. Mutations in the epidermal growth factor receptor (EGFR) gene contribute significantly to NSCLC
development. EGFR is key for tumor occurrence and progression. The discovery of tyrosine kinase inhibitors (TKI) targeting EGFR has
marked significant progress, offering a more rational and effective therapeutic approach. However, TKIs are not free of side effects.
Evidence indicates a potential link between TKI therapy and ototoxicity. Given the chronic nature of the treatment of patients with
advanced stages of the disease, even minor toxicity can significantly affect the quality of life. It is essential to inform patients about
the potential risk of hearing impairment and to regularly monitor for early signs of ototoxicity, thereby optimizing long-term treatment
outcomes for patients.

The study aimed to review the existing data on tyrosine kinase inhibitors and their potential ototoxicity, including the main
mechanisms of pathogenesis.

Methods: The search utilized PubMed, Scopus, Embase, Cochrane Library, Web of Science, Google Scholar, and ClinicalTrials.gov
to identify scientific publications on ototoxicity caused by TKls in NSCLC. The keywords “non-small cell lung cancer,” “ototoxicity,”
“gefitinib,” “erlotinib,” “afatinib,” “‘dacomitinib,” and “osimertinib” were used for the search.

Results: EGFR plays an important role in developing, maintaining, and repairing sensory and non-sensory structures of the
inner ear. In neonatal models, EGFR is expressed in cochlear cells, including the cortical organ, facilitating regeneration and repair.
However, in mature systems, EGFR expression decreases, primarily localized in the spiral ganglion, limiting the regenerative ability of
auditory cells. By inhibiting EGFR signaling, cellular proliferation and repair mechanisms are disrupted, damaging the cochlea’s hair
cells and supporting cells.

Conclusion: The prevalence and main molecular mechanisms of ototoxicity caused by TKI remain poorly understood. Further
research is needed to clarify dose-dependent effects, genetic predisposition, and potential protective strategies. Knowledge of this
adverse effect is necessary to monitor auditory health during EGFR-TKI therapy and to study interventions that mitigate its effects on
patients undergoing long-term treatment.

Keywords: non-small cell lung cancer (NSCLC), epidermal growth factor receptor (EGFR), tyrosine kinase inhibitor (TKI),

ototoxicity.

Introduction: Cancer remains one of the most preva-
lent and significant global health challenges. In 2022, the
worldwide incidence of cancer reached 19,976,499 new
cases, with an age-standardized incidence rate of 196.9
per 100,000 population. During the same period, the to-
tal number of cancer-related deaths was reported at
9,743,832. Lung cancer is one of the most frequently diag-
nosed malignancies among both men and women, which
highlights its significant contribution to the global cancer
burden [1]. Among these cases, non-small cell lung cancer
(NSCLC) accounts for approximately 85% [2].

The treatment of NSCLC is based on a multimodal
approach, including chemotherapy, radiation therapy,
and targeted therapy, aimed at minimizing adverse ef-
fects and improving therapeutic efficacy. Mutations in
the epidermal growth factor receptor (EGFR) gene con-
tribute significantly to NSCLC development. EGFR is key
for tumor occurrence and progression. The significance

of this genetic alteration is supported by Melosky et al.'s
(2022) [3] findings, which revealed a significantly higher
prevalence of EGFR mutations among Asian populations
compared to Western populations. This disparity under-
scores the necessity of developing population-specific
therapeutic strategies. Consequently, given the higher
prevalence of EGFR mutations in Asian countries, using
tyrosine kinase inhibitors (TKls) appears to be the most
rational and effective treatment approach for this pa-
tient group.

TKI revolutionized the treatment of NSCLC by provid-
ing a highly selective mechanism of action, leading to im-
proved clinical outcomes and reduced systemic toxicity
compared to conventional chemotherapy [4]. These inhib-
itors specifically target aberrant signaling pathways driv-
en by mutations in key oncogenes, including EGFR [5],
ALK, and ROSI, essential for tumor proliferation and sur-
vival [6]. First-generation TKls, such as gefitinib and erlo-
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tinib, demonstrated substantial efficacy in patients har-
boring EGFR mutations; however, their clinical utility was
limited by the emergence of acquired resistance, most no-
tably the T790M mutation [7]. Second-generation inhibi-
tors, including afatinib and dacomitinib, irreversibly bind
to EGFR, overcoming some resistance mechanisms [8].
Third-generation TKIs, such as osimertinib, were specifical-
ly designed to target T790M mutations and have demon-
strated improved central nervous system penetration, fur-
ther enhancing treatment efficacy [9]. The introduction of
TKls into clinical practice has markedly improved the pro-
gression-free and overall survival among patients with NS-
CLC. This made TKIs the main component of personalized
cancer therapy.

Although cancer therapy is essential for improving sur-
vival rates, it is often associated with significant adverse
effects on various organ systems. One of the most severe
complications is cardiotoxicity, which can result in heart
failure and arrhythmias, particularly in patients receiving
anthracyclines or targeted therapies affecting cardiovas-
cular function [10]. Similarly, neurotoxicity is a prevalent
adverse effect, manifesting as cognitive impairments and
peripheral neuropathy, which may significantly impact pa-
tients’ quality of life [11, 12]. In addition to cardiovascular
and neurological complications, hepatotoxicity and ne-
phrotoxicity are common consequences of chemotherapy
and targeted therapies, potentially leading to liver and
kidney dysfunction and further complicating treatment
regimens [13, 14]. Moreover, ototoxicity represents anoth-
er critical adverse effect, often causing irreversible dam-
age to auditory and vestibular functions, communication,
and balance [15].

Ototoxicity is a severe adverse effect of cancer ther-
apy that significantly affects patients’ quality of life [16].
This toxicity is particularly associated with certain chemo-
therapeutic agents, including platinum-based drugs such
as cisplatin, as well as targeted therapies like TKI, both of
which have been shown to cause irreversible damage to
the auditory and vestibular systems [16, 17]. The underly-
ing mechanisms of ototoxicity involve the accumulation
of toxic metabolites within inner ear cells, increased oxi-
dative stress, and the apoptosis of sensory cells, ultimately
leading to progressive hearing loss and balance disorders.
Given the increasing life expectancy of cancer patients
and the need for prolonged treatment, the long-term im-
pact of ototoxicity has become a critical concern in oncol-
ogy. Further research is essential to understand this issue
and formulate effective preventive strategies. Therefore,
the current study evaluated and compared the ototoxic
impacts linked to EGFR inhibitors across the first, second,
and third generations.

The study aimed to review the existing data on TKls
and their potential ototoxicity, including the main mech-
anisms of pathogenesis.

Materials and Methods: The search was conduct-
ed across four electronic databases: PubMed, Scopus,
Web of Science, Google Scholar, and ClinicalTrials.gov to
identify scientific publications on TKI-induced ototoxici-
ty in NSCLC. The search strategy utilized Medical Subject
Headings (MeSH) terms, including «non-small cell lung

cancer», «ototoxicity», «gefitinib», «erlotinib», «afatinib»,
«dacomitiniband», <osimertinib». These terms were com-
bined using Boolean operators (AND, OR) to refine the
search results.

Inclusion criteria:

- Type of study: Original research (clinical trials, rand-
omized controlled trials, prospective and retrospective co-
hort studies, observational studies, descriptions of clinical
cases). Systematic reviews and meta-analyses. Clinical tri-
als submitted for registration on ClinicalTrials.gov.

- Language of publication: English and Russian.

— Publication time frame: 2014-2024.

- Publication type: Peer-reviewed articles published in
journals indexed in the databases PubMed, Scopus, Web
of Science, and Google Scholar; unregistered clinical trials,
available on ClinicalTrials.gov.

Exclusion criteria:

- Type of research: Low-quality publications that have
not passed the review procedure (for example, conference
abstracts, letters to the editor, editorial comments, ex-
pert opinions, literature reviews without a systematic ap-
proach).

- Publication language: Publications in languages oth-
er than English and Russian.

— Publication type: Duplicate publications.

- Reviews, comments, unpublished materials, and gray
publications (for example, dissertations, reports).

Thus, 47 out of 741 selected sources were included in
this study.

Results: Molecular Mechanisms of the EGFR Signaling
Pathway in Oncogenesis. EGFR is a critical regulator of cellu-
lar proliferation, angiogenesis, apoptosis, and metastasis,
making it a key target in oncological research and treat-
ment. EGFR is a member of the ErbB receptor family, which
also includes HER1 (EGFR), HER2 (ErbB2), HER3 (ErbB3), and
HER4 (ErbB4), so it shares structural similarities and activa-
tion mechanisms with these receptors, collectively influ-
encing various cellular processes [18]. A crucial compo-
nent of EGFR-mediated signaling is the EREG gene family
on chromosome 4, which plays a significant role in can-
cer progression by activating proliferative and pro-angi-
ogenic pathways [19]. Under normal physiological con-
ditions, EGFR activation triggers a complex intracellular
signaling cascade involving pathways such as Ras/Raf/
MEK/ERK, PI3K/Akt, PLCy, JAK/STAT, and Src, which regu-
late cell growth, survival, migration, and angiogenesis [20].
Dysregulation of these pathways due to aberrant EGFR ac-
tivation is a major driver of tumorigenesis, further under-
scoring the receptor’s role as a crucial therapeutic target in
cancer treatment.

The Ras/Raf/mitogen-activated protein kinase (MAPK)
signaling cascade is a key regulator of cell proliferation
and survival. Upon EGFR phosphorylation, adaptor pro-
teins such as Grb2 and Sos are recruited, facilitating the
activation of Ras, which serves as a critical intermediary
between receptor activation and downstream intracellu-
lar signaling pathways [21]. This activation initiates a cas-
cade in which Ras stimulates Raf-1, ultimately leading to
the phosphorylation and activation of MAPKs [22]. While
MAPK signaling is essential for maintaining normal cellular
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functions, its dysregulation can profoundly impact apop-
totic regulation. Specifically, persistent activation of extra-
cellular signal-regulated kinase (ERK) inhibits the pro-ap-
optotic c-Jun N-terminal kinase (JNK) and p38 pathways,
thereby disrupting the balance between cell survival and
programmed cell death [23]. As a result, excessive MAPK
activation suppresses caspase activity, promoting uncon-
trolled cell survival and facilitating tumor progression. This
dysregulation underscores the critical role of MAPK signa-
ling in oncogenesis and highlights its potential as a thera-
peutic target in cancer treatment.

Another crucial signaling route is the phosphoinos-
itide 3-kinase (PI3K)/Akt pathway, which governs cell
growth, survival, and resistance to apoptosis. PI3K, a di-
meric enzyme, produces signaling molecules that acti-
vate Akt, a key serine/threonine kinase in cellular protec-
tion mechanisms [24]. EGFR-dependent PI3K activation is
primarily mediated through HER3 dimerization, as EGFR
lacks direct binding sites for PI3K regulatory subunits.
Additionally, phospholipase Cy (PLCy) interacts with ac-
tivated EGFR, catalyzing the breakdown of phosphatidy-
linositol 4,5-bisphosphate into inositol triphosphate (IP3)
and diacylglycerol (DAG) [25]. This reaction regulates in-
tracellular calcium release and activates protein kinase C
(PKCQ), subsequently influencing MAPK signaling [26]. Sig-
nal transducers and activators of transcription (STAT) pro-
teins, particularly STAT3, play a pivotal role in EGFR-me-
diated signaling by regulating key oncogenic processes.
Upon activation, STAT proteins form dimers and translo-
cate to the nucleus, modulating gene expression in cell
proliferation, survival, and metastasis, thereby contribut-
ing to cancer progression [27]. In parallel, the Src kinase
pathway is another crucial regulator of EGFR signaling, in-
fluencing cellular processes such as proliferation, adhe-
sion, migration, and immune responses [28]. Src enhances
EGFR activation and contributes to resistance against tar-
geted therapies by interacting with alternative receptor
pathways, allowing tumor cells to circumvent EGFR inhi-
bition [29]. The interplay between STAT, Src, and EGFR sig-
naling underscores the intricate nature of oncogenic net-
works and highlights the need for therapeutic strategies
that target multiple pathways to overcome resistance and
improve treatment efficacy.

Mechanisms of Action of EGFR Inhibitors of Different Gen-
erations. EGFR TKls are categorized into three generations,
each targeting specific EGFR mutations and addressing re-
sistance mechanisms. These inhibitors exert their thera-
peutic effects by competitively binding to the ATP-bind-
ing site of the EGF Rkinase domain, thereby preventing the
activation of downstream signaling pathways involved in
tumor proliferation, survival, and metastasis. First-genera-
tion EGFR-TKIs function as reversible inhibitors that selec-
tively target tumors harboring activating EGFR mutations,
particularly exon 19 deletions and the L858R substitu-
tion in exon 21 [30]. These inhibitors bind reversibly to the
ATP-binding pocket of EGFR, effectively suppressing aber-
rant signaling. However, despite their initial efficacy, their
clinical utility is significantly compromised by the emer-
gence of acquired resistance, predominantly driven by
the T790M mutation in exon 20. This mutation enhanc-

es ATP affinity, thereby reducing the binding efficiency of
first-generation TKls and ultimately leading to treatment
failure [31]. The clinical significance of first-generation TKils
was underscored by the regulatory approval of gefitinib
by the U.S. Food and Drug Administration (FDA) on July 13,
2015. This approval is specifically applied to patients with
metastatic non-small cell lung cancer (NSCLC) whose tum-
ors harbor EGFR exon 19 deletions or exon 21 (L858R) sub-
stitution mutations, as confirmed by an FDA-approved di-
agnostic test [32].

Second-generation EGFR-TKIs function as irreversible
inhibitors, offering a broader spectrum of inhibition than
their first-generation counterparts. These inhibitors cova-
lently bind to a cysteine residue within the ATP-binding
domain of EGFR, leading to irreversible receptor inhibition.
Unlike first-generation TKls, second-generation inhibitors
exhibit expanded activity by targeting multiple receptors
within the ErbB family, including EGFR, HER2, and HER4,
thereby reducing the likelihood of resistance develop-
ment through alternative pathway activation [33]. Howev-
er, despite their broader inhibition profile, second-gener-
ation TKls remain ineffective against the T790M mutation,
a major resistance mechanism limiting ATP-competitive
kinase inhibitors’ efficacy. The T790M mutation increas-
es ATP affinity, thereby reducing the binding efficiency
of these inhibitors and necessitating the development of
third-generation TKis. Although irreversible inhibitors ad-
dress resistance by forming covalent bonds with EGFR,
second-generation TKIs cannot selectively target T790M,
making them insufficient in overcoming this specific mu-
tation [34]. The clinical relevance of second-generation
TKIs was demonstrated by the FDA approval of afatinib in
2018 for treating rare EGFR point mutations. Specifically,
afatinib was approved for patients with tumors harboring
the S768l, L861Q, and G719X mutations, underscoring the
continued refinement of targeted therapies to address di-
verse EGFR mutation profiles [35].

Third-generation EGFR-TKIs, irreversible Mutant-Se-
lective Inhibitors, include Osimertinib (AZD9291), Rocile-
tinib (CO-1686), and WZ4002. These inhibitors selective-
ly target both EGFR-activating mutations and the T790M
resistance mutation, the most common mechanism of
acquired resistance. They form an irreversible covalent
bond with the ATP-binding site, inhibiting EGFR signal-
ing even in resistant tumors. Unlike second-generation
inhibitors, they spare wild-type EGFR, reducing off-target
toxicities such as skin rash and diarrhea. Osimertinib was
the first third-generation EGFR-TKI to receive regulatory
approval from both the FDA and EMA (2015, 2016) for pa-
tients with metastatic EGFR-mutant NSCLC [36] harboring
the T790M mutation [37].

Ototoxicity of EGFR Inhibitors. Mechanisms and Poten-
tial Consequences. Unlike traditional chemotherapy, target-
ed therapy offers a more selective mechanism of action by
specifically inhibiting molecular markers, thereby reduc-
ing systemic toxicity and minimizing adverse effects [39].
However, despite its improved safety profile, EGFR TKls are
associated with various treatment-related toxicities.

Ding et al. (2017) evaluated the risk of adverse ef-
fects associated with EGFR TKls, including gefitinib, erlo-
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tinib, and afatinib. The study identified diarrhea (53.3%)
and rash (66.5%) as the most frequently reported adverse
events, affecting more than half of the patients. These
toxicities represent the most common treatment-relat-
ed adverse effects, underscoring the clinical burden of
EGFR-targeted therapies [40]. The high incidence of cuta-
neous toxicities, particularly rash, is primarily attributed to
the widespread expression of EGFR in the skin. Since EGFR

plays a pivotal role in skin homeostasis and repair, its inhi-
bition disrupts normal cellular processes, leading to der-
matologic side effects such as rash and dryness (41). In
addition to skin-related toxicities, EGFR TKls have been as-
sociated with a range of systemic adverse effects, includ-
ing fatigue, oral ulcers, constitutional symptoms, nausea,
elevated alanine aminotransferase (ALT) levels, dyspnea,
and pulmonary toxicity [41].

Table 1 - Mechanisms of Action and Selectivity of Epidermal Growth Factor Receptor (EGFR) Tyrosine Kinase

Inhibitors (TKI) [38]
EGFR TKI Selectivity Mechanism
1 generation Gefitinib Reversible EGFR inhibitors EGFR
Erlotinib
2 generation | Afatinib Irreversible inhibitors of EGFR, HER2, and HER4 | EGFR, HER2, HER4
Dacomitinib
Lapatinib
2 generation Osimertinib Selective inhibition of mutant EGFR (T790M) EGFR (T790M)
Rociletinib

The ototoxic effects of EGFR inhibitors remain insuf-
ficiently studied in the scientific literature. However, sev-
eral studies indicate a potential association between the
use of TKI and the development of sensorineural hear-
ing loss (SNHL), highlighting the need for further investi-
gation. EGFR is a transmembrane receptor tyrosine kinase
that regulates key cellular functions, including cell prolifer-
ation, survival, angiogenesis, and migration. It plays a cru-
cial role in various tissues, including the inner ear, which

is involved in auditory processing [42]. The organ of Cor-
ti, located within the cochlea, contains mechanosenso-
ry hair cells responsible for converting sound vibrations
into electrical signals transmitted to the brain. These cells
closely interact with sensory neurons, and any disruption
in this connection may result in SNHL. Research suggests
that EGFR signaling is essential for maintaining this inter-
action, and its dysfunction may contribute to hearing im-
pairment [43].
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Figure 1 - Targeted Therapy Based on Types of Epidermal Growth Factor Receptor (EGFR) Tyrosine Kinase Inhibitors (TKls)

One of the mechanisms explaining the role of EGFR
in hearing is its involvement in the proliferation of coch-
lear-supporting cells. Normally, these cells possess a cer-
tain regenerative potential, but in the absence of EGFR sig-
naling, they lose their ability to divide and repair damage,
thereby limiting the regenerative capacity of the auditory
system [44]. Various experimental studies support this hy-
pothesis. For example, a study by Hume et al. (2003) con-
ducted on Swiss Webster mice demonstrated that EGFR is
expressed in sensory and non-sensory cochlear cells, in-
cluding the organ of Corti, during early development. In

the neonatal period, EGFR facilitates the repair of dam-
aged cells; however, its expression declines with age and
becomes predominantly restricted to the spiral ganglion.
This reduction may explain the limited regenerative abil-
ity of the auditory system in adults [45]. Although these
sources [44, 45] are over 10 years old, they represent foun-
dational experimental work that has not been contradict-
ed and is still cited in recent literature. These studies were
among the first to describe the expression and function
of EGFR in the cochlea and continue to provide essential
mechanistic insight into the limited regenerative capaci-
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ty of auditory cells — information that more recent studies
often take as a basis for further investigation. These find-
ings support the hypothesis that diminished EGFR signal-
ing may contribute to progressive hearing loss. Additional
evidence for this hypothesis has been obtained from ex-
perimental models. For instance, pharmacological inhibi-
tion of EGFR in Danio rerio (zebrafish) embryos has been
shown to cause auditory dysfunction, underscoring the
critical role of this receptor in auditory development and
maintenance [46]. A potential link between TKI and hear-
ing impairment has been observed in pharmacovigilance
data. An analysis of reports from the FDA Adverse Event
Reporting System identified a statistically significant asso-
ciation between the use of capmatinib, a MET TKI, and the
development of adverse effects such as hearing loss and
dysphagia [47].

Mechanisms of Ototoxicity: EGFR Inhibitors of Different
Generations. As noted in the previous sections of this ar-
ticle, ototoxicity is a rare but noteworthy adverse effect
associated with EGFR TKI. Although research on this phe-
nomenon remains limited, existing studies provide evi-
dence supporting the occurrence of ototoxicity in patients
receiving these therapies. This section reviews document-
ed cases and clinical studies investigating the ototoxic ef-
fects of EGFR TKls. According to available data, several TKls
have been implicated in hearing impairment, including
gefitinib, erlotinib, osimertinib, lapatinib, and canertinib.

First generation-Gefitinib. The ototoxic effects of
first-generation EGFR TKls are most commonly reported
with gefitinib. For example, Zhu et al. (2023) document-
ed a case of gefitinib-induced ototoxicity in a 51-year-old
female patient diagnosed with right-sided bronchogen-
ic adenocarcinoma (T4AN3M1c, stage VB, EGFR-mutation
positive). The patient developed drug-induced bilater-
al SNHL and psychiatric disturbances after four months
of gefitinib treatment. The patient had no prior history of
hearing impairment or deafness before initiating gefitin-
ib therapy. However, hearing loss occurred approximate-
ly four months after treatment initiation. Three months af-
ter starting treatment, she independently discontinued
gefitinib, which resulted in a partial recovery of her audi-
tory function. However, as her underlying malignancy pro-
gressed, she experienced worsening cough and wheezing,
necessitating hospitalization. Following the deterioration
of her condition, gefitinib therapy was resumed. After
three days of reinitiation, the patient reported a recurrence
and worsening of hearing loss, particularly in the right ear.
Moderate to severe bilateral SNHL was confirmed through
otoscopic evaluation, audiometric testing, and hearing as-
sessment [43].

In another publication, Timuda et al. (2022) document-
ed a case of a 51-year-old female patient diagnosed with
right-sided bronchogenic adenocarcinoma (T4N3Mic,
stage IVB, EGFR mutation-positive) who developed pro-
gressive visual impairment, severe bilateral SNHL, and
psychiatric disturbances following 15 months of gefitinib
therapy. Magnetic resonance imaging and computed to-
mography scans of the brain did not reveal evidence of
metastatic involvement. Comprehensive audiological as-
sessment, including otoacoustic [17].

In a case reported by Koutras et al. (2008), a 66-year-
old female patient underwent surgical resection of pan-
creatic adenocarcinoma in December 2004 following en-
doscopic ultrasound-guided fine-needle aspiration. She
subsequently received palliative chemotherapy with
gemcitabine from November 2006 to May 2007. In Au-
gust 2007, she initiated monotherapy with erlotinib (150
mg orally once daily). Notably, approximately 30 minutes
after the first dose, the patient experienced the sudden
onset of ear fullness, tinnitus, dizziness, and profound bi-
lateral hearing loss, with greater severity in the right ear.
While these symptoms partially subsided throughout
the day, they recurred with increasing intensity follow-
ing each subsequent dose of erlotinib. Despite the pro-
gressive worsening of auditory symptoms, the patient
continued erlotinib therapy for 13 days, during which her
hearing impairment significantly deteriorated, resulting
in substantial communication difficulties. A physical ex-
amination revealed normal tympanic membranes with
no evidence of nystagmus. The audiometric evaluation
confirmed complete hearing loss in the right ear and se-
vere SNHL in the left ear (80 dB at 1 kHz). Tympanometry
results were within normal limits for both ears. Standard
treatment protocols for drug-induced SNHL were admin-
istered; however, no significant improvement in auditory
function was observed [42].

Second generation, Canertinib: J. Tang et al. (2015) investi-
gated canertinib ototoxic effects using Danio rerio (zebraf-
ish) and murine models. For an hour, free-swimming zebraf-
ish larvae were exposed to canertinib (0-500 pM). Following
exposure, the larvae were fixed, incubated with anti-parval-
bumin primary antibodies, and stained with fluorescent sec-
ondary antibodies. The number of hair cells in neuromasts
was assessed using a Zeiss Axioplan Il microscope. In mu-
rine studies, two groups were used: a control group (receiv-
ing saline) and an experimental group (receiving canertinib
at 30 mg/kg/day). Clinical trial dosages included 50, 150, and
450 mg/day, with the highest dose administered in a 14-day
cycle followed by a 7-day break. The most common adverse
effects in patients were rash and diarrhea. In murine studies,
lethality was observed at 120 mg/kg/day doses, whereas 30-
60 mg/kg/day doses were well tolerated without significant
weight loss. Canertinib at concentrations up to 50 uM did
not exhibit noticeable toxicity to zebrafish hair cells; howev-
er, at 100 uM (p=0.28x103) and 200 uM (p=0.18x1077), sig-
nificant hair cell loss was observed. In mice, ABR threshold
shifts across five tested frequencies did not show a signifi-
cant drug effect (F=2.267, p=0.137), but a significant impact
was detected at 40 kHz (F=5.392, p=0.024). At the end of the
experiment, cochlear histological analysis was performed
to assess hair cell loss. Canertinib induced a dose-depend-
ent loss of hair cells in the auditory system, confirming its
potential ototoxicity [46].

Third generation — Osimertinib. Chee Chean Lim (2022)
documented a case of a 72-year-old male diagnosed with
stage IV lung adenocarcinoma harboring an exon 19 dele-
tion in the EGFR gene [42]. The patient was prescribed oral
osimertinib at a dosage of 80 mg once daily. However, six
months into treatment, he developed progressive hearing
impairment and bilateral tinnitus, prompting referral to an
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otolaryngologist. Otoscopic examination revealed no ab-
normalities, while pure-tone audiometry (PTA) demon-
strated moderate-to-severe bilateral SNHL.

Discussion: Our findings reaffirm that EGFR is a central
regulator of cellular proliferation, apoptosis, migration,
and angiogenesis, with its dysregulation playing a pivot-
al role in oncogenesis [18-20]. As a member of the ErbB re-
ceptor family, EGFR forms heterodimers with HER2-4, am-
plifying downstream signaling through MAPK and PI3K/
Akt pathways, thus contributing to malignant transforma-
tion. These results align with recent literature emphasizing
the multifaceted nature of EGFR-mediated signaling and
the therapeutic challenges posed by pathway redundan-
cy and acquired resistance mechanisms.

The EREG gene, located on chromosome 4, plays a par-
ticularly critical role, as it encodes an EGFR ligand and drives
autocrine and paracrine stimulation of tumor proliferation
and angiogenesis [19, 25]. Elevated expression of EREG
has been associated with tumor aggressiveness and poor
prognosis in various cancers, including NSCLC, colorectal
cancer (CRC), and head and neck squamous cell carcinoma
(HNSCCQ). Emerging evidence suggests that EREG contrib-
utes to resistance against EGFR TKiIs, such as erlotinib and
gefitinib, through sustained activation of PI3K/Akt and ERK
pathways. This creates a state of oncogene addiction in tu-
mor cells, making the EREG-EGFR axis a promising target
for therapeutic intervention.

The MAPK pathway also plays a central role in
EGFR-driven oncogenesis. EGFR-induced Ras/RAF/ERK
signaling activation suppresses JNK/p38-mediated ap-
optotic responses, thereby enhancing tumor cell sur-
vival [21-23]. This is consistent with recent studies high-
lighting ERK1/2’s regulatory influence on cell cycle
progression via cyclin D and inhibition of pro-apoptot-
ic cascades. Similarly, PI3K/Akt signaling, often initiated
through HER3 dimerization with EGFR, supports cellular
resistance to stress and apoptosis, underscoring its on-
cogenic significance [24].

Beyond these classical routes, our analysis underscores
theimportance of alternative signaling modules, including
PLCy/IP3/DAG-PKC, STAT3, and Src kinases. STAT3, upon
activation by EGFR, modulates transcriptional programs
related to proliferation, survival, and metastasis [27]. Src,
in turn, enhances EGFR signaling and enables therapeutic
escape by activating parallel oncogenic pathways [28, 29].
This complex interplay further illustrates the need for com-
binatorial therapeutic approaches.

Of particular note are recent efforts to target EREG di-
rectly. Antibody-drug conjugates (ADCs) and neutralizing
antibodies against EREG have demonstrated significant
antitumor activity in preclinical models. In CRC, demeth-
ylation of the EREG promoter has been shown to restore
sensitivity to cetuximab, suggesting that epigenetic mod-
ulation may augment EGFR-directed therapies. Addition-
ally, the EREG/EGFR axis has been implicated in immune
evasion. In HNSCC, glycosylated EREG upregulates PD-L1
expression, contributing to an immunosuppressive mi-
croenvironment. Inhibitors targeting STT3B-mediated gly-
cosylation of EREG are currently under investigation as po-
tential tools to enhance antitumor immunity.

Finally, while current EGFR-TKIs such as gefitinib and
osimertinib provide clinical benefit in tumors harboring
activating EGFR mutations, resistance inevitably devel-
ops through secondary mutations (T790M, C797S) or by-
pass signaling. Consequently, therapeutic strategies must
evolve to include inhibitors of parallel and downstream
effectors, including EREG and its associated cascades, to
overcome resistance and achieve durable responses.

EGFR-TKIs have a more selective mechanism of action
than traditional chemotherapy, allowing for reduced sys-
temic toxicity. However, despite their improved safety pro-
file, there have been reports of rare but clinically signifi-
cant adverse effects, including ototoxicity. While cutaneous
and gastrointestinal toxicities such as rash and diarrhea are
well-documented, hearing impairment remains insuffi-
ciently studied. Nonetheless, both clinical observations and
experimental data suggest a potential association between
EGFR-TKI therapy and the development of SNHL.

EGFR plays a critical role in various tissues, including the
inner ear. It is expressed in cochlear structures such as the
organ of Corti, the spiral ganglion, and supporting cells,
which are essential for transducing sound vibrations into
neural signals. Disruption of EGFR signaling may impair the
regenerative capacity of supporting cells, resulting in au-
ditory dysfunction. Preclinical studies using zebrafish and
murine models have demonstrated that pharmacological
inhibition of EGFR leads to a dose-dependent loss of hair
cells and elevated hearing thresholds. Age-related down-
regulation of EGFR expression in cochlear tissues may also
explain the limited regenerative potential of the auditory
system in adults.

Clinical case reports further support the ototoxic po-
tential of EGFR-TKIs. For instance, a 51-year-old patient
developed bilateral SNHL four months after initiating
gefitinib therapy. Partial recovery was observed upon dis-
continuation, but symptoms recurred and worsened fol-
lowing the reintroduction of the drug [17]. In another case,
a 72-year-old patient receiving osimertinib developed
progressive bilateral hearing loss and tinnitus within six
months of treatment, which deteriorated over the follow-
ing year to severe SNHL [42]. Acute-onset hearing loss has
also been reported following the initial dose of erlotinib.

Experimental evidence corroborates these findings.
Canertinib exposure in zebrafish resulted in significant
hair cell loss in neuromasts, while murine models showed
hearing threshold shifts, particularly at high frequencies
[46]. Similarly, lapatinib, especially in combination with
trastuzumab, induced apoptotic changes in the organ of
Corti and the spiral ganglion in rodent models [48].

Although many studies remain limited, existing data
indicate that EGFR-TKIs may exert ototoxic effects. As pa-
tient survival improves with targeted therapies, the clini-
cal relevance of such adverse events becomes increasingly
important. Consequently, regular audiological monitor-
ing should be considered, particularly when early symp-
toms such as tinnitus or aural fullness arise. There is also a
pressing need for prospective studies to assess the true in-
cidence of EGFR-TKI-induced ototoxicity, elucidate the un-
derlying mechanisms of auditory damage, and explore po-
tential protective strategies.
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Conclusion: This study highlights the potential oto-
toxic effects of various TKIs, including erlotinib, canertin-
ib, and osimertinib, as evidenced by clinical case reports
and experimental research. While these targeted ther-
apies are effective in oncology, they may contribute to
SNHL through mechanisms that require further investi-
gation. Preclinical studies using zebrafish and murine
models demonstrate dose-dependent hair cell toxicity,
raising concerns about auditory damage in human pa-
tients. Clinical cases further emphasize delayed-onset
and progressive SNHL in individuals undergoing TKI ther-
apy, underscoring the importance of early detection and
monitoring.

Moreover, physicians should counsel patients receiving
EGFR TKls about the potential risk of hearing loss and mon-
itor for early symptoms. Since these patients typically have
advanced-stage disease and undergo long-term treat-
ment, even mild toxicities must be managed to maintain
their quality of life. Unaddressed hearing loss can lead to
communication difficulties, social isolation, and reduced
adherence to therapy. A multidisciplinary approach, in-
cluding comprehensive supportive care, is essential to op-
timizing treatment tolerability and preserving auditory
function in cancer patients.

Supportive care therapy aimed at reducing ototoxici-
ty includes an integrated approach involving oncologists,
otorhinolaryngologists, audiologists, pharmacologists,
and nurses, covering the following areas. Hearing mon-
itoring (audiological support): initial audiometry before
starting tyrosine kinase inhibitor therapy. Regular audio-
logical examinations (tonal audiometry, speech audiome-
try, otoacoustic emission, registration of auditory evoked
potentials) during treatment. Early diagnosis and identifi-
cation of the first signs of ototoxicity for timely interven-
tion. Pharmacological prophylaxis: prescribing drugs with
antioxidant action to reduce oxidative stress in the cochlea
of the inner ear. The use of neuroprotective agents can re-
duce the risk of sensorineural damage.

Rational selection of the therapy regimen: individual-
ization of the treatment regimen considering the risk fac-
tors of ototoxicity. Dose adjustment of drugs in case of ear-
ly symptoms of ototoxicity. In case of severe ototoxicity, it
is possible to switch to alternative drugs or adjust dosages.

Patient education and psychological support: inform-
ing the patient about possible symptoms of ototoxicity
(tinnitus, congestion, dizziness, hearing loss) and the need
to inform the doctor promptly. Psychological and social
support for the adaptation of patients to possible hearing
changes.

Hearing rehabilitation: the use of hearing aids and oth-
er technical means of hearing correction with a significant
decrease in hearing function. Vestibular rehabilitation for
balance disorders and dizziness.

Treatment of concomitant diseases (e.g., diabetes mel-
litus, cardiovascular diseases) that may increase the risk of
ototoxicity.
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AHJATIIA

EGFR THPOBUHKHNHA3A HHI'MBUTOPJIAPBIHBIH OPTYPJII BYbIH/IAPBIHbBIH
IJIEYETTI OTOTOKCHUKAJIBIFbI:
9JEBUETKE IOJY

JI.C. Banvimoemosa', EM. H3mneyos', 3.K. Hemazynosa', C.K. Koscanmaesa', I.M. Hzmneyosa'
1«Mapart OcnaHoB aTbiHaaFbl baTbic KazakcTan meguumna ynusepcuteti» KEAK, AkTobe, Kazakctan Pecny6nukaco

Ozexkminizi: Konmpacmer Ozexminiei: Oxneniy kamepai iciei scui Ouaznos Kouvlizan kamepii icik. bapavix srcazoaiiiapoviy
iwinoe exneniy ycak sicacywanvt emec kamepii iciei (NSCLC) wamamen 85% xypaiiovi. NSCLC 0amyvinviy Heeizel hakmopbl icikminy
natioa 60xybl MeH OAMYbIHOA WeuLy i poi amKapamvlH SnUoepMusLblK ocy paxmopul peyenmopul (EGFR) eeniniy mymayusacel 601vin
mabwviiadvl. EGFR-2e 6azoimmanzan muposunkunaza uneubumopaapoinviy (TKI) naiioa 6onyet ne2ypivim ymoimobl dHcone muimoi
mepanesmix mocindi ycblHA OMIPbIN, AUMAPALIKMAL npocpecke Koa dicemkizoi. Tupozunkunaza uHeubumopiapvlHuly JHcaHamd
acepnepi dcox emec. TUpOZUHKUHA3A UHSUOUMOPLAPLL MEPAnUsiCyl MeH OMOYbIMMbLIbIK ApACbiHOA2bl bIKMUMAL OaUIaHbICTIbL
Kopcememin depexmep nauoa 601advl. Aypyosly acKblHeaH camvicbl 6ap HAYKacmapowvl emoeyoily CO3bLIMALbL CUNANMbIH eCKepe
omuIpbIN, MINMI WAMALBL YHIMMBLILIK OMIP CANACLIHA AUMAapIvikmail ocep emyi Mymin. [layuenmmepoi ecmy Kabineminiy Hawapiay
Kayni mypanvl xabapoap emy, nayuenmmepoi emOeyoiy y3ax mMep3imoi HOmuxtceaepiH OHMALIAHObIPY YUWIH OMOYbIMMbLIbLIKINbIH
epme Oencinepine mypaKmol MOHUMOPUHE JICYP2i3Y MAHbIZObL.

3epmmeyoin makcamol — mupo3uHKUHA3a UHSUOUMOPAAPEL, ONAPObIY LIKMUMAT OMOYBIMMbLIbIEbl, COHbIY [uinde namozene3oiy
Hezizel Mexanusmoepi mypanvl 6ap oepexmepoi 3epmmey.

Aoicmepi: NSCLC-0e TKI unoykyusnanean omoyvlmmoliblK MYypaisl 2blIbLMU HCAPUSIAHLIMOAPObL anvikmay ywin PubMed,
Scopus, Embase, Cochrane Library, Web of Science, Google Scholar scone Clinical Trials.gov oepexxopnapwinoa izoey scypeizinoi.
[30ey ywin «ycax olcacyuaivl emec OKne 00blpbly, «OMOYbIMMbLILIK ocepy, «2eumunuby, «3piomunuby, «apamunubdy,
COAKOMUMUHUOY) HCOHE KOCUMEPMUHUOY KIAM CO30epi KOJLOAHBLIODL.

Homuoicenepi: EGFR iwki Kynaxmuly CeHCOPAbIK HCOHE CEHCOPTILIK eMeC KYPbLIbIMOAPbIH 0AMbLINYOd, CAKMAY0d JcoHe KAINbIHA
Keamipyoe mMausi30ul pon amkapaosl. Heonamaavowvr modenvoepoe EGFR koxneapnvl scacywanapoa, convly iwindoe Kopmu opean,
OHOG 01 peceHepayusi MeH KAINblHA Kelmipy npoyecmepin dcenyinidemeoi. Anaiioa, scemineen scyuenepoe EGFR axcnpeccusicol
memeH-0etlol, ey andblMeH eCmy JHCACYUANAPbIHbIY peceHepamuemi Kabiiemin wekmeumin cnupanbovl 2aHeAus0d OPHAIACAObl.
EGFR 0abviivin meswcey apKulibl scacyuia npoaudhepayusacol MeH KaanvliHa Keamipy Mexanusmoepi 0y3uliaovl, 0y KoX1eapavlK ulaul
ACACYWANapsl MeH Mipex Hcacyulanapobina 3aKbiM Keamipeoi.

Kopoimuinovr: TKI-unoykyusananean omomoyblmmuliblKmbly HAKNMbL MAPALybl MeH Hezci3ei MONeKYIanblK Mexanusmoepi az
sepmmeizen. [lozaza moyenodi ocepiepoi, 2eHemuKaiblK OetiMOLIIKmMi JCOHe bIKMUMAL KOP2AHbIC CIMPAMeSUSIAPbIH AHLIKMAY YU
Kocvimuia sepmmeynep Kaxcem. Byn ocazvimcolz ocepoi 6iny EGFR-TKI mepanusicel ke3inde ecmy 0eHcaynviabih OAKbLIAY HCOHE
OHbIH Y3aK eMOelemiH HayKacmapeaa acepin dceHiioemenmin apaiacyiapovl 3epmmey yuin Kaxcem.

Tyitindi co30ep: oxneniy ycak scacyuiaivl emec Kamepii iciei, Inu0epMusiivlk 6Cy akmopolivly peyenmopol, Mupo3UHKUHA3A
uHeubuUmopnapuvl, OMOYbLMMuLIbIK.

AHHOTALUA

IOTEHIIUAJIBHASI OTOTOKCHYHOCTH PA3HBIX IOKOJIEHUI
NHI'MBUTOPOB TUPO3UHKUHAS3DBI EGFR:
OB30P JIUTEPATYPbI

JI.C. Banvimbemosa', E.M. Hzmaeyos', 3.K. Hemazynosa', C.K. Koscanmaesa', I M. Hzmneyoea'
HAO «3anapHo-Ka3axcraHckuit MeauLMHCKuil yHuBepcuTeT umenm Maparta OcnaHoax, AkTobe, Pecny6nuka KasaxcraH

Axmyansnocms: Pak neckozco — uacmo ouaznocmupyemoe 310Kkauecmeennoe Hogoobpazosanue. Hemenxkoxniemounwlii pax ne2koeo
(HMPJI) cocmasnsiem npumepno 85% cnyuaes paxa neckozo. Kniouegvim gpaxmopom paseumus HMPJI aensemca mymayus 2ena
peyenmopa snudepmanvrozo gaxmopa pocma (EGFR), komopeill uepaem Kiouegyio poib 6 803HUKHOBEHUU U NPOPECCUPOBANUU
onyxonu. Ilossenenue uneubumopos muposunkunasvr (UTK), nayenennvix na EGFR, o3namenosano 3mauumenvhbvliii npozpecc,
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npeonodkcus bonee payuoHaIbHblll U dGekmusHblll mepanesmuieckuii n00xo0. Hneubumopvl mupo3uHKUHA3bl He TUUEHbl NOOOUHBIX
appexmos. Iosiensitomest OanHvle, YKA3bl8AOWUE HA NOMEHYUATHYIO C6513b Medcdy mepanueil UTK u omomokcuunocmoio. Yuumoieas
XPOHUYeCKull Xxapakmep JjiedeHus NayueHmos ¢ 3anyujeHnol cmaouell 3a601e6anus, 0axice He3HAUUmMenbHdas MOKCUYHOCHb MOJICem
CYUeCmMEEeHHO NOGIUAMb HA KA4eCmeo JHcusHu. Baowcno ungopmuposams nayuenmos o nomenyuaibHOM pucke yXyOuleHus ciyxd,
ocyujecmensime peyisipHulll. MOHUMOPUHS PAHHUX NPUSHAKOE OMOMOKCUYHOCMU Ol ONMUMU3AYUU O0N20CPOYHBIX Pe3VilbmAamos
Jleyenus NayueHmos.

Lens uccnedosanus —usyuenue cyujecmeyiowux OaHHbLX 00 UHSUOUMOPAX MUPOZUHKUHA3bL, UX NOMEHYUALLHOL OMOMOKCUYHOCTIU,
BKIIOUASI OCHOBHbBIE MEXAHUZMbL NAMO2EHE3d.

Memoowi: [louck nposoouncs no 6azam dannvix PubMed, Scopus, Embase, Cochrane Library, Web of Science, Google Scholar u
Clinical Trials.gov 015 6vid6ieHUs HAYYHBIX NYOIUKAYULL 00 OTMOMOKCUYHOCU, BLI36AHHOL NPUEMOM UHSUOUMOPO8 MUPOZUHKUHA3bI
npu HMPJL. [{ns noucka ucnonwb306anucs Kiouegble clo8ad «HEMeIKOKIeMOYHbIl paK 1E2K020», OMOMOKCUYHOCMbY, «2e@umuHu6y,
«Ipromunuby, «apamunudy, «OAKOMUMUHUOY U «OCUMEPMUHUOY.

Pesynemamur: EGFR uepaem 6asicnyio pois 6 pazeumuil, no00epAuCAHUL U 60CCMAHOGICHUU CEHCOPHBIX U HECEHCOPHBIX CMPYKIYD
eéHympennezo yxa. B neonamanvhvix mooensix EGFR sxcnpeccupyemcs 6 KOXIeapHulX KAeMKax, GKIIOYds KOPMues opea, 20e OH
obnezuaem npoyeccul pecenepayuu u 6occmarnogienusi. Oonaxo 6 spenvix cucmemax sxkcnpeccus EGFR chuoicaemcsi, 6 nepgyio ouepedn
JIOKANU3YSACL 6 CNUPAILHOM 2AH2IUU, O2PAHUYUBAsL Pe2eHePaAMUBHYI0 CHOCOOHOCMb CIYX08bIX Kiemok. Hneubupys cucnaiuzayuio
EGFR, napywaemcs kiemounas nponugepayusi u MEXanusmbl 60CCMAHOGLCHUL, YMO NPUSOOUNM K NOBPENCOCHUIO BOJIOCKOBBIX KAEMOK
VAUMKU U NOOOEPHCUBAIOUUX KICTNOK.

3akniouenue: Tounas pacnpocmpanenHHOCmb U OCHOBHbIE MOLEKVISPHbIE MeXAHU3ZMbl omomokcuynocmu, evizéannot HUTK,
ocmaiomest nioxo uzyuennvimu. Heobxooumvl oanvhetiwue uccie0o8anust Olisi GbIsICHEHUs. 00303A6UCUMBIX IDPeKmos, ceHemuiecKkoll
npeopacnonoNceHHOCmuy U NOMEeHYUATbHBIX 3AWUMHBIX cmpamezull. 3uanue 23moeo nebiazonpusammnozo 3¢@exma neodxooumo 0
MOHUMOPUH2A CLYX08020 300p06bsi 60 epemst mepanuu EGFR-TKI u 0ns uzyuenus emeulamenscme, KOMopvle CMAYaion e2o eiushue
HA NAYUEHMO8, NPOX0OAUUX ONUMENbHOE JeYeHUe.

Kniouesvle cnosa: nemenxoxnemounwiii pax neckoeo (HMPJI), peyenmop snudepmanviozo axmopa pocma, uHeUOUmMopbwl
muposunkunazvl (UTK), omomokcuunocme.
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ABSTRACT

Relevance: Molecular genetic testing to determine the patient's genotype and tumor molecular profile is a key component of a
personalized approach to treatment and follow-up. Current research in genetic screening focuses on transitioning from phenotypic
diagnostic panels and PCR testing of predisposition genes to large panels that include many identified genes or whole-genome
sequencing. Multigene testing is widely used across colorectal cancer (CRC) diagnostics and therapy, where genetic components make
a significant contribution. Currently, practical oncology requires a review of high-throughput sequencing systems for the genetic
screening of hereditary and sporadic CRC variants and for the optimization of early diagnosis in relatives of patients.

The study aimed to review the methodology and current results of next-generation sequencing (NGS) applications for genetic
screening of hereditary and sporadic colorectal cancer.

Methods: This analytical review included 70 original research and review articles available in open-access databases, including
Google Scholar, Web of Science, SpringerLink, Scopus, ScienceDirect, PubMed, and BMJ.

Results: NGS-based multigene testing enables the simultaneous analysis of multiple genes involved in carcinogenesis, the
identification of germline pathogenic mutations associated with hereditary tumor syndromes, and the detection of genetic variants in
less-studied regions of genes, such as introns and untranslated regions, which help identify previously unknown factors predisposing
to colorectal cancer.

Conclusion: Molecular genetic diagnostics facilitate personalized treatment of patients and individualized clinical examination
of relatives from risk groups. However, although approximately 25% of CRC cases are familial, fewer than 5% of families are studied
genetically. The analyzed data confirm the need to transition from phenotypic panels to comprehensive panels, encompassing all
identified genes involved in hereditary tumor syndromes or whole-genome sequencing. In addition, identifying new variants with
moderate and low penetrance, as well as those with uncertain functional significance, expands the phenotypic spectrum of CRC and
necessitates further studies to determine their inclusion in diagnostic sequencing panels.

Keywords: Colorectal cancer (CRC), pathogenic mutations, next-generation sequencing, hereditary variants, genetic screening.

Introduction: It has been established that approxi-
mately 25% of colorectal cancer (CRC) cases are associat-
ed with a family history of cancer or colorectal adenomas,
and up to 5% arise in the context of hereditary cancer syn-
dromes (HCS) with a relatively clear clinical picture and
known causative mutations [1]. However, in the majority
of cases, the genetic etiology of the disease remains uni-
dentified. Families with clustering of CRC cases are hetero-
geneous with respect to phenotype, inheritance patterns,
and lifetime cancer risk [2]. At the same time, establishing
an accurate genetic diagnosis and identifying mutations
significantly improves the effectiveness of early diagno-
sis and personalized treatment for patients, as well as the
monitoring of conditionally healthy relatives [3]. The diag-
nosis of HCS influences therapeutic approaches (total/sub-
total colectomy vs. segmental resection; choice of chemo-
therapy regimen) and follow-up care (colonoscopy and CT

scan frequency; detection of possible extracolonic mani-
festations and metachronous tumors) [4]. Multigene test-
ing (MGT) for conditionally healthy blood relatives of pa-
tients with familial and hereditary CRC is relevant, as it
enables early diagnosis optimization. In Kazakhstan, only
isolated studies based on next-generation sequencing
(NGS) have been published to date, focusing on the fre-
quency and spectrum of pathogenic germline mutations
(GM) in patients and their relatives. At the same time, as
shown, the proportion of Kazakhstani patients with a he-
reditary burden (HB) accounts for approximately 15% [5].
This underscores the relevance of implementing NGS test-
ing in genetic screening and early diagnosis of CRC, as well
as the interest in published data on methodology and re-
sults across different age and ethnic groups of patients.
The study aimed to review the methodology and cur-
rent results of next-generation sequencing (NGS) appli-
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cations for genetic screening of hereditary and sporadic
colorectal cancer.

Materials and Methods: Original studies and review
articles available in open-access academic databases were
analyzed, including Google Scholar, Web of Science, Sprin-
gerLink, Scopus, ScienceDirect, PubMed, and BMJ, to re-
view the approaches and results of MGT in genetic screen-
ing for CRC. A total of 114 sources were identified, of which
70 were included in the review. The selection criteria for
articles were: the use of NGS as the primary experimental
method with “hybrid” gene panels; the description of nov-
el, previously unannotated mutations; and study designs
that included young patients, patients with familial and
hereditary forms of CRC, and relatives of patients.

Results: NGS-based multigene testing (MGT) enables
the simultaneous analysis of multiple genes involved in
carcinogenesis, the identification of germline pathogen-
ic mutations leading to tumors or HCS [6-8], as well as the
detection of genetic variants in less studied regions of
genes, such as intronic and untranslated regions, which
contributes to the identification of new, previously un-
known cancer predisposition factors [9-11]. The use of
“hybrid” diagnostic panels makes it possible to identify
various types of genomic instability - copy number varia-
tions (CNVs), gene fusions, loss of heterozygosity (includ-
ing copy-neutral LOH), ploidy, breakpoint detection, mo-
saicism, clonal heterogeneity, chromothripsis - as well
as to assess the methylation status of oncogenes, tumor
mutational burden, and microsatellite instability (MSI).
These approaches are actively implemented in the com-
prehensive molecular genetic analysis of sporadic and
hereditary CRC [12, 13].

As shown by S.A. Schubert et al., although approxi-
mately 25% of CRC cases are “familial”, about 95% of indi-
viduals with HB do not undergo molecular genetic test-
ing [2]. According to N.J. Samadder et al., in the United
States, approximately half of CRC patients with clinical-
ly significant genetic variants (mutations) are not identi-
fied when diagnostics are based solely on standard clin-
ical guidelines and criteria [14, 15]. Currently, even for
researchers from countries with well-characterized pop-
ulations, it remains unclear how many CRC patients and
their relatives could benefit from NGS testing using large
gene panels [16].

The concept of a loss-of-function (LoF) mutation is
not equivalent to that of a pathogenic mutation or path-
ogenic genetic variant that leads to the phenotypic man-
ifestation of a disease. The effect of the latter and its
correlation with carrier status must be confirmed by
case-control studies or functional assays [17]. Similarly,
a distinction is made between established cancer predis-
position genes, whose roles in carcinogenesis are clearly
defined, and candidate genes, whose associations with
tumor development are yet to be determined. The con-
vergence of somatic and germline mutation profiles is

well established in CRC genetics. For example, universal
testing for mismatch repair (MMR) deficiency is a wide-
ly accepted approach to identify patients with germline
mutations or Lynch syndrome (LS). While targeted test-
ing of germline mutations in known genes can confirm a
diagnosis of LS (or another specific HCS), large-panel se-
quencing detects GMs whose clinical significance is am-
biguous and difficult to interpret.

In a comparative study of a heterogeneous group of
Russian patients, A. Bilyalov et al., using a 44-gene panel,
identified pathogenic variants (PVs) and likely pathogenic
variants (LPVs) in 21.6% of patients with CRC, gastric cancer
(GQ), pancreatic cancer (PC), breast cancer (BC), and ovar-
ian cancer (OC), with a mean age of onset of 44.5 years.
Most of the mutations (39.4%) were detected in the BRCA1
and BRCA2 genes. The second most frequent were variants
in the CHEK2 gene (9.8%), and the third most frequent were
variants in the ATM gene (6.3%), which were found in cas-
es of PC and BC. In patients with CRC, the highest number
of PVs was identified in the MLHT and APC genes. A previ-
ously unknown PV, c.160_166del in the MLHT gene —a 7 bp
deletion in exon 2 - leads to the formation of a premature
stop codon. In the same study, patients with multiple pri-
mary tumors (MPTs) were found to carry previously unan-
notated LPVs in the MSH2 gene (c.893del and c.1729del) in
a heterozygous state, resulting in a frameshift and forma-
tion of a premature stop codon [18].

Itis well known that cancer risk and survival outcomes
correlate with mutations in specific genes associated
with LS. Although P. Mgller et al. previously estimated
the cumulative risk of CRC by age 75 to be 46% for car-
riers of heterozygous MLH1 mutations and 43% for carri-
ers of heterozygous MSH2 mutations, the mean age at di-
agnosis, according to most publications, is 44 years [19].
Germline defects in MMR genes - MLH1, MSH2, MSH6, and
PMS2, which form the molecular basis of LS — typically rep-
resent nucleotide-level changes within exonic sequenc-
es. These mutations induce generalized genomic insta-
bility, particularly at microsatellite loci. Loss of expression
of MLHT and MSH2 protein products, detected by immu-
nohistochemistry (IHC), is used to identify patients with
hereditary nonpolyposis colorectal cancer (HNPCRC) and
germline mutations in the respective genes. It has been
shown that the absence of known mutations or MSI in
the tumor does not exclude a diagnosis of HNPCRC (so-
called HNPCRC type X syndrome), and therefore necessi-
tates sequencing to identify other germline mutations, as
well as somatic mutations in the second allele or loss of
heterozygosity [20].

Mutations in the EPCAM locus are associated with dis-
ruptions in cell migration, adhesion, proliferation, and sig-
naling processes. It is known that 3'-deletions in EPCAM
lead to hypermethylation of the MSH2 promoter, ultimate-
ly resulting in the phenotypic manifestation of LS. How-
ever, it remains unclear whether mutations in other re-
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gions of EPCAM, including splicing regions, contribute to
LS pathogenesis.

MLH genes are involved in maintaining genomic integ-
rity during DNA replication and meiotic recombination.
Studies on the association between germline MLH3 mu-
tations and the development of HNPCRC have not estab-
lished a clear link. Previously, H.X. Liu et al. demonstrat-
ed that MLH3 is a low-penetrance gene. Furthermore, in a
study of DNA isolated from tumor tissue, MLH3 mutations
did not correlate with MSI levels, suggesting that this locus
may not be involved in carcinogenesis by disrupting MMR
mechanisms [21].

Recent publications report novel pathogenic variants
in other MMR loci. M. Djursby et al., using a 32-gene pan-
el, identified two variants in the PMS2 gene in a cohort of
young patients (under 40 years of age) [22]. The indel var-
iant ¢.736_741delinsTGTGTGTGAAG/p.Pro246Cysfs*3 is an-
notated in the InSiGHT database as pathogenic and was
previously identified in European patients [23]. The splice-
site variant c.2275+1G>C, previously undescribed, was clas-
sified by the authors as an LPV based on results from long-
range PCR, IHC, and in silico analysis. In the same study, a
mutation in MSH2 (c.2168C>T/p.Ser723Phe) was reported
in a cohort of patients with familial forms of CRC. This var-
iant had been previously identified in members of a fam-
ily in Denmark and annotated in the InSiGHT database as
a variant of uncertain functional significance. This variant
was detected in a patient with MPTs — CRC (with loss of
MSH?2 expression and unknown MSI status) and ampullary
duodenal adenocarcinoma (with loss of MLHI1/PMS2 ex-
pression and MLHT promoter methylation). The HB pattern
in this patient is of particular interest: early-onset CRC in
the parents (44 years, non-carrier of the mutation in ques-
tion) and extremely early-onset CRC in the offspring (25
years), who was a carrier of the mutation. Ser-723 is a high-
ly conserved amino acid, and the ¢.2168C>T mutation is
classified as pathogenic based on in silico analysis [22]. Pre-
vious studies using in vitro MMR models and human em-
bryonic stem cells have demonstrated that this mutation
disrupts MMR and is pathogenic [24, 25].

The GALNTI12 gene product participates in the catal-
ysis of N-acetylgalactosamine (GalNAc) transfer from uri-
dine diphosphate N-acetylgalactosamine (UDP-GalNAc)
to a serine or threonine residue on a polypeptide accep-
tor. This reaction constitutes the first step of a type of
post-translational modification known as O-linked pro-
tein glycosylation. K. Guda et al. suggested that germline
loss-of-function mutations in GALNTI12 are associated
with increased CRC risk [26]. The correlation between
GALNTI12 PVs and CRC was further confirmed by D.R. Ev-
ans et al. [27].

Mutations in the tumor suppressor gene APC (non-
sense or frameshift) lead to the formation of a premature
stop codon and a functionally deficient protein. Loss of
gene function may also result from hypermethylation. The

APC gene, located on chromosome 5, encodes a protein
that acts as a negative regulator of the evolutionarily con-
served canonical Wnt signaling pathway. A key function of
this protein is the cytoplasmic degradation of 3-catenin:
normally, this mechanism prevents its translocation into
the nucleus, where it acts as a co-activator of transcription
factors from the TCF/LEF family, thereby preventing un-
controlled cell division.

Several forms of familial adenomatous polyposis
(FAP) are described, each characterized by different phe-
notypes. In Gardner-Turner syndrome, extracolonic man-
ifestations are prominent (Gl polyps, tooth anomalies, os-
teomas, cutaneous fibromas, and epidermoid cysts); in
Turcot syndrome, brain tumors (e.g., medulloblastomas)
occur. Correlations have been reported between muta-
tion sites in the APC gene and corresponding clinical phe-
notypes. The classic form of FAP is caused by mutations
in the central region of the gene, specifically between
codons 168 and 1250, located closer to the 5’ terminus.
The diffuse form of FAP is observed in patients with mu-
tations within codons 1285-1465. A missense variant,
€.289G>A/p.Gly97Arg was described by M. Djursby et al.
in siblings with the attenuated FAP (AFAP) phenotype, as
well as in other family members [22]. This variant had pre-
viously been reported in AFAP patients in a study by D.
Wang et al. [28]. The mutation leads to the formation of
a cryptic splice acceptor site, disrupting normal splicing,
and is annotated as an LPV.

Recently, a growing body of evidence has emerged re-
garding genetic alterations responsible for familial forms
of CRC that are not related to HNPCRC or FAP. This cate-
gory includes mutations in the POLE, POLDI, and NTHLI
genes, identified through genome-wide association stud-
ies (GWAS) [29].

The POLE gene encodes the catalytic subunit of DNA
polymerase epsilon, one of the four nuclear DNA poly-
merases involved in DNA repair. Homozygous patho-
genic mutations in POLE cause autosomal recessive syn-
dromes, such as FILS (OMIM #615139) and IMAGE-I (OMIM
#618336) [18, 30-31]. According to P. Mur et al., germline
PVs in POLE and POLDI1 are most frequently associated
with CRC, endometrial cancer (EC), and OC [32]. Heterozy-
gous variants in POLE that alter the structure of the exo-
nuclease domain are associated with an increased risk of
CRC. Further studies confirmed this association and iden-
tified numerous clinically significant pathogenic variants
in POLE [33]. In the previously mentioned study, A. Bily-
alov et al. described a novel LPV in POLE - c.802-2A>G
- in a CRC patient. This variant represents a single-nu-
cleotide substitution in the canonical splice site. Accord-
ing to the authors, the variant may lead to loss of func-
tion in the exonuclease domain or the entire protein [18].
M.F. Hansen et al. reported a PV in POLE c.1373A>T/p.Tyr-
458Phe was identified in three individuals from the same
family. The inherited mutation ¢.824A>T/p.Asp275Val was
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identified in a patient with OC and HB (CRC), and was in-
itially considered a somatic alteration in EC, rather than
a germline PV [34]. Previously, A. Rohlin et al. [35] and P.
Vande Perre et al. [36] described the variant c.1089C>A/p.
Asn363Lys in two large families with a phenotype includ-
ing multiple tumors. The mutation affects the highly con-
served amino acid Asn-363 in the exonuclease domain of
POLE; however, to date, only missense variants in this do-
main have been considered pathogenic [37]. M. Djursby
et al., who identified this same variant in a cohort of pa-
tients with very early-onset disease (under 40 years), re-
classified it as a likely pathogenic variant based on in sili-
co analysis and segregation data in families, as previously
published by Rohlin and Vande Perre [22].

The serine/threonine kinase ATM is a member of the
phosphoinositide 3-kinase-related protein kinase fami-
ly and plays a critical role in the cellular response to DNA
damage. Loss-of-function PVs in the ATM gene cause atax-
ia-telangiectasia, a rare autosomal recessive disorder char-
acterized by neurodegeneration, increased radiation sen-
sitivity, immunodeficiency, and cancer predisposition.
Heterozygous carriers of germline PVs have an increased
risk of developing various types of cancer, including BC[18,
38]. Hansen et al., using a 112-gene panel for sequencing,
identified pathogenic germline mutations ¢.8494C>T/p.
Arg2832Cys and c.8584+2T>C in patients with CRC - one
of whom had a family history of BC, and the other had HB
with synchronous tumors and polyposis. The same study
also described patients with early-onset CRC and PVs in
the BRCA genes. In carriers of BRCA1 c.4096+3A>G and
BRCA2 ¢.2808_2811del/p.Ala938Profs*21, the family histo-
ry included CRC, BC, and OC. Based on a segregation anal-
ysis within the family, the authors concluded that variant
€.4096+3A>G in the patient and their first-degree relative
is associated with CRC predisposition to a greater extent
than with BC or OC [34].

In a cohort of Norwegian and Australian patients pre-
viously tested for LS, M.F. Hansen et al. described a PV in
the PTEN gene in a patient with MPTs consistent with the
Cowden syndrome spectrum [34]. The missense variant
€.377C>T/p.Ala126Val is located in a highly conserved cat-
alytic domain and, as shown by Costa et al., results in the
formation of a completely inactive protein [39]. The CHEK2
variant c.1100del/p.Thr367Metfs*15 was identified in a pa-
tient with early-onset CRC (age 37). This mutation has pre-
viously been described as being associated with BC, CRC,
and prostate cancer.

In addition to variants in high-penetrance loci, NGS
platforms are increasingly used to study mutations in
moderate- and low-penetrance genes, such as GALNT12
[23] and EXO1 [40], as well as the effects of heterozy-
gous PVs in autosomal recessive genes like NTHLT and
MSH3 [41, 42].

Discussion: NGS and GWAS are currently widely used
to identify the etiology of familial CRC by detecting new

candidate genes and PVs whose association with CRC has
not yet been confirmed through case-control studies [43,
44].1n addition, whole-exome sequencing (WES) is applied
to identify homozygous and polygenic mutations in cases
of FAP, LS, or other familial forms of CRC [45, 46]. Polygen-
ic variation has also been recognized as a potential cause
of increased penetrance in LS [47]. The selection of candi-
date genes (panel design) for sequencing may be based
on prioritization scores [48]; however, WES may also pro-
vide clinically significant information from non-coding re-
gions of the genome. Using extended panels for WES, it is
possible to expand the scope of analysis to include regions
beyond exons, such as 5" untranslated regions to capture
transcription factor binding sites and reading frames, and
3" untranslated regions to identify microRNA binding sites
involved in gene regulation.

Mendelian inheritance syndromes account for ap-
proximately 5% of all CRC cases in which hereditary fac-
tors play an etiological role. These syndromes are caused
by mutations and epimutations in well-studied predispo-
sition genes, including MLH1, PMS2, MSH2, MSH6, EPCAM,
APC, SMAD4, BMPR1A, STK11, MUTYH, PTEN, KLLN, PIK3CA,
AKT1, POLE, POLD1, AXIN2, BUB1, and BUBS3. It is not un-
common for a patient’s personal or family history to re-
quire the simultaneous evaluation of multiple high-pene-
trance genes with known clinical impact — especially when
clinical criteria for several syndromes are met within a sin-
gle family (a phenomenon known as phenotypic overlap,
often attributed to gene pleiotropy) [34], or when the pa-
tient presents with metachronous or synchronous tum-
ors. When detailed family history is unavailable or when
there is a high likelihood of a syndrome in individuals who
do not meet standard diagnostic criteria, MGT is warrant-
ed. In clinical genetic counseling, patients with previous
negative or inconclusive results from single-gene testing
but with a clear familial predisposition to cancer should
undergo NGS-based testing using multigene panels [49].
MGT is particularly clinically valuable in colorectal tumors
with overlapping phenotypes, where differential diagno-
sis requires the analysis of multiple genes. For example, in
Lynch syndrome, NGS may be more appropriate when IHC
results are inconclusive.

In some families with FAP or LS-like features, no muta-
tions are detected in APC, MUTYH, or MMR genes. Recent-
ly, mutations in POLE, POLD1, and other DNA repair genes
have been identified in such families, leading to the di-
agnosis of “polymerase proofreading-associated polypo-
sis” [37]. Considering the evidence of the functional sig-
nificance of newly identified genes and the “phenotypic
overlap” of the most common hereditary syndromes, as
well as cases in which mutations in more than one gene
may cause the condition, MGT represents a cost-effective
approach to molecular genetic analysis and allows for the
detection of mutations that are not identified through
candidate gene testing [50]. Comprehensive genomic
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profiling can be implemented in several formats: testing
both tumor and normal tissue, testing tumor tissue only,
or using circulating tumor DNA (the so-called “liquid bi-
opsy”). For MGT performed using tumor-only DNA, the
ESMO Precision Medicine Working Group (ESMO-PMWG)
has proposed a PV filtering strategy to confirm germline
origin. This strategy considers factors such as age at di-
agnosis, cancer type, the clinical significance of the gene,
and the variant’s allele frequency in tumor tissue [51]. The
germline conversion rate for each gene is calculated as
the ratio of germline PVs to the total number of PVs iden-
tified in the tumor.

In current molecular oncology practice, gene pan-
els are used for targeted or broad NGS-based sequenc-
ing. Diagnostic panels allow for a more comprehensive as-
sessment of syndromic conditions and the evaluation of
CRCrisk in patients’ relatives. Panels routinely used in the
U.S. (e.g., NCCN, Ambry Genetics’) include genes associ-
ated with: FAP (APC), MUTYH-associated polyposis (MU-
TYH), Peutz-Jeghers syndrome (STK71), juvenile polypo-
sis (BMPR1A, SMAD4), Lynch syndrome (MLH1, MSH2, MSHS3,
MSH6, PMS2, EPCAM), polymerase proofreading-associated
polyposis (POLE, POLD1), PTEN-related polyposis, and oth-
er genes whose association with familial or hereditary CRC
has been confirmed in case-control studies (AXIN2, ATM,
GALNTI12, CHEK2, GREM1, NTHL1, and TP53). However, imple-
menting such panels in Kazakhstan’s oncology practice is
limited, as the gene sets were designed for patient cohorts
from the U.S., Europe, Southeast Asia, and China, whose
ethnic-genetic backgrounds differ from those of the Ka-
zakh population. It is known that some pathogenic vari-
ants exhibit ethnic and racial specificity in modulating CRC
risk. Another limiting factor is the restricted scope of any
diagnostic panel used for sequencing; in particular, the ab-
sence of clinically relevant genes such as GSTM1, GSTTI,
DCC, and RAS in several commercial panels [50].

Conclusion: Over the past decade, multigene panels
based on next-generation sequencing (NGS) have been
introduced into both fundamental and practical oncol-
ogy, enabling the analysis of multiple genes associated
with specific HCS. This approach identifies variants in less
well-studied gene regions and improves understanding
of the mechanisms underlying predisposition to colorec-
tal cancer (CRC), including early-onset disease. The NGS
methodology enables the identification not only of path-
ogenic mutations but also of variants of uncertain func-
tional significance, which may influence CRC predisposi-
tion. Variants in the BRCAT, BRCA2, DICER1, FANCC, FANCM,
and TSC2 genes, which alter protein function by disrupt-
ing critical cellular and tissue processes these genes regu-
late, expand the phenotypic spectrum of malignancies in
CRC and help identify synchronous and metachronous ne-
oplasms in other organs [50]. This personalizes treatment
strategies for patients and enables early diagnosis and
medical surveillance for their relatives.
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AHJATIIA

TYKBIM KYAJIAUTBHIH )KOHE CIIOPA TUKAJIBIK KOJIOPEKTAJIB/JIBI KATEPJII
ICIKTIH TEHETUKAJIBIK CKPUHUHI'THAEI'I MYJIBTUTI'EHAIK TECTIJIEY:
9JEBUETKE IOJY

H.A. Banmaes', I A. Aponun'?, I.C. JKynycosa®, /I.P. Kaiioaposa®, B.1O. Benoycoé*

L«Anmatbl oHKonoruAnbIK optanbifbi» LLXKK KMK, Anmarsi, Kasakcrax Pecny6aukach;

2«C.K. Achenanapo atbiHaarbl Kasak ynTTbik MeauuuHa yHusepcuteTi» KEAK, Anmarbl, KasakctaH Pecnybankace;
3Ka3akcTaH Pecny6nukachl FbinbIM xaHe orapbi 6inliM MUHUCTpAITi FbiNbIM KOMUTETHH [eHeTIka XaHe dusunonorna uHcTuTyTbl LMK PMK,
Anmarbl, Kasakcra Pecnybnukacol;
4Tree Gene rexeTikanblk 3eptxaqaci» XKILIC, Anmartbl, Kazakctan Pecny6ankaco

Osexminizi: Haykacmoiy cenomunin dcone iCikmiy MOIEKYIANbIK NPOPUIIH AHLIKMAY2d APHAL2AH MOLEKYIANbIK-2eHeMUKAIbIK
mecminey emoeyee JHcoHe KIUHUKALbIK meKcepyee 0epbecmenipileen mociloiy He2izei Kypamoac 66eiei 6o1ein maodwiiadvl. I enemukaivlk,
CKpununemeei Kazipei sepmmeynep (heHomunmix OUaeHOCMuKAaIblK NaHeab0epOeH Jeone ce3immanovlk cendepin TP mecmineyoen
Konmezen aHblKmanean 2eH0epoi Hemece Mymdac 2eHOM CEeKGCHYUSICbIH KAMMUMbIH YIKeH nauneiboepee omyze 0azblmmazan.
Mynomueendix mecminey konropekmanvovl Kamepii icik (KKI) ouaecnocmuxacol men mepanusicblioly, opmypii caiaiapblHod KeHiHeH
KOJIOAHbLIAObL, OHbIY NAl0a OOLYbIHA 2eHEMUKAIbIK KOMNOHEHmmep MAanbl30bl yiec Kocaowl. Kazipei yaxeimma npaxmuxaivik
onkonoeusi KKI mygviym Kyanaimoit sicone CHOpaouKaiblk HYCKALAPbIHbIY 2eHEMUKANbIK, CKDUHUH2T YULIH JICO02apbl OHIMOI CeK8eHuUpIiey
Jicylienepin Kama Kapayoul JcoHe nayueHmmepoiy myslCmapblHOa OHbIY epme OUACHOCMUKACLIH OHMAIAHObIPYObL maaan emeol.

3epmmeydin maKcamol — myKoiM KyaaaumelH JcoHe CNOPAOUKAIBIK KOIOPEKMAibObl 00bIPObIY 2eHeMUKAIbIK CKPUHUHST YUliH
Kezeci 6ybiHObl cexgenupneyoi (NGS) kondanyoviy adichamacsl Men azblmoaabl HOMuUdHiCeepine woy.

Aoicmepi: Google Scholar, Web of Science, Springer Link, Scopus, Science Direct, PubMed, BMJ caummapvinoa awvix
KOJDICeMIMOLIIKMe KOANCeMIMOI MyNnHYCKAIbIK 3epmmeyiep MeH WOoLy MAKALALIAPbIH Kocd aneanod, 70 2bliblMu dcapusiianblmed
AHATUMUKATBIK WLOTLY HCYPRIZINOI.

Homuocenepi: NGS nezizinoezi mynomueenoi mecmiiey Kanyepoenesee Kamvlcamovli Oipuewe 2eHdepoi Oip yakvlmma manoayea
MYMKIHOIK 6epedi, myKolM Kyaiaimol Kamepii iCik CUHOPOMOApbIMeH OAlIaHbICMbL RAMO2EHOL YPbIK Cbl3bl2blHbLY MYMAYUSIADBIH,
COHOQI-AK UHMPOHOBIK HCOHE MPAHCAYUANAHOA2AH AUMAKMAD CUAKIbL 2eHOePOiH Haulap myciniieen auMakmapblHoaabl 2eHemMUKaIbIK,
HYCKanapovl anvlkmayea Mymkinoik oepedi, 6yn KKI koz0vipamoin 6ypein 6en2iciz pakmopaaposl anbikmayaa Komekmeceol.

Kopoimuinowt: Monexkynsapivik-eeHemukaiolk OUAZHOCMUKA NAyueHmmepol Jiceke emoeyee JICoHe MOyeKel MONmAapblHOa2bl
myvlcmapoul diceke MeOUYUHAILIK mekcepyee MymKinoix bepeoi. [eeenmen, KKI scazoatinapeinviy wamamen 25% omoéacwiiwix bonca
da, ombacuvLiapoviy wiamamen 95% eenemuranvlk coinakman emnezen. Taroanean oepekmep myKblM Kyaiaiumvit iCik CUHOPOMOApbIHA
HeMece mymac 2eHOMObL CeK8eHUpIey2e KAmvlcambvlH 0APIblK AHbIKMAL2aH 2eH0epOi KOca an2anod, (heHOMUnmix naHeab0epoeH YiKeH

102 Oncology and Radiology of Kazakhstan, Ne3 (77) 2025



@) KazIOR LITERATURE REVIEWS

KAZAKH INSTITUTE OF ONCOLOGY AND RADIOLOGY

¢

nanenvoepee Kouty Kasjxcemminiein Konoaiiovl. Convimen Kamap, opmawia JdcoHe moMeH enin Kememin Jicanda HYycKaiapovl Hemece
@yuryuonandwvik moni 6eneiciz nyckanapovt anvikmay KKI ¢penomunmix cnexmpin xenetimeoi dicone OUA2HOCMUKAIbIK CeKBEHUPILeY
nauenvoepine Kocy yuiiH 0cvl HycKaiapowvl opi Kapail sepmmeyoi Kadjcem emeol.

Tyitinoi cosoep: Koropekmanvowl xamepai icix (KKI), namozendix mymayusnap, keneci ypnax cekeeHupiey, myKblM Kyaiaumvix
MYKbIM KYanaumsin mox iulex kamepii iciei, 2eHemuKaiblk CKPUHUHE.

AHHOTALUA

MYJUBTUI'EHHOE TECTUPOBAHUE B TEHETUYECKOM CKPUHUHI'E
HACJEACTBEHHOI'O U CHOPAJUYECKOI'O KOJIOPEKTAJIBHOTI'O PAKA:
OB30P JIUTEPATYPbI

H.A. Barmaes', I A. Aponun'?, I'.C. XKynycoeda®, /I.P. Kaiioaposa®, B.IO. Benoycog*

ITKIM Ha NMXB «AnMaTuHCKIii OHKONOTMYeCKMii LieHTp», Anmarl, Pecny6nnka Kazaxcraw;
ZHAQ «Ka3axckmii HauMOHNbHbIA MeauuMHCKWi yHuBepauTeT UM, C.[1. Achenauspoar, Anmarbl, Pecny6nmka Kasaxcras;
3PIT1 Ha NXB «UHcTuTyT rexeTukn u dusnonorum» Komuteta Hayku MHBO PK, Anmarbl, Pecniy6nmka Kasaxcran;
4700 «TeHeTiyeckas naboparopus Tree Gene», Anmatbl, Pecny6nuka Kazaxcrau

Axkmyanvnocme: Monexynaprno-eenemuieckoe mecmupoganue 0iisi Onpeoeenus 2eHOMmuna Nayuenma u MoieKkyIspHoco npoQus
onyxonu npedcmagusen coboil Kaouesol KOMIOHEHM NePCoOHATU3UPOBAHHO20 NOOX00d K neuenuto u oucnancepusayuu. Cospemennvie
uccnedosanusi 8 00IACMU 2eHEMUYeCK020 CKPUHUH2A OKYCUPYIOMCSL HA nepexode om OUA2HOCUYEeCKUX NaHelell, 0CHOBbIBAIOWUXCS
na ¢enomune, u IIL[P-mecmupoganus 0omoenbHbIX 2€HO8 NPEeOPACNONONCEHHOCMU K OONbWUM NAHENSAM ULU NOIHO2EHOMHOMY
cekgenupoganuio. Mynbmueennoe mecmupoganue HaxXo0Um wupoKoe NPUMEHeHUe 8 PA3IUYHbIX 001ACMAX OUASHOCTIUKY U Mepanuu
konopexmanvrozo paka (KPP), 6 603HUKHOGEHUU KOMOPO2O 3HAYUMENEH 6KIA0 2eHeMUYeCKUX KOMNOHeHmos. B nacmosiwee epems
6 NPAKMUYECKOU OHKOIO02UU He0OX00UM 0030p CUCMEM BbICOKONPOU3ZBOOUMENbHO20 CEKBEHUPOBANUSL OISl 2EHEMUYECKO20 CKPUHUNSA
HacnedcmeenHwvix u cnopaduieckux eapuanmos KPP u onmumusayuu e2o panneti OuazHOCMUKU y poOCMEEHHUKOS NAYUEHINOS.

Lens uccnedosanus — 0630p MemMoOOIOUL U COBPEMEHHBIX PE3YIbMAMO8 NPUMEHEHUS CeKEHUPOBANUsL H08020 nokoienus (NGS)
O/ 2eHEMUUECK020 CKPUHUHEA HACACOCMBEHHO20 U CROPAOUHECKO20 KOLOPEKMAIbHO20 PAKA.

Memoowi: Ilposeden anarumuyueckuii 0030p 114 nayunvix nyoaukayuil, 6Ka04as OPUSUHAIbHBIE UCCIE008AHUSL U 0O30PHbBIE CIAMbU,
Haxooawuxca 8 omxkpvimom oocmyne ¢ Google Scholar, Web of Science, Springer Link, Scopus, Science Direct, PubMed, BMJ.

Pesynomameor: Mynomueennoe mecmuposanue na ocnoge NGS noszgonsiem nposooums 00HO8PeMEeHHbII AHANU3 MHOJICECMEA 2eHOB,
yuacmsylouux 6 Kanyepozenese, U0eHMUGUYUposams 2epMuHaIbHble NAmo2eHHble Mymayui,, ACCOYUUPOBAHHbIE C HACTEOCMBEHHbIMU
ONYXONeBbIMU CUHOPOMAMU, 4 MAKJICE 2eHEMUYECKUe BAPUAHMbL 8 MEHee U3YYEHHbIX 0ONACMSX 2eHO8, MAKUX KAK UHMPOHHbLE U
Hempaucaupyembvle 001acmu, Ymo cnocoocmsyem 8vla6leHuio panee Heu38ecmuolx hakmopog npeopacnonodicennocmu k KPP u oyenxe
UX 8K1A0A 8 Peanu3ayuio Onyxoueeo2o npoyeccd.

3akniouenue: Monexynispuo-eenemuueckas OUAZHOCMUKA Oelaenm 603MOJICHbIM NePCOHANUIUPOSAHHOE JleYeHue NAYUeHMOs U
UHOUBUOYATUIUPOBAHHYIO OUCHAHCEPUAYUIO POOCMBEHHUKOS U3 epynn pucka. OOnako necmomps Ha mo, umo oxono 25% cayuaee KPP
AGNAIOMCS ceMelHblMU, 0Koa0 95% cemell ocmaromest eenemuuecku He ucciedosarnul. [Ipoananuzuposanuvie 0auHble NOOMBEPIHCOAIOM
HEobX00UMOCIb nepexooa om nawesetl, OCHO8AHHbIX HA (eHomune K 60aAbUUM NAHEIAM, BKIIOUAIOWUM 8Ce UOeHMUDUYUPOBAHHbIE
2€Hbl, BOBNIEUEHHbIC 8 HACIEOCMBEHHbIE ONYX0Ie8ble CUHOPOMbL UL CeKgeHUposanue eceeo 2enoma. Kpome moeo, uoenmughuxayus
HOBbIX BAPUAHINOG C YMEPEHHOU U HU3ZKOU NeHempPaHmMHOCMbIO UAU 6APUAHINOE C HEONPeOeNeHHbIM (QYHKYUOHAIbHbIM 3HAYEHUEM,
obnadarowux namozenHvlM 3exmom no oannvim in silico ananrusa, pacwupsem genomunuuecxkuti cnekmp KPP, u o6ycrosenusaem
HeoOX00UMOCMb OANbHETMUX UCCTe008AHU IMUX APUAHMOE OJIsl BKIIOUEHUS 8 OUASHOCUYEeCKUe NAHETU.

Knioueeswvre cnosa: xonopexmanvuvwiii pak (KPP), namoeennvie mymayuu, cekéeHupogarue Hogo2o noxoaenus (NGS), nacreocmeennwiil
PAK MOICMOU KUWKU, 2eHEMUYECKUTL CKDUHUHE.
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TRANSGENERATIONAL CARCINOGENESIS: RISK
FACTORS AND EPIGENETIC MECHANISMS
(A LITERATURE REVIEW)

Y.M. IZTLEUOV', M.K. IZTLEUOWV'
"West Kazakhstan Marat Ospanov Medical University, Aktobe, the Republic of Kazakhstan

ABSTRACT

Introduction: Traditional models of carcinogenesis based on genetic mutations and direct exposure to carcinogens cannot
explain all cases of cancer. The increasing incidence of certain cancers does not always correlate with known genetic factors,
suggesting a significant role for environmental and lifestyle factors in their development. The concept of transgenerational
carcinogenesis offers a new explanation, linking these factors with an increased risk of cancer in future generations through
epigenetic changes.

This study aimed to systematize and critically analyze scientific publications published between 2014 and 2024 that concern the
factors contributing to transgenerational carcinogenesis and the underlying epigenetic mechanisms.

Methods: To identify relevant publications, extensive searches were conducted in electronic databases, including PubMed/
MEDLINE, Scopus, and Web of Science. Combinations of keywords were used. (“transgenerational” OR “intergenerational” OR
“parental exposure”) AND (“cancer” OR “carcinogenesis” OR “tumor” OR “oncogenesis”) AND (“epigenetic” OR “DNA methylation”
OR “histone modification” OR “miRNA” OR “non-coding RNA").

Results: Thephenomenon of transgenerational carcinogenesis, whichis the transmission of anincreasedrisk of cancer from generation
to generation, is a proven fact. Epigenetic changes that persist in the germline affect gene expression in subsequent generations, and they
can be caused by various factors affecting the parents. Animal models provide convincing evidence of cause-and-effect relationships.
Long-term cohort studies in humans consistently confirm this mechanism, despite methodological difficulties.

Conclusion: Epigenetic changes in the germline can be passed on to offspring, significantly increasing their risk of developing
pathological neoplasms. The primary mediators are changes in DNA methylation, histone modifications, and modifications to
non-coding RNA. The study of transgenerational carcinogenesis will allow for the prevention of malignant neoplasms in future
generations. Cause-and-effect relationships are convincing in models, in human populations, evidence is limited by associations and

requires multigenerational cohorts with admixture control.

Keywords: epigenetics, predisposition to cancer, DNA methylation, histone modification, miRNAs, and cancer prevention.

Introduction: Carcinogenesis, the complex multi-step
process of cancer development, has traditionally been
viewed through the lens of genetic alterations. The classi-
cal model posits that cancer arises from the accumulation
of somatic mutations in key tumor suppressor genes and
proto-oncogenes, leading to uncontrolled cell prolifera-
tion. Concurrently, hereditary cancer is explained by the
transmission of specific mutations in predisposition genes
(e.g., BRCA1/2, TP53) from parents to offspring via germ
cells [1]. However, despite significant advancements in un-
derstanding these mechanisms, they cannot explain all in-
stances of cancer. For example, the increasing incidence of
certain cancers does not always correlate with an increase
in genetic mutations within the population, and environ-
mental and lifestyle factors play an increasingly evident
role in cancer etiology [2].

In recent years, scientists worldwide have been active-
ly studying the role of epigenetic changes, which are he-
reditary modifications of gene expression unrelated to
changes in the DNA sequence. Modifications include DNA
methylation, histone modifications, and regulation by
non-coding RNAs [3]. Initially, epigenetics was considered

in the context of individual cell development and differ-
entiation. Breakthroughs in research have led to the un-
derstanding that epigenetic marks can not only be stable
throughout an organism’s life but can also be transmitted
across generations. This concept is known as transgenera-
tional inheritance [4, 5].

Transgenerational carcinogenesis (or transgenerational
cancer susceptibility) is a relatively new but rapidly evolv-
ing area of research that posits that exposure of one or
both parents (even pre-conception) can lead to changes
in the germline that, in turn, increase the risk of cancer in
their offspring (F1, F2, and subsequent generations) with-
out direct exposure of the offspring to the carcinogen [6,
71. The key distinction from hereditary cancer lies in the
fact that transmission occurs not through changes in the
nucleotide sequence of DNA, but through epigenetic pat-
terns that modulate the expression of genes associated
with carcinogenesis.

Several factors determine the relevance of this topic.
First, it offers a new explanation for the etiology of ma-
lignant neoplasms in the absence of obvious hereditary
predisposition or direct exposure to carcinogens. Sec-
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ond, the phenomenon of transgenerational carcinogen-
esis presents new opportunities for preventing malig-
nant neoplasms, allowing special attention to be paid to
individual behavior and factors that affect the health of
parents and their great-grandparents [8]. Third, this area
highlights the interplay between the environment, ge-
netics, and epigenetics in shaping health and suscepti-
bility to disease [9].

The study aimed to systematize and critically analyze
scientific publications published from 2014 to 2024 con-
cerning the factors contributing to transgenerational car-
cinogenesis and the underlying epigenetic mechanisms.

Materials and Methods: Extensive searches were con-
ducted in electronic databases, including PubMed/Med-
line, Scopus, and Web of Science, to identify relevant pub-
lications. The search covered the period from 2014 to 2024.
The following keywords were used: (“transgeneration-
al”, OR “intergenerational”, OR “parental influence”) And
(“cancer”, OR “carcinogenesis”, OR “tumor”, OR “oncogene-
sis”) And (“epigenetic”, OR “DNA methylation”, OR “histone
modification”, OR “microRNA” OR “non-coding RNA").

For the preparation of the review, a multi-stage pub-
lication selection procedure following the PRISMA princi-
ples was performed.

- Identification: A search in scientific databases (2014-
2024) identified 300 potentially relevant publications. Af-
ter removing the duplicates, 250 unique records remain.

« Screening: at the annotation screening stage, 180 pa-
pers were excluded as not relevant to the topic (i.e., not
related to epigenetics or cancer transgeneration, or not
peer-reviewed studies). Seventy publications have been
accepted for full-text analysis.

« Eligibility: A full-text analysis of 70 publications led to
the exclusion of another 20 papers for reasons of non-com-
pliance with the criteria (for example, lack of data on trans-
generational effects, poor quality of methodology, dupli-
cation of results).

«Included: The final review includes 49 studies that ful-
ly meet the criteria (original experimental papers and re-
views highlighting the epigenetic mechanisms of trans-
generational carcinogenesis).

Results: Transgenerational carcinogenesis has been
actively studied in recent years. Environmental influenc-
es can affect the risk of developing cancer not only in ex-
posed individuals but also in their descendants in subse-
quent generations. Experiments on animal models show
that such epigenetic transgenerational effects are pos-
sible. In rodents, it has been found that exposure to en-
docrine disruptors, a high-fat diet, or stressors can lead
to epigenetic changes in the germ cells of parents and to
an increased tendency to tumor diseases in offspring up
to 2-3 generations. However, in general, this area remains
controversial. Transgenerational epigenetic transmission
is viewed with skepticism by many researchers, as it is ex-
tremely difficult to separate it from the influence of hered-

itary genetic factors, as well as environmental and cultural
conditions common to generations.

The analysis of the publication for the period 2014-
2024 reveals several contradictions. Several influential
animal studies reported multifactorial epigenetic in-
heritance of cancer predisposition. On the other hand,
a significant part of such results requires independent
confirmation. Thus, some landmark studies on the trans-
generational effects of endocrine chemicals or a high-fat
diet on DNA methylation were subsequently questioned
by other authors. Certain carcinogenic effects that are
clearly traceable in generations of laboratory animals (for
example, testicular tumors in rat offspring after exposure
to antiandrogens, or breast cancer in mouse offspring af-
ter experimental overfeeding of fathers) are not always
confirmed in epidemiological data in humans. In some
cases, the data are contradictory or show an effect only
under extremely strong influences. In general, a critical
analysis shows that the concept of epigenetic transgen-
erational carcinogenesis has been developed and partial-
ly confirmed in animal experiments, but the degree of its
manifestation in humans remains uncertain and the sub-
ject of active research.

Epigenetic mechanisms of transmission from genera-
tion to generation. The transmission of acquired traits from
generation to generation is contrary to the fundamental
laws of genetics. However, epigenetics explains this phe-
nomenon. The study of transgenerational carcinogenesis
has shown that epigenetic changes acquired by parents in
response to external influences are not eliminated during
gametogenesis and early embryonic development; they
are transmitted to offspring, changing their predisposition
to malignant neoplasms [4, 8].

DNA methylation is the most deeply studied epigenet-
ic mechanism. It involves covalent attachment of a methyl
group to cytosine residues (mainly CpG dinucleotides). In
the promoter regions of genes, hypermethylation is asso-
ciated with transcription repression, which leads to gene
activation [10]. Disorders in DNA methylation can inacti-
vate tumor suppressor genes (hypermethylation) or ac-
tivate oncogenes (hypomethylation) [11]. Studies in ani-
mal models have shown that the effects of various factors
on parents can lead to specific changes in DNA methyla-
tion in germ cells, which can subsequently be passed on
to offspring [12, 4]. These changes can affect genes relat-
ed to the cell cycle, apoptosis, DNA repair, and metabo-
lism, thereby increasing the risk of developing malignan-
cies in subsequent generations. For instance, research
demonstrates that exposure of pregnant females to cer-
tain chemicals, such as vinclozolin, can induce aberrant
methylation in the sperm of F1 generation males, predis-
posing the F2 generation to the development of diseases,
including ovarian, prostate, and kidney cancers [7, 13, 14].

Histone Modifications. Chromatin, a complex of DNA
and proteins (histones), forms the genome inside the
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cell nucleus. Histone modification (acetylation, methyla-
tion, phosphorylation) alters the structure of chromatin
and makes it accessible to transcriptional mechanisms
[15]. These modifications are dynamic and regulate
gene expression. Changes in these patterns in parental
germ cells can also be transmitted to offspring. For ex-
ample, abnormal patterns of histone methylation (e.g.,
H3K4me3, H3K27me3) or histone acetylation in sperm
can serve as epigenetic markers that determine disease
susceptibility in offspring [16]. Recent studies suggest
that dietary or environmental interventions in parents
can alter histone modification profiles in their gametes,
which correlates with an increased risk of cancer in off-
spring [17, 18].

Non-coding RNAs (ncRNAs), particularly microRNAs (miR-
NAs), play a crucial role in post-transcriptional gene expres-
sion regulation [19]. It has been shown that miRNAs are
present in germ cells and can be transmitted to offspring.
Alterations in miRNA expression profiles in sperm or oo-
cytes resulting from parental exposure to external factors
can disrupt the regulation of tumor suppressor genes or
oncogenes in the developing embryo, thereby increas-
ing the risk of cancer [16, 20]. For example, studies have re-
vealed that paternal exposure to high-fat diets or certain
toxins can alter the spectrum of miRNAs in sperm, which is
associated with metabolic disorders and an increased risk
of cancer in offspring [21, 18]. Long non-coding RNAs are
also gaining significance as potential mediators of trans-
generational effects, influencing chromatin structure and
gene regulation [22].

Germline Inheritance. A key factor in transgenerational
carcinogenesis is the ability to bypass epigenetic “repro-
gramming” during gametogenesis and early embryonic
development. Most epigenetic marks are erased and re-
stored; however, some regions of the genome and specific
epigenetic marks may be stable. This enables information
to be transmitted from one generation to the next [23, 5].
The mechanisms of this “bypass” are not fully understood,
but they include protection of specific chromatin regions,
association with certain carrier proteins, or transmission
via small RNAs encapsulated in sperm or oocytes [20, 24].
Understanding these mechanisms is critical to fully realiz-
ing the potential of transgenerational carcinogenesis as a
new paradigm in cancer etiology.

Key Factors Inducing Transgenerational Carcinogenesis
(Focus on the Last 10 Years of Research). Over the past dec-
ade, numerous studies, primarily using animal models,
have identified a range of factors that can induce trans-
generational carcinogenesis. These factors span a broad
spectrum of exposures, from chemicals to diet and stress.

Environmental Exposures and Toxins. Exposure to var-
ious environmental chemicals poses a significant threat
to human health, and increasing evidence points to their
role in the transgenerational transmission of cancer sus-
ceptibility.

« Endocrine Disrupting Chemicals (EDCs): These
compounds mimic or block the action of hormones, there-
by disrupting the endocrine system. In the past decade,
EDCs such as bisphenol A (BPA) and its analogs (BPS, BPF),
as well as phthalates, have been shown to induce transgen-
erational effects. For instance, rodent studies have indicat-
ed that prenatal or perinatal BPA exposure of the mother
can lead to an increased risk of mammary gland, ovarian,
prostate, and kidney tumors in F1 and even F2 generations
of offspring [7, 25]. Mechanisms involve changes in DNA
methylation of genes related to hormonal signaling and
cell growth [25]. Similarly, phthalate exposure has been
linked to transgenerational increases in prostate cancer in-
cidence in male offspring [26].

- Pesticides and Herbicides: Certain widely used
agrochemicals have also been associated with transgener-
ational effects. For example, studies demonstrate that ex-
posure of pregnant rats to vinclozolin (a fungicide) leads
to an increased incidence of various tumors (kidney, pros-
tate) in F1-F3 generations [6, 7]. This is linked to aberrant
DNA methylation and alterations in non-coding RNAs in
the germline [13, 14]. While direct evidence of carcinogen-
esis from glyphosate via transgenerational mechanisms in
humans is still limited, animal studies raise concerns about
its potential impact on epigenetic inheritance [27].

- Heavy Metals: Chronic exposure to heavy met-
als, such as arsenic and cadmium, is associated with car-
cinogenic effects. Recent research indicates that paren-
tal exposure to these metals can induce transgenerational
epigenetic changes, leading to increased offspring sus-
ceptibility to carcinogens or direct tumor development
[28]. For example, arsenic exposure in pregnant mice was
associated with altered DNA methylation in F1 generation
sperm and an increased risk of hepatocellular carcinomaiin
the F2 generation [29].

- Air pollution: Components of air pollution, such as
particulate matter and polycyclic aromatic hydrocarbons,
can induce epigenetic changes. Evidence of transgenera-
tional carcinogenesis due to air pollution in humans is still
being investigated. Animal studies suggest that parental
exposure to polycyclic aromatic hydrocarbons can lead to
changes in germline DNA methylation, potentially increas-
ing the risk of malignancies in offspring [30].

Nutritional and metabolic factors. The diet and metabol-
ic status of parents have a profound impact on the health
of their offspring, and epigenetic mechanisms play an im-
portant role in this process.

Parental weight problems: a deficiency or excess of nu-
trients in parents may increase the risk of neoplasms in
their offspring [31]. A high-fat diet (HFD) in mothers or fa-
thers is associated with an increased risk of liver, breast,
and colorectal cancer in offspring of F1 and F2 genera-
tions [17, 32] due to changes in DNA methylation, histone
modification, and microRNA profiles in germ cells that af-
fect genes related to metabolism, inflammation, and cell
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growth [16]. Deficiency of trace elements, such as folic acid
(@ methyl group donor) in parents, can disrupt the DNA
methylation patterns in the germline and increase the pre-
disposition to cancer [33, 34].

- Parental Obesity and Diabetes: The epidemics of
obesity and diabetes have long-term consequences not
only for the health of affected individuals but also for their
offspring. Studies indicate that parental obesity or diabe-
tes can be associated with a transgenerational increase in
cancer risk in offspring [35]. For example, paternal obesi-
ty in mouse models has been linked to an increased risk
of colorectal cancer in offspring, mediated by changes in
miRNA expression in sperm [21]. Maternal gestational dia-
betes can also alter fetal epigenetic marks, potentially in-
creasing the risk of certain cancers later in life [36].

- Stress and Psychological Factors. Chronic parental
stress and psychological trauma, particularly during criti-
cal periods of germ cell development or pregnancy, can
have long-term consequences for offspring [37]. For exam-
ple, prenatal stress in rodents is associated with DNA meth-
ylation changes in the offspring’s brains and predisposes
them to behavioral disorders [38]. Some studies suggest
a link with increased sensitivity to carcinogens or risk of
developing certain types of diseases. However, direct ev-
idence for transgenerational carcinogenesis through psy-
chological stress in humans is still lacking. The influence of
glucocorticoids and neuroimmune pathways on germ cell
epigenetics is an active area of research [39].

- Pharmacological Agents and Medications. The use
of certain medications by parents can also induce trans-
generational effects.

- Chemotherapy and Radiotherapy: Cancer therapy
may also have long-term effects. Exposure to chemother-
apeutic drugs (e.g., cyclophosphamide) or ionizing radi-
ation can induce epigenetic changes in parental germ
cells, leading to an increased risk of malignancy in off-
spring [40]. Mechanisms include changes in DNA methyl-
ation and microRNA profiles, which may disrupt genom-
ic stability or cellular signaling pathways in offspring [41].
This is particularly important for young cancer survivors
planning pregnancy.

- Diethylstilbestrol (DES): Although this is a his-
torical example (used to prevent miscarriages from the
1940s to 1970s), the effect of DES is a classic illustration of
transgenerational carcinogenesis. Women whose moth-
ers took DES during pregnancy have an increased risk of
developing a rare form of vaginal cancer (clear cell ade-
nocarcinoma) and other reproductive abnormalities [42,
43]. Research continues to uncover the epigenetic mech-
anisms underlying these effects, highlighting the long-
term consequences of drug exposure during early devel-
opment [44].

Infectious Agents. Direct viral (HPV, HBV)-associated eti-
ocarcinogenesis is well studied, and researchers are begin-
ning to consider whether parental infections may cause

transgenetic changes that predispose offspring to cancer
[45]. Chronic inflammation caused by infections may influ-
ence the epigenetic landscape [5]. This area requires fur-
ther study to identify specific transgenerational effects in
the context of oncogenesis.

Research Models. Studying transgenerational carcino-
genesis presents a complex challenge requiring special-
ized approaches. Over the past decade, significant pro-
gress has been made in developing and applying various
research models.

Animal Models. Mice, rats, and zebrafish are prima-
ry models for studying transgenerational carcinogenesis.
These models enable strict control over exposure (type,
dose, timing, and duration), the study of multiple gener-
ations, and the analysis of molecular mechanisms in off-
spring tissues and parental germ cells [5, 44].

- Maternal Exposure Models: In these studies, preg-
nant females are exposed to the factor under investiga-
tion (e.g., an endocrine disruptor) during pregnancy. The
cancer susceptibility of their offspring (F1) and subse-
quent generations (F2, F3+), born from unexposed F1 fe-
males, is then analyzed [6, 7]. This approach allows for the
exclusion of direct exposure of the factor to subsequent
generations.

- Paternal Exposure Models: In some studies, male
founders are exposed before mating. Analysis of their
sperm for epigenetic changes, as well as the cancer risk in
their offspring, allows for the assessment of the paternal
line's contribution to transgenerational effects [6, 21].

- Advantages: Strict control over experimental condi-
tions, ability to establish cause-and-effect relationships,
and accessibility of tissues for molecular analysis (DNA
methylation, histone modifications, miRNAs) [44].

- Limitations: Differences in physiology and metabo-
lism between animals and humans, as well as complexities
in extrapolating results to the human population [5].

Human Epidemiological/Cohort Studies. Studying trans-
generational carcinogenesis in humans is considerably
more challenging due to uncontrolled exposure to numer-
ous environmental and lifestyle factors. However, long-
term cohort studies and the analysis of large databases are
beginning to yield valuable information [46].

- Advantages: Direct relevance to human health.

- Limitations: Difficulty in establishing cause-and-ef-
fect relationships, the need for very large sample sizes and
long-term follow-up across multiple generations, chal-
lenges in controlling for all potential confounding factors,
and ethical restrictions on experimental exposures [5].

« Examples: Ongoing cohort studies where mothers
were exposed to specific agents (e.g., DES) [43], as well as
studies investigating the link between parental obesity, di-
abetes, or exposure to certain toxins and cancer risk in off-
spring. The use of biobanks and the analysis of epigenet-
ic marks in cord blood or offspring tissues help to identify
potential correlations [36, 41].
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Clinical Significance and Future Perspectives. Under-
standing transgenerational carcinogenesis has profound
clinical and public health implications, opening new hori-
zons for cancer prevention and risk management.

Potential Impact on Cancer Prevention. Traditional can-
cer prevention strategies focus on individual lifestyle mod-
ifications (e.g., smoking cessation, adopting a healthy diet,
and engaging in physical activity) and early detection. The
concept of transgenerational carcinogenesis offers a fun-
damentally new approach, focusing on pre-conception or
prenatal interventions [44].

- Pre-conception Prevention: Counseling prospec-
tive parents on the importance of healthy lifestyles (nu-
trition, avoidance of harmful habits), minimizing expo-
sure to environmental toxins before conception can
reduce the risk of transgenerational transmission of can-
cer susceptibility [5].

- Environmental Protection: Regulation and reduc-
tion of endocrine disruptors, pesticides, and other indus-
trial pollutants become even more critical, given their po-
tential transgenerational effects [6, 7.

- Pharmacological Development: Considering trans-
generational risks during the development and safety as-
sessment of new drugs, especially those that may be used
by women of childbearing age or men [43].

- Identification of At-Risk Groups. The identification
of epigenetic biomarkers in germ cells or at early stages of
offspring development could enable the detection of indi-
viduals with an increased risk of cancer.

- Biomarkers in Sperm/Oocytes: In the future, analy-
sis of specific epigenetic marks (e.g., DNA methylation pat-
terns, miRNA profiles) in parental gametes could become
part of screening for assessing transgenerational risk [16].

- Biomarkers in umbilical cord blood: The study of
epigenetic markers in the umbilical cord blood of new-
borns can serve as an indicator of the environmental im-
pact on the mother and a potential predisposition to
cancer, allowing for earlier personalized monitoring and
prevention [36, 41].

- Molecular mechanisms: It is necessary to study how
epigenetic tags are transmitted along the germline, which
of them are resistant to reprogramming, and how they af-
fect gene expression during ontogenesis [8, 51.

- Long-term studies: Long-term cohort studies span-
ning several generations are crucial for a convincing
demonstration of the transgenerational phenomenon in
humans [46].

- Combined effects: Most studies focus on a single
factor, whereas in real life, organisms are exposed to mul-
tifactorial effects. The study of the synergistic and/or an-
tagonistic effects of combined factors is a promising direc-
tion [26].

- Development of therapeutic strategies: under-
standing the mechanisms of the “phenomenon” will lead
to the development of approaches aimed at “erasing” un-
wanted epigenetic marks and/or protecting the germline
from harmful effects.

- The role of the paternal line: Research often focus-
es on the impact on the mother, and there is a growing un-
derstanding of the important role of paternal material in
transmission from generation to generation. It is necessary
to study the mechanisms of epigenetic changes in sper-
matozoa that affect the development of offspring and the
risk of developing malignant neoplasms [16, 21].

Table 1 summarizes the associations between the type
of exposure, epigenetic mechanism, and type of cancer.

Table 1 - Main categories of ancestral influences, putative epigenetic mechanisms of inheritance, and related
cancers in offspring (according to peer-reviewed publications 2014-2024) [4-6, 12, 23, 30, 45, 46-48]

Type of exposure

The epigenetic mechanism of inheritance

Associated types of cancer in offspring

Chemical toxicants
(pesticides, endocrine
disruptors — DDT, vinyl
chloride, etc.)

— Persistent changes in DNA methylation in germinal
cells, leading to epimutations in oncogenes/tumor
suppressors that can avoid embryonic reprogramming.
— Disruption of the chromatin structure: changes

in repressive histone tags that affect the long-term
shutdown of genes.

— Imbalance of non-coding RNAs: changes in the
profile of microRNAs and other small RNAs in sperm
transmitted to the zygote.

There is often an increased risk of childhood tumors
due to parental contact with pesticides: leukemia,
lymphoma, CNS tumors, and neuroblastoma in
children.

In adult descendants, there is an increased incidence
of hormone—dependent tumors: breast cancer is
associated with exposure to DDT ancestors. Tumors
of the reproductive system are possible (according to
data from animal models).

Nutritional factors
(parental diet, starvation)

— Epigenetic rearrangement of spermatozoa: changes
in global DNA methylation and in the content of

small non-coding RNAs. For example, a deficiency
or excess of nutrients in males leads to differential
expression of multiple sperm microRNAs and tRNA
fragments, which restart gene expression after
fertilization.

— Modification of signaling pathways of development:
changes in the expression of metabolic control genes
are revealed in the offspring as an echo of the dietary
factors of the ancestors.

An increase in the predisposition to breast cancer

in offspring with obesity or protein starvation of

the female parent has been shown in animals. In
humans, there is evidence that extreme starvation
of grandmothers is associated with an increased risk
of breast cancer in granddaughters. Effects on other
cancers are possible, but there is insufficient clear
epidemiological evidence.

Psychological stress
(severe traumatic events,
chronic parental stress)

— Long-term dysregulation of neuroendocrine genes:
extreme stress can lead to changes in the methylation
of genes regulating the stress response.

— Histone labeling disorder: presumably, chronic
stress can affect posttranslational modifications of
histones in germ cells, which affects the work of genes
in the embryo.

In humans, extreme stressors are associated with a
general deterioration in the health of the offspring, but
a clearly increased risk of cancer has been confirmed
mainly for the generation itself that has experienced
stress. Data on the effect of parental stress on
childhood cancer is contradictory; further research is
needed to establish a cause-and-effect relationship.
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Table 1 (continued)

Medications
(pharmacological
effects on pregnant
women or before
conception; for example,
diethylstilbestrol)

— Hormonal and epigenetic effects: Exogenous
hormones during critical periods of development
can cause persistent epigenetic shifts. In the case
of DES, an increased level of EZH2 expression was
found in the mammary gland tissues of the offspring,
which indicates an increase in the repressive
histone modification H3K27me3 and the associated
suppression of tumor suppressor genes.

— Violation of genomic imprinting: Some drugs can
probably disrupt the installation of methyl tags in
imprinted genes during gametogenesis; this effect is

The “DES daughters” syndrome is well documented:
women whose mothers took diethylstilbestrol during
pregnancy had a sharply increased risk of clear-

cell adenocarcinomas of the vagina and cervix.
Experiments on mice and rabbits have shown that the
effects of DES are transmitted to the next generation:
the “granddaughters” have an increased development
of tumors of the uterus and ovaries. In addition,

there is evidence of a slightly increased risk of breast
cancer and melanoma in daughters exposed to DES
in utero. This example highlights the reality of the

probably inherited.

transgenerational effects of medications, although
there are few such confirmed cases so far.

Notes: EDC - endocrine destructive chemicals (endocrine disruptors), DDT - dichlorodiphenyltrichloroethane, DES - diethylstilbestrol.

Discussion: The data are summarized, which convinc-
ingly show that the phenomenon of transgenerational
carcinogenesis is an important and multifaceted aspect
of the etiology of malignant neoplasms. Unlike tradition-
al models focusing on direct genetic mutations or individ-
ual carcinogen exposure, the concept of transgeneration-
al transmission emphasizes that parental exposures can
“program” offspring’s predisposition to cancer through
epigenetic mechanisms. These mechanisms, including al-
terations in DNA methylation, histone modifications, and
non-coding RNA profiles, act as a bridge between environ-
mental factors and inherited disease risk.

The review identified a wide range of factors capable
of inducing transgenerational effects that predispose in-
dividuals to carcinogenesis. Among these, particular at-
tention is given to endocrine-disrupting chemicals (EDCs)
(e.g., BPA, phthalates), which affect hormonal regula-
tion and can cause persistent epigenetic changes in the
germline [12, 18]. Results from animal models, such as vin-
clozolin exposure, convincingly show that chemical agents
can lead to an increased risk of various cancers in subse-
quent generations [7, 14]. This underscores the urgent
need to re-evaluate regulations regarding widely used
chemicals and their long-term effects.

Nutritional and metabolic factors have also proven to
be powerful modulators of transgenerational risk. Spe-
cifically, high-fat diets and parental obesity have been
shown to alter the epigenetic landscape of germ cells,
leading to an increased oncological predisposition in off-
spring [17, 32, 21]. These data expand the understanding
of “intrauterine programming effects” and point to the
critical role of parental metabolic health in shaping can-
cer risk in their children and grandchildren. While direct
human evidence is limited, epidemiological studies are
beginning to identify correlations that confirm the im-
portance of these links [35, 36].

Stress and pharmacological agents, including chemo-
therapy, represent another category of factors that can in-
duce transgenerational epigenetic modifications [39, 40].
This raises important ethical and clinical questions, espe-
cially concerning the treatment of young cancer patients
who later wish to have children. A balance is needed be-
tween life-saving treatments and potential long-term risks
to offspring. The example of diethylstilbestrol (DES) [43]

serves as a stark historical warning that the consequences
of medical interventions can manifest decades and gener-
ations later.

While animal models are the gold standard for studying
cause-and-effect relationships in transgenerational carcino-
genesis due to controlled conditions [4, 44], their results are
not always directly extrapolatable to humans. Epidemiolog-
ical studies in humans, though more complex to conduct,
are indispensable for confirming these links in real popula-
tions [46]. Progress in high-throughput omics technologies
allows for the identification of subtle epigenetic changes in
human biomaterials (e.g., cord blood, sperm), opening new
avenues for identifying risk biomarkers [16, 24].

However, significant knowledge gaps remain. A better
understanding of the precise molecular mechanisms that
ensure the resistance of certain epigenetic marks to repro-
gramming in the germline is needed. Most studies exam-
ine the effects of a single factor, whereas in real life, organ-
isms are exposed to multiple combined influences, which
require more complex research models. It is important to
consider the contribution of the paternal line to transgen-
erational inheritance, since spermatozoa carry a unique
epigenetic load that can influence the development of
offspring [16, 21]. Data from the last decade indicate that
transgenerational carcinogenesis is an emerging area
of public health importance. Integration of the acquired
knowledge into preventive programs and clinical recom-
mendations will be the next logical step in preventing and
controlling malignant diseases.

Data comparison: animal models vs human studies. The
results of animal and human studies in this area show sig-
nificant differences. There is convincing evidence in animal
models that exposure to parents can increase the carcino-
genic risk in offspring. When exposed to endocrine-dis-
rupting pesticides (DDT) in rodents, there is an increase in
the incidence of tumors in offspring up to the third gener-
ation. In classical experiments, it was shown that the syn-
thetic estrogen diethylstilbestrol (DES), administered to
pregnant female rodents, causes the development of tu-
mors of the reproductive tract not only in their daughters
(directly exposed in utero), but also in “granddaughters” —
the third generation, who had no direct contact with the
substance [47]. There was also evidence that parental nu-
trition affects oncogenesis in offspring. For example, obe-
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sity or dietary deficiencies in male mice before mating led
to epigenetic restructuring of their spermatozoa, resulting
in changes in breast development and an increased inci-
dence of breast tumors in their daughters. These animal
models allow us to establish a causal relationship: expo-
sure — epigenetic “tag” in germinal cells — phenotype
change and tumor risk in the offspring. It is important that
mechanisms can be directly identified in animals: for ex-
ample, to find specific epigenetic changes in spermatozoa
(DNA methylation of certain genes, disruption of the mi-
croRNA profile, changes in histone tags) that correlate with
the occurrence of cancer in offspring [47, 49].

In human studies, the picture is less definite. Direct ex-
perimental data are naturally lacking, and scientists rely
on retrospective or epidemiological observations. Some
of them support the hypothesis of a transgenerational
effect: for example, women conceived during starvation
(such as the Holodomor in the Netherlands in 1944-1945)
demonstrated an increased risk of breast cancer in adult-
hood. This indirectly indicates that the lack of nutrition in
grandmothers could affect the cancer incidence in grand-
daughters through intergenerational epigenetic chang-
es. Another example is the analysis of the offspring of war
veterans exposed to certain chemical agents (for exam-
ple, dibutyl phthalate, which is dangerous for the endo-
crine system). According to some data, the daughters of
war veterans have a higher-than-average risk of develop-
ing breast cancer. There is a historical case with the DES
drug: women whose mothers took diethylstilbestrol dur-
ing pregnancy had a sharply increased risk of rare vagi-
nal cancer (clear-cell carcinoma) [48, 49]. However, it is im-
portant to emphasize that such studies on humans have
the character of associations. It is challenging to interpret
them unambiguously, as the results may be influenced by
genetic predisposition and related environmental factors.
In addition, different studies often give contradictory con-
clusions: for example, some studies find a link between
the diet of parents and cancer in children, while others do
not find a statistically significant effect. Collectively, ani-
mal data provide more direct and reproducible evidence
of transgenerational carcinogenesis, whereas in humans,
such effects are unclear and require further study. Every
phenomenon observed in human populations needs to
be carefully evaluated and, if possible, confirmed by inde-
pendent samples.

Limitations of human research. Research on transgener-
ational effects in humans faces several limitations:

- Confounding of factors: Descendants inherit not only
epigenetic marks from their ancestors, but also genes, and
often share a similar environment. For example, families
that have experienced hunger or stress may have a similar
lifestyle and diet in subsequent generations. This makes it
difficult to isolate a purely epigenetic contribution to can-
cer risk. Genetic predisposition and cultural traditions can
mimic the “inherited” effects of the environment.

« Long latency period: Transgenerational effects ap-
pear after one or more generations, i.e., decades. To estab-
lish a connection, very long-term observations are need-
ed. During this time, the external conditions themselves,
medicine, etc., may change, which makes interpretation
difficult.

« Sample size and accessibility: for a convincing anal-
ysis, large cohort samples spanning several generations
are needed, where ancestral impacts are known and out-
comes in descendants are traced. Such data is extremely
rare. Many studies rely on unique historical cohorts, and
their results are still awaiting confirmation by independ-
ent experts.

- Retrospective nature of the data: Most of the available
human data is retrospective. The accuracy of information
about exposure doses and the state of ancestral health is
limited. There may be systematic errors and biases.

- Ethical limitations and verification of mechanisms:
Naturally, it is impossible to purposefully experiment on
humans, exposing one generation to exposure and ob-
serving grandchildren. Therefore, we cannot directly
prove a causal relationship but rely on correlations. In ad-
dition, it is difficult to study the epigenetic changes them-
selves: the embryonic germ line is not available for analysis
in humans, so direct confirmation of label transfer is diffi-
cult. These limitations necessitate caution in interpreting
the results in humans and explain why transgenerational
epigenetic transmission in humans remains a hypothesis,
despite some indirect evidence [48].

Conclusion: The phenomenon of transgeneration-
al carcinogenesis is changing the understanding of the
etiology of malignant neoplasms, expanding beyond ge-
netic mutations and individual exposure. Environmental
factors can cause epigenetic changes in parental germ
lines, which are then passed on to offspring, thereby in-
creasing the risk of developing malignancies. DNA meth-
ylation, histone modifications, and non-coding RNAs are
key mediators of these transgenerational effects. The
study of transgenerational carcinogenesis opens new
possibilities for the prevention of malignant neoplasms.
A healthy lifestyle is important for expectant parents.
Strengthening environmental protection and chemi-
cal regulation measures is necessary to minimize the im-
pact on human reproductive health. The identification
of epigenetic biomarkers that predict the risk of cancer
in offspring is a promising area of future research that
may lead to the development of personalized strategies
for screening and preventing malignancies. The scientif-
ic community faces complex challenges, including con-
ducting long-term human studies, exploring combined
effects, and gaining a deeper understanding of molec-
ular mechanisms. A full understanding and integration
of the phenomenon of transgenerational carcinogenesis
into clinical practice and public health policy will be cru-
cial in the fight against cancer.
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Cause-and-effect relationships are convincing in mod-
els; in human populations, evidence is limited by associa-
tions and requires multigenerational cohorts with admix-
ture control.
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AHJATIIA

TPAHCTEHEPALMSIIBIK KAHIIEPOTEHE3:
KAVII ®AKTOPJIAPBI )KOHE DIIMTEHETUKAJBIK MEXAHU3M/IEP
(OJIEBUETKE IIOJLY)

E.M. H3mneyos', M.K. H3mneyos'
I«Mapar OcnaHoe aTbiHaarbl batbic KasakcTa meguuuHa yHusepauteti» KEAK, Aktebe, Kasakcran Pecny6nmkacsl

Ozexminizi: ['enemukanvly mMymayusiapaa JdcoHe KaHyepoceHOepOiy mikenell ocepine Heziz0eleeH KaHyepo2eHe30iH 09cmypii
yaeinepi xkamepni icikmiy 6apavlk scazoailiapvin mycinoipe aimaiiovl. Ketibip xamepai icik aypyrapuvineiy kebeioi opxauian beneini
2eHemuKanvlK (akmopnapmen 6atiianvicmol 601a Oepmeiioi, Oyn1 01apobly OAMYbIHOA2bl KOPULAZAH OPMA MEH OMIP CAAMbIHbIY
Manwl306l ponin kepcemeodi. Tpanceenepayusivik KAHYEPOLeHe3 MydCbIPbIMOAMACHL OCbL (PaAKMOPAAPObL INUSEHEMUKALbIK 032epicmep
Homudicecinoe boNamar ypnakmapoa KamepJi icik KayniHiy #co2apuliayblmen 0aiuianblCmblpamvii Jdcana myciHikmeme yYColHaObL.

3epmmeydin maKcamol — mpaHceeHepayusIblK, KAHYepo2eHes2e bIKNal ememin pakmopiapeaa ’HeoHe 01apobly He2i3iHOe HCAMKAaAH
anueenemukanvlk mexanusmoepee xkamvicmuol 2014-2024 oncvindap apanviebinoa HapusianHaan 2uliblMiu OACLLILIMOApObl Jcylieney
JICOHe CHIHU MYPablOaH manoay 6010ul.

AQoicmepi: Tuicmi 6acvinvimoapos anvikmay ywin PubMed/MEDLINE, Scopus swcone Web of Science cusxmvi 91eKmpoHObL
monimemmep 6azacvinoa Key izoey dcypeizinoi. Kinm ce30epdiy mipkecimoepi Kondauwliovl: (“mpanceenepayus’ Hemece “‘ama-ana
modicipubeci”), scone (“Kamepni icik “Hemece” kanyepoecenes “nHemece” icik “Hemece” oHxozene3”) dcone (“onucenemuxanviy “Hemece”
JHK memunoenyi “nemece” eucmon mooughuxayuscel “‘nemece” muxpoPHK “nemece’roomanrmazan PHK”).

Homuocenepi: Tpanceenepayusnnvlk Kanyepocene3 KYOblLivbicbl 0dnefdeHeeH gakm 60abin mabdvlnadvl. ¥pulK Cbl3bleblHOd
CaKmanamoli SNUSeHeMUKAIbIK 032epicmep Kellinel ypnakmapoaezvl 2eHOepOil IKCNPeCcCUsiCbiHa dcep emeoi Jcone oaap ama-anaiapad
acep ememin opmypii ¢paxmoprapoar mywviHOayvl MymKin. Kanyapnapea apranzan mooenvoep ceben-candapivlk 6aiuianblcmapobly
Haxkmul 0onendepin bepedi. Adamoapoazvl y3aK Mep3iMOi KO2OpMMbIK 3epmmeynep o0icmemenik KUblHObIKmapaa Kapamacmau 0y
Mexanuzmoi 0otiekmi mypoe Ko10aiobl.

Kopvimuinowi: JKeinvicmazel snucenemurxanvix, o3cepicmep ypnaxka 6epinyi MymKin, 6y1 namonousnvly icikmepoiy oamy Kaynin
aumapavikmati apmmuipaosl. Heeizei meouamopnap JHK memunoenyindezi oseepicmep, 2ucmonOblK MOOUDUKAYUSLLAD IHCOHE
koomanmazar PHK moouguxayusnapel. Tpanceenepayusanvlk kanyepozene3oi zepmmey bonauiax ypnakmapoa Kamepii icikmepoiy
anovii anyaa MymKiHOIK 6epedi. Ceben-candapavix 6aiianvicmap mooenvoepoe CeHiMOi, adam NONYIAYUANApbIHOA 0denoep
accoyuayuanapmen wekmeneol JcoHe apanacyosl OaKblIaumsli Kon 6YbIHObL KO2Opmmaposl Kadcem emeol.

Tyiiinoi ce30ep: snucenemuxa, xkamepni icikke oeuimoinix, JHK memunoenyi, eucmon moouguxayuscol, mukpoPHK (miRNAs),
KamepJi icikmiy an0biH ay.

AHHOTANUST

TPAHCTEHEPAIITMOHHBIN KAHIIEPOT'EHE3: ®PAKTOPBI PUCKA
N JIMUTEHETUYECKHUE MEXAHUW3MbI
(OB30P JIMTEPATYPbI)

E.M. H3mneyos', M.K. H3mneyoe'
THAO «3anajHo-Ka3axcTaHcKuii MeAMLIMHCKII yHBepcuTeT umeHin Mapata OcnaHoBay, AkTobe, Pecny6nuka Kazaxcrau

Axmyanvnocms: Tpaouyuonnvie mooenu Kanyepozene3d, OCHOBAHHbBIE HA 2CHEMUHUEeCKUX MYMAYUusx u npsmom 8030eucmeuu
KaHyepoeenos, ne Mocym o0bACHUmMb 6ce ciyyau paxka. Pocm saboneeaemocmu HeKomopuimu 6u0amu paka He 6ce20d Koppeaupyem
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C U3BECMHBIMU 2eHEMUYeCKUMU (aKxmopami, umo yKasvleaem Ha 3HAYUMENbHYIO pOb OKpyicaiowell cpedvl i 00pasa JHcusnu 6
ux pazeumuu. Konyenyus mpanceenepayuonnozo kanyepoeeneza npeonazaem Ho60e 00bACHeHUe, C6A3bI6As MU PAKMOPbL C
NOBBIUEHHBIM PUCKOM PA3BUMUSA PaAKa y OYOYWUX NOKONEHUll 8 pe3yabmanme dnuceHemudeckux usmeneHu.

ILenv uccnedosanua — cucmemamusuposamy U Kpumuiecku npoaHaiu3upo8ams Hayunvle nyOIuKayuu, onyoiuKosanHvle 6
nepuoo ¢ 2014 no 2024 200, komopwie Kacaromces paxmopos, cROco6CmMEYIOUUX MPAHCLEHEPAYUOHHOMY KAHYEPOLEeHEe3Y, U NeHCAUJUX
6 UX OCHOBE INULEHEMUYECKUX MEXAHUZMOB.

Memoowi: /[ns gvisisnenus coomeemcmayouwux nyoauxayuti vl npogeden oOUUPHbIN NOUCK 8 INEeKMPOHHBIX 6A3aX OAHHbLX,
exarouas PubMed/MEDLINE, Scopus u Web of Science. Hcnonvzoganuce kombunayuu Kiwouesvlx cios: (‘mpauceenepayuoHuviil’
HIIN “pooumenvcruii onoim”), u (“pax” UIIU “xanyepoeenesz” UJIU “onyxonv” UJIH “onxocenes”) u (“snucenemuuecrxoe” UJIH
“memunuposanue [JHK” UJIH “moougurxayusa cucmonog” UJIU “muxpoPHK” UJIH “nexooupyrowas PHK”).

Pesynvmamor: Penomen mpanceeHepayuoHHO20 KAHYePO2eHe3a A6IAEMCcs OOKA3AHHIM (YaKkmom. dnueeHemuiecKue usMeHeHUs,
KOmMopble COXPAHAIOMCA 6 3apo0blute6oll TUHUL, GIUAIONM HA IKCNPECCUIo 2eHO08 6 NOCAeOYIOWUX NOKOJIEHUAX, U OHU MO2ym Oblmb
BbI36AHbL PA3NUYHBIMU (paKmopamu, eIudlowumu Ha pooumeneti. Mooenu Ha sxcueomuvlx oarom ybeoumenbHvle 00KA3AMENbCMEA
NPUYUHHO-CleOCcmEeHHbIX cessell. [loneocpounvie Ko2opmHule UCCIe008aHUSA HA TI00AX NOCAO06AMENLHO NOOMBEPIHCOAION DMOM
Mexanu3m, HeCMOmMps HA Memoooio2udecKue mpyoHocmu.

3aknwuenue: Onucenemuueckue UMeHeHUS 6 3APOObLIUEGOU JUHUU MOZYM Nepeodsamvcs NOMOMCMEY, 3HAYUMENbHO
VBenUUBas pUcK paseumus namoio2uieckux H080oopasoganuii. OCHOGHbLIMU MeOUAMOPaMU AGNAIOMCS USMEHEHUs MEMUTUPOBAHUSL
JIHK, moouguxayuu eucmonos u moougpurxayuu nekooupyroujeii PHK. Uzyuenue mpanceenepayuonHo2o Kanyepozene3a no3eoaun
npedomepawams 310Kavecmeentvle H06000pa306anus y 6yoywux nokonenui. Ilpuyunno ciedcmeennvie c6éa3u yoeoumenbtsl Ha
MOOeNAX, OOHAKO 8 Yel08edecKux NONYIAYUAX OOKA3AHHOCHb 02PAHUYEHA ACCOYUAYUAMU U Mpebyem MHO20NOKOIEHHbIX KO2OpMm ¢
KOHMPOJIeM CMEULCHUSL.

Kniouegvie cnoga: snuzenemura, npeopacnoniodlceHnocms xk paxy, memuauposanue [JHK, mooupurayus cucmonos, mukpoPHK
(miRNAs), npogpuraxmura paxa.
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APPLICATION OF 3D PRINTING TECHNOLOGY
OF BIO-EXCHANGE CARBON MATERIALS
FOR LARYNGEAL IMPLANTS:

A LITERATURE REVIEW
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'Al-Farabi Kazakh National University, Aimaty, the Republic of Kazakhstan;
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ABSTRACT

Relevance: The high incidence of laryngeal cancer and the limitations of traditional implants (low biocompatibility and infectious
complications) require the development of new materials. Carbon nanostructures and 3D printing are promising for the development of

personalized laryngeal implants.

The study aimed to assess the potential of using carbon nanostructures, such as fullerenes, carbon nanotubes, and graphene, in
3D-printed laryngeal implants to promote cartilage regeneration and restore laryngeal function by enhancing their biocompatibility,

mechanical properties, and anti-bacterial activity.

Methods: A literature search for the years 2015-2025 was conducted in PubMed, Scopus, Web of Science, and Google Scholar
using the keywords “carbon nanostructures,” “3D printing,” and “laryngeal implants.” A total of 50 references were included in the

systematic analysis.

Results: Fullerenes, carbon nanotubes, and graphene enhance the biocompatibility, mechanical properties, and antibacterial
properties of 3D-printed scaffolds, supporting cartilage regeneration and laryngeal functions (breathing, swallowing, and speech,).
Conclusion: Carbon nanostructures and 3D printing hold promise for laryngeal implants; however, further research is needed on

their biocompatibility and large-scale production.

Keywords: carbon nanostructures, 3D printing, laryngeal implants, biocompatibility, cartilage re-generation, antibacterial

properties.

Introduction: The larynx, a bony structure compris-
ing the larynx, thyroid cartilage, and other cartilages,
performs the basic functions of breathing, swallowing,
and speech. Oncological diseases, injuries, congenital
anomalies, or the consequences of surgical interven-
tions, such as aphthous stomatitis, may necessitate im-
plants to restore the anatomy and functionality of the
organ [1]. According to global cancer statistics for 2022,
laryngeal cancer is one of the most common cancers,
with 188,960 new cases and 103,216 deaths recorded [2].
According to the GLOBOCAN 2022 update, the global in-
cidence of laryngeal cancer was approximately 184,615
new cases, with an age-standardized incidence (ASR)
of 2.0 per 100,000 population and a mortality rate of
99,840 (ASR 1.0), which is expected to increase to ap-
proximately 190,000 new cases by 2025 due to demo-
graphic changes. Furthermore, due to risk factors such
as smoking and alcohol consumption, the main areas
of treatment for laryngeal cancer in the field of oncol-
ogy are organ-preserving strategies, including concur-
rent chemoradiotherapy (CRT), which allows preserving
laryngeal function in 70-80% of patients with localized
stages, while reducing the need for surgical reconstruc-
tion. For advanced or recurrent cases, immunothera-

py (PD-1/PD-L1 inhibitors) and targeted therapy are be-
ing developed to improve outcomes at the metastatic
stage, with an emphasis on personalized medicine and
a multidisciplinary approach [3]. The five-year relative
survival rate for laryngeal cancer ranges from 79% at lo-
calized stages to 34% at distant stages, with an overall
rate of approximately 61%, highlighting the need for in-
novations in post-laryngectomy reconstruction, includ-
ing 3D printing and nanomaterials, to improve patients’
quality of life. Traditional silicone, titanium, or poly-
mer-based implants have significant drawbacks, includ-
ing poor biocompatibility, limited integration with un-
derlying tissues, a high risk of infectious complications,
and insufficient mechanical strength of cartilaginous
structures [2, 4]. These limitations motivate the search
for new materials and technologies to improve treat-
ment outcomes.

Carbon nanostructures, such as fullerenes and car-
bon nanotubes (CNTs), have garnered attention in tissue
engineering due to their unique physicochemical prop-
erties [5]. Fullerenes (C60, C70) possess radical-scaveng-
ing properties that reduce oxidative stress and inflamma-
tion, which are essential for preventing implant rejection
[6]. Functional fullerenes such as C60(OH)n exhibit high
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biocompatibility and the ability to stimulate tissue regen-
eration [7]. Carbon nanotubes provide high mechanical
strength, electrical conductivity, and support cellular ad-
hesion, which is important for laryngeal cartilage tissue [8].
Graphene and its derivatives, such as graphene oxide, en-
hance scaffold properties, improve biomechanical proper-
ties, and exhibit antibacterial activity [9]. These properties
make carbon nanostructures promising for the develop-
ment of bioreplacement materials.

3D printing (additive manufacturing) technology has
revolutionized the fabrication of implants, enabling the
complex anatomy of the larynx to be reproduced from
computed tomography (CT) or magnetic resonance im-
aging (MRI) data [10]. Techniques such as fused depo-
sition modeling (FDM) and bioprinting enable precise
modeling of cartilage structures using polymers (e.g.,
polycaprolactone, polylactide) or hydrogels [11]. The in-
tegration of carbon nanostructures into these materials
enhances their biocompatibility, mechanical strength,
and antibacterial properties, as confirmed by research in
otolaryngology [12, 13]. For example, composites based
on CNTs and graphene have shown improved electrical
conductivity, which has been shown to stimulate carti-
lage cells [14]. Fullerenes used in photodynamic therapy
(PDT) generate reactive oxygen species, which reduces
the risk of bacterial infections caused by Staphylococcus
aureus [15]. However, the clinical application of such ma-
terials is limited by a lack of data on their use in laryngeal
implants, although studies in bone and cartilage tissues
have shown significant progress [16].

The study aimed to assess the potential of using car-
bon nanostructures, such as fullerenes, carbon nanotubes,
and graphene, in 3D-printed laryngeal implants to pro-
mote cartilage regeneration and restore laryngeal func-

tion by enhancing their biocompatibility, mechanical
properties, and antibacterial activity.

Materials and Methods: This review included studies
on the use of carbon nanostructures, such as fullerenes,
carbon nanotubes, and graphene, in tissue engineering,
with a focus on cartilage regeneration, as well as studies
on extrusion 3D printing and bioprinting technologies for
the production of biosubstitute materials or implants. Ar-
ticles with experimental data on the biocompatibility, me-
chanical properties, antibacterial activity, or clinical sig-
nificance of carbon nanostructures for laryngeal implants
were included. The review included original studies, re-
views, or patents published in English, Russian, or Ka-
zakh between 2005 and 2025. Papers without experimen-
tal data (e.g., editorial columns or letters to the editor) or
not related to tissue engineering and implants were not
included in the analysis. Articles in languages other than
English, Russian, or Kazakh were also excluded if a transla-
tion was not available.

Results: A systematic literature review revealed that
carbon nanostructures (fullerenes, carbon nanotubes
(CNTs), and graphene) possess unique properties and are
promising for the development of bioreplacement mate-
rials. Fullerenes, particularly functionalized forms such as
C60(OH)n, reduce oxidative stress in tissues through their
radical-scavenging properties and exhibit high biocom-
patibility. Carbon nanotubes exhibit very high mechan-
ical strength and electrical conductivity, which improves
cartilage cell adhesion and proliferation. Graphene and its
derivatives (e.g., graphene oxide) enhance the mechan-
ical properties of scaffolds and exhibit pronounced anti-
bacterial activity. These properties are presented in Table
1, which compares the biocompatibility, mechanical prop-
erties, and antibacterial activity of carbon nanostructures.

Table 1 - Comparison of properties of carbon nanostructures

Material Biocompatibility Mechanical properties Antibacterial activity
Fullerenes High, reduces oxidative stress [6] Low strength, radical High level of PDT (S. aureus, E. coli) [15]
scavenging[7]
Carbon nanotubes Moderate, improved by High strength (up to 100 GPa), Moderately destroys bacterial
functionalization [8] electrical conduc-tivity [8] membranes [5]
Graphene Tall, supports cells [9] High strength (up to 130 GPa), High, destroys mem-branes
plasticity [9] (S. aureus) [9]

Carbon nanostructures have demonstrated significant
results in cartilage tissue engineering. Fullerenes increase
chondrocyte proliferation by 4.5-fold over 7 days, as con-
firmed by in vitro studies. In those studies, type Il collagen
expression reached 85% compared with the control group.
Carbon nanotubes embedded in polycaprolactone (PCL)
increased the compressive strength of scaffolds to 8.4 MPa
and Young’s modulus to 146.2 MPa, providing optimal con-
ditions for mesenchymal stem cell chondrogenesis. When
added to graphene hydrogels (e.g., GeIMA), they improve
cell adhesion and increase their density by 60% compared
to pure hydrogels over 14 days. These data demonstrate

the ability of carbon nanostructures to support cartilage
regeneration, which is necessary for the restoration of the
cricoid and thyroid cartilages of the larynx.

3D printing technologies, such as fused deposition
modeling (FDM) and bioprinting, enable the reconstruc-
tion of the complex larynx structure as anatomically ac-
curate scaffolds from CT data. PCL-based composites with
0.013 wt% fullerene nanorods (FNRs) increase hydro-
philicity and decrease the contact angle from 80° to 45°,
which promotes improved cell adhesion. These scaffolds
inhibit the growth of Staphylococcus aureus and E. coli
by 90% within 24 hours. Similarly, GelMA hydrogels with
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graphene promote chondrogenesis, providing a compres-
sive strength of 7.8 MPa and increasing SOX9 expression
by 70%. PLA composites with CNTs achieve a compressive

Table 2 - Characteristics of 3D printed frames

strength of 9.2 MPa and become electrically conductive,
stimulating cellular differentiation. The characteristics of

the 3D-printed materials are presented in Table 2.

Material Technology Compres:/:\éeastrength, Biological effect
PCL + 0.013% FNR FDM 8.4 [11] Chondrocyte proliferation 4 times [7]
GelMA + Graphene Bioprinting 7.8[12] Chondrogenesis, cell adhesion (SOX9 +70%) [9]
PLA + CNT FDM 9.2[1 3] Electrical conductivity, cellular dif-ferentiation [14]
PLA + CNT FDM 9.2[13] Electrical conductivity, cellular dif-ferentiation [14]

Figure 1 complements the data in Tables 1 and 2 by fo-
cusing on the clinically significant outcomes of using car-
bon nanostructures in laryngeal implants.

Fullerenes used in photodynamic therapy effective-
ly kill laryngeal cancer cells (up to 95% in vitro), reducing
the likelihood of recurrence [16]. Graphene in 3D-print-

ed scaffolds slows tumor cell growth, promoting their
destruction. CNTs improve the delivery of immunother-
apeutic drugs, increasing the effectiveness of larynge-
al cancer treatment. Composites restore breathing (85%)
and speech (80%), and reduce infectious complications
by 90% [17].
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Figure 1 — Comparative clinical results [3, 7, 13-17]

Fullerenes increase chondrocyte proliferation by 4.5-
fold over 7 days (collagen Il expression: 85%). CNTs in PCL
increase the scaffold strength to 8.4 MPa, and graphene
in GelMA - up to 60% cell adhesion (Table 2). 3D printing
(FDM, bioprinting) creates anatomically precise scaffolds
by improving hydrophilicity (PCL + FNR, contact angle 45°)
and inhibiting bacterial growth (90%) [16]. Tables (1, 2 - Ta-
ble er) show chondrocyte growth (5.4x10° cells/cm? in 21
days) and antibacterial activity (S. aureus - survival rate
10%). Figure 1 shows the clinical results of the use of nano-
structures in laryngeal implants.

Fullerene nanocore (FNR)-enhanced PCL composites
provide 85% respiratory function recovery, 80% speech

function recovery, and a 90% reduction in infectious
complications, as confirmed by studies of 3D-printed
scaffolds in otolaryngology [17]. Similarly, graphene-en-
hanced GelMA scaffolds achieve 82% recovery of res-
piratory function, 78% recovery of speech function, and
a 92% reduction in infectious complications, consist-
ent with studies in cartilage tissue engineering. Titani-
um implants, used as a control, demonstrate significant-
ly lower rates: 55% recovery of respiratory function, 50%
recovery of speech function, and a 60% reduction in in-
fectious complications. These data highlight the lim-
itations of traditional materials in comparative clinical
studies [18].

116

Oncology and Radiology of Kazakhstan, Ne3 (77)



=2 kamnmsmmum or ancotocr amprastotor

LITERATURE REVIEWS

Table 1 compares the physicochemical properties of
carbon nanostructures, Table 2 presents the characteris-
tics of 3D-printed scaffolds, and Table 3 presents their di-
rect impact on laryngeal function restoration and compli-
cation prevention. These tables provide insight into the
practical value of these materials for patients.

The antibacterial properties of carbon nanostructures
further enhance their value for laryngeal implants. In pho-
todynamic therapy, fullerenes generate reactive oxygen
species, destroying S. aureus and E. coli with 95% efficien-
cy for 12 hours. Graphene and CNTs physically disrupt bac-
terial cell membranes, reducing the risk of infection —a
particularly important factor in preventing postoperative
complications. The antioxidant properties of fullerenes
protect tissues from oxidative stress, reducing inflamma-
tory responses by 40% compared to traditional materials
such as silicone.

The use of carbon nanostructures in 3D-printed laryn-
geal implants restores breathing, swallowing, and speech
functions. Studies have shown that scaffolds using CNTs
and graphene restore mechanical laryngeal mobility to
approximately 80% in in vitro models, significantly higher
than that of titanium implants (~55%). These results con-
firm the high potential of carbon nanostructures for the
development of functional and biocompatible laryngeal
implants.

Discussion: Carbon nanostructures (fullerenes, carbon
nanotubes, graphene) show significant potential for im-
proving the properties of 3D-printed laryngeal implants.
They enhance biocompatibility, mechanical strength, and
antibacterial properties, making them a promising alterna-
tive to traditional materials such as titanium and silicone
[19-21].

Carbon nanotubes (CNTs) and graphene exhibit very
high strength (100-130 GPa) and electrical conductivity,
which promotes chondrogenesis and stem cell differenti-
ation [22-24]. These properties are particularly important
when creating scaffolds for the restoration of laryngeal
cartilage tissue, which is constantly subjected to vibration
and stress.

Fullerenes possess pronounced antioxidant and an-
ti-inflammatory properties. Studies have shown that
fullerenes reduce the production of proinflammatory cy-
tokines (IL-6, TNF-a) by 35-40% compared to silicone and
titanium implants [25, 26], which reduces the risk of post-
operative fibrosis and infection.

Compared to traditional materials, carbon nanostruc-
tures can reduce the development of inflammatory reac-
tions, fibrosis, and infections [20, 27]. However, non-func-
tional nanotubes can be toxic at high concentrations [28].
Furthermore, their production costs are 30-50% higher
than those of standard polymers, limiting their large-scale
implementation [29].

Despite the progress achieved, data on its use in laryn-
geal prosthetics are limited. Targeted studies are needed

that account for the characteristics of the limb: vibration
loads, mechanical strength, and tissue elasticity [30].

An important area of development is standardizing 3D
printing processes, which will eliminate defects and im-
prove product reproducibility [31]. Prospects include the
creation of hybrid composites containing chitosan or colla-
gen, which have additional biocompatibility [32], as well as
the use of artificial intelligence to optimize the design and
modeling of implants [33].

Conclusion: The combination of carbon nanostruc-
tures (fullerenes, carbon nanotubes, graphene) and 3D
printing technologies offers significant potential for the
creation of biocompatible laryngeal implants. These na-
nostructures exhibit high mechanical strength and anti-
bacterial activity, and also improve the restoration of res-
piratory, swallowing, and speech functions by promoting
cartilage regeneration. Compared to traditional materi-
als such as silicone and titanium, nanostructures integrate
more effectively with tissues and reduce the risk of com-
plications. However, the toxicity of non-functionalized na-
nomaterials, high production costs, and the lack of data
on their use in the larynx require further research. The de-
velopment of hybrid materials based on chitosan or colla-
gen, combined with the optimization of 3D printing pro-
cesses using artificial intelligence, can accelerate clinical
implementation and provide personalized solutions for
patients. In oncology, they reduce the rate of relapse and
complications. Toxicity, cost, and data scarcity necessitate
research on hybrid materials and artificial intelligence for
implant design.
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AHJATIHA

KOMEN UMILJIAHTTAPBI YIITH BUOAJIMACTBIPFBIII KOMIPTEKTI
MATEPUAJIIAPBI 3D BACBIII IIBIFAPY TEXHOJIOI'MACBIH KOJIJIAHY:
9/IEBUETKE IOJIY

J.B. Hemaunos™, JILE. Tozyzoaesa', I'. Ilapmuzan'?, H.B.Hacviposa®

1«3n-Oapabu atbinaarbl Kasak ynTTbik yuusepcuteti» KEAK, Anmarbl, Kasakctad Pecny6nukach;
2Z«KazakctaH-Peceit MeguumHanbIK yHusepcuteti» MEBBM, Anmatbi, Kasakcran Pecriy6nmkachl

Oszexminizi: Komeil 00bipbinbly dico2apvl aypyuanovlesl KHcoHe O09CMypai UMNIAHMMAapouly wekmeyiaepi (buocotikecmixminy
memenoiel, UHPEKYUSTBIK ACKbIHYIAP) JHCaya mamepuanoapovl Kaxcem emeoi. Komipmexmi nanoxypuvlavimoap men 3D 6acein wivieapy

Jrcexenenoipineer komel UMRAAHMMAPbL YULiH NepCneKmugabl.
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3epmmeyoin maxcamol — Qyinepenoep, KoMipmexnmi HAHOMYMIKMep JHcoHe 2pagher CUAKMbl KOMIPMEKMI HAHOKYPbLILIMOAPOb
wemipuiex peceHepayusCbiH bIHMANAHOBIPY HCOHE KOMell (DYHKYUACLIH KANbIHA KeXmipy yulin Ouoyunecimoiniein, Mexamukaivly
Kacuemmepin dcone bakmepusea Kapcol bencenoiniein sxcaxcapmy yuin 3D bacvin wileapviiean kemell UMRAGHMMAPLILOA NAUOAIAHY
oneyemin 6az2anay.

AQoicmepi: 2005-2025 scvinoapoazel o0ebuemmepoi PubMed, Scopus, Web of Science, Google Scholar 6azanapuvinoa «carbon
nanostructuresy, «3D printingy, «laryngeal implantsy kiam ces0epimen scyiieni manoay xcypeizinoi. 50 oepexkoz maidanovl.

Homuocenepi: ¢yninependep, kemipmexmi Hamomymikmep dcone epagen 3D  obacvin wvieapviiean craggoromapoviy
buocolikecmiein, MEXQHUKAbIK KACUeMMepiH HCOHe AHMUOAKMEPUATObl CUNAMMAMATIAPBIH HCAKCAPMAObL, EMIDUIEK De2eHePaAYUACHIH
JICOHe KoMell DYHKYUSLAPBIH (MbIHBIC ALY, HCYMY, COllIey) KoLoauobl.

Kopwvimuinowst: Komipmexkmi HanoKypulivimoap mern 3D bacein wivizapy Kemell UMNIAHMMAPbL YWiH NepCnekmusansl, Oipak
onapoviy buocolkecmizi MeH ayKblMObl OHOIPICi OOUBIHUA KOCOIMULA 3epmmeyep Kaxicemn.

Tyuinoi cesdep: xemipmexmi HAHOKYpwlLIbiMOap, 3D 6acvin wwieapy, Kemeil umnianmmapvl, OUOCOUKeCMIK, uleMIipuiex
peceHepayusAcyl, aHmubaKxmepuaiobl Kacuemmep.

AHHOTAIIUA

NPUMEHEHUWE TEXHOJIOI'MH 3D-ITEYATU BUOOBMEHHBIX YIVIEPOAHBIX
MATEPHUAJIOB JJI51 TOPTAHHBIX UMIIJIAHTATOB :
OB30P JIUTEPATYPbI

-D. cmaunoe >, A.L. 1o2y3oaeea, I. apmu3an -, f.b.11acelpoea
B. U 12, JI.E. Tozyséaesa', I Ilap 12, H.B.Hacviposa®

THAO «Ka3axckmii HaunoHanbHbIi yHUBepcUTET M. anb-Dapabux, Anmatbl, Pecnybnuka Kazaxcras;
2HYO «Ka3axcTaHcKo-Poccuitckuit MeAMUMHCKIIA YHUBEPCUTET, Anmarl, Pecny6nuka Kasaxcrax

Axmyanvhocme: Bvicokas 3a6onesaemMocms pakom 20pmaHu U O02PAHUYEHUS MPAOUYUOHHBIX UMNIAHMAMOS (HU3KASL
buocosmMecmumMocms, UHGEKYUOHHbIe OCL0JICHEHUs) MPebYIom HO8bIX Mamepuanos. Yeiepoousie nanocmpykmypuol u 3D-neuwamo
nepcnekmugnbl 0Jisk RePCOHANUUPOBAHHBLX UMNILAHMANO8 2OPMAH.

Lens uccnedosanus — oyeHKa 603MOACHOCMEN UCTONb308AHUS Y2TePOOHbIX HAHOCMPYKMYP, MAKUX KAK QyLlepeHsl, yeiepooHble
Hanompyoxku u epagen, 6 UMNIAHMAMAX 20pmManu, Haneyamanuvix na 3D-npunmepe, 0na obecneuenus pecenepayuu xpswa u
60CCMANOGICHUSL (DYHKYUL 2OPMANU RYMEM VIVYULEHUsL UX OUOCOBMECUMOCMU, MEXAHUYECKUX C8OUCME U AHMUOAKMePUATbHOL
AKMUBHOCU.

Memoowt: [Iposeden cucmemamuueckuii ananuz aumepamypul 2015-2025 20006 ¢ 6azax PubMed, Scopus, Web of Science, Google
Scholar no kniouesvim cnosam «carbon nanostructuresy, «3D printingy, «laryngeal implantsy. Ilpoananuszuposarno 50 ucmounuxos.

Pesynomamor: Qynnepenvl, yeiepoonvle HAHOMPYOKU U 2paden Yayuuaom 6uocoemMecmumocie, MEeXaHudyecKue ceolucmeda u
anmubaxmepuanbiblie XapaKmepucmurku ckaggonoos, nanevamannvix na 3D-npunmepe, noooepacusarom pecenepayuio xpsawa u
¢ynryuu copmanu (Ovixanue, enomarue, peus).

3akntouenue: Yenepoouvie nanocmpykmypel u 3D-newamv nepcnekmueHvl 0Jisi 2OPMAHHBIX UMNIAHMAMOS, HO HE0OX00UMbL
donoanumenvHvle UCCAe008aHUs UX OUOCOBMECUMOCMU U KPYNHOMACWMAOHO20 NPOU3800CmEd.

Kniouesvte cnosa: yenepoonvie nanocmpykmypoi, 3D-neuamo, umnianmamol 20pmany, OUOCOBMECMUMOCHb, pPeeeHepayusl
Xpawia, aHmubaKmepuaibivie COUCMEA.
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PROSPECTS FOR DEVELOPING AN INTEGRATIVE
CANCER PATIENT REHABILITATION MODEL:
A LITERATURE REVIEW

G.S. KARABASOVA', NNA. ABENOVA', PZh. AITMAGAMBET',
A.B. TULYAEVA', S.K. BALMAGAMBETOVA!

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

ABSTRACT

Relevance: Despite significant progress in diagnosing and treating oncological diseases, rehabilitation remains poorly integrated
into comprehensive patient care. As the number of cancer survivors increases, the development of personalized and multidisciplinary
rehabilitation models becomes especially important to ensure sustainable recovery and improved quality of life.

The study aimed to examine scientific studies analyzing modern approaches to cancer patient rehabilitation and to develop an
integrative model that ensures a personalized and multidisciplinary approach to recovery.

Methods: A literature review was conducted using the Scopus, Web of Science, PubMed, Google Scholar, and ScienceDirect databases
for publications from 2015 to 2024. Inclusion criteria: publications in Russian and English considering the physical, psychological,
nutritional, social, and telemedicine rehabilitation of cancer patients. Exclusion criteria: case reports and clinical symptoms or
complications not related to rehabilitation. A total of 94 publications were selected, of which 42 were included in the analysis.

Results: The State Strategy of Kazakhstan for 2023-2027 declares the introduction of an integrated approach to oncological
rehabilitation; however, problems of standardization, staff shortages, and accessibility of services remain. The approaches of Germany,
the United States, and Japan are described, and various models are illustrated. Six key components of the integrative model are identified:
physical activity, psychological support, nursing support, pelvic and sexual rehabilitation, telemedicine, and nutritional support.

Conclusion: Integrating multidisciplinary cancer rehabilitation into the healthcare system is essential for improving quality of life,
reducing disability, and enhancing the social adaptation of cancer patients. Adapting international practices to the national context will
help improve the effectiveness of rehabilitation programs in Kazakhstan.

Keywords: cancer rehabilitation, multidisciplinary approach, quality of life, cancer survivors, telemedicine.

Introduction: Cancer is the leading cause of death
worldwide. According to WHO, more than 19 million new
cases of malignant neoplasms are registered annual-
ly, and more than 10 million people die from cancer [1].
According to GLOBOCAN 2022, a significant increase in
cancer incidence and mortality is projected worldwide in
2050 (Figure 1) [2]].

In recent years, oncological diseases have remained a
key health problem both in Kazakhstan and worldwide.
Over the past 20 years, cancer incidence in Kazakhstan
has increased by 25%, while mortality has decreased by
33%. Similar trends are observed in OECD countries, but
5-year survival rates in these countries remain signifi-
cantly higher. Today, oncological diseases occupy the
7th place in the structure of all diseases in Kazakhstan,
and mortality from them is second only to diseases of the
circulatory system, occupying the 2nd place. More than
205 thousand patients with oncological diseases are un-
der dynamic observation in the country, with more than
37 thousand new cases detected annually. In first place
is breast cancer (13.2%); in second place is lung cancer
(10.0%), in third place is colorectal cancer (9.3%), in fourth
place is stomach cancer (7.4%) in terms of incidence, and
women get sick more often than men, which is associat-

ed with the leading position of breast cancer. The 5-year
survival rate continues to increase, amounting to 55.3%
in 2022, but the target level (60%) has not been achieved.
A decrease in the proportion of advanced stages (IlI-1V)
and an increase in early detection rates (from 27.1% in
2019 to 29.0% in 2022) demonstrate success in the fight
against cancer in Kazakhstan [3].

In recent decades, the number of patients successfully
completing primary treatment has increased significantly
due to improvements in early diagnosis and treatment of
oncological diseases [4]. However, this progress is accom-
panied by new challenges: more than half of the patients
are of working age (55.8%) [3], which leads to the need for
their rehabilitation to return to a full life. Cancer is becom-
ing not only a medical but also a socioeconomic problem:
long-term rehabilitation and support for these patients
is critical to reducing disability, improving their quality of
life, and reducing the burden on the healthcare system [5].

Modern treatment methods allow achieving survival,
but rehabilitation remains a poorly integrated component
of oncological care [6]. Onco-rehabilitation is an active pro-
cess aimed at restoring functions, reducing disability, and
improving the quality of life of patients who have under-
gone oncological treatment. In developed countries (USA,
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Germany, Sweden, Japan), rehabilitation is the standard of
oncological care, while in Eastern Europe, Asia, and Africa,
this component is often overlooked. In particular, low-re-
source countries face several barriers to providing cancer
rehabilitation and care for survivors [7, 8]. Oncological pa-
tients encounter such problems as asthenia, lymphedema,
pain syndrome, depression, cognitive impairment, and so-

cial isolation. Without systemic rehabilitation, patients of-
ten lose their ability to work and experience a deteriora-
tion in their psychoemotional state [6, 7]. International and
regional studies confirm that multi-level rehabilitation sig-
nificantly improves the quality of life and psychological
state of patients, reduces the risk of relapse and hospital-
ization [5, 9].

20
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Figure 1 — Dynamics of growth in cancer incidence and mortality in the world from 2022 to 2050, men and women,
age (0-85+) [2]

This indicates the need to introduce an integrated ap-
proach that includes medical, psychological, and social
support, adapted to national realities [10]. In Kazakhstan,
this area is given strategic importance. In the Comprehen-
sive Plan to Combat Cancer for 2023-2027, rehabilitation is
included as a mandatory element of the system. The im-
plementation of the Comprehensive Plan of Measures to
Combat Cancer contributed to a 15% reduction in mortali-
ty from malignant neoplasms: from 78.1 per 100 thousand
population in 2018 to 66.8 per 100 thousand population in
2022. This trend is observed in all regions of Kazakhstan [3].

With the increasing number of surviving patients, the
issues of assessing their rehabilitation needs and develop-

ing an effective rehabilitation model are becoming strate-
gically important. Targeted study of these aspects will not
only meet the current needs of patients, but also provide
the national health care system with an effective tool for
their rehabilitation [11].

The national significance of this problem is also due to
the limited research on the rehabilitation needs of surviv-
ing patients. In the context of an increase in the number
of survivors and a rejuvenation of the age composition of
patients, it is necessary to develop a comprehensive ap-
proach to their rehabilitation, taking into account med-
ical, psychological, and social aspects. This will improve
the quality of life of patients, reduce disability, and return
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them to an active life, which has both social and econom-
ic significance [12].

Regional characteristics such as access to health ser-
vices, socioeconomic factors, and cultural differences can
have a significant impact on the needs of cancer patients.
It is necessary to study the unmet needs of cancer pa-
tients, as it is unclear how these issues are addressed [13].

Thus, the study aimed at identifying the needs of can-
cer patients and developing an integrated rehabilitation
model is a timely and important step in strengthening the
healthcare system of Kazakhstan [3].

The study aimed to examine scientific studies analyz-
ing modern approaches to cancer patient rehabilitation
and to develop an integrative model that ensures a per-
sonalized and multidisciplinary approach to recovery.

Materials and methods: The review included publi-
cations in Russian and English in the Scopus, Web of Sci-
ence, PubMed, Science Direct, and Google Scholar data-
bases. The search depth was 10 years, from 2015 to 2024.
Published articles were classified according to their gen-
eral topics and summarized. Literature sources contained
reports on randomized and cohort studies, meta-analy-
ses, and systematic reviews. Inclusion criteria: publications
related to physical, psychological, nutritional, social, and
telemedicine rehabilitation of cancer patients. The follow-
ing were excluded: case reports, clinical symptoms, and
complications not related to rehabilitation. A total of 94
publications were selected, of which 42 were included in
the analysis. The data was structured according to rehabil-
itation components.

Results: Oncological diseases remain one of the lead-
ing causes of morbidity and mortality in the world, in-
cluding the Republic of Kazakhstan. In response to these
challenges, the Government of Kazakhstan approved a
Comprehensive Plan to Combat Cancer for 2023-2027,
aimed at improving the diagnosis, treatment, and rehabili-
tation of patients. Particular attention is paid to the imple-
mentation of a comprehensive approach to rehabilitation,
which includes physical activity, psychological support,
and nutritional therapy [3].

In the context of Kazakhstan, the adaptation of such
models requires taking into account the infrastructural,
personnel, and socio-cultural realities. Key problems hin-
dering the development of oncological rehabilitation have
been identified:

- lack of standards and protocols for rehabilitation
components;

—limited access to rehabilitation services in the regions;

- lack of trained personnel, especially in the area of
psychoemotional and nutritional support;

weak integration of telemedicine into practical health-
care.

A positive aspect is the existence of a state strategy that
provides for the introduction of rehabilitation as a manda-
tory stage of oncology care. This creates a window of op-

portunity for the development of a national model based
on an analysis of best practices [3].

Exercise is an effective strategy to improve the qual-
ity of life and physical fitness in breast cancer survivors.
Study results further support the need to incorporate su-
pervised clinical exercise programs into the treatment and
care of patients with cancer [14]. Pulmonary rehabilita-
tion performed after surgery significantly improved exer-
Cise capacity at 6 months in patients who underwent lung
resection; it also significantly reduced the decline in exer-
cise capacity observed at 1 month after surgery [15]. Pelvic
floor rehabilitation has shown positive effects in patients
with colorectal cancer, but there is a lack of uniform stand-
ards for pelvic floor rehabilitation interventions in patients
with colorectal cancer [16]. International guidelines and
cancer associations recommend a multidisciplinary ap-
proach to lung cancer care. A multidisciplinary team can
significantly improve treatment decision making and pa-
tient coordination by placing different physicians and oth-
er health care professionals “in the same room” to jointly
decide on the best possible treatment [17]. Those most in
need of information support are young people, ethnic mi-
norities, less educated people, and rural residents experi-
encing financial difficulties [18]. The need to improve the
quality of life dictates the need to develop and systemati-
cally advance complex therapy for cancer patients [9].

International experience shows that effective oncolog-
ical rehabilitation is based on the principles of multidisci-
plinarity, personalization, and a stage-by-stage approach.
In Germany, a three-stage rehabilitation model is in place:
early, specialized inpatient and outpatient support [19]. In
Germany, oncological rehabilitation is an integral part of
the healthcare system and part of modern cancer treat-
ment, which immediately follows surgery, drug therapy,
or radiotherapy [20]. The United States is actively devel-
oping telerehabilitation platforms and programs for the
care of survivors, “Survivorship Care” [21, 22]. In Japan, the
emphasis is on nutritional and psychoemotional rehabil-
itation of elderly patients; in Scandinavia, rehabilitation
centers are organized based on oncology clinics and of-
fer physiotherapy, art therapy, and support groups [7, 8].

Based on literary data, the following basic princi-
ples of the integrative model of rehabilitation of cancer pa-
tients are described :

1. Physical activity. Systematic reviews demonstrate sig-
nificant improvements in fatigue, physical function, and
quality of life in patients who have undergone physical re-
habilitation [23, 24]. Exercise programs are effective even
during chemotherapy or before surgery [4]. With increas-
ing cancer survival rates, there has been an increased need
to support people living with cancer to have a good qual-
ity of life, including physical activity [25]. Exercise train-
ing is safe during and after cancer treatment and results
in improvements in physical functioning, quality of life,
and cancer-related fatigue in cancer survivors [26]. Physi-
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cal activity has also been shown to be effective in improv-
ing overall quality of life in breast cancer survivors, either
through direct physiological effects or indirectly by reduc-
ing the side effects of cancer treatment [27].

2. Psychological support and the SOC approach. Both the
CaSUN tool and programs based on the “sense of coher-
ence” (SOC) have proven their effectiveness [28, 29]. Inclu-
sion of psychotherapy and social support in the post-treat-
ment period reduces anxiety levels and improves
adaptation [12, 13]. Art therapy can help reduce symptoms
of anxiety and depression, as well as improve the quality of
life of adult cancer patients [30].

3. The role of nursing staff. An integrative review high-
lights the important coordinating role of nurses in the re-
habilitation process, especially in outpatient and telemed-
icine environments. Patients report them as a stable point
of support during long-term follow-up [31].

4. Pelvic and sexual rehabilitation. Pelvic floor muscle re-
habilitation, especially in patients with colorectal cancer,
has a significant impact on restoring quality of life [10, 16].

5. Telemedicine and digital platforms. Home-based pro-
grams based on a multidisciplinary approach can effective-
ly support patients in settings with limited access to clin-
ics [32, 33]. Case studies have shown that such approaches
are comparable in effectiveness to face-to-face programs
[34]. Advances in telemedicine have revolutionized the de-
livery of health services, which is particularly important for
cancer rehabilitation. The integration of telemedicine into
cancer rehabilitation services is being explored from diag-
nosis to survivorship, taking into account the unique chal-
lenges and opportunities at each stage [35].

6. The diet also improves quality of life in breast cancer
survivors [27].

Discussion: The results of the review confirm that ef-
fective rehabilitation of cancer patients requires a com-
prehensive, multidisciplinary, and personalized ap-
proach. Physical activity has demonstrated a significant
impact on improving physical condition, reducing fa-
tigue, and increasing the quality of life of cancer patients
[23-27]. Exercising is safe and beneficial even during peri-
ods of active treatment, including chemotherapy and ra-
diotherapy [26]. This emphasizes the need to implement
exercise programs not only during remission but also
during treatment.

Psychological support also plays a key role in the suc-
cessful adaptation of patients after treatment. Tools such
as CaSUN, SOC programs, and art therapy have proven
their effectiveness in reducing anxiety, depression, and
improving the emotional state of patients [28-30]. These
approaches are especially relevant for Kazakhstan, where
the level of psychoemotional support for patients is still in-
sufficient [12, 13].

One of the significant problems remains the availability
of high-quality rehabilitation for rural residents and social-
ly vulnerable groups, since these categories are more like-

ly to need additional information and social support [18].
This requires the adaptation of international practices, tak-
ing into account regional and cultural characteristics, in-
cluding digitalization and telerehabilitation.

Additional attention should be paid to the involvement
of nursing staff in the coordinating and supporting role
[31]. The importance of nutritional support, which contrib-
utes to improving quality of life, should also be empha-
sized [271].

International experience (Germany, USA, Japan, Scan-
dinavian countries) demonstrates the successful imple-
mentation of models that include early and long-term re-
habilitation, which may be useful for implementation in
the healthcare system of Kazakhstan [19, 20]. The imple-
mentation of such a model requires not only organization-
al changes, but also personnel training, development of
standards and protocols [36, 37].

Thus, the data presented in the article emphasize the
need to revise approaches to the rehabilitation of cancer
patients in the Republic of Kazakhstan, with a focus on in-
ternational recommendations and local realities [38]. Reli-
ance on the evidence base and successful practices of oth-
er countries will significantly improve the effectiveness of
oncological care in general [39, 40].

Conclusion: Thus, the conducted literature review con-
firmed the need to introduce comprehensive, personal-
ized, and interdisciplinary rehabilitation into the oncology
care system. Effective rehabilitation not only helps restore
the physical and psychoemotional state of patients but
also improves their quality of life, reduces the risk of re-
lapse, and facilitates social adaptation. International ex-
perience demonstrates the high effectiveness of systemic
rehabilitation, including with the participation of multidis-
ciplinary teams and the use of digital technologies [41-45].
For the Republic of Kazakhstan, it is important to adapt
these approaches, taking into account local characteris-
tics, increase the availability of rehabilitation, especially for
socially vulnerable groups, and develop human resources.
The results of the review emphasize the need to develop
national standards and strategies in the field of oncology
rehabilitation.
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AHJATIIA

OHKOJIOTUAJIBIK HAYKACTAPAbBI PEABUJINTAIUAJAYABIH UHTEI'PALTUSJIBIK
YJIT'ICIH 93IPJIEYAIH BOJIAIIAFBI:
9JEBUETKE IOJY

I'.C. Kapabacosa', H.A. Abenosa', IL.JK. Aiimmazanoem', A.b. Tynsesa', C.K. Barmazambemosa’

1«Mapat OcnaHoB aTbiHAarbl baTbic KasakcTan meuunHa yHusepcuteti» KeAK, AkTebe, Kasakctan Pecny6nnkachi

O3exkminizi: OHKOIO2UANBIK AyPyLapObl OUASHOCMUKALAY MeH emoeyoe eneyil ineepiieyiepee Kapamacmaw, peaduiumayus
KeuleHOi KoMeKmiy MoNbIKKanovl beniei peminde dcemkinikmi Oeneetioe unmeepayuaiandoazan. OHKOI02UANLIK eMHEeH KelliH mipi
Kaneanoap camvlibly 0Cyi Jca20atiblHoa mypakmol KainblHa KeAmipy MeH oMIp Candcvli JcaKcapmyobl KAMmamacsl3 ememin jcexe
JICOHE MYTbMUOUCYUNIUHAPIBIK PeadUIUMAYUIbIE YA2iiepOl 93ipaey epeKuie Manbl3ad ue.

3epmmey maxcamol — OHKOIO2USILIK HAYKACMAPObL PeabuIumayusiiayobly Ka3ipei 3amanasl mociloepin maioday JicoHe Kainvlid
Keamipyee JIceKeneHOIpiNeer JHCoHe MYAbMUOUCYUNTUHAPTLIK KO3KAPACMbl KAMMAMACLL3 ememin UHmezpayusiiblk Moo0enboi

a3ipreyze bazplmmanzan 2vlibiMu 3epmmeynepoi sepoeey.

Aoicmepi: 2015-2024 scvinoap apanvievinoa Scopus, Web of Science, PubMed, Google Scholar srcone ScienceDirect oepexmep

basanapeinda 90eduemmepee WOy Hcypeizinoi. Ipikmey kpumepuiiiepi: OHKOLO2UANbIK HAYKACMAPObL QPUUKAIBIK, NCUXOIOSUANBIK,
HYMpUmugmix, oneymemmix Jicone meiemeOuyund apKulivl oHaimyada 6auiansicmol. 3epmmeyoen wbl2apulicanoap. OHaImymeH
batinanblcmyvl emec KIUHUKATLIK Oelleiiep MeH ACKbIHYIap CUnammaieaH sHcaz0atinvlk ecenmep (keiic-penopmmap). 94 scapusananvim
MayoOanbln anslHobl, 01apobly 42-ci mandayaa eHeizinoi.

Homuocenepi: Kazaxcmannwiy 2023—-2027 sucvinoapea apuanean memiekemmix cmpamezusicbl OHKOpeabuiumayused KeueHnoi
mocindi eneizyodi kesleudi. Anainioa cmanoapmmayoviy OOAMAYbl, KAOP MANWILLIBISHL HCOHE Kbl3Memmepoiy Koaxcemimoiniei
mocenenepi cakmanyoa. lepmanus, AKII scone Kanonusinvly oHxopeabunumayus MoOenbOepiHiy opmypriliciH Kepceminoi.
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Humeepamusmi moOenvOiy anmul He2i3ei KOMIOHEHMI AHbIKMAL0bl: PU3UKATLIK OeNCeHOLNIK, NCUXOT02UANBIK KOA0AY, MeUipOuKenix
cytiemenoey, Hcambac JHeoHe HCbIHbLCMbIK QYHKYUSIAPObL KAANbIHA KEAMIPY, MeleMeOUYUHA HCOHE HYMPUMUSMIK KOIOAY.

Kopoimuinovi: Onxonocusnnvi HayKacmapobiyy OMIp CAnACblH JHCAKCApmy, My2e0eKmiK 0eneeliin momenoemy Jcone dneymemmix
Oetiimoenyoi apmmolpy Yuilin MYTomMUOUCYUNIUHAPIBIK OHKOPeAOUIUMAYUsIHbL OCHCAYIbIK CAKMAY JiCylecine uHmezpayusiiay
Kascem. Xanvikapanvlk moxcipubenepoi yimmulk epexuienikmepoi eckepe omuipvin Oetiimoey Kasaxcmanoasvl Kannvina xeamipy
bazoapramanapvinoly MuimMoiniein apmmolpyea MyMKIHOIK 6epeo.

Tyiindi co30ep: oHKONO2UANBIK peabuiumayus, MyaibmuOUCYUNIUHAPILIK MICIL, OMIP CANACl, Kamepii iCIKmeH Keuil aMaH
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ABSTRACT

Relevance: Hepatocellular carcinoma (HCC) is one of the most aggressive and deadly malignant tumors, characterized by
treatment complexity and high resistance to immunotherapy. Alpha-fetoprotein (AFP) is traditionally used as a diagnostic marker
for HCC. Recent studies reveal its key role in carcinogenesis and in forming a tolerogenic microenvironment that suppresses the
anti-tumor immune response. Despite numerous publications, contradictions remain in assessing AFP’s functions and prognostic value,
necessitating an analytical review.

This study aimed to summarize current data on AFP’s role in tumor immune evasion mechanisms and to evaluate its potential as a
target for novel immunotherapeutic approaches for HCC treatment.

Methods: A systematic search and analysis of publications on AFP and HCC were conducted in PubMed and Google Scholar,
and several specialized medical and scientific journals (including Cancer Research) from 2017 to 2025. Keywords included:
“alpha-fetoprotein”, “hepatocellular carcinoma”, “immunosuppression”, “tumor immune evasion”, “AFP immunomodulation”,
“immune response in HCC”. Selected articles met relevance and novelty criteria.

Results: The review revealed that AFP plays a central role in HCC progression through its immunosuppressive effects and activation
of tumor immune evasion mechanisms. Contradictions in prognostic data reflect the complexity and multilayered biological functions

of AFP.

Conclusion: AFP is not only a key diagnostic marker for HCC but also plays an active role in establishing immune tolerance. Its
ability to suppress antitumor immune response makes AFP a promising therapeutic target, especially in combined immunotherapeutic

approaches aiming to improve treatment efficacy.

Keywords: alpha-fetoprotein (AFP), hepatocellular carcinoma (HCC), immunosuppression, AFP-mediated immunomodulation,

immune response.

Introduction: Hepatocellular carcinoma (HCC) is one
of the most common and aggressive malignant liver tum-
ors, most often developing in the context of cirrhosis and
chronic viral hepatitis. HCC is characterized by high mor-
tality, late diagnosis, and limited treatment options, mak-
ing this pathology one of the most significant medical and
social problems.

According to the World Health Organization, as of 2020,
HCC ranked seventh in prevalence and third in mortali-
ty among oncological diseases worldwide [1]. According
to official data from the oncology service of the Repub-
lic of Kazakhstan for 2023 [2], mortality from liver malig-
nancies accounted for 4.2% of overall oncological mortal-
ity, resulting in a shift in this pathology from 10th to 9th
place. At the same time, significant regional variability is
noted, with the highest mortality rate recorded in the East
Kazakhstan region (7.0 per 100,000) and the lowest in the
Zhetysu region (1.3 per 100,000). Figure 1 presents data on
mortality from malignant neoplasms of the liver per 100

thousand of the population in the regions of the Republic
of Kazakhstan for 2023. The data were compiled based on
official statistics from the oncology service of the Repub-
lic of Kazakhstan for 2023. These data indicate significant
differences in access to healthcare, the timeliness of diag-
nosis, and the prevalence of risk factors that warrant fur-
ther investigation.

Despite numerous studies on HCC diagnostics and
treatment, the effectiveness of existing approaches re-
mains limited. Particular attention is paid to the search
for molecular markers that can serve dual roles, both as
diagnostic tools and as therapeutic targets. One of these
factors is alpha-fetoprotein (AFP). Traditionally, AFP is
used to diagnose and monitor HCC; however, accumu-
lating data indicate that it not only reflects tumor pro-
gression but also actively participates in pathogenesis,
including the suppression of antigen-presenting cells, in-
hibition of cytotoxic T lymphocytes, and stimulation of
signaling pathways that promote tumor growth [3]. Al-
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though the number of studies examining the role of AFP
in immunomodulation in HCC is constantly increasing,
the existing data remain controversial. While some stud-
ies emphasize the importance of AFP in creating an im-
munosuppressive microenvironment, others indicate
that AFP has only a limited effect on tumor progression.

This underscores the need for a systematic, critical review
of the literature.

This study aimed to summarize current data on AFP’s
role in tumor immune evasion mechanisms and to evalu-
ate its potential as a target for novel immunotherapeutic
approaches for HCC treatment.

East Kazakhstan Region
Pavlodar Region

Abay Region

West Kazakhstan Region
Karaganda Region
Kostanay Region
Zhambyl Region

Aktobe Region

Ulytau Region
Turkestan Region

North Kazakhsan Region
Mangistau Region

the city of Almaty

the city of Shymkent
Kyzylorda Region
Atyrau Region

Almaty Region

Zhetysu Region

i z n

Mortality per 100 000 population

3 4 5 6 7

Figure 1 — Mortality from malignant neoplasms of the liver in Kazakhstan, 2023 [2]

Materials and Methods: Scientific papers from the
Medline (PubMed) and Google Scholar databases were
analyzed to identify available literature on the study
topic. The following terms were used in the search:
“alpha-fetoprotein” and/or “hepatocellular carcino-
ma” and/or “immunosuppression” and/or “tumor im-
mune evasion” and/or “AFP immunomodulation” and/
or “immune response in HCC". As a result, approxi-
mately 148 potentially relevant sources (articles and
reviews) were identified. After removing duplicates
and assessing the content, the most significant and
informative works (including reviews and descriptions
of original research) were selected. Selection criteria:
novelty, completeness of the presented data, and the
presence of unique information (works of low quality
or those duplicating data from previously published
studies were excluded). The final analysis comprised
50 sources, including those that provided detailed
data on the mechanisms of the immune response, an-
giogenesis, and AFP-mediated signaling pathways, as
well as two sources that contained statistical data on
the disease prevalence in Kazakhstan. The search cov-

ered studies published up to and including April 2025
(Figure 2).

Results:

1. Alpha-fetoprotein (AFP)

AFP is a glycoprotein belonging to the albuminoid
protein family, playing a key role in embryonic develop-
ment [5]. Its structure includes three domains, each in-
volved in the regulation of various signaling pathways
[6]. Of particular significance is the interaction between
domain lll and PTEN, which activates the PI3K/AKT signal-
ing cascade, thereby promoting the growth and progres-
sion of hepatocellular carcinoma (HCC). Normally, AFP
levels drop sharply after birth; however, they rise again
during malignant liver processes, especially in HCC [7]. To
provide a broader understanding, the domain structure
and functional characteristics of AFP are summarized in
Table 1.

AFP is synthesized in the fetal liver and yolk sac,
reaching peak levels between the 12th and 16th week of
gestation [8]. In adults, its concentration is minimal. An
increase in AFP levels is observed in both malignant con-
ditions (primarily HCC and germ cell tumors) and several
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benign conditions (pregnancy, chronic hepatitis, cirrho-
sis). In clinical practice, AFP is a key marker for early HCC
diagnosis, evaluation of treatment efficacy, and monitor-

ing for recurrence [9]. Table 2 describes the conditions as-
sociated with elevated AFP levels and their clinical signif-

icance.

g Records identified from: Records removed before screening:
= Databases (n=148) Duplicate records removed (n=52)
o Registers (n=12) \5 Recoords marked as ineligible
5 by automation tools (n=23)
= Records removed for other reasons (n=23)
T
A 4
| Records screened (n=101) |—>| Records excluded (n=24) |

o !
'c Records sought for Reports not retrieved
= retrieval (n=77) "1 (n=12)
o
@ v

Reports assessed

for eligibility (n=65)
S
¥ Studies included Reports excluded
2 in the review (n=50) * (n=15)
j=

Figure 2 — PRISMA research source selection scheme [4]

Table 1 - Domain Structure and Functions of AFP

Domain Characteristics Primary Functions
| (N-terminal) 1-210 a.a.r. Interaction with PTEN
Il (central) 211-402 a.a.r. Flexibility, protease-mediated cleavage
11l (C-terminal) 403-609 a.a.r. Stability, activation of PI3SK/AKT

Note: a.a.r. — amino acid residues

Table 2 - Conditions Associated with Elevated AFP Levels and Their Diagnostic Significance

Condition / Disease AFP Level (ng/mL)

Clinical Significance Source

Normal in adults <10 Physiological level Kachanov D.Yu. et al. [10]
Pregnancy (2nd trimester) 100 - 500 (may be higher) Physiological elevation Zakharov V.V. et al. [11]
Chronic hepatitis/cirrhosis 10 - 200 Moderate elevation requires | g, ycka-Ciemny J. et al. [12]

differential diagnostics

Hepatocellular carcinoma > 400 (often > 1000)

Most specific, used for

diagnostics and prognosis Kong F. etal. [13]

Germ cell tumors (testes,

ovaries) 100 - 10,000 Diagnostics, therapy monitoring Sharma A. et al. [14]
Hepatoblastoma (in children) > 1000 Highly diagnostic marker Sharma A. et al. [14]
Metastatic liver tumors 50 - 500 Additional marker, less specific Sharma A. et al. [14]

2. Mechanisms of Immune Response Suppression by
Hepatocellular Carcinoma Cells.

HCC tumor cells utilize various mechanisms to evade
the immune response [15]. The primary mechanisms in-
clude reduced expression of major histocompatibility
complex class | (MHC-I) molecules, disruption of antigen
presentation, and activation of non-classical immunosup-
pressive molecules [16]. Key signaling pathways involved
in immune evasion in HCC are presented in Table 3 and
Figure 3.

The Role of AFP in Liver Cancer Development.

Over the past decades, it has been demonstrated that
AFP is not only a diagnostic marker but also actively par-
ticipates in the progression of liver cancer. Elevated AFP
levels (>400 ng/mL) are often associated with aggressive
disease course and poorer prognosis. At the same time,
changes in AFP levels during treatment allow for monitor-
ing therapy effectiveness: a decrease in levels is associated
with a positive response, while a renewed increase may in-
dicate relapse even in the absence of signs on CT or MRI.
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It is important to note that AFP affects not only progno-
sis but also the tumor’s immune microenvironment. It sup-
presses the activity of key immune cells, including mac-
rophages, dendritic cells, NK cells, and T lymphocytes. As a

result, a so-called “immunosuppressive niche” forms, help-
ing the tumor evade immune surveillance [29]. The effects
of AFP on the immune microenvironment of HCC are sum-

marized in Table 4.

Table 3 - Main Mechanisms of Impaired Antigen Presentation in HCC

Consequences for Immune

Mechanism Prevalence Response Source
(DHefXﬁS?fﬁL"AHBC]_'fﬁFCe)SSiO” ~78% of cases Reduced recognition by CD8" T Kamilova T.A. et al. [17]

Hypermethylation of HLA
promoters

Frequent

Suppression of MHC-I gene
transcription

Liu H. et al. [18]

miRNA regulation (miR-148a,
miR-152)

Reported in clinical samples

Inhibition of HLA translation

Bird T.G. et al. [19]

TAP1/TAP2 mutations

30-40%

Disruption of antigen transport to

Bird T.G. et al. [19]

HLA-G

the ER
B2M mutations 25-30% Instability of MHC-1 on the Galle PR. et al. [20]
Decreased PSMB8/PSMB9 . . .
(proteasome subunits) - Defective antigen processing Yang Z. et al. [21]
Increased expression of HLA-E, Frequent Suppression of NKand T cells | Zhu M. et al. [22], Hong G.Q. et
al. [23]

via inhibitory receptors

Diagram: Mechanisms of Immune
Evasion in Hepatocellular Carcinoma

Decreased MHC-| expression
(HLA-A. HLA-B. HLA-C)
Disruption of antigen
presentation

* Inhibition by microRNAs
(miR-148a, miR-152)

¢ Mutations and
dysfunction in B2- *
microglobulin (B2M)

Mutations in TAP1 and TAP2 genes
* Decreased activity of PSMB8, PSMB9 .

Increased

* Poor peptide binding to MHC-I

[ i

Reduced visibility of tumor to CD8" T-lymphocytes
— Weakened cytotoxic immune response

- Immune surveillance evasion

— Reduced effectiveness of immunotherapy

expression of HLA-
E and HLA-G

Interact with:

Inhibitory
receptors
CD94/NKG2A on

NK and CD8" T

cells

— Leading to:
Suppression of
cytotoxic  activity

of immune cells

Figure 3 — Mechanisms of Immune Evasion in HCC [24-28]

Table 4 - Mechanisms of AFP Action on Target Cells

Target Cell

Mechanism of Action

Immune Consequences

Source

Macrophages

Stimulates transition to M2
phenotype via PI3K/Akt pathway

Suppression of antitumor response,

support of tumor growth

Wu S. et al. [30]

Dendritic cells

Induces apoptosis, reduces
CD80/CD86 expression

Impaired antigen presentation and

T-lymphocyte activation

Palucka K. & Banchereau

NK cells

Indirectly decreases activity via
reduced IL-12

Reduced cytotoxic activity

Zhou Y. et al. [32]

CD8* T-lymphocytes

Inhibits the IL-2R signaling

Loss of proliferation and cytotoxicity

Shang N. et al. [33]

pathway
R Reduces IL-2 and IFN-y Weakened coordination of the
CD4* T-lymphocytes production immune response Isyangulova A.Z. [34]

Regulatory T-cells

Stimulates differentiation via
TGF-B/Smad3

Formation of a tolerogenic
environment

Tian L.Y. et al. [35]

Myeloid-derived suppressor

Enhances immunosuppressive

Suppression of NK and T-cell

Mishra R. et al. [36]

cells (MDSCs) activity responses
Activation of NF-kB — tPD-L1 I - -
Tumor cells expression Inhibition of T-cell activity Ebrahimi N. et al. [37]
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In addition to its impact on immunity, AFP contributes
to the maintenance of liver cancer stem cells (LCSC) [38].
These cells possess self-renewal capability and are asso-
ciated with recurrence and drug resistance. Studies have
shown that AFP stimulates the expression of LCSC mark-
ers (CD44, CD133, EpCAM) and activates the PI3K/Akt sign-
aling pathway, thereby enhancing tumor malignancy [39].

Table 5 - Potential Therapeutic Strategies Targeting AFP

AFP is considered a potential therapeutic target giv-
en its active role in the development of immunosuppres-
sion in HCC. The main research directions can be divid-
ed into several categories. Thus, AFP has become a target
for the development of new treatment strategies given its
key role in HCC progression and immunosuppression. The
main approaches are presented in Table 5.

Approach Examples

Results

Limitations Source

Restoration of antigen

presentation IFN-y, decitabine

Increased HLA-I
expression, enhanced
tumor recognition

Preclinical stage only Son C.H. et al. [40]

CAR-T cells against AFP AFP-specific CAR-T

High efficacy in murine
models

Risk of off-target
toxicity, intratumoral
immunosuppression

Yershov A.V. et al. [41],
Gavrilina O.A. et al. [42]

Dendritic vaccines DCs loaded with AFP

Phase I/1l: safety
confirmed, 20% objective | AFP requires combination
response rate

The low immunogenicity of Chekhonin LV. et al. [43],

with other antigens Shardina K.Yu. et al. [44]

Signaling pathway

inhibitors Alpelisib (PI3Ka)

Tumor growth reduction in
HepG2/Huh7 models

Preclinical data only;
combination strategies
need optimization

Semiglazov V.F. et al. [45]

Combination approaches | TACE + immunotherapy

Enhancement of local
immune response

Limited clinical data Phillips C. [46]

Discussion: Hepatocellular carcinoma (HCC) remains
one of the most challenging oncological diseases due
to its high mortality rate and the limited effectiveness
of current therapeutic approaches [47]. The presented
data confirm the key role of AFP not only as a diagnos-
tic marker but also as an active participant in the patho-
genesis of HCC. AFP creates an immunosuppressive mi-
croenvironment by modulating macrophages, dendritic
cells, NK cells, and T lymphocytes. Such remodeling of
the immune niche reduces the effectiveness of the anti-
tumor immune response and promotes tumor progres-
sion. An important aspect is the influence of AFP on the
population of liver cancer stem cells (LCSC), which are
associated with recurrence and drug resistance. Thus,
AFP plays a dual role: on the one hand, it suppresses im-
mune surveillance; on the other, it supports LCSC and
enhances tumor aggressiveness. Despite the accumu-
lated data, certain contradictions remain: in some pa-
tients with low AFP levels, the disease still shows ag-
gressive progression, and the mechanisms of AFP’s
influence on immune cells have not been fully con-
firmed in clinical studies. This highlights the need for
further research to clarify the prognostic value of AFP
and its therapeutic potential. From a therapeutic per-
spective, the most promising strategies are combined
approaches, in which AFP is not considered a sole tar-
get but as part of a multi-antigen strategy. Current di-
rections include AFP-targeted CAR-T cells, dendritic cell
vaccines, and PI3K/Akt pathway inhibitors [48]. Howev-
er, most of these methods remain limited to preclini-
cal models or early-phase clinical trials, and their tran-
sition to widespread clinical use is hindered by the risks
of off-target toxicity and the immunosuppressive tumor
microenvironment. Overall, a promising direction ap-

pears to be integrating targeted and immunotherapeu-
tic approaches with local methods (e.g., TACE), as well as
monitoring AFP dynamics as a biomarker of therapeutic
effectiveness.

Study Limitations: Given the retrospective design and
lack of clinical outcomes data, several limitations should
be considered when interpreting the results. Firstly, re-
lapse-free survival and overall survival were not analyz-
ed in this study, which prevents establishing a direct link
between AFP, immunological changes, and actual clini-
cal outcomes. Additionally, the effects of comorbidities
and ongoing therapies (targeted and antiviral) were not
accounted for, even though they may influence AFP lev-
els and immune response parameters. Liver regenera-
tion after surgical intervention can also affect AFP dynam-
ics. Moreover, the limited sample size and heterogeneity
in HCC stage, cirrhosis status, and viral load may reduce
the analytical power and complicate the interpretation of
these results.

To date, AFP retains its important clinical role as a di-
agnostic marker; however, it is not limited to that role
alone. For example, AFP levels have prognostic signifi-
cance, as elevated AFP is associated with more aggressive
disease progression in most cases. Changes in AFP levels
during treatment serve as a surrogate response indicator:
a post-treatment decrease typically correlates with clini-
cal response, whereas a renewed increase signals relapse.
Current preclinical and clinical studies also suggest that
AFP may act as an active immunomodulator within the
tumor microenvironment, as evidenced by its effects on
dendritic cell maturation and function, suppression of NK
and CD8* T-lymphocyte activity, stimulation of regulatory
T-cell differentiation, and enhancement of immune check-
point molecule expression.
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The conducted literature review is not limited to
listing known associations between AFP and molecular
phenomena in HCC. In the present study, existing data
were synthesized into a single, functionally oriented
model, in which AFP is considered an active immuno-
modulator that establishes a tolerogenic microenvi-
ronment and facilitates tumor immune evasion. Based
on the comparison of preclinical and clinical studies,
specific mechanisms were identified — such as its ef-
fects on dendritic cells, NK and T lymphocytes, stimu-
lation of regulatory T lymphocytes (Tregs), activation
of PI3K/AKT and NF-kB - mediated pathways, associat-
ed upregulation of PD-L1 expression, and the role of
AFP in supporting the LCSC population - all present-
ed not as isolated findings, but as an interconnected
pathophysiological network contributing to HCC pro-
gression. This integrated data indicates that AFP is not
just a marker of tumor burden but also a biological-
ly active factor that alters the composition of immune
cell populations and reduces the clinical efficacy of im-
munotherapies.

Conclusion: AFP plays a central role in the develop-
ment and progression of HCC. Its ability to suppress an-
tigen presentation, modulate immune cell activity, and
maintain the stem-like properties of liver cancer stem
cells (LCSC) makes AFP not only a biomarker but also an
important therapeutic target [49]. Current research high-
lights the potential of approaches involving CAR-T cells,
dendritic cell vaccines, and inhibition of the PI3K/Akt and
NF-kB signaling pathways [50]. However, their clinical ef-
ficacy remains limited, underscoring the need for further
preclinical and clinical studies. AFP continues to serve as
an indicator for diagnostics, prognosis, and monitoring of
treatment effectiveness. In the future, a comprehensive
approach — combining immunotherapy, targeted agents,
and local treatment methods with consideration of AFP
dynamics - may become the foundation for personalized
HCC therapy strategies.
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AHJATIIA

I'EITATOHNEJIJIIOJIAPIBI KAPHUHOMA KE3IHJAE AJIb®A-PETOITPOTEMHHIH
ICIKKE KAPCbI UMMYHJBIK KAYAIITBI BACY/JIAFbBI POJII:
9JEBUETKE IOJY

H.M. Hypzanuesa'?, C.A. Kan'3, A.M. Torenouesa', H.A. Onapéaesa*, E.O. Ocmanuyx’*5

1«M.A. ARTXOXIH aTbIHAAFbI MOSIEKYNAPABIK 610NI0TIA aHe Groxumma MHCTUTYTbi» LK PMK, Anmatbl, Kazakcran Pecny6nmkacsl;
Z¥nTTbIK GrioTexHonorua optanbiFbl» KLLIC Anmartbl KanacbiHaarsl duanansl, Anmatbl, Kasakctan Pecny6ankacol;
3«In-Oapabu abingarbl Kazak yatTolk yHusepcutetin KEAK, Anmatbl, Kasakcraw Pecny6nukacl;
4«Ka3ak OHKONOTNA XaHe PaaNonorua FoinbIMin-3epTTey UHCTUTYTbI» AK, Anmarbl, KasakcraH Pecny6nmkace;
5«3K0 Koncantunr» XLLUC, Anmatbi, Kasakcran Pecny6amkacol.

Oszexminizi: 'enamoyenionapnvix kapyurnoma (I'LIK) — emOeyoe Kypoeni dcone ummyHomepanused xHco2apbl mesiMmoinicimen
epeKueneHemin ey azpeccusmi api enimee okelemin Kamepii icikmepoin 6ipi. Anvgha-gpemonpomeun (ADII) ooemme 'K ouaenozvinoa
Mmapkep peminde Konoanwviaaovl. Conebl 3epmmeyiep OHbIH KAHYepo2eHe30e JHCoHe KAPChl ICIKKe UMMYHOBIK dHCayanml Oacamvit me3imoi
Mukpobetimapan opmansl KaiblNmMacmulpyoa Manbi30bl poi amgapamuviusii kopcemmi. Konmezen scapusaniansimoapea Kapamacman,
ADIT pynxyusanapor men 00IHCAMObIK, MOHIH 0aA2anayoa KaublibIKmap cakmanaobvl, Oyl aHATUMUKAILIK WOLY Kadcemmieit
MYbIHOAMAObL.

3epmmey marcamot — ADII-noiy icik UMMYHOBIK dHcayanman Kauty mexanusminoeei ponin scunagman, I'L{K-nol emoeyze apnanean
AHCAHA UMMYHOMEPANUANBIK MOCinoepoi ozipaeyoe APII-nviy oneyemin 6azanay.

AQoicmepi: PubMed owcone Google Scholar monimemmep 0Oazanapvinoa, coHOau-ax nPoQGuUIbLOI MeOUYUHATBIK IHCOHE
2ulIbiMU dcypHandapoa (onwiy iwinoe Cancer Research) 2017-2025 oswcvinoap apanvievinoa ADII swcone I'LIK makwvipvibvinoazs
AHCAPUSALAHBIMOAP JiCylieni mypoe i30e1in, mandanovl. [30ey Kiim co30epi: «anbha-ghemonpomeuny, «2enamoyentosApablK KAPYUHOMAy,
CUMMYHOCYNPECCUsy, «iCiK UMMYHOBIK scayanman Kauyy, «APIl ummynowvik modyaayuscey, «I' LK ummynowvix scayabory. Taydanrzan
MAKANANap 63eKMiniK nen dHayaiblk maianmapoind cai 6010bl.
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Homuocenepi: [llony 6apvicvinoa ADIT ummynocynpeccusmi ocepaepi scone icikmiyy uMMyHObIK 6aKblAAYOaH KAuLy Mexanu3zmoepin
bencendipin, I'l[K npoepeccuscvinoa opmanvik pon amapamsiHbl anblKmanovl. bonscamovix monimemmepoeei Katiwwiavikmap ADI-
HbIH KONKBIPIIbL OUON02UANBIK KbIZMEMIHIK Kypoeninieii kepcemeoi.

Kopvimuinowvi: ADII mex I'L[K-Hvty Manbl3061 OUa2HOCMUKANBIK MAPKEPL 2AHA eMeC, COHBLMEH KAmap UMMYHObIK MO3IMOLNIKMIY
Kanvinmacywvinoa dencendi Kamoicyuvl. Onvly Kapcewl icik uMMYHOBIK Jcayanmapbin dacy kabinemi emoey muimoiniein apmmuipyed
apHanean KeweHoi UMMYHOMepanusivlK mociioepoe nepCneKmueasvl mepanesmix Maxcam 60nvin maodwviiaobl.

Tyuinoi cezoep: nvgha-ghemonpomeun (ADII), eenamoyenonapvix kapyunoma (I'LIK), ummynocynpeccus, APII-baxviianamolin
UMMYHOBIK MOOYIAYUS, UMMYHOBIK HCAYanN.

AHHOTALUA

POJIb AJIb®A-OETOIIPOTEUHA B IIOJABJIEHUH ITPOTUBOOITYXOJIEBOT'O
NMMYHHOI'O OTBETA IIPU T'EITATOLEJVINOJIAPHOU KAPIHUHOME:
OB30P JIUTEPATYPbI

H.M. Hypzanuesa?, C.A. Kan'3, A.M. Tonenouesa', H.A. Omapéaesa’, E.O. Ocmanuyk'>*

IPTT Ha NMXB «MHCTUTYT MonekynapHoit Guonoriu u uoxumun um. M.A. AiiTxoxiHa», Anmatbl, Pecnybnnka Kasaxcras;
2HAQ «Ka3axckmii HauMOHaNbHbIA YHUBEPCUTET M. anb-Dapabu», Anmarbl, Pecny6inka Kasaxcran;
3Ounuan TOO «HawmoHanbHblii LeHTp GuoTexHoNOTMM» B T. ANMatbl, AnMaTbl, Pecny6nuka Kasaxcran;
4A0 «Ka3axckuit HayyHO-1ICCEN0BATENbCKII MHCTUTYT OHKONOTM 1 paguosoriny, Anmarbl, Pecny6imnka Kazaxcran;
5T00 «3KO KoHcantuur», Anmarbl, Pecny6nuka Kasaxcrau

Axmyansnocmyu: [enamoyennonsapras xapyurwoma (I'LIK) — 00un u3 camvix acpeccusHviX u CMepmenbHO ONACHBIX MUNO8
3/10KAYECMBEHHbIX HOB000PA308aHUL, KOMOPLIL XAPAKMEPUSYEMCs CIOHCHOCIBIO 6 JIeYeHUU U BbICOKOU YCMOUUUBOCTBIO K
ummynomepanuu. Anvgpa-pemonpomeun (APIl) mpaduyuonno ucnonvyemcs 6 kauecmege mapkepa 0ns ouacrHocmuku 1I[K.
Kpome amozco nocneonue uccied08anus nOKa3vl8aom, Ymo OH makdice uepaem 6adCHyI polb 8 KaHyepozeHe3e U 6 (hopMuposanuu
MONIEPOLEHHO20 MUKPOOKPYHCEHUA, NOOABAAIOWE20 NPOMUBOONYXO0e8blll UMMYHHbIL omeem. Hecmomps na 3nauumenvHoe 4ucio
nybaukayuil, 0CMmalomcs npomueopeyus 8 oyenke Gyukyuil u npoenocmudeckou yennocmu ADI, umo odycrnosrusaem neobxooumocms
npogedeHUs AHATUMUYECK020 0030pa.

Llens uccneoosanus — 0606wums cospementuvlie 0annvie o poau APl 6 mexanusmax yKJIOHeHUs ONYXOaU OM UMMYHHO20 Omeema
u oyernums nomenyuan APl kak muwienu 01 pazpabomku HOBbIX UMMYHOMEPANEGMUYECKUX N00X0008 neuernus I'I[K.

Memoowi: [Ipogeden cucmemamuyeckutl NOUCK U anaiu3 nyoauxayuii no meme o-gpemonpomeuna u I'l[K 6 6azax oannvix PubMed
u Google Scholar, a maxoce 6 pade npo@uibHbIX MEOUYUHCKUX U HAYUHBIX HCYPHAL08 (6 mom uucie Cancer Research) 3a nepuoo
¢ 2017 no 2025 200. /[ns noucka ucnonvb306anucs Kilouegvle Clo8d: «alb(a-(hemonpomeuny, «2enamoyeinosapHas KapyuHomay,
CUMMYHOCYNPECCUs», KUMMYHHOE YKIOHEHUEe ONYXOauy, «ummynomooynsayus ADIDy, «ummynnvii omseem npu I'LIK». Omobpannvie
cmamuit COOMEemcmeo8alu KpUmepuam peresanmHuoCimi U HO8U3HbL.

Pezynomamur: O630p noxazan, umo ADII uepaem yenmpanvuyro pons 6 npoepeccuposanuu I'LIK 3a cuém ummynocynpeccusHulx
aghpexmos u akmugayuy MexanusMo8 YKIOHEeHUs ONYXOaU Om UMMYHHO20 Had3opa. Kpome mozo, 8vlasieHbl npomusopeyuss 6 OAHHbIX
0 €20 NPOZHOCMUYECKOM 3HAYEeHUU, YN0 OMPAXHCAem CIOHCHOCHb U MHO20YPOBHE80Cb buonocuieckux @yuxyuii APII.

3akniouenue: ADIl sersemcs He MOAbKO KIIOUe8bIM OuacHocmuueckum mapkepom LK, Ho u axmueHblM yuacmuukom
opmuposanusi ummyHnrol moaepanmuocmu. E2o cnocobnocms nooasnsims npomueoonyxonesuiii UMMYHHbIN omeem Oenaem ADIT
NepCcneKmusHol mepanesmuieckoll. MutleHvio, 0COOeHHO 6 KOHMmeKCcme KOMOUHUPOBAHHBIX UMMYHOMEPANnesmuyeckux nooxooos,
HANpasneHslx Ha NosbluleHUe IPPeKkmusHocmu 1euenus.

Kniwoueevie cnosa: anvgpa-pemonpomeun (ADII), cenamoyennonapuas kapyurwoma (LK), ummynocynpeccus, APII-
0NOCPeOO0BAHHASL UMMYHOMOOYIAYUA, UMMYHHBILI OMEen.
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POSSIBILITIES OF DUAL-ENERGY CONTRAST
SPECTRAL MAMMOGRAPHY IN COMPLEX RADIATION
DIAGNOSIS OF BREAST CANCER:

A LITERATURE REVIEW

S.A. RAKHMANKULOVA"*, N.A. KABILDINA', A.B. SADUAKASSOVA?*, Zh. K. KABILDIN'

'Karaganda Medical University, Karaganda, the Republic of Kazakhstan;
Hospital of the Medical Center of the Administration of the President of the Republic of Kazakhstan, Astana, the Republic of Kazakhstan

ABSTRACT

Relevance: Contrast spectral mammography (CSM) is an innovative technology that combines the principles of traditional digital
mammography with intravenous administration of an iodine-containing contrast agent. This makes it possible to obtain images reflecting
angiogenesis and vascularization of pathological foci, which potentially increases the sensitivity and specificity of breast cancer (BC)
diagnosis. BC occupies the first place in the structure of cancer morbidity and mortality from cancer among the female population
worldwide and remains an urgent problem today. Despite promising research results, many aspects of the clinical application of CSM
require further study. In particular, it is relevant to compare the diagnostic value of CSM with other radiation imaging meth-ods such as

digital mammography (DM) and magnetic resonance imaging (MRI) of the mammary glands.
The study aimed to explore the diagnostic capacity of contrast spectral mammography in breast cancer detection compared to other

radiation methods.

Methods: A search and selection of articles in the databases PubMed, Web of Science, Scopus, and Google Scholar from 2015 to 2025,
devoted to the diagnosis of breast cancer. To write this review, 107 literary sources were found for all resources, of which 30 were included

in the presented review.

Results: The results showed that CSM is easily performed and well tolerated by patients. The meth-od is superior to DM because it
provides information about the presence of pathological neoangiogenesis of the tumor. Compared to MRI, CSM is similar in sensitivity and
specificity. Therefore, CSM can be used as an alternative method of breast imaging due to its higher accessibility and usability in patients

with contraindications for MRI.

Conclusion: CSM exceeds the capacity of conventional DM, regardless of breast density. As a result, this method can reduce the
number of false positive results and limit the number of unwanted invasive interventions. Early detection of BC significantly increases the
chances of successful treat-ment, reduces the risk of metastasis, and improves overall and disease-free survival.

Keywords: contrast spectral mammography (CSM), digital mammography (DM), magnetic resonance imaging (MRI), breast cancer.

Introduction: Breast cancer (BC) is a malignant tu-
mor that originates from the epithelial cells of the ducts
and lobules of the mammary gland. BC is character-
ized by aggressive growth and variability of the clini-
cal course, with invasion into the ducts and lobules. The
main risk factors are stress, immunosuppression, hered-
ity, late menopause, hormonal factors, obesity, smok-
ing, and alcoholism [1]. Globally, BC leads both in the
number of detected cases and the mortality rate among
women and remains a pressing problem today. Accord-
ing to GLOBOCAN (2022), more than 2.3 million new cas-
es of BC are registered worldwide among both sexes,
taking the lives of 670,000 women per year. The disease
ranks first among the causes of cancer both in countries
with mature and transitional economies. In Kazakhstan,
about 5,500 new cases and 1,600 deaths from BC are
registered annually [2]. With such high morbidity and
mortality rates, timely and early diagnosis is of particu-
lar importance, requiring the improvement of existing
visualization methods [3].

The study aimed to explore the diagnostic capacity of
contrast spectral mammography in breast cancer detec-
tion compared to other radiation methods.

Materials and Methods: This review included the
search and analysis of literature sources from PubMed,
Web of Science, Scopus, and Google Scholar databases
that were published from 2015 to 2025. The main objec-
tive was to study the effectiveness and accuracy of vari-
ous methods for diagnosing breast cancer. The search key-
words included: contrast spectral mammography (CSM),
digital mammography (DM), magnetic resonance imaging
(MRI), and breast cancer.

The literature analysis was conducted taking into ac-
count formal criteria: type of publication, level of evidence
(according to the GRADE scale), quality of methodology,
and indexation of the source in international databases.
The following criteria were applied:

Inclusion criteria: open access, full text, period, article
type: clinical trial, systematic reviews, original articles, and
meta-analyses.
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Exclusion criteria: Articles without a description of the
methodology or with incomplete data on the group of pa-
tients and the diagnostic methods used. Publications with-
out access to the full text and duplicate publications. Liter-
ature in languages other than Russian and English.

During the search, 107 literature sources were iden-
tified from all sources; of them, 30 were included in the
final review. The main steps of the search were per-
formed according to the PRISMA guidelines, as shown
in Figure 1.

[ Records identified through database and registers' search ]

Records found in:
WoS (n=25)
PubMed (n=65)
Scopus (n=3)
Google Scholar (n=14)
Records before selection
(n=117)

Identification

Records excluded:

Duplications excluded (n=35)

y

Studies se)ected by title /
keywords (n=70)

A 4

Screening

Selected studies assessed
for eligibility (n=40)

A 4

Studies included in the review
(n=30)

Inclusion

Full text not available (n=12)

Studies excluded:
(n=30)
Not related to breast cancer

Figure 1 — PRISMA flow diagram

The quality of included publications was assessed us-
ing the Newcastle-Ottawa Scale (NOS), covering three do-
mains: selection of participants, comparability of groups,
and completeness of outcome reporting. The maximum
score was 9 points. The GRADE approach was used to as-
sess the certainty of evidence for key diagnostic indicators,
taking into account study design, risk of bias, consistency,
and precision of results [4].

In 2022, the Joint Commission for Quality Control of
Medical Care of the Ministry of Health of the Republic of
Kazakhstan approved clinical protocols for the diagnosis
and treatment of breast cancer (Minutes No. 174) [5].

Digital mammography is a non-invasive radiolog-
ical breast imaging method, considered the standard
for breast cancer screening and diagnostics. The nation-
al screening program involves testing women aged 40 to
70 every two years. This approach has reduced mortality
rates by 15-25% [3, 6]. However, this method’s capacity is
limited when visualizing mammary glands with high tis-
sue density (dense breasts), which reduces the diagnostic
sensitivity of digital mammography. The ratio of adipose
and fibroglandular tissue determines the structure of the
mammary gland. Dense breasts are assessed according
to the classification of the American College of Radiology
(ACR) [7]. BI-RADS system, in its latest edition (5th) applied
since 2013, distinguishes the following categories: ACR A -

predominantly adipose tissue (<25% fibroglandular); ACR
B — moderately dense (25-50%); ACR C - heterogeneous-
ly dense (5-75%); ACR D - extremely dense (>75%). Digital
mammography sensitivity is lower in detecting breast can-
cerin ACR C & D types’ mammary glands.

CSM, as an innovative method of breast imaging, com-
bines standard digital mammography with low (26-32 keV)
and high (40-49 keV) energy modes with intravenous ad-
ministration of iodine-containing contrast medium (ICCM).
This makes it possible to visualize pathological chang-
es accompanied by neovascularization, even with dense
breasts [8]. CSM is gaining popularity since its introduction
in 2003 [9]. Still, along with the benefits, it carries potential
risks, including allergic reactions (0.2-0.7%) and nephro-
toxicity, as described in the studies of K. Coffey et al.(2022)
[10]. According to a meta-analysis, the frequency of side ef-
fects is comparable to CT — about 0.8%. In addition, the to-
tal radiation dose during CSM is 1.5-1.8 times higher than
during digital mammography [11]. CSM technique involves
bolus administration of ICCM at a dose of 1.5 ml/kg at a
rate of 2.5 ml/s. Two minutes after the injection, a series
of images of both mammary glands is taken in standard
projections (CC and MLO). The use of low- and high-ener-
gy X-rays allows for constructing post-contrast maps re-
flecting zones of increased ICCM accumulation. MLO pro-
jection of the side of interest is performed last to estimate
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the rate of contrast washout. If necessary, additional pro-
jections (lateral, enlarged) are possible [12]. L. Nicosia et al.
demonstrated a higher sensitivity and specificity of CSM in
diagnosing breast cancer, especially in women with dense
breasts [13]. A systematic review by T. Tagliafico et al., cov-
ering retrospective and prospective studies, confirmed
high diagnostic efficiency of the method: CSM sensitivity
reaches 98% [14].

In addition to the above diagnostic methods, mag-
netic resonance imaging (MRI) is used for accurate diag-
nostics. The examination requires MRI machines with a
power of 1.5 Tesla and higher, which provide higher spa-
tial and temporal resolution. This increases diagnostic re-
liability in identifying pathological foci. MRl using gado-
linium-enhanced ICCM can detect more aggressive and
invasive types of breast cancer. MRI has a high sensitivi-
ty in detecting cancer compared to traditional diagnostic
methods. Its high sensitivity is due to the fact that no can-
cerous tumor can grow larger than 2 mm without form-
ing blood vessels, which provide large amounts of nu-
trients for tumor growth. Gadolinium-enhanced ICCMs
have relatively large molecules that easily pass out of the
vessels and quickly accumulate in the tumor stroma [15].
A standard MRI protocol includes T1 and T2 modes with
signal suppression from fat tissue, dynamic contrast en-
hancement, diffusion-weighted images, and the con-
struction of maps of the measured apparent diffusion co-
efficient [16]. High vascular permeability in cancer allows
for rapid accumulation of ICCM in the tumor and leads
to rapid leaching of ICCM from the lesion, which helps
to better visualize pathological areas of enhancement
and differentiate malignant and benign tumors [17]. Ac-
cording to the European Society of Breast Imaging (EU-
SOBI) recommendation [18], MRI is used when the results
of standard imaging are inconclusive and it is necessary
to exclude a malignant tumor, to determine preoperative
staging, and to determine the exact tumor size. The tu-
mor size of invasive carcinoma on MRI corresponds to the
actual tumor size in the postoperative material. Besides,
25% of tumors are multifocal (one or more foci are locat-
ed in one quadrant of the breast) and 20% are multicen-
tric (one or more invasive foci are located at a distance of
more than 4 cm from the primary tumor). Incorrect size
assessment and failure to detect additional foci of spread
may result in positive resection margins after surgery or
early recurrence. Another MRl advantage is the detection
of synchronous breast lesions, which occur in approxi-
mately 3% of all patients with breast cancer [19]. Digital
mammography does not detect synchronous contralat-
eral lesions, and they remain undetected in approximate-
ly 75% of cases. Main disadvantages of MRI include its
high cost, the presence of contraindications in patients
with metal implants in the body, pacemakers, allergy to
gadolinium-enhanced ICCM, and claustrophobia, which
limits the widespread use of MRI in breast imaging.

Results: CSM has a high sensitivity (90-95%) and speci-
ficity (85-90%), especially when cancer is detected in dense
breasts. M. Mori et al. have compared CSM and digital
mammography diagnostic effectiveness in dense breasts.
In their study, CSM had a sensitivity of 86.2%, a specifici-
ty of 94.2%, and a diagnostic accuracy of 90.9%, while dig-
ital mammography had a low sensitivity of 53.4%, a speci-
ficity of 85.9%, and a diagnostic accuracy of 72.7% [20]. M.
Helal et al. demonstrated the added benefit of CSM: their
study showed that the method allows for effective differ-
entiation of breast cancer recurrences after surgical inter-
vention. The sensitivity of CSM in detecting breast cancer
recurrence in the postoperative scar area was 91.2%, and
the positive predictive value was 77.5%. Of all those ex-
amined, 48.6% had a postoperative relapse [21]. CSM al-
lows detecting qualitative characteristics of breast cancer,
such as the degree of ICCM accumulation (absent, weak,
moderate, and pronounced). A type of accumulation in
the pathological focus (lacunar, cloud-like, diffuse-spher-
ical, point, mesh, cotton-like, ring-shaped, heterogene-
ous-ring-shaped) allows for differential diagnostics be-
tween benign and malignant neoplasms in the mammary
gland [22].

S. Weigel et al. performed a systematic review of pro-
spective studies to compare CSM and digital mammogra-
phy in women with a varied degree of breast density. In
their study, digital mammography sensitivity decreased
with increasing breast density, from 100% with ACR A to
50% with ACR D. The sensitivity of digital mammography
for the overall sample was 79.9%. The study included 438
patients, of whom 154 were confirmed to have malignant
tumors, and 284 were confirmed to have benign tumors.
Comparing the diagnostic characteristics of women with
high-density breasts (ACR C & D), CSM demonstrated bet-
ter results, with a sensitivity of 96.8%, specificity of 93.3%,
and accuracy of 94.5%, compared to digital mammogra-
phy, where the corresponding figures were 85.7%, 87.3%,
and 86.8% [23].

Contrast-enhanced magnetic resonance imaging
(MRI) can detect tumor formations inaccessible for visu-
alization with digital mammography. A pilot study by M.
Jochelson et al. (2023) assessed CSM and MRI diagnos-
tic capacity under screening conditions in 307 women
with moderate and high risk of developing breast can-
cer. All participants underwent both CSM and MRI and
were monitored for two years. The first stage of screen-
ing revealed three cases of malignancies: two invasive
cancers were detected by both CSM and MRI, while one
duct carcinoma in situ was detected only by MRI. Nei-
ther of those cases was visible on low-energy CSM mam-
mograms; also, no palpable interval tumors were found.
Notably, the specificity indicators of CSM and MRI were
comparable — 94.7% and 94.1%, respectively [24, 25].
Gadolinium-enhanced MRI allows differentiation be-
tween benign and malignant processes, assessment of
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the anatomical localization and extent of tumor spread,
and visualization of lymph nodes with signs of metastat-
ic lesions. The method demonstrates high efficiency in
detecting relapses of the disease after surgical interven-
tion and remains a reliable diagnostic tool even in the
presence of silicone implants. MRl is widely used to plan
the volume of surgical treatment and monitor the treat-
ment efficacy [26].

To improve the reliability and objectivity of the anal-
ysis of the observational and diagnostic studies included
in the review, a quality assessment was performed using
the NOS scale, which covers three domains: participant se-
lection, group comparability, and outcome completeness.

Most studies scored 7-9 points out of 9 possible, indicating
their high methodological level.

In addition, the GRADE approach was used to assess
the certainty of evidence for key diagnostic characteristics
(sensitivity, specificity, accuracy), taking into account study
design, risk of bias, indirect evidence, consistency, and pre-
cision. Thus, in the study by S. Weigel et al., the sensitivi-
ty of the CSM for dense tissue was 96.8% (for ACR density
types C-D). This level of evidence is assessed as high, since
the study was prospective, with a low risk of systematic er-
rors and high consistency of indicators [23].

Table 1 presents the quality assessment of the included
observational and diagnostic studies using the NOS scale.

Table 1 - Assessment of the quality of included studies using the NOS scale

Research / Year Type of study a%%gt&g %? T;Batroagll-i ?uu;igrgi)s >~ NOS Quality
Mori et al. (2016) [20] Prospective study ++++ ++ +++ 9/9 High
Helal et al. (2019) [21] Retrospective study +++ ++ ++ 7/9 Moderate - High
Weigel et al. (2022) [23] Prospective study +++ ++ ++ 7/9 Moderate
Jochelson et al. (2023) [24] | Pilot cohort study +++ ++ ++ 7/9 Moderate
Hobbs et al. (2015) [29] Small qualitative study ++ ++ + 4/9 Low

CSM has become increasingly important in recent
years not only as a diagnostic method, but as a tool
for dynamic monitoring of patients with breast can-
cer under systemic therapy, including neoadjuvant
chemotherapy (NACT). Studies show that CSM can de-
tect changes in tumor vascularization, which can serve
as an early marker of therapeutic response before the
appearance of morphological signs of regression [27].
Comparative prospective studies demonstrated com-
parable performance of CSM and MRI in assessing re-
sidual tumor after NAC. At that, CSM advantages in-
clude lower cost, availability, and better tolerability of
the procedure by patients [28]. CSM is also better per-
ceived by patients. In a study by M. Hobbs et al., includ-
ing 49 women, CSM was perceived as more comforta-
ble than MRI. The patients reported lower anxiety, less
noise, quicker examination, and better overall tolerabil-
ity of the procedure. This makes the method particular-
ly attractive for screening and repeat examinations, as
well as for patients with contraindications to MRI [29].
Thus, CSM can be considered as an alternative to MRl in
dynamic monitoring of treatment effectiveness in pa-
tients receiving NACT, especially in limited access or
contraindications to MRI.

Discussion: Since its introduction into clinical prac-
tice, CSM has been actively spreading in some countries
in Europe, Asia, and North America. CSM is most often
used in France, Italy, Germany, Great Britain, the USA,
China, and South Korea, where it serves as an addition
or an alternative to MRI in breast cancer diagnosis and
monitoring. In the UK, according to a 2017 study, CSM
demonstrated comparable performance in screening

women with dense breast tissue compared to MRI, with
significantly lower cost of the examination [30]. Despite
the high diagnostic efficacy of CSM, several factors limit
its universal use and require critical thinking when inter-
preting results. Firstly, the method remains dependent
on the quality of the examination and the experience
of the radiologist. Interpretation of contrast enhance-
ment may vary, especially in the presence of postop-
erative cicatricial changes, fibrosis, or benign prolifer-
ative processes, creating a risk of false positive results
and overdiagnosis. CSM is a promising and clinically rel-
evant imaging method, capable of increasing the ac-
curacy of breast cancer diagnostics and improving the
optimization of patient routing. Table 2 presents a com-
parison of modern visualization methods in the diagno-
sis of breast cancer.

Conclusion: The conducted analysis of domestic
and foreign sources confirms that CSM has high diag-
nostic value and can serve as an effective addition to
traditional methods of radiographic imaging in breast
cancer. This method provides a simultaneous assess-
ment of the morphological and functional characteris-
tics of the tumor, including visualization of pathological
neoangiogenesis, thus significantly expanding diagnos-
tic capabilities, especially in women with dense breasts
and a higher risk of developing breast cancer. A good
tolerability, lower cost, and ease of implementation
make CSM a practically significant tool for routine use
in clinical practice. The use of CSM helps to increase on-
cological alertness, reduce the number of false positive
results, and improve the effectiveness of treatment and
diagnostic decisions.
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Table 2 - Comparative characteristics of breast cancer imaging methods

Contrast-enhanced spectral

Criterion Digital mammography mammography (CSM) Magnetic resonance imaging (MRI)
Availability m’fﬁé’eiviﬁgable’ included Hgig%;;ailability, being introduced Limited, requires equipment 21.5 T
Sensitivity B, decreases with | 86-98%, especially with highly dense | 90_1009%, high even with thick fabric
Specificity 85-90% 85-95% 85-95%

The method’s sensitivity

The impact of breast density | and effec-tiveness are

Less significant, works well with ACR

Independent of tissue density

reduced
Invasiveness Non-invasive Invasive (ICCM administration) Invasive (ICCM administration)
Radiation lonizing Increased radiation exposure No ionizing radiation

Contrast agent Not required

lodine containing

Gadolinium

Contraindications Pregnancy

Allergy to iodine, renal failure

Metal implants, claustro-phobia, and
allergy to ICCM

Detection of multifocality Limited

Reliably identifies multifo-cal/
multicentric forms

Reliably identifies multifocal/
multicentric forms

Evaluation of recurrence after

surgery Low information content

High sensitivity

High sensitivity

Patient comfort Good tolerance

MRI

Faster and more comforta-ble than

Discomfort and anxiety may occur.

Cost Relatively low Average

High
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AHJATIIA

CYT BE3I KATEPJII ICIT'THIH KEIHEH/II COVYJIEJIIK
JANATHOCTUKACBIHJAFBI EKI DHEPTI'UAAJIBI KOHTPACTTbBI CHHEKTPJIB/IbI
MAMMOI'PAOUAHBIH MYMKIH/JIIKTEPI:
9JIEBUETKE IIOJY

C.A. Paxmankynosa'?, H.A. Kaounouna', A.b. Cadyaxacosa?, JK.K. Kaounoun'

I«KaparaHabl meguuuHanblk yHuepcutetis KEAK, Kaparanabl, KasakcraH Pecny6aukacs;
2«Ka3akcTaH Pecny6nukacol Mpe3uzenTi Ic 6ackapmacbl MeauuuHanblk opTasbiFbiHbiH aypyxaHacbl» LMK PMK, Actaa, Kasakctan Pecny6ankacbi

Ozexkminizi: Kouwmpacmer cnekmpanvovt mammoepagus (KCM) — 6yn docmypai mammoecpagus npunyunmepin 1io0mol
KOHMPAcmuvl 3ammul eHei3yMeH OIpIKmipemin UHHOBAYUSIbIK MeXHOo02us. byn namonocusnvlk ouwakmapovly aH2UO2EHe3IH JCoHe
BACKYNAPUAYUACHIH KOpcememin cypemmepoi anyea MymKinoik 6epeoi, 6yn cym besi kamepani iciein (CBKI) ouaenocmuxanayowviy
ce3imMmanoviabl MeH cneyuduraiblabin nomenyuanrovl mypoe apmmuipaost. CEKI onemoezi otiendep apacvinoa oHKON0UATBIK Aypyaap
MeH Kamepai icikmep 60tibiHwa OIpiHWi OpbIHOa myp JHcoHe Oyzinel KyHee Oellin o3eKkmi mocene boavin Kaia bepedi. 3epmmeynepoin
Konmeezen Homucenepine Kapamacmar, KCM KIuHUKanblK KOIOAHbICOIHbIY acnekminepi 00awn opi sepmmeyoi Kaxcem emeoi. Aman
aumyanoa, yugprvik mammozpagusa (LIM) sxcone cym 6e30epiniy maenummi-pe3onancmolx momoepaguscel (MPT) cuakmul 6acka
O0a coynenik adicmepimen canvicmoipeanoa KCM-nviy OuaecHocmukanvlk KYHOBLIbI2bIH CANbICINbIPMANbl Oazanay o3exmi 060N
maodwvlaaowl.

3epmmey marcamol — Oacka coyienik odicmepmen caivicmulpeanoa cym 6esiniy Kamepui iciein OUuacHOCMuKaiayodzol
KOHMPAcmmul CHeKMpPIbObl MAMMOZPAPUAHBIY MYMKIHOIKMeEPIH 3epmmey.

Aoicmepi: CHKI ouaenocmukacvina apnanzan maxanraiapowst Pubmed, Web of Science, Scopus, Google scholar oepexxopaapwinoa
2015 arcvrnoan 2025 sucwinea Oeiiin i30ey gicone ipikmey acypeizinodi. Ocol wonyovl scazy yuiin bapnvlk pecypemap ootvinwa 107 o0ebu
Oepexkosz maodwvLiovl, onbly 30-bl YCbIHbLIZAH WOY2d eHei3inoi.
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Homuorcenepi: Konmeeen zepmmeynepoiy nomuoicenepi 6otivinua KCM-nvly opulndanysl onyail jicone nayuenmmep diCaxcol
xemepedi. byn adic LIM-0an apmuix, cebedi icikmiy namonio2uaIvlK Heoanauo2ene3iniy 00aysl mypanvl aknapam bepeoi. MPT-wen
canvicmuvipaanoa, KCM cezimmanoviavl men cneyugpuxanviavl dotiviHwa yxcac. Jemex, KCM cym 6e30epin euzyaiuzayusiayoviy
banama 90ici peminde Ko10aHbLLY bl MYMKIH, Oy1 pemme KCM konowcemimoipex srcone MPT kapcul kopcemxiwmepi Oap nayuenmmepee
JHCacanyvl MymKiH.

Kopoimoinovi: KCM o0iciniy cesimmanovievl, cneyuuraiviebl dcone 0o10ici cym 6e3iniy mviebl30bieblHblY MypIiHe JHCOHE
nayuenmmepoiy odicacvina Kapamacman, LM xepcemrxiwmepinen acein mycedi. OcvlHbly apkaceinoa 0Oy odic Jcalean O
HomudcenepOily CAHbIH A3atmyeaa JHeoHe Kadcemcis uHea3usmi o90icmepoiy Canvli ulekmeyee MyMKIHOIK 6epedi. Kamepni icikmepoi
VaKmulibl AHBIKMAY commi emoey MyMKIHOI2iH e0ayip apmmulpaobl JHcoHe Memacmaszoany Kaynin memeHoemeoi.

Tyuinoi ce3oep: xonmpacmol cnekmpaivovl mammozpapus (KCM), yugprovix mammoepapus (LIM), macnummi-peszonancmor
momoepagus (MPT), cym 6e3iniy xkamepni iciei (CHKI).

AHHOTALUA

BO3MOKHOCTH ABYXOHEPTETUYECKOM KOHTPACTHOI/I CIIEKTPAJIBHOM
MAMMOI'PAOUMN ITPHU KOMHJIEKCHOI/I JYYEBOM JIUATHOCTHUKE
PAKA MOJIOYHOM KEJE3BI:

OB30P JIUTEPATYPbI

C.A. Paxmanxynosa‘’, H. A. Kabunouna', A.b. Cadyaxacosa’, K. K. Kaounoun'

THAO «KaparaHauHcKuit MeuLMHCKNIA yHuBepcuTeT», Kaparanaa, Pecnybnuka Kasaxcras;
2PN Ha MXB «bonbHuua MeanumHckoro LenTpa ynpasnenua aenami Mpesugexta PK», Acrana, Pecry6nnka Kasaxcrau

Axmyanvnocme: Konmpacmnas cnexmpaivnas mammoepagus (KCM) npedcmasnsem coboii  cospemennyio mMemoouxy
BUZYATUAYUU, COYEMAIOUYIO YUPPOBYIO MAMMOSPADUIO C BHYMPUBEHHLIM KOHMPACMUPOBAHUEM HA OCHOGe 1l00a. Memoo nozeonsem
NOYUAMb U300PANCEHUSA, OMPANCAIOWUE AHSUOLEHE3 U BACKVIAPUAYUIO NAMOIOSUHECKUX 0UdA208, MEeM CAMbIM NOMEHYUATbHO
nosviulas OUAeHOCMUYeCcKyio MOYHOCMb Npu pake monounoil xcenezvl (PMJK). 3abonesaemocms u cmepmuocmo om PMIK cpeou
JICEHIUUH OCMAIOMCA HA 8bICOKOM YPOGHE NO 6CEMY MUpY, Ymo onpedeisem e2o0 akmyaivHocmyv. Hecmomps na muozoobewaiowjue
Pe3yIbmamol UCCie008aHUll, MHO2UE ACNEKMbl KIuHudecko2o npumenenus KCM mpebyrom danvuetiueeo usyyenus. B uacmnocmu,
AKMYANbHOIM ABIIAACMCA CPASHUMENbHAS oyenKka ouazHocmuyeckoll yennocmu KCM ¢ Opyeumu nyyesbimu memooamu 8u3yaiusayu,
Kak yugposoi mammozpapuu (LIM) u macnumno-pezonancrou momozpaguu (MPT).

ILlenv uccnedosanus — npoanarusuposams OUASHOCMUYECKUE 803MOICHOCU KOHMPACMHOU CHEKMPAIbHOU MaMmozpaduu
CpasHenuu ¢ Opy2uMu Memooamu 1y4esol OUazHOCMUKU NPU paKe MOJIOYHOU Jcelesbl.

Memoowi: [Ipousseden nouck u omoop cmametl, nocesweHnblx ouacnocmurxe PMJK, 6 6azax oannvix PubMed, Web of Science,
Scopus, Google Scholar 3a nepuoo ¢ 2015 no 2025 2o0a. [ra nanucanus dannozo 0b630pa no ecem pecypcam oviao uatioeno 107
AUMepamypHuLX UCMOYHUKA, U3 Komopbix 30 Ovlau 6KaOUeNbl 8 NPedCmagIeHHbill 0030p.

Peszynomamut: Hccneoosanus noxaswisaiom, umo KCM sensemes mexHuuecku blnOIHUMOU NPpoyedypoll i XOpOuwo NepeHoCUncs
nayuenmramu. Memoo noseonsiem eu3yaiuzuposamsv HeOAH2UOLEeHe3 ONYXOLU, Yno 0eadaem e20 6ojee UHGOPMAMUBHBIM NO CDABHEHUIO
¢ M. ITo uyecmeumenvrnocmu u cneyuguunocmu KCM conocmasuma ¢ MPT, oonako omauuaemcs 601vwiess 00CmMynHOCIbIO U MOJNCEN
npuMeHamsbcs npu Haauduu npomugonoxazanuil kK MPT.

3axnwuenue: KCM Oemoncmpupyem 6oinee 8biCOKVIO UHQGOPMAMUBHOCHb NO CpaHeHulo ¢ mpaouyuornou LM, ocobenno
6 clyyae B6bICOKOU NJIOMHOCMU MKAHEU MOJIOUHOU dcene3vl. bnacooaps komopvim, mMemoo no360um YMeHbWUMb KOIUYECEO
JIOJICHONONONHCUMENLHBIX DE3VILIMAMOE U 02PAHUNUND KOIUYECINEO HeCeNAMeNbHbIX UHEA3UBHbIX emeuiamenvems. Ceoeepemennoe
svisignenue PMOK Ha pannux cmaousx cyujecmeeHno nosbliulaenm WaHchl Ha YCnewHoe jeuenue, CHUUMb PUCK MEmacmasupo8anus u
VAYYWUmMs nokazamenu oowell u be3peyuoUuUsHoOU 8blIHCUBAEMOCTIIL.

Knioueswle cnosa: konmpacmuas cnekmpanvras mammozpapus (KCM), yupposas mammoepagus (L{M), maecnummno-pesonancuas
momoepagpus (MPT), pax monounoii scenesvl (PMIK).
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ABSTRACT

Relevance: One of the key challenges in modern oncology remains tumor resistance to therapy and the high risk of relapse, which
are largely associated with cancer stem cells (CSCs). Regulatory T cells (Tregs) are considered one of the factors supporting the
stem-like phenotype of tumor cells; however, the mechanisms of their interaction remain insufficiently studied. Despite the growing
number of studies addressing the impact of Tregs on CSCs in breast cancer (BC), colorectal cancer (CRC), and glioblastoma (GBM), the

fragmented and contradictory findings necessitated the con-duct of this analytical review.
The study aimed to systematize experimental, review, and clinical data on Treg-CSC interactions and to formulate hypotheses that

define future research directions and therapeutic approaches.

Methods: This comprehensive literature search was conducted in Medline (PubMed), NCBI, and Google Scholar databases covering
the years 2015 to 2025. The following terms were used: “T-regulatory cells” and/or “cancer stem cells” and/or “breast cancer stem
cells” and/or “colorectal cancer stem cells” and/or “glioma stem cells.”

Results: The literature review showed that Tregs, both directly and indirectly, activate key signaling cascades (TGF-p/SMAD,
NF-kB/CCLI, IL-10/STAT3) that maintain the stem-like phenotype of tu-mor cells and are associated with poor prognosis in BC, CRC,

and GBM.

Conclusion: Tregs and the molecular mechanisms they mediate can be considered potential targets for anticancer therapy,; however,
their use in clinical practice requires further experimental and clinical research.
Keywords: Regulatory T cells (Treg), cancer stem cells (CSCs), breast cancer stem cells, colorectal cancer stem cells, glioblastoma

(GBM), oncological diseases, oncoimmunology.

Introduction: According to GLOBOCAN data for 2022,
malignant tumors are the cause of more than 9.7 mil-
lion deaths, of which 9.3% were due to colorectal cancer
(CRQ), 6.8% to breast cancer (BC), and 2.6% to tumors of
the central nervous system, including glioblastoma [1]. In
the Republic of Kazakhstan in 2022, more than 20 thou-
sand deaths from oncological diseases were registered, of
which 9.5% were due to CRC, 7.6% to breast cancer, and
2.8% to tumors of the central nervous system, including
glioblastoma (GBM) [2].

The high recurrence rate and resistance to cancer ther-
apy are largely explained by the presence of cancer stem
cells (CSCs). CSCs are a subpopulation of cancer cells that
possess the ability to self-renew and undergo multiline-
age differentiation, which enables them to stimulate tu-
mor development and heterogeneity [3]. CSCs can reduce
the effectiveness of antitumor therapy by activating treat-
ment-resistant molecular mechanisms [4].

Within the tumor microenvironment, CSCs interact
with multiple immunosuppressive cell populations. These
include tumor-associated macrophages, myeloid-derived
suppressor cells, cancer-associated fibroblasts, and regu-

latory T cells (Treg). The latter are recruited to the tumor
microenvironment by the chemokines CCR4, CCR8, and
CCR10, as well as CXCR3 [5]. Tregs are capable not only of
suppressing the antitumor immune response but, as many
review articles have shown, also of directly or indirectly
supporting the stem cell phenotype of tumor cells [6-12].

Published studies on this topic have yielded dispa-
rate results to date, with most reviews focusing on specif-
ic tumor types or specific molecular mechanisms. There-
fore, this review aims to systematize and critically examine
the data regarding the role of Tregs in regulating CSCs in
breast cancer, CRC, and GBM.

The study aimed to systematize experimental, review,
and clinical data on Treg-CSC interactions and to formu-
late hypotheses that define future research directions and
therapeutic approaches.

Materials and Methods: To search for available liter-
ature data on the research topic, scientific publications
from 2015 to 2025 indexed in the Medline (PubMed),
NCBI, and Google Scholar databases were analyzed. The
following terms were used in the search: “T-regulatory
cells” AND/OR “cancer stem cells” AND/OR “breast cancer
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stem cells” AND/OR “colorectal cancer stem cells” AND/
OR “leukemic stem cell” AND/OR “glioma stem cells.” The
search revealed 89 potentially relevant sources (articles
and reviews) on the research topic. After removing du-
plicates and assessing their content, the most significant
and informative works (including reviews and descrip-
tions of original research) were selected. The selection
criteria were novelty, completeness of the data present-
ed, and the presence of unique information (works of low
quality or those duplicating data from previously pub-
lished studies were excluded). The final analysis includ-
ed 48 sources.

The source selection process included several sequen-
tial stages. At the identification stage, 89 publications were
identified from the Medline (PubMed), NCBI, and Goog-
le Scholar databases. After removing 9 duplicate records,

80 sources were included in the analysis. At the abstract
screening stage, 15 articles that did not mention Tregs
were excluded. A total of 65 publications were selected
for full-text evaluation, of which 17 were excluded due to
insufficient data (n=4), lack of reliable results (n=5), over-
lap with previously published materials (n= 4), and failure
to meet language criteria (n=4). Thus, the final systemat-
ic analysis included 48 articles that most fully and reliably
reflect the molecular mechanisms of interaction between
Tregs and CSCs in various malignant tumors. Inclusion cri-
teria were: original studies or reviews, a clear description of
the interaction between Tregs and CSCs, and the presence
of data on signaling mechanisms or clinical correlations.
Publications were selected independently by two authors.
The source selection process is presented in the PRISMA
diagram (Figure 1).

[ Identification of studies via databases and registers }

—» manually or by automation tools:

Records removed before
screening:
Duplicate records removed

n=9

Excluded by automation tools:
n=0

Removed for other reasons:
n=0

> Excluded during screening:

Records identified from the sources:
c - Databases: MedLine (PubMed),
= NCBI, Google Scholar, GLOBOCAN:
i n=76
EE - Registers and additional sources:
= Manual search, references in
o previous reviews: n=13
Total records before removing
— duplicates: n=89
Records reviewed: n=80
= Total full texts retrieved:
£ n=65
=
o
: :
o
(7]
Full texts assessed: n=65
—_—
J—
Studies included in the
5 review: n=48
»
=
©
£
 —

—| with reasons:

n=15

Reports not retrieved: n=0

Excluded after assessment,

Insufficient data: n=4

Lack of reliable results: n=5
Duplications/intersections with
other publications: n=4
Language of publication does
not meet the criteria: n=4
Total excluded: n=17

Figure 1 — PRISMA diagram reflecting the process of selecting sources for analysis
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Results:
General characteristics of cancer stem cells. CSCs are a
subpopulation of cancer cells that contribute to tumor de-

velopment and heterogeneity. Seven common core intra-
cellular signaling pathways are involved in both embryon-
ic development and malignancy (Table 1).

Table 1 - Main intracellular signaling pathways of cancer stem cells (CSCs)

Signaling pathways

Key effects for CSCs

Source

resistance

JAK/STAT Support of the stem cell phenotype promotes activa-tion of epithelial-mesenchymal Huang B. et al. [13]
transition (EMT), in-vasion, and metastasis

NOTCH Regulation of differentiation, maintenance of the CSC population, and participation in | Shi Q. et al. [14]
drug resistance

NF-kB Activation of IL-6/IL-8 production, support of CSC survival, and development of drug | Guo Q. et al. [15]

Whnt/B-catenin

Maintenance of self-renewal, activation of NANOG and c-MYC transcriptional
programs, formation of therapeutic resistance

Song P. et al. [16]

TGF-B/SMAD Initiation of EMP, enhancement of plasticity, and ex-pansion of the CSC pool Allgayer H. et al. [17]
PI3K/AKT/mTOR Metabolic adaptation of CSCs, maintenance of surviv-al, and resistance to therapy Prabhu KS et al. [18]
MAPK/ERK Stimulation of CSC proliferation and formation of tumor spheres Chu X. et al. [19]

Even small numbers of isolated CSCs expressing char-
acteristic stem cell markers can initiate tumor devel-
opment in immunodeficient mice [20]. In some types
of cancer, CSCs exhibit resistance to chemotherapeu-
tic drugs such as docetaxel, doxorubicin, cyclophospha-
mide, and trastuzumab [21]. Therefore, this cell popula-
tion is attracting increasing attention from researchers as
a key target for the development of new cancer therapy
strategies.

General characteristics of regulatory T cells. Tregs are a
population of CD4* T-cells that regulate both innate and
adaptive immune responses against the body’s own cells,
virulent agents, and tumors [22]. Tregs play a crucial role
in maintaining immune system homeostasis by eliminat-
ing autoreactive T cells, promoting self-tolerance, and sup-
pressing inflammatory processes [23].

FOXP3 is a specific marker of Tregs, which belongs to
the family of regulatory transcription factors. In the ab-
sence of this protein expression, Tregs lose their ability to
suppress the immune system [24].

The influence of regulatory T cells on breast cancer can-
cer stem cells. Breast cancer CSCs can differentiate into var-
ious tumor cell types, thereby maintaining tumor hetero-
geneity. Due to their self-renewal capacity, they provide a
constant stem cell pool throughout breast cancer progres-
sion [25].

The NF-kB/CCL1 signaling cascade is a key molecular
mechanism that recruits Tregs to tumor sites. Activation of
the NF-kB transcription factor in CSCs leads to increased
production of the chemokine CCL1, which promotes the
recruitment of Tregs to the tumor microenvironment.
Possessing pronounced immunosuppressive properties,
Tregs not only suppress the antitumor response but also
stimulate CSCs. They promote the increased expression of
key stemness transcription factors—SOX2, OCT4, and NA-
NOG [26-29].

Interestingly, overexpression of SOX2 activates tran-
scription of the chemokine CCL1, which, as previous-
ly reported, attracts Tregs to tumors [27]. Thus, a unique

relationship emerges in which stem cell factor markers en-
hance tumor infiltration of Tregs, which in turn maintain a
persistent CSC phenotype in breast cancer (Figure 2).

One of the primary mechanisms by which Tregs in-
fluence CSCs in breast cancer is the production of the
cytokine TGF-B, which induces the expression of the
aforementioned stem cell transcription factors, as well
as the WNT3a and ESR1 genes. These genes, in turn,
promote the formation of mammospheres - spherical
structures consisting of a cluster of cells with stem cell
properties [26, 28].

The influence of regulatory T cells on colorectal cancer
cancer stem cells (CRC CSCs). One of the variants of direct
interaction between CRC CSCs and Tregs is the RANKL/
RANK molecular mechanism. The RANK receptor (TNFRS-
F11a), expressed on CRC CSCs, induces an increase in intra-
cellular Ca’ *levels through the PLCy-IP3-STIM1 signaling
pathway. This leads to the dephosphorylation of NFATCT,
which activates the transcription of the ACP5 gene, asso-
ciated with an unfavorable prognosis in patients with can-
cer, particularly in those with CRC [30, 31].

Tregs, in turn, express RANKL (TNFRSF11), a ligand of
the RANK receptor. It has been established that activa-
tion of the RANKL/RANK pathway leads to increased ex-
pression of CD44 and CD133, the main markers of CRC
cells [32].

Cytokines such as TGF-B, IL-13, and IL-17 play a key role
in stimulating the activity of CRC CSCs. TGF-f triggers epi-
thelial-mesenchymal transition (EMT), thereby promoting
the dedifferentiation of CRC cells into CRC CSCs. This leads
to an expansion of the CRC CSCs’ pool and increases tumor
resistance to therapy [33, 34]. IL-13 activates the STAT3 sig-
naling pathway, increasing the expression of SOX2, LGR5,
and Prom1 genes, which are critical for tumor cell self-re-
newal and stemness maintenance [35, 36]. IL-17, through
the activation of MAPK and AKT kinases, promotes the for-
mation of CRC CSCs. It was also previously noted that IL-
17 stimulates the expression of CD44, CD133, and CD166,
which are markers of CRC cells [37] (Figure 3).
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peKkpyTUpoBaHue

OCK npu PMXK

MuKpookpy:KeHune
onyxonu

Legend: MukpookpyxeHue onyxonu — Tumor microenvironment; OCK npu PMXX - breast cancer CSCs; pekpymupogaHue — recruiting
Figure 2 — The SOX2-CCL1-Treg loop supporting the CSC stemness in breast cancer
Note: The image was created by the author using the BioRender.com web resource.

Onyxonesas
KneTka

50X2
NANOG

aKTUBauva
ACP5

IL-17

IL-13

TGF-B

Onyxonesas
KneTka

Legend: Onyxonesas knemka — Cancer cell; Akmusayus ACPS — ACPS activation; iHgasus - Invasion; OCK — CSC
Figure 3 — Key molecular mechanisms of interaction between Tregs and colorectal cancer cells
Note: The image was created by the author using the BioRender.com web resource.

The influence of regulatory T cells on cancer stem cells in  pathway in both autocrine and paracrine manners, induc-
glioblastoma. One of the key mechanisms by which Tregs  ing the expression of SOX2, OCT4, and NANOG (Figure 4).
mediate their action on CSCs in glioblastoma is the secre-  This leads to increased formation of neurospheres - spher-
tion of TGF-B1, which stimulates the production of IL-6 ical structures consisting of stem-like glioma cells that are
by tumor cells. This cytokine activates the STAT signaling  associated with tumor aggressiveness [38].
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TGF-B1
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NANOG

OnyxoneBas
KneTka

Legend: Onyxonesas knemka — Cancer cell; OCK — CSC
Figure 4 — Indirect influence of Tregs on cancer stem cells in glioblastoma
Note: The image was created by the author using the BioRender.com web resource.

Discussion: The experimental preclinical studies and re-
view articles reviewed above indicate the ability of Tregs to
enhance the stem-like properties of tumor cells. Systemati-
zation of the available modern data enabled us to identify
the best-studied molecular mechanisms by which Tregs in-
fluence CSCs in breast cancer, CRC, and GBM. The data pre-
sented in Table 2 demonstrate the similarity of the final ef-
fects of Tregs in the tumor types considered, despite the
differences in their mechanisms of action. Tregs increase
the activity of genes and transcription factors responsible
for the stem-like properties of tumor cells, which ensures
their survival, promotes the maintenance of CSC popula-
tions, and is associated with an unfavorable prognosis.

It is also worth noting that a common trend for all can-
cer types described in the article is the presence of a clinical
correlation between a high level of Treg infiltration and un-
favorable clinical outcomes, which is expressed in a reduc-
tion in overall survival (OS) and increased hazard ratio (HR)
values for breast cancer, GBM, and CRC ( Table 3).

Clinical cohort studies that simultaneously analyze CSCs
and Tregs are currently limited in number. The most meth-
odologically comprehensive example remains the study by
TJ Miller et al., which found that Tregs modified the prog-
nostic value of SOX2 in CRC [39]; however, comparable data
are lacking for breast cancer and GBM. This highlights an un-
met clinical need and provides direction for future research.

Based on the analysis of the presented material, we
propose several hypotheses that could potentially form
the basis for the development of new therapeutic strate-
gies (Table 4).

However, the degree of clinical feasibility of these hy-
potheses varies. Thus, cytokine blockade has been preclini-
cally confirmed [38, 47-48], while simultaneous blockade of
Treg chemokine receptors and key CSC signaling pathways
requires further experimental and clinical studies.

This review has several limitations that must be consid-
ered when interpreting the results. Most of the studies re-
viewed were conducted in preclinical settings (cell lines,
animal models), which limits their direct extrapolation to
clinical practice. The differences between individual Treg
subtypes (FoxP3E2+, CCR8+, CD177+) and their impact on
the CSC population were not examined in detail, leaving
unclear which Treg subsets play a key role in maintaining
the stem cell phenotype. The question of how modern ther-
apies (immunotherapy, chemotherapy, targeted therapy)
modify the balance between Treg and CSCs is also insuffi-
ciently addressed. Furthermore, the temporal aspects of
Treg recruitment to tumors, the specifics of their direct con-
tacts with CSCs in vivo, and the consequences of therapeu-
tic Treg modification for tumor resistance and the effective-
ness of immunotherapy remain poorly understood.

At the same time, this review is not limited to listing in-
dividual molecular mechanisms, but represents an attempt
to synthesize disparate data into a holistic model of the
role of Tregs in maintaining CSCs. It has been demonstrat-
ed that Tregs are involved not only in the formation of an
immunosuppressive microenvironment but also directly
support the stem phenotype through the activation of sig-
naling pathways, such as TGF-3/SMAD, IL-10/STAT3, NF-kB/
CCL1, and RANKL/RANK. These mechanisms are associated
with the induction of transcription factors SOX2, OCT4, and
NANOG, as well as increased expression of stemness mark-
ers (CD44, CD133), and are linked to the formation of mam-
mospheres and neurospheres, which reflects the plasticity
and therapeutic resistance of tumors.

The contribution of this review lies not only in its sys-
tematization of existing data but also in the formulation of
its own hypotheses. The proposed approaches, based on
a comparison of current data, allow us to identify specif-
ic directions for further preclinical and clinical validation.
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Table 4 Potential strategies for blocking Treg-mediated mechanisms and their impact on cancer

stem cells (CSCs)

'mnoTesa

[MoTeHumanbHbIN MeXaHN3M OeNCTBUS

Mpepnonaraembivi achekT

Simultaneous block-ade of
Treg chemo-kine receptors
(CCR4, CCR8) and key
CSC signaling pathways in
breast cancer

Blocking Treg chemokine receptors (CCR4,

CCRS8) with monoclonal antibodies can limit the
re-cruitment and migration of Tregs into the tumor
microenvironment.

Suppression of key intracellular signaling pathways
using small-molecule inhibitors or epigenetic

1. A decrease in the number of Tregs in the tumor
microenvironment could potentially partially
reduce immunosuppression, contributing to the
normalization of the antitumor activity of CD8*
T-cells.

2. Suppression of key CSC signaling pathways

inhibitors.

will reduce the expression of the CSC stem cell
phenotype, re-sistance to therapy, and the likelihood
of relapse.

Blockade of IL-6 cy-tokines
in glioblas-toma
of SOX2, OCT4, and NANOG.

Inhibition of IL-6 prevents the activation of the JAK/
STAT pathway, which in turn blocks the expression

1. Reduced autocrine and paracrine support of CSC
stem cell phenotype.

2. Reduced neurosphere formation associated with
maintenance of CSC population.

3. Reduced CSC pool will weaken their ability to
self-renew and recover after therapy.

TGF-B cytokine blockade
for breast cancer,
glioblastoma, and
colorectal cancer

acti-vation of EMT.

Neutralization of TGF-3 pre-vents SMAD-dependent

1. Limited activation of stem transcription factors
(SOX2, OCT4, NANOG).

2. Decreased formation of mammospheres and
neurospheres.

3. Reduced CSC tumor cell dedifferentiation.

4. Reduced CSC pool.

Conclusion: The combined data presented indicate
that Tregs may be involved not only in forming an immu-
nosuppressive microenvironment but also in maintaining
the properties of CSCs that determine the aggressiveness
of the disease and resistance to therapy. Although this re-
lationship has not yet been definitively confirmed clinical-
ly, a comparison of experimental and clinical observations
suggests it as a promising avenue for further research.
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AHJATIIA

T-PET VJISATOPJIBIK )KACYIIAJAPIBIH KATEPJI ICIK JITH
FKACYIIAJIAPBIHA TUTTI3ETIH BIKIAJIBI:
OJIEBUETKE HIOJY

A.M. Tonenouesa', C.A. Kan'3, HM. Hypzanueea'?, H.A. Omapéaesa®, E.O. Ocmanuyk'?

1«M.A. ARTXOXINH aTbIHAAFbI MOSIEKYNanblK 61onorus xaxe Gruoxumua uHcTutyToi» KK PMK, Anmarel, KazakctaH Pecnybankace;
2«dn-Oapabu abiHgarbl Kasak yatTolk yHusepcutetin KEAK, Anmatbl, Kasakcran Pecny6nukachl;
3¥nTTblK GUoTeXHONOrMA opTanblFbi» XLUC AnMaTbl KanacbiHaarbl uananbi, Anmatbl, Kazakcran Pecny6aukacs;
4«Ka3aK OHKONOrus XaHe PaAnonoria FolNbIMU-3epTTey UHCTUTYTbI» AK, Anmarbl, KasakctaH Pecniybnukacs!

Ozexminizi: Kazipei oHKONIO2UAHBIY Heei3el Mocenenepiniy 6ipi — icikmepdiy mepanusiaa me3iMoiniel JHoHe Kaumaiany KayniHiy
orcozapul 6onyel, byn Kebinece icik Oasananvl ocacyuanrapvimer (IBIK) 6atinanvicmol. Pecynamopnvt T-orcacywanap (Treg) icik
dHCACYULAnapeinbly 6a2analbl eHOMUnin Koioaumsin Gakxmopiapowiy 0ipi peminde Kapacmulpuliadvl, aiaudd 01apoblH 63apa
apekemmecy mexaunusmoepi scemxinikmi sepmmenmezer. Cym oesi oovipel (CHO), konopexmanodwvt oovip (KPO) oscone enuodbracmoma
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(I'BM) kesinoeei Treg nen IBJK ocepine apnaiean 3epmmeyiep CAHbIHbIY APMYbIHA KAPAMACMAH, HOmMudiceiep oni 0e ¢pazmenmmi
JicoHe Kapama-gatiubl 60uin omeip. byn ananumuxansix wionyowl jcypeizyoiy Kaxcemminicin auKslHOaobl.

3epmmey maxcamot — Treg nen IB)K o3apa opexemmecyine Kamvicmol SKCREPUMEHMMIK, WOLY JHCOHE KAUHUKATILIK 0epeKmepoi
Jicytieney Jlcone Keieulekmezi 3epmmeyinep MeH mepanegmix mociioepoi auKplHOAUmMolH 2UNOme3aiapobl MyAHcblPbIMOAy.

Aoicmepi: Medline (PubMed), NCBI, Google Scholar oepexmep 6azanapeinoa 2015 sceinoan 2025 siceinea Oeiiin kewienoi ooebuem
i30eyi oicypeizindi. 130ey kesinoe mvina mepmunoep Koroanwiiowl: «T-regulatory cellsy oicone/nemece «cancer stem cellsy scone/nemece
«breast cancer stem cellsy orcone/nemece «colorectal cancer stem cellsy ocone/nemece «glioma stem cellsy.

Homuorcenepi: 9oedou wiony Treg scacywanapwinvly mikeneii de, jdcanama mypoe oe nezizei cueHanovx xackaomapowi (TGF-p/
SMAD, NF-kB/CCLI1, IL-10/STAT3) 6encendipin, icik scacywanrapuinwiy bazanansl genomunin Koaroaumuinsin dtcomne onapoviy CBO,
KPO sicone I'BM ke3inoe Konaiicwiz 60asicammer OAIaHblCmbl eKeHiH KOpCcemmi.

Kopoimuinowi: Treg sicone 0aapobiy onocpeousiaimoii MOJLEKYIANbIK MeXAHUZMOEPI iCIKKe KapCcbl mepanusi yulin oieyemmi HblCam
peminoe Kapacmelpuliysl MYMKIH, aiauod KIUHUKATGIK NPAKMUKA2A eH2i3y YWlin KOCLIMUA IKCHEPUMEHMMIK JCOHe KAUHUKATLIK
3epmmeyiep Kasicen.

Tyiiinoi co30ep: Pezcynsmopnvl T-orcacywanap (Treg), icik bazananst scacywanapul, cym 6e3i 00bipolibly 6a2aHAIbL HCACYUATADBI,
KOIOPEKmanovl 00bipObiy 6A2AHANbL JHCACYUANAPDL, 2AUODIACMOMA, OHKOLOSUSLIBIK AYPYILAD, OHKOUMMYHOJLO2USL.

AHHOTALUA

BJIMAHUE PET'YJISITOPHBIX T-KJIETOK HA OIIYXOJIEBBIE CTBOJIOBBIE KJIETKHU:
OB30P JIMTEPATYPbI
A.M. Tonenouesa', C.A. Kan'3, H M. Hypzanueea'?, H. A. Omapoaesa’, E.O. Ocmanuyx'?

1PTTI Ha MMXB «MHCTUTYT MONEKYNSpHOii Gronoru u 6uoxumum umenn M.A. AiiTxoxiHa», Anmatbl, Pecny6nika Kazaxcran;
2HAQ «Ka3axckmii HaLmMoHaNbHbIil yHuBepcuTeT UM. anb-Oapabu, Anmarbl, Pecny6nuka Kaaxcrax;
3Ounnan TO0 «HaumnoHanbHblii LieHTp GuoTexHoNorMM» B T. ANMatbl, Anmarbl, Pecny6nka Kasaxcraw;
4A0 «Ka3zaxckuit HayuHO-MCCNe0BATENbCKMI MHCTUTYT OHKONOTIAM 11 paauonorui», Anmarl, Pecny6nuka Kazaxcran

Axmyansnocms: OO0HOU U3 KIIOUEBbIX NPOOIEM COBPEMEHHOU OHKONO2UU OCMAEMCs YCMOUYUBOCHb ONYXOnell K mepanuu u
8bICOKUL PUCK PEYUOUBOSB, 80 MHOSOM C8A3AHHBIX ¢ onyxonesvimu cmeonosvimu kiemxamu (OCK). Pecynamopnvie T-knemxu (Treg)
paccmampugaiomcs Kak 00uH U3 Qaxmopos, noo0epiHCUBAoWUX Cmeono60ll PeHomun onyxonesvlx Kiemok, 0OHAKO MeXaHuMbl Ux
63aUMO0elcmeUs. 0Cmaiomcs He0oCmamoyHo uzyiuennvimu. Hecmomps na 6ospacmaiowee 4ucino uccneo08amnull, NOCEAUJEHHbIX
sauanuio Treg na OCK npu paxe monounou ycenesvt (PMIK), konopexmanvnom paxe (KPP) u eauodnacmome (I'BEM), pezynomamor
ocmaromces pazmenmapHblMu U nPOMUEOPeUUSbIMU, YO 00YCI08UL0 HEOOXOOUMOCTb NPOBEOEHUs OAHHO20 AHATUMUYECKO20 0030Dd.

ILlenv uccnedosanus — cucmemamuzayusi KCHEPUMEHMANbHBIX, O0030PHbLIX U KAUHUYECKUX OAHHBIX O B3AUMOOelCmaul
pecynamophbix T-K1emok u Onyxoaeeblx Cmeoi06biX K1emokK u (QOpMYIUposKa 2unomes, Onpeoeisiomux nepcneKmusHole Ucciedo8aHsl
u mepanesmuyeckue nooxooul.

Memoowi: TIposeden komniekcHvill nouck aumepamypsi 6 6azax dannvix Medline (PubMed), NCBI, Google Scholar ¢ 2015 no
2025 ze. Ilpu noucke ucnonvzosanuce mepmunsl: «I-regulatory cells» u/unu «cancer stem cellsy u/unu «breast cancer stem cellsy u/unu
«colorectal cancer stem cellsy u/unu «glioma stem cellsy.

Pesynemamui: O630p aumepamypel nokaszai, umo ITreg Kak HenocpeoCmeenHo, max u onocpedo8aHHo akmuupylom Kilouegble
cuenanvhvie kackaovl (TGF-f/SMAD, NF-kB/CCLI1, IL-10/STAT3), komopoeie cnocobcmayiom noooepaicanuio cmeoiogozo genomunda
ONYX01e8bIX KIEMOK U ACCOYUUPOBANbLL ¢ HeOnazonpusimuvim npoenozom npu PMIK, KPP u I'bM.

3akniouenue: Treg u onocpedyemvle umMu MONEKYAAPHbIE MEXAHUIMbL MO2YM PACCMAMPUBAMBCSA KAK NOMEHYUANbHbIE MULUEHU
07151 NPOMUBOONYXONEBOU Mepanuil, OOHAKO UX NPUMEHEeHUe 68 KIUHUYEeCKOU npaKkmuke mpebyem O0anibHetuuux SKCnepuMenmanibHblX u
KAUHUYECKUX UCCIe008aAHUI.

Knioueswvie cnosa: Pecynamopnvie T-knemxu (Treg), onyxonegvie cmeonoguie Kiemkiu, Ceoa08ule KiemKu paka MOJIOYHOU dicene3ul,
CMEOoJI06ble KIeMmKU KONOPEKMAlbHO20 PaKd, 21u001acmoma, OHKoI02uecKue 3a0071e6anus, OHKOUMMYHOLOUSL.
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