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Dear readers!

The summer months have flown by, with a series of international scientific conferences,
intense clinical and scientific-pedagogical activity have passed - and we meet again on the
pages of our journal. The third issue was compiled during the summer holidays, but this did
not affect the activity of the authors and editorial colleagues in any way!

The third issue offers the results of interesting studies, various clinical cases, and reviews
of the epidemiological situation.

Firstly, we are pleased to announce that after the hacker attacks, the journal platform
was updated, and now you can submit an article and read the updated requirements
for scientific publications at https://ojs.oncojournal.kz/index.php/oncol-and-radiol-of-
kazakhstan.

Besides, we consulted with the Clarivate Analytics agency on the assessment process and
criteria for selecting our journal for indexing in Web of Science. Through our joint efforts,
high-quality articles, and high citation rates of our authors, we can apply for inclusion in the
Web of Science database collection of high-quality journals.

We encourage authors to carefully study all changes and submit correctly prepared
articles. This will significantly reduce the time for technical editing and increase the chance
of being published in our next issue.

The Journal’s table of contents contains the titles of the articles that you can find on our
pages.

Thank you for staying with us!

Respectfully Yours,
Dilyara Kaidarova,
Editor-in-Chief of the “Oncology and Radiology of Kazakhstan” journal
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ASSESSMENT OF THE EFFECTS OF RADIATION
ON THE STABILITY OF THE GENOME
OF THE POPULATION FROM THE TERRITORIES
ADJACENT TO THE SOURCE OF POLLUTION

A.B. BIGALIYEV', B.O. BEKMANOV?* T.G. GONCHAROVA3, K.Z. SHALABAEVA',
A.N. KOZHAKHMETOVA', AM. MYRZATAY'
'al-Farabi Kazakh National University, Aimaty, the Republic of Kazakhstan;

Znstitute of Genetics and Physiology of the Ministry of Science and Higher Education of the Republic of Ka-zakhstan, Almaty, the Republic of Kazakhstan;
*Kazakh Research Institute of Oncology and Radiology, Aimaty, the Republic of Kazakhstan

ABSTRACT

Relevance: The increasing introduction of new mutagenic factors into the human environment increases the frequency of hereditary
human diseases associated with exposure to environmental mutagens. In the case of radiation exposure, the problem arises of the
need to identify risk groups of people with hypersensitivity since the effect of radiation on the body, in addition to direct effects on its
functional subsystems, induces or activates protective systems (repair, adaptation). If the DNA repair system is damaged, the risk of
induction of mutation frequency increases. The above highlights the relevance of the research topic and the results obtained.

The study aimed to assess the impact of radiation pollution on the stability of the genome and human health, considering the long-
term genetic consequences.

Materials and methods: Field and laboratory methods were used, such as creating a system of sites for sampling environmental ob-
Jects, human peripheral blood samples, methods for measuring the radiation activity of objects, and cytogenetic and molecular genetic
methods.

Results: Gamma activity measurements showed that the radiation level in the surveyed territory of the landfill and adjacent settle-
ments was 0.6 to 0.14 mSv/h. Of particular importance in this regard is the study of the mechanisms of individual sensitivity to radiation
and the role of the DNA repair system. Molecular genetic studies of the DNA of blood cells and cytogenetic analyses of people living in
the zone of influence of the radioactive waste landfill revealed the spread of several mutant genotypes, which indicates the likelihood of
an increased risk of environmental diseases in persons with pronounced genome instability.

Conclusion: The radiation level on the territory of the landfill and adjacent settlements was 0.6 to 0.14 mSv/h. The analysis of the
dis-tribution of people by genotypes in the examined groups showed an increase in the frequency of heterozygous alleles of the XRCCI
repair gene to 35% compared with the control group (10%), and the frequency of homozygous alleles for the Trp/Trp allele does not
exceed the control level (3%). In turn, for the XRCC3 gene, there is a slight excess in the frequency of heterozygotes, and the homozygous

Thr/Met allele remains at the control level — 21% compared with the control of 2%.
Keywords: mutagens, radiation, environment, genes, hereditary diseases, genome.

Introduction: Remote genetic consequences of ra-
diation factors pose a real danger to biota humans and
are important for environmental protection and hu-
man health. Knowledge of the mechanisms of radia-
tion exposure is associated with individual radiosensi-
tivity of organisms and the activity of the DNA damage
reparation system (repair). In this regard, the increased
frequency of human diseases associated with environ-
mental mutagens determines the need to identify risk
groups of people with increased sensitivity to radiation
exposure. In addition to direct exposure, radiation also
has an indirect effect on the body, particularly through
protective systems, which in most cases leads to disrup-
tions in the structure and function of the DNA molecule
[1]. If the reparation systems do not work properly, the
risk of mutation increases sharply [2]. The above empha-
sizes the relevance of the research topic and the results
obtained.

The study aimed to assess the impact of radiation pol-
lution on the stability of the genome and human health,
considering the long—term genetic consequences.

Materials and methods: The types of radiation sources
are given in Tables 1-4: these are settlements adjacent to
the radioactive waste disposal site and located, taking into
account the wind rose, on the leeward side, mainly in the
Munaylinsky district and partially in the Tupkaragansky
district, from whose territories soil, plant and water sam-
ples were taken (Figure 1).

The names of the surveyed settlements are also provid-
ed in Tables 1-4. The locations with elevated radiation lev-
els are indicated in the description of the results of radio-
ecological studies.

The studies of radioactivity of soil and vegetation sam-
ples were carried out by the gamma spectrometric meth-
od using the Multirad-gamma device (TD Avtomatika,
Smolensk, Russian Federation) MKS-OTA No. 1935 (VA.17-

4 Oncology and Radiology of Kazakhstan, Ne3 (73) 2024
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04-46889 dated September 15, 2023) and laboratory stud-
ies - molecular genetic analysis of DNA by the RAPD and
ISSR methods on human peripheral blood samples [3]. The
selected soil and plant samples in rural areas of the Munay-
li district of the Mangistau region were examined by the
gamma spectrometric method in the radiological laborato-
ry of the branch of the RSE on the Right of Economic Man-
agement “National Center of Expertise” of the State Public
Enterprise of the Ministry of Health of the Republic of Ka-
zakhstan for the Mangistau region following the Order of
the Minister of Health of the Republic of Kazakhstan dated
August 2, 2022 No. KR DSM-71 “On approval of the research
procedure.” Water samples were analyzed using the radi-
ometric method on the UMF-2000 radiometer No. 1169, ver-
ification certificate No. A.17-04-46969 dated September 11,
2023, and also in the radiological laboratory of the branch
of the RSE on the Right of Economic Management “Nation-
al Center for Expertise” of the Ministry of Health of the Re-

public of Kazakhstan in the Mangistau region. Blood sam-
ples were taken from 60 residents of settlements adjacent
to the landfill (38 women and 22 men). The control group
consisted of 55 Almaty region residents with no contact
with radiation. Genomic DNA was isolated from peripheral
blood samples using a genomic DNA purification kit (Gene-
JET, Thermo Fisher Scientific, USA). Quantitative and qual-
itative assessment of the isolated DNA was performed us-
ing spectrophotometry (NanoDrop One, Thermo Scientific,
USA) and agarose gel electrophoresis. Then, specific prim-
ers for the genes XRCC1 Arg194Trp, XRCC1 Arg399Gin, and
XRCC3 Thr241Met were synthesized. The primers were syn-
thesized on an automatic synthesizer ASM-800 (RF). The
synthesized primers were tested in test reactions of PCR
genotyping. The finished lyophilized primers were stored in
freezers (-20°C) for PCR analysis. The polymerase chain re-
action methods included restriction fragment length poly-
morphism (PCR-RFLP) and gel electrophoresis.

Lake Koshkaf-At3

Figure 1 - Overview map of the current state of the tailings storage facility

Results: Below are the results of radiological studies of
the total radioactivity of soil, plant, and water samples (ta-

Tables 1-4 indicate the sampling points of soil, water,
and plants and the results of the determination of the lev-

bles 1-4). el of radiation activity.
Table 1 - Specific effective (total) activity of soil from the solid waste landfill
No. of Sample ; ;
samples description Sampling point Cs-137 Ra-226 Th-232 K-40 Sr-90
1 Soil Solid waste 1.241.1 23.4+3.9 10.542.5 382474 e

Note: * - the activity was below the device sensitivity

Oncology and Radiology of Kazakhstan, Ne3 (73) 2024
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Table 2 - Specific effective (total) activity of soil with plants from the flour terminal area

No. of Sample ] ;
samples description Sampling point Cs-137 Ra-226 Th-232 K-40 Sr-90
P From the flour .
10 Soil with plants terminal area <5.9 <8.8 <20 820+230 -

Note: * - the activity was below the device sensitivity

Table 3 - Total effective activity of drinking water

No. of S | ; 3 L .
sar%p?es des%rrTi]Sti%n Sampling point Activity indicators, Bg/L Detected value Permissible value
4 Decentralized | Mangistau region, rural Total alpha activity 0.044+0.012 0.2
drinking water area— 1 Total beta activity 0.062+0.014 1.0

Table 3 - Total effective activity of sea water

sgl;b?gs dessé(l:rrrilgtlieon Sampling point Activity indicators, Bg/L Detected value Permissible value
Sea water from ) ) Total alpha activity 0.15+0.034 not rated
7 the channel, |Mangistau region, coastal
entrance to sea zones Total beta activity 0.09+0.018 not rated
MAEK, point 1

Site No. 1: Akshukyr Village. Coordinates: N 43° 0’
46.089", E 51° 0’ 5.311". The elevation of the region is 7 me-
ters. Ground radiation level: 65 nanosieverts per hour.

Site No. 2: Baskudyk Village, Biotope 1. The elevation
of the region is 15 meters. Coordinates: N 43° 0’ 41.960", E
51° 0" 12.232". Ground radiation level: 67 nanosieverts per
hour. The radiation level at the sampling site is 103 nanos-
ieverts per hour.

Site No. 3: Mangystau-1 Village. Site No. 4. Coordinates:
N 40°0'42.529”, E 51° 17’ 707". The elevation above sea lev-
el is 10 meters.

Site No. 4: Mangystau-5 settlement, coordinates: N 43°
0’ 41.649", E 51° 0" 17.797". The elevation of the region is 14
meters. Radiation level: 68 nanosieverts per hour.

Site No. 5: Mangistau Nuclear Power Complex - Chem-
ical and Hydrometallurgical Plant (CHMP) located in the
southern region of Aktau. The radiation level in the wa-
ter samples from the discharge channel of the Mangys-
tau Nuclear Power Engineering Plant is 0.08-0.09 mSv/h.
Unusually high levels of gamma radiation were record-
ed near CHMP and the Aktau Foundry Limited Liabili-
ty Partnership (LLP). The absolute maximum recorded is
1.98 uSv/h near CHMP [4]. Numerous investigations have
demonstrated that the levels of radionuclides in environ-
mental components collected from identical locations
in areas surrounding the contamination source (radioac-
tive waste disposal site) conform to sanitary and hygien-
ic norms. The data about the buildup of radionuclides
in plant samples aligns with the documented total al-
pha and beta activity in the assessed villages around the
dump. The study area exhibits a negligible background
radiation level, with an average environmental radia-
tion dosage of 0.12 pSv/h. The peak measurement of 1.98
puSv/h was documented at site No. 5.

According to the results from the radiological survey
of the area, essential preparatory work was conducted for
molecular genetic research to evaluate the effects of radi-
ation exposure on public health [5].

Blood samples from 60 individuals residing near
the test location were utilized to assess the condition

of the body'’s repair mechanisms in the Mangystau re-
gion occupants. The polymorphisms of the XRCC1 Ar-
g194Trp (rs1799782), XRCC1 Arg399GIn (rs25487), and
XRCC3 Trp241Met (rs861539) genes were examined. Ta-
ble 5 presents the exact primers for the examined re-
pair genes, including the sequences of the primers and
the endonucleases utilized for analysis. A commercial
GenelET kit (ThermoScientific, USA) was employed for
DNA isolation. A qualitative evaluation of the extract-
ed DNA was conducted by agarose gel electrophore-
sis (Figure 2).

IHK wp

Figure 2 - Electrophoregram of DNA isolated from human pe-
ripheral blood: 1-7 - genomic DNA samples

Figure 2 illustrates the electrophoregrams of various
DNA samples, showing that the electrophoretic analysis
confirmed the isolated DNA's high quality and absence of
degradation throughout the isolation procedure.

Table 5 presents the sequences of specific primers for
the analyzed genes, the name of the restriction endonu-
clease used in restriction analysis, and the corresponding
fragment sizes.

The diversity of the XRCC1 Arg194Trp, XRCC1 Arg-
399GIn, and XRCC3 Thr241Met repair genes was exam-
ined in individuals residing in places adjacent to radia-
tion-contaminated sites to assess the condition of the
body’s repair mechanisms. The polymorphism induction
of the XRCC1 Arg194Trp, XRCC1 Arg399GiIn, and XRCC3
Thr241Met genes was assessed using the PCR-PDRF
method. The DNA repair gene polymorphism frequent-
ly influences individual susceptibility to environmental
stressors, such as radiation.

6 Oncology and Radiology of Kazakhstan, Ne3 (73) 2024
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Table 5 - Primers used and conditions for amplification, restriction, and target products of XRCC1 and XRCC3 repair genes

: . Restriction | Restriction products
Gene Primers PCR conditions enzyme (polynucleotides)
. . . a4 Arg/Arg: 89+59
(F) 5°-CAA GTA CAG CCA GGT CCT AG-3 40 cycles: 94°C - 15's : :
XRCC1 Arg399GIn | (R) 5~ CCT TCC CTC ATC TGG AGT AC-3° 55°C-30s72°C-45s | Noll | AIOGIn: 248+159+89
40 cycles: .
. . o Arg/Arg: 490
F)5-GCC CCG TCC CAG GTA-3 94°C-15s .
XRCC1 Arg194Trp ( . . o Pvull Arg/Trp: 490+294+196
(R) 5°-AGC CCC AAG ACCCTT T-3 %08 - ig : Trp/Trp: 294+196
(F)5'-GCC TGG TGG TGG TCA TCG ACT C-3' 40 cycles: 94°C - 15's Thr/Thr: 136
XRCC3 Met241Thr | (R) 5'-ACA GGG GGG CTC CTC TGG AAG GCA 60°C—-30s Ncol Thr/Met: 136+97+39
CTG CTC AGC TCA CGC ACC-3' 72°C—45s Met/Met: 97+39

Note: M is a molecular DNA marker. Heterozygotes for XRCC3 241Thr/Met - 1-3, 5, 7-15; homozygotes for mutant allele XRCC3 241 Met/Met - 4

1000

Figure 3 - Electrophoregram of restriction products at the 241Thr/Met polymorphic site of the XRCC3 gene

Figure 3 illustrates the outcomes of the electropho-
retic analysis. The genotypic distribution of DNA repair
genes - XRCC1 (Arg194Trp) and XRCC3 (Thr241Met) was
assessed. For the XRCC1 gene (Arg194Trp): homozygous
genotype 194Arg/Arg - 44.8%, heterozygous genotype
194Arg/Trp — 48.3%, and homozygous mutant genotype
194Trp/Trp — 6.9%. The XRCC3 (Thr241Met) gene analy-

sis showed no presence of the homozygous genotype
241Thr/Thr, while the heterozygous genotype 241Thr/
Met was observed at a frequency of 73.4%. The homozy-
gous genotype for the 241 Thr/Thr mutant allele consti-
tutes 26.6%.

Figure 4 displays the findings of electrophoretic anal-
ysis of restriction products following PCR-PDXRF analysis.

M 16 1718 1920 212223 24 25262728 29 30

248
159
89

Note: M - molecular DNA marker; homozygous Arg/Arg (89+159) - 1, 2, 5-10, 12, 16,
19, 21, 24, 26 and 28; heterozygous Arg/Gln (248+159+89) - 3, 4, 11, 13-15, 17, 18, 20,
23, 25,27,29 and 30; homozygous GIn/GlIn (248) - 22

Figure 4 - Electropherogram of restriction products at the polymor-
phism site of the XRCC1 gene - Arg399GIn

The allele frequencies and genotypes of the studied
polymorphic markers in the human samples adhered to
the Hardy-Weinberg equilibrium (p>0.05). For the XRCC1
gene, the Arg194Trp variant in the control group exhibits

X2=0.243, p=0.622; in the “case” group, X2=0.398, p=0.427.
For the XRCC3 gene, Trp241Met exhibits ¥2=3.491 in the
control group (p=0.062) and x2=0.203 in the case group
(p=0.382).

Oncology and Radiology of Kazakhstan, Ne3 (73) 2024 7
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The subsequent analysis focused on the distribution of
genotypes for the XRCC1 Arg194Trp and XRCC3 Trp241Met
genes in the studied (Mangistau region) and control (Al-
maty region) groups. The distribution is represented as the
percentage of individuals with a specific genotype within
the group (Table 6).

The analysis of genotype distribution demonstrated
that in the study group for the XRCC1 gene, the frequency
of Arg/Arg homozygotes was 62%, Arg/Trp heterozygotes
constituted 35%, and Trp/Trp minor allele homozygotes

accounted for 3%. In contrast, the control group exhibited
frequencies of 90%, 10%, and 0%, respectively. The distri-
bution of donors by genotypes for the XRCC3 gene was ob-
served as follows: Thr/Thr — 77%, Thr/Met - 21%, Met/Met —
2% in the study group, and 67%, 33%, and 0%, respective-
ly, in the control group. The data indicates that there are no
people with homozygous genotypes for the minor alleles
of both genes (XRCC1 Trp/Trp and XRCC3 Met/Met) among
the examined population in the Almaty region. It may result
from an inadequate sample size for the study.

Table 6 - Distribution of the XRCC1 and XRCC3 gene genotypes in the examined groups

“Case” le (9 “Control” le (9
Qs Genotypes ase gro'\l:fégeop e (%) ontro gr'il):gépeop e (%) 2 P
XRCO1 Arg/Arg 62% 90%
Arg194Trp Arg/Trp 35% 10% 20.728 0.000
Trp/Trp 3% 0
XRCC3 Thr/Thr 77% 67%
Trp241Met Thr/Met 21% 33% 4.849 0.089
Met/Met 2% 0

Discussion: A mutation in the genes of the DNA repair
mechanism has significant implications for both the indi-
vidual cell and the organism overall [5]. Microsatellite poly-
morphism in repair genes is correlated with increased radi-
osensitivity and some malignancies. Specifically, variation
in this gene influences the risk of lung cancer [6]. The sig-
nificant function of this gene is further underscored by the
observation that homozygous mutations in XRCC1 when
inactivated, result in embryonic lethality in mice. Polymor-
phism in this gene has been conclusively demonstrated to
cause substantial deficiencies in DNA repair mechanisms,
which markedly elevates the risk of early-onset carcinoma
of the colon when combined with urban living. Mutations
in this gene present a specific hazard to smokers and indi-
viduals with continuous radiation exposure [6]. The classi-
fication of surveyed groups into categories to assess the
actual risk of radiation exposure to the population will be
conducted via a questionnaire after the project, under the
Work Schedule in 2025.

Moreover, single nucleotide polymorphisms (SNPs)
in DNA repair genes might influence the efficacy of tran-
scription and translation processes and predisposition to
various diseases. Consequently, the analysis and identifica-
tion of the distribution of DNA repair genes by genotypes
is critically significant [7, 8].

Generally, the study indicates that radiation risk assess-
ment relies on diversity in individual radiosensitivity [9, 10].
International scientists assert that the threshold dose for
assessment of the acute effects of radiation exposure is 0.2
Gy. Consequently, when evaluating the findings regard-
ing the potential effects of radiation on the human body
in the study area, at lower doses, the sole radiation effects
are stochastic (delayed) effects [11, 12]—oncological and
hereditary diseases observed within the population of the
study area. Nonetheless, disparities exist in evaluating out-
comes attributable to the interaction of dosage functions

[13]. Numerous research studies have thoroughly exam-
ined hyperradiosensitivity to low radiation doses follow-
ing in vitro irradiation of cells with charged particles and
its correlation with adaptive response and induced radi-
oresistance [14]. All knowledge regarding the long-term
consequences of human exposure to low doses of radia-
tion has been derived either by extrapolating experimen-
tal data from animals or direct radiation-epidemiological
studies. The primary origin of the latter is acute, singu-
lar exposure to elevated doses resulting from nuclear ca-
tastrophes (Hiroshima and Nagasaki, Chornobyl, Fukush-
ima, etc.) [15-17]. The quantitative parameter “probability
of stochastic effects from low doses of radiation” is de-
fined by multiple significant radiobiological factors; how-
ever, due to insufficient specific data, these effects have
not been accurately established and continue to be con-
tentious. The results can inform the implementation of
strategies to enhance the region’s environmental quality
and the population’s health.

The influence of detrimental environmental factors in
ecologically unfavorable regions on the human body can
be assessed through clinical examination, incorporating
both quantitative and qualitative assessments of minor
developmental anomalies, which also stem from altera-
tions in the overall genetic equilibrium of the body. Conse-
quently, evaluating the genetic impacts of external factors
on human somatic cells may serve as a valuable adjunct to
observing clinical outcomes.

Conclusion: A genomic study of persons residing in re-
gions with significantly elevated gamma radiation levels
(sites 1-5) demonstrated the development of mutations
characterized by the amplification of DNA repair genes, re-
sulting in gene polymorphism among those exposed to
radiation.

The analysis of genotype distribution among the stud-
ied groups showed an increase in the frequency of hete-
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rozygous alleles of the XRCC1 repair gene to 35%, in con-
trast to the control group’s 10%, while the frequency of
homozygous alleles for the Trp/Trp allele remained at or be-
low the control level of 3%. For the XRCC3 gene, there is a mar-
ginal increase in the frequency of heterozygotes (21%) relative
to the control, whereas the homozygous Thr/Met allele per-
sists at the control level (2%).

The findings of this study align with existing literature re-
garding the genetic impacts of radiation exposure on the hu-
man genome in instances of nuclear power plant accidents
and nuclear weapons testing. Upon completion of the design
study, these results can be utilized to evaluate the actual risk
for the specific population under investigation.
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AHJIATIIA

JIACTAHY KO3IHE IPTEJIEC AYMAKTAPJIAH INONIYJIALINA 'EHOMBIHBIH
TYPAKTBIJIBIFBIHA PAJIMALIUAHBIH OCEP ETY 3APJJABBIH BAFAJIAY

A.B. Buzanues', b.0. Bekxmanoé®, T.I. l'onuaposa®, K.3. lHlanabaesa', A.H. Koscaxmemosa', A. M. Mvipzamait*

1«On-Gapabu atbiHparbl Kasak ynTTelk yHusepcuteTi» KEAK, Anmarsl, KasakcTan Pecnybnukacs!;
KP FXXBM FK "TereTuka Xore dusmonorus UHctutyTsl" LXKK PMK, Anmatsl, KasakctaH Pecnybnvkacsl;
3«Kasak OHKONOrYsi xaHe paauonorus FuinbIMU-3epTTey MHCTUTYThI» AK, Anmatel, KasakcTaH PecnyGnmkach

O3exminizi: adamubvly MIPWIniK emy opmaceina Heaya Mymazenoix gaxmoprapowly kebeioi Kopuiaean opma MymazeHoepiniy ocepine
Oaiinanblcmbl A0AMHbIY MYKbIM KYALAUMblH AybIPIAmamult aypyiapblHblH Jcuinieiniy apmybina oxenedi. Paouayusnvik acep emy srcazoativi-
0a ce3iMmanovlebl Jco2apbl a0amMoapobly mayekesl Mmonmapbli aHbIKMAay Kajicemminiei mysinoaobl, oUmKeni paouayusansly daazaea ocepi,
OHbIY PYHKYUOHANObL WK JiCYllesiepiHe miKkeliell ocep emyoen 0acKa, KOP2auvlic JHeyliesiepin UHOYKYUAIauobl Hemece benceHoipedi (penapayusi,
oetiimoeny). IHK penapayus sucyiieci 3axpimoanzan Kezoe Mymayus Jcuiniein uHOyKyuaay Kayni apmaowl. JKoeapwioa aiimviieanoap 3epm-
mey maxwipblObIHbIY HCOHE AIbIH2AH HOMUICEePOiH 03eKMINI2iH Kopcemeol.

3epmmeyoin MaKcamol — CO3bLIMANbL 2EHEMUKANbLK dCepiiepOi ecKepe Omblpbln, KOpUuLazan Opmansly paouayusiblk 1aCmanybiHblH 2eHOM-
HblH MYpAKmbliblebl MeH a0aM OeHCAYIbleblHA dcepin 6azanay.

Aoicmepi: 0ananvly dcone 3epmXananblk 90icmepoi KoN0aHOblL: KOpuiaean opma 00beKmilepiniy ColHamaiapbli aiy YWin ailayoap scytie-
CIH KYpY, A0aMHblH nepudepusiivlk KaHbIHbIY Ya2iaepi, 00bekminepoiy paouayusiivlk 6ejiceHOiniciH eauley s0icmepi, Yumo2eHemuKaiblK HCoHe
MONEKYNATbIK-2eHeMUKAIbIK, d0icIep.

Homuoicenepi: eamma-oencendinikmi enuley NOTUSOHHLIH 3epmmencet ayMAasblHblH JCoHe 02aH ipeenec el MekeHO0epOiH paouayus oexee-
ui 0,6-0,14 mx36/caz weeinde exenin kopcemmi. Kan dcacywanapvinoiy [JHK monexynanviK-eenemukansly sepmmeynepi scone paouoaKxmuemi
KaI0bIKMAap NONTUSOHbIHLIH 9cep eny atlMagblHOa mypamuvli a0amoapobly, YUMO2EeHeMUKAIblK maioayiapsl OipHeue Mymanmmol 2eHOmMun-
mepoiy mapaiybli aHblKMaobl, Oy 2eHOMHBIY AUKbIH MYPAKCHI30bl2bl 0ap adamoapod dKON02UILIK AypyAapobly 0aMy KAYRIHIY Jco2apblidy
bIKMUMATLObI2bIH KOPCemeOl.

Kopoimuinowl: nonucon aymazvinoaebl dscone o2an ipeenec endi mexkenoepoezi paouayus oeneetii 0,6-0,14 mx36/caz wezinde. 3epmmencen
monmapoazel adamoapoviy cenomunmik mapanyvin manoay XRCCI penapayus ceHiniy cemepo3ucomavl aiiebOepiniy HCUiNiciHig baKbliay
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mobwvimen (10%) canvicmvipeanoa 35%-za deiiin scozapuvinaeanvin kopcemmi, an Trp/Trp anneni botivinuia 20M03U20MAbl ANIETLOEPOIH HCUli-
niei 6axwvinay deneetiinen (3%) acnaiiovl. O3 kesezinde, XRCC3 ceni ywin cemepo3ucomanap HCuiniciniy wamansl acein kemyi oaikanaosl, Thr/
Met comozucomanwl annenv 6axwiiay oeneetiinde Kanaowvl — 21% baxwiiaymen carvicmuvipeanoa — 2%.

Tyuinoi co30ep: mymazenoep, paouayus, KOpula2an opma, 2eHoep, MyKblM Kyaiaumslx aypyiap, 2eHOM.

AHHOTALUA

OIIEHKA MOCJEJACTBUM BJIUSHUA PAIUAIIMA HA YCTOMUYMNBOCTHh TEHOMA
HACEJIEHUS TEPPUTOPUM, TPUJIETAIOIIIAX K UICTOUYHUKY 3ATPASHEHUS

A.B. Buzanues', B.0. Bekxmanoé®, T.I. l'onuaposa®, K.3. lllanabaesa', A.H. Koscaxmemosa', A.M. Mvipzamai*

'HAO «KasaxcTaHckuit HaumoHanbHbIi YHuepeuteT um. anb-Gapabuy, Anmatel, Pecnybnuka Kasaxcrah,
2PI Ha MXB «MHCTUTYT reHeTukv 1 chuanonoruny Komuteta Hayku MuHucTepcTBa Hayky 1 BbicLuero obpasosanus Pecnybnukv Kasaxcrar, Anmarel, Pecnybnuka Kasaxctah,
A0 «Kasaxckuit Hay4HO-MCCTIE0BATENbCKUIA UHCTUTYT OHKONOTMK U paauonorny, Anmarsl, Pecrybnnka Kasaxcrat

Axkmyanvhocme: Bcé 6o3pacmaiowee ssedenue 6 cpedy 0OUMAHUs Yel08eKd HOBbIX MYMALEHHbIX hPaKMOpo8 NPUBOOUmM K yEeaudeHuo
4aAcmomol HACIE0CMBEHHO-0MALOWEHHBIX 3A001e6aAHUIL YeN08EKA, CEA3AHHBIX C B030€lCMBUEM MYMA2eHo8 OKpydcaruell cpedsl. B ciyuae
PaouayuoHHo20 8030eicmaus scmaem npooaema Heobxo0UMOCmuU 8bIABIEHUs SPYAN PUCKA JH00€ll € NOBLIUEHHOU YYECMEUMETbHOCMbIO, MAK
Kax eausHue paouayu Ha OpeaHus3m, NOMUMO NPAMO20 8030€UCMEUS HA €20 (YHKYUOHATbHBIE NOOCUCEMbl, UHOYYUPYem U aKmugupyenm
sawumnvle cucmemsl (penapayuio, adanmayuro). Ipu nospexcoenuu cucmemot penapayuu JJHK eospacmaem puck unOyKyuu vacmomol my-
mayuu. Belweusnooicennoe noouepkugaenm akmyaibHOCMy membl UCCIe008AHUSL U NOYUEHHBIX Pe3VIbMAmos.

Llens uccnedosanun — oyenka 6030eUcmeus paouayUOHHO20 3A2PA3HEHUS OKpYIcaroujell cpedbl Ha CMAOUTLHOCb 2eHOMA U 300P08be
yenoeeKd ¢ yuemom omoaneHHbIX 2eHemUu4eckux nocie0Cmeuil.

Mamepuanst u memoovi: Hcnonv3o6anucy nonesvie u 1a60pamopHsie Memoobl: cO30aHUe CUCTEMbl NIOWAOOK 0 83Amus npod 06vek-
mos oKkpyaicaroujeti cpedvl, 00pa3ybl nepudepuieckoll Kposu Yer08exd, MemoouKu usMepenus paouayuoHHOU akmugHoCmu 00beKmos, Yumo-
2enemuiecKue u MOACKyIAPHO-2eHemuueckue Memooul.

Pesynomamer: Hzmepenusn eamma-akmugHoCmu NOKA3ANU, YMO YPOGeHb paduayu 00C1e008aHHOU Meppumopuu NOIUSOHA U NPULe2ar-
WUX HacereHHblX nyHKmos naxooumes ¢ npedenax 0,6-0,14 mx36/4. Ocoboe 3nauenue 6 23Mom OMHOUEHUY UMEe U3YUEHUE MEXAHUSMOB UH-
OUBUOYATLHOU HYBCMBUMETbHOCIU K paduayuu u poau cucmemst penapayuu JTHK. Morexynapno-eenemuyeckue ucciedosanus JJHK knemox
KpO6U U yumozenemuieckue aHaiu3sl 1100etl, npoNCUSAIoWUx 6 30He 6IUAHUS NOAUSOHA PAOUOAKMUBHBIX OMX0006, GblAGUNIU PACKPOCIpPALe-
HUe HeCKONbKUX MYMAHMHBIX 2EHOMUNOG, YMO CEUOCMENbCMBYem 0 8ePOSMHOCTIU NOBLIUMEHUU PUCKA IKOIO2UYECKUX 3a001e8anuil y Iuy ¢
BbIPAINCEHHOU HECMAOUILHOCMbIO 2EHOMA.

3akniouenue: Yposenv paouayuu Ha meppumopu noAUSOHA U NPUTIE2AIOWUX HACECTICHHBIX RYHKMO8 Haxooumcsi 6 npedenax (),6-0,14 vk 36/u.
Ananus pacnpedenenus 1100etl no 2eHOMUNAM 68 00C1e008ANHBIX 2PYNNAX NOKA3AI YEENUYEHUE YACIOMbl 2eMePO3USOMHBIX dleNel 2eHd pend-
payuu XRCCI 0o 35% no cpasnenuio ¢ konmponvroil epynnoti (10%), a vacmoma comoszueommuvix anneneii no annento Trp/Trp He npesviuiaem
ypogenv konmpoas (3%). B ceoio ouepedn, ons cena XRCC3 ommeuaemces nesnauumenvHoe npesblulenue 4acmomsl 2emeposucon no cpaghe-
nuto ¢ konmponem — 21%, a comozucomnviii annenv Thr/Met ocmaemcs na yposne konmpons — 2%.

Knwuegvie cnoga: mymaezensl, paouayus, okpysicaowas cpeod, 2eHsl, Hacie0cmeennvie 3a001e6aHsl, 2eHOM.
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ABSTRACT

Relevance: Various aspects of the state of public health in connection with malignant neoplasms, as well as the issues of improving
the system of providing cancer care to the population, are the subject of many years of research by the authors. Concerns and increased
attention to cancer are features of modern healthcare. Worldwide, there is an increase in the incidence of non-communicable chronic
diseases associated primarily with the growth of the socio-economic well-being of countries, an increase in life expectancy, and
preventive measures aimed at identifying cancer.

The study aimed to assess the incidence of malignant neoplasms in the southern region of the Almaty region to improve mortality
indicators and five-year survival rates.

Methods: an analysis of data from annual medical reporting forms No. 7 on patients and diseases with malignant neoplasms in the
Almaty region (the form approved by the Ministry of Health of the Republic of Kazakhstan for 2018-2022), annual regional statistical
collections of the Bureau of National Statistics of the Agency for Strategic Planning and Reforms of the Republic of Kazakhstan for
2018-2022, and the collections “Health of the population of the Republic of Kazakhstan and activities of healthcare organizations” of

the Ministry of Health of the Republic of Kazakhstan.

Results: High cancer incidence in Kazakhstan, including the Almaty region, owes mainly to lung and stomach cancers in men and

breast and cervical cancers in women.

The incidence in Kazakhstan and the Almaty region is decreasing, but the target has not been achieved yet.

Cancer mortality remains stable in the country and is decreasing in the Almaty region. The mortality structure is dominated by lung
cancer, followed by stomach cancer the 2", breast cancer the 3", and esophageal cancer the 4".

Conclusion: The reduction in mortality is primarily due to the introduction of screening programs, improved early detection of
malignant neoplasms, and increased treatment effectiveness. However, the mortality indicator remains high.

The conducted epidemiological study of cancer incidence and mortality in the Almaty region evidences the need to improve
screenings, introduce new forms of screening for stomach and lung cancers, activate screening programs, and enhance preventive and

awareness-building outreach among the population.

Keywords: public health, medical and demographic situation, incidence, mortality, malignant neo-plasms, prevention.

Introduction: Cancer mortality remains high according
to the new GLOBOCAN report on the global burden of can-
cer in 2022 by world region and human development lev-
el, on April 4, 2024 (Table 1). There were an estimated 20.0
million new cases and 9.7 million deaths from cancer world-
wide in 2022 for both sexes. Almost half of all cases (49.2%)
and the majority (56.1%) of cancer deaths worldwide in
2022 are estimated to have occurred in Asia, where 59.2%
of the world’s population lives. The burden of cancer mor-
tality in the African and Asian regions is disproportionate-
ly more significant than the corresponding incidence bur-
den. This reflects the respective distribution of cancer types
along with comparatively higher case-fatality rates in these
continents, partly due to late diagnosis. Europe has a dis-
proportionately high cancer incidence and mortality, given

that the continent accounts for one-fifth of the world’s can-
cer cases (22.4%) and cancer deaths (20.4%) but accounts for
less than 10% of the world’s population (9.6%) [9].

The Government of the Republic of Kazakhstan is de-
veloping measures to improve the country’s medical and
demographic situation. The Comprehensive Cancer Plan
for 2023-2027 can be noted among them. Implementing
the Comprehensive Plan activities is envisaged for 5 years
in 5 main areas: prevention and management of risk fac-
tors, highly effective early diagnosis, development of spe-
cialized treatment, palliative care and rehabilitation, and
development of human resources and science [1]. Kazakh-
stan continues to have an unfavorable medical and de-
mographic situation characterized by a decline in the nat-
ural population due to high mortality rates. At the same
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time, one of the leading medical and demographic prob-
lems today is the increase in mortality from cancer among
the adult population. Cancer is a general term for a large
group of diseases that can affect any organ. Other terms
are also used to describe them: malignant tumors and ne-
oplasms. Cancer occurs due to the transformation of nor-
mal cells into atypical cells, during which a precancerous
lesion turns into a malignant tumor [2]. There are three cat-

egories of harmful factors:

- physical carcinogens (alpha, beta, gamma, and X-ray
radiation, proton and neutron fluxes, ultraviolet radiation,
radon, mechanical injuries);

- chemical carcinogens (arsenic, lead, nickel, chromi-
um, mercury, cadmium);

- biological carcinogens (viruses, bacteria, or pa-
rasites).

Table 1 - Cancer incidence, mortality, and total population in some countries for 2022, abs. figures

Country Average annual population Incidence Mortality
Sweden 10218 972 91 444 25 569
Italy 60 262 779 436 242 199 706
France 65 584 514 483 568 190 612
Belgium 11 668 276 81132 29 005
Germany 83 883 587 605 805 253 170
Netherlands 17 211 499 168 070 49 790
Spain 46 719 147 372121 115 590
Portugal 10 140 568 81 251 33762
Kazakhstan 19 205 039 36 225 20 686

Risk factors for cancer include chronic infections, es-
pecially in developing countries. Carcinogenic infections
such as Helicobacter pylori, Human papillomavirus (HPV),
hepatitis B virus, hepatitis C virus, and Epstein-Barr virus
are responsible for about 15% of cancer cases diagnosed
in 2012. Hepatitis B and C viruses and carcinogenic HPV
types increase the risk of liver and cervical cancer, respec-
tively. HIV infection significantly increases the risk of can-
cer, such as cervical cancer. Another fundamental factor in
the development of cancer is age. With age, the incidence
of cancer rises sharply due to the layering of various risk
factors. The accumulation of risk factors, impaired apopto-
sis, and decreased immunity become more pronounced as
a person ages. Smoking, including e-cigarettes, drinking
alcoholic beverages, surrogates, synthetic drugs, poor nu-
trition, and physical inactivity have been and remain the
main risk factors for cancer development in the world.

One of the clinical signs of cancer is metastasis or rapid
formation of atypical cells that grow beyond their tissues and
are capable of developing into nearby tissues and are carried
to other organs with the flow of biological fluids. Metastasis
is often one of the leading causes of cancer mortality [2]. Ma-
lignant neoplasms (MN) consistently occupy second place in
the structure of the population of Kazakhstan seeking med-
ical care - 15.7% according to statistics, the opinion of many
authors, and official statistics. MN mortality ranks second af-
ter circulatory system diseases. The share of MN in the struc-
ture of overall mortality of the population consistently ex-
ceeds 50%, and the high level of incidence with temporary
loss of ability to work and disability due to MN additionally
emphasizes the social significance of this disease [3]. 56% of
those affected are people of working age. 30-50% of cancers
can be avoided by reducing the influence of risk factors and
carrying out primary prevention. In addition, the burden of
cancer can be reduced by early detection and management

of patients who develop cancer. With timely diagnosis and
adequate treatment, there is a high chance of curing many
types of cancer. Unfortunately, the existing system of med-
ical institutions does not fully meet the population’s needs
in terms of volume, accessibility, and quality of specialized
medical care, primarily at the primary level.

Various aspects of public health status regarding MNs
and improving the system of providing oncological care
have been studied for many years [4]. A wide range of ex-
aminations used to diagnose MNs include laboratory, im-
munological, ultrasound, X-ray, endoscopic methods, mag-
netic resonance imaging (MRI), computed tomography with
and without contrast enhancement, and positron emission
tomography (PET).Most modern methods of research pro-
vide timely diagnosis and prevention of cancer. Organiza-
tional issues of attracting the population to screenings and
other research methods for early diagnostics of MNs and in-
creasing patient responsibility for their health remain open.

The study aimed to assess the incidence of malignant
neoplasms in the southern region of the Almaty region,
with the hopeful goal of improving mortality indicators
and significantly enhancing five-year survival rates.

Materials and Methods: The analysis of data from medi-
cal reporting forms No. 7 on patients with MNs in the Almaty
region, annual regional statistical digests of the Bureau of
National Statistics of the Agency for Strategic Planning and
Reforms of the Republic of Kazakhstan, digests “Health of
the population of the Republic of Kazakhstan and activities
of health care organizations” of the Ministry of Health of the
Republic of Kazakhstan was carried out [3, 5, 6].

Results: Cardiovascular and oncological diseases
caused 71% of deaths in the European Region, according
to the World Health Organization (WHO) [7, 8]. According
to WHO forecasts, the incidence and mortality from MNs in
2020 worldwide increased by 1.5-2 times [9]. The increase
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in incidence is mainly due to lung cancer and stomach can-
cer in men and breast and cervical cancer in women.
Mortality from cancer in Kazakhstan ranks second in
the structure of population mortality. Every year, about
13,000 people die from cancer, 42% of whom are people
of working age. Almost half of primary patients are diag-
nosed with stage Ill-IV disease, which indicates low onco-
logical alertness of medical workers and the population.

In 2018, malignant neoplasm incidence in the Repub-
lic of Kazakhstan was 229.5 per 100,000, while this indi-
cator in the Almaty region was 154.4 per 100,000 (Fig-
ure 1, Table 2). In 2022, the MN incidence rate decreased
to 221.9 nationwide and 123.3 in the Almaty region. The
southern part of the Almaty region includes 9 rural are-
as with 1,506,000 people [3]. Today, MN incidence is de-
creasing.
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Figure 1 - MN incidence in Kazakhstan and the Almaty Region compared with
the figures for RK and the city of Almaty, 2018-2022.

Table 2 - MN incidence in the Republic of Kazakhstan, Almaty, and Almaty Region, 2018-2022

Urban population
Region Abs. Per 100 000 population
2018 2019 2020 2021 2022 2018 2019 2020 2021 2022
the Republic of Kazakhstan 24340 24798 22379 24928 26849 229.5 227.5 200.7 219.2 221.9
Almaty 4035 3760 3833 4482 4950 220.7 196.2 193.9 221.3 2322
Almaty Region 712 858 857 820 299 154.4 190.0 188.3 178.5 123.3

The MN structure in women is dominated by breast
cancer (C50), accounting for 23.0% of all localizations,
followed by skin neoplasms (C44, C46.0) with a share of
about 11%, and cervical cancer (C53), with 8.6% (table 3).
In the structure of gynecological cancers, cervical cancer
ranks first, ahead of uterine cancer and ovarian cancer.

In men, lung cancer (C33-34) ranks first, with a share of
18.0%, followed by stomach cancer (C16), with 11.3%, and
skin neoplasms (C44, C46.0), with 9.2%.

The nationwide mortality from MNs is decreasing slow-
ly, from 78.6 per 100,000 people in 2018 to 66.4 in 2022.
In the Almaty region, the mortality from MNs has also de-
creased. The figures for the Almaty region in Figure 2 do
not consider the 2019 territorial changes and the establish-
ment of the Zhetysu region in 2022.

Over the past five years, one-year mortality from cancer
in the republic fluctuated from 7.0 to 7.9%, with the lowest
figure in 2021 and the highest in 2018. In general, positive
dynamics are observed. In the Almaty region, the one-year
mortality rate fluctuated from 7.2 to 7.8%, with a minimum
value in 2021 and a maximum value in 2020 (Figure 3).

In the structure of mortality from malignant neo-
plasms in both sexes in the republic, lung cancer ranks first
(16.5%), stomach cancer ranks second (11.5%), breast can-
cer ranks third (8.5%), and esophageal cancer ranks fourth
(5.8%) [10]. In the structure of mortality from malignant
neoplasms in both sexes in the Almaty region, a similar
picture is observed: lung cancer ranks first (14.4%), stom-
ach cancer ranks second (12.2%), breast cancer ranks third
(8.8%), and rectal cancer ranks fourth (4.9%) (Figure 4).
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Early diagnosis of oncological diseases of stages 0-1 for
2020 amounted to 25.5% of the total structure of new cases
of malignant neoplasms. Five-year survival rate at the end
of 2020 was 54.0% (2019 - 52.5%). Analysis of the implemen-
tation of target indicators in the region revealed a slight de-

crease in mortality from oncological pathology in 2021, with
an indicator of 48.7 per 100,000 population against 58.0 per
100,000 population in 2020. There is an increase in the pro-
portion of stage I-Il malignant neoplasms of the cervix —
90.7% in 2020, while in 2021, this indicator was 87.4% [12].

Table 3 - MN incidence structure in the Almaty Region, 2021-2022

S . Code according to
No Localization of malignant neoplasms Sex the ICD, X revision Total cases, 2021 Total, 2022
01 . . . f 15400 16688
02 All malignant neoplasms, including, m C00-C97 20727 22389
03] ,. m 83 84
04 | LPS f €00 36 34
05 | Tongue, oral cavity, and oropharynx, kaposi’s sarcoma m C01-C06, C09, C10, 328 283
06 | of the palate f C46.2 192 200
07 . . . m 79 69
08 Salivary gland (except minor salivary glands) f C07-C08 64 67
09 m 54 54
10 Nasopharynx f C11 2 32
11 m 119 103
12 Larynx f C12,C13,C14 50 28
13 m 654 639
14 Esophagus f C15 476 269
15 m 1693 1895
6 | Stomach f C16 883 1020
17 m 776 886
1g | Colon f c18 910 1054
19 | Rectum, rectosigmoid junction, anus (anus) and anal m C19-C21 856 920
20 | canal f 748 793
21| . . - m 583 602
7 | Liver and intrahepatic bile ducts f C22 316 201
23 m 576 552
22 Pancreas f C25 552 623
25 n 325 334
26 Larynx f C32 20 36
27 ) m 2806 3014
28 Trachea, bronchi, lung f C33-C34 809 911
29 ) . m 71 90
30 Bones and articular cartilages f C40-C41 72 o1
| 31 i : m C45, C46.1, 213 194
32 Connective and other soft tissue f C47.c49 226 216
33 . m 144 125
34 1 Skin melanoma f C43 216 11
35 . m 1352 1537
36 | Other skin neoplasms f C44, C46.0 2203 2461
37 | Female mammary gland f C50 5021 5171
38 | Cervix f C53 1804 1934
39 | Uterine body f C54 1240 1315
40 | Ovary f C56 1249 1201
41 | Prostate gland m C61 1169 1465
42 | Testicle m C62 122 133

Note: the localizations of malignant neoplasms ranking first in the incidence structure are marked red.
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Figure 2 - Mortality from MNs in the Almaty region compared with the figures
for RK and the city of Almaty, 2018-2022
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Figure 3 - One-year mortality from MNs in the Almaty Region compared
with the figures for RK and the city of Almaty, 2018-2022
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Figure 4 - MN mortality structure in the Almaty region,
2018-2022

Discussion: Some features of modern healthcare
are cancer alertness and increased attention to cancer
diseases. All over the world, there is an improvement in
the detection of malignant neoplasms, primarily due
to the growth of countries’ socio-economic well-be-
ing, an increase in life expectancy, and the implemen-
tation of preventive measures to identify cancer dis-
eases.

Most of the cancer diseases encountered in Kazakh-
stan can be diagnosed at early stages (tumors of the mam-
mary gland, skin, cervix, esophagus, stomach, liver, colon
and rectum, prostate gland) by conducting screening pro-
grams. Accordingly, a decrease in mortality from tumors of
this localization can become a reserve for reducing overall
mortality from cancer diseases [13].

Timely and early diagnosis of cancer diseases can
significantly improve treatment outcomes and in-
crease patient survival. To further enhance the preven-
tion of oncological diseases in the republic, early di-
agnostic (screening) programs have been introduced,
the availability of high-tech diagnostic and treatment
methods with scientifically proven effectiveness has
been increased, and a modern system of rehabilitation

and palliative care for cancer patients has been intro-
duced [14].

Conclusion: The reduction in mortality is primarily due
to the introduction of screening programs, improved ear-
ly detection of malignant neoplasms, and increased treat-
ment effectiveness. However, the mortality indicator re-
mains high. Following the introduction of screening as an
indicator of the work of primary health care, the coverage
of the population with screening programs is improving.
However, it is necessary to constantly monitor the correct-
ness of the screening programs, the adequacy of the inter-
pretation of the results by medical personnel, and reliable
information about the screening results for patients. Con-
ducting targeted on-the-job training for medical person-
nel who routinely or occasionally conduct screening ac-
tivities is essential. The methodological recommendations
developed by the Kazakh Institute of Oncology and Radi-
ology should become a reference guide for doctors and
nurses in contact with the risk group for malignant neo-
plasms. Conducting educational work among students of
secondary schools, colleges, and higher educational in-
stitutions should be mandatory and systematic. Resum-
ing preventive examinations among employees of large
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industries and public and private organizations is rele-
vant. Educational videos calling for responsibility for their
health and timely medical examinations should appear
more often on social networks. However, due to the ac-
tive implementation of an integrated model of oncologi-
cal care with increased supervision of primary health care
organizations by the oncological service, the work of dis-
trict curators has improved significantly. Managing the on-
cological situation regarding neoplasm incidence is only
possible with a comprehensive approach, including work
with all objects of influence: patients, general practitioners
(or physicians), and oncologists.
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AHJATHA

KA3AKCTAH PECITYBJIMKACBIHBIH AJIMATBI OBJIBICHI BOMBIHIIIA ICIK AYPYJIAPBIHA
BAWJIAHBICTBI MEJIU-IIMHAJIBIK-TEMOT PAGUSLIIBIK )KAFJIA MEH EPECEK
XAJIBIKTBIH JEHCAVYJIBIK JKAFIA MBI

I'.Il. Kacvimosa', A.b. Ymezenosa*

1«C. K. Acthernspos aTblHaarbl kasak YNTTblK MeauumHa yHueepcuteTi» AK, Anmarsl, KasakcTan Pecnybnukacs!;
*KasakcTaH MeuLmHa yHUBepeuTeTi «Koramablk feHcayrblk cakTay xorapbl Mexte6inKLLUC, Anvatbl, Kasakctat Pecny6nnkace;
3«PenpopykTvaTi MeguumHa YrusepcuteTimKLLC, Anmatel, KasakctaH Pecnybnmkack

O3exkminizi: Annozendix cemonodmuxanvik 0iy xHcacywarapvin mpancnaanmayusanay (AIKT) o0ici 6oavin mabwinadsl sHozapvl ma-
MAHOAHOBIPBLIZAH KOMEK KOPCemy, HayKacmapad, OHKOIOSUSIbIK JHCOHE 2eMAMOI02UANLIK AYPYIAPMEH, ayblp apanac Oacmanksl UMMY-
HoOeuyumamu, conoai-ax 6acka 0a mya OimKen Hcone MyKblM KyalayubliblK aypyiapbl Omemin 3aKbiMOanean Kan my3emin jcome
UMMYHOBIK Jicylienep.

3epmmeyoin makcamol — annozenoi AIKT scypeizeen nomuosicenepoi HcoHe HCblHbICHL, KOHOUYUOHEPAEY PeHCUMI, OOHOPObLY Yli-le-
cimoiniei, AIKT acypeiseen kezdezi neeizei aypyoviy mopmebeci cuskmol haxmopiapovly Jco2apsl Kayinmi monmapobiy OHKO2e-Mamo-
JNOUSLNBIK AypYLapbl Oap HAYKacmapovly OMIip cypy KopcemKiuimepine blIKMumai 9cepin 3epmmey.

Qoicmepi: Anmamor 001biCHl OOlbIHWAG Kamepai icikmepl 6ap Haykacmap men aypyiap mypaisl No 7 Jcolioblk MEOUYUHATbIK ecen
noicanoapvinviy depekmepine manoay 2018-2022 scvinoap (Kazaxcman Pecnybnuxacuol [Jencaynvlk cakmay munucmpiiei 6eKimxkeH Hol-
can), KP ¥nmmuoix cmamucmuka 010p0CbIHbIY JCHLI CAlbIHEbL OHIPAIK CIamMUcmuKkanvly sdcunaxmapol. Kazaxcman Pec-nyonuxacer Cm-
pamezusnbIK Hcocnapaay sxcone pepopmanap acenmmiei, Kasaxcman Pecnybauxacuvl Jencaynvlk cakmay mu-nucmpaieiniy «Kasaxcman
Pecnybiuxacol XaiKplHbIH O€HCAYIblabl JHCOHE OCHCAYIbIK CAKmay yublMoapwiuviy Koizmemin scunaxmapol 2018-2022 scvinoap.

Homuxcenepi: Aamamul 0616icbinOa dHcoHe pecnyOIuKadd OHKOJIOUANBIK AypYAapObIY Ho2apbl OeHeellin He2i3iHeH epiepoe OKne
JICOHE AcKa3zam o0Obipbl, olierdepoe cym Oe3i MeH Hcamolp MOUHbL 00bIPbL Kypailovl. Aaimamel 061bicblHOA dicone dcainsvl Pecnyb-nuka
O0UBIHUA OHKONO2UATILIK, Aypyaap KepcemKiuwiniy memenoey ypoici baukaniaovl. Anaioa, maxcammesl Kopcemriuke Kol Hcem-KiziieeH
orcoK. Pecnybnura OOUbIHWA OHKOLOSUSATBIK AYPYIaApOan 60iamsit OLiM-dcimim Oeqeelli ic Jcy3inoe mypakmol, ai Aimamol 061bICbIHOA
memeHnoey baukanaosl. Onim KypulabiMelHOa OIpiHW OpbIHOA 6KNe iciel, eKinwi OpblHOa acKka3an iciei, yuinuii opvinoa cym 6e3i 0obipbi,
mepmiHuii OpbiHOa 6Hew iciei.

Kopoimutnowvi: Onim-scimim 0eneetiin momendemyoezi mabvic CKpUHUHZMIK baz0apaamanaposl eneisy, Kamepii iCik aypyvii ep-me
CampiCblHOA OUASHOCMUKALAYObL JHCAKCAPMY HCOHE eMOeyOiH muimoinicine 6auianvicmeol, Oipax oaim-scimim Oeneelli ani de dco2apbl
60b1n omulp. Armamol 06161CLIHOA OHKONIO2UALBIK AYPYAAPOAH DOIAMbIH AYPYULAHObIK NeH O1IM-HCIMIMOT SNUOEeMUOI02U-SNbIK 3epmime)
CKpUHUHCMIK meKcepyOi Jcakcapmy, AcKa3an JHcone oKne 00bipblH AHLIKMAY YULiH CKPUHUHSIIY JCAHA HLICAHOAPLIH eH2I3Y, CKPUHUHMI
Kyutetimy, conoaii-ax Xaiplk apacblHod NPOGUIAKMUKALBIK HCOHE A2APMY HCYMbICIAPBIH Kyulelimy Kaxcemmicin kopcemeoi.

Tyiinoi cezoep: xanvikmoiy OeHCayiviabl, MEOUYUHANbIK-0EeMOSPAPUILILBIK JHca20aiivl, aAypyuanoblK, e1IM-diCcimim, Kamepai icikmep,
anowik any.

AHHOTALIMS

MEJUKO-JEMOI'PAOUYECKASA CUTYAIUSA U COCTOSAHUE 310POBbA B3POCJIOI'O
HACEJIEHUA B CBSI3U C BOJE3HSIMHA HOBOOEPA3OBAHU I B ATMATHHCKOM OBJIACTH
PECIIYBJUKHU KA3BAXCTAH

I'.Il. Kacvimosa', A.B. Ymezenosa*:

'HAO «Kasaxckuit HaumoHanbHbii MeguumHckuit Yansepeute umenn C.[. ActheHamnsipoa» Anmatbl, Pecnybnnka Kasaxcra,
TOO KaaaxcraHckuit MeauumHckuii YHueepeuteT «Beicwas LLikona ObLuecTterHoro 3npasooxpaHerusiy Anmarsl, Pecnybnuka Kasaxcrax;
STOO «MHetuTyT PenpoayktieHoit MeauumHbl» Anmatel, Pecny6nuka Kasaxcta

Axkmyanvnocmo: OHKOHACMOPOJICEHHOCHb U NOBbIUEHHOE SHUMAHUE K OHKONIO02UYECKUM 3a001e6AHUAM — 00HA U3 0cOOeHHOocmell
cospemennoeo 30pasooxpanenus. Bo ecem mupe ommeuaemes yiyuuenue euiagnsemocmu 310kavecmeennvix nosoobpaszosanuii (3HO),
C6A3aHHOE, Npedicoe 6ce20, ¢ POCHOM COYUANLHO-IKOHOMULECKO20 O1a20N0NyYUs CMpPaH, yeeiudenuem npoooniCcumenbHoOCmu JHCU3HU,
nposedenuem npoPuIaKmutecKux Meponpusmuil, HanpagIeHHbIX HA BblAGICHIE OHKOIO2UYECKUX 3a001e8aHUIL.

Lenv uccnedoganun — oyenxa 3a601€6aeMOCMU 310KAYECMBEHHBIMU HOB00OPA3Z08AHUAMY 8 ANMAMUHCKOU 001aCmU ONA YLy Y IUEeH U
UHOUKATNOPOS CMEPMHOCTU U NAMULCTNHEN 8bIHCUBACMOCHIU.

Memoovt uccnedosanusn: [lposeden ananusz OGHHBLX U3 €HCe200HbIX MEOUYUHCKUX omuemHbLX hopm Ne7 0 bonvrbix u bonesnsx 3HO no
Anmamunckoii oonacmu (popma, ymeepoicoennas Munucmepcemeom 30pasooxpanenusi PK 3a 2018-2022 200w1), esceco0nvle pecuonaiviivie
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cmamucmuyeckue coopuuxu bopo Hayuowanvnoti cmamucmuxu Aeenmcmea no cmpame2uyeckomy NIAHUPOSAHUIO U pedopmam
Pecnybnuxu Kazaxcman 3a 2018-2022 200v1, coopnuxu «300posve nacenenus PK u desmenvnocms opeanuzayuil 30pasooxpanenusy
Munucmepcmea 30pasooxpanenus Pecnyonuxu Kaszaxcman.

Pesynvmamui: Bvicokuil yposens 3abonesaemocmu 3HO no Anmamunckoii obnacmu u no Pecnybiuxe 6 ocnognom oocmuzaemcs 3a
cuem paka 1e2ko20 U paKa JdceryoKa y MyACUUH u paka MOIOYHOU Jicesle3bl U WellKi MAMKU Y JHCeHUJUH.

Ommeuaemcs menoenyus K cHudicenuto noxazameaneti 3abonesaemocmu 3HO no Anmamunckoii ooracmu u no Pecnybnuxe 6 yeaom.
Tem ne menee yenesoti UHOUKAMOP He OOCMUSHY .

Cmepmuocmo om 3HO no Pecnybnuke ocmaemcsa npaxmuyecku cmabuivHoll, npu smom no Armamunckoil obracmu nadniodaemcs
CHUdICeHue. B cmpykmype cMepmuocmu nepgoe Mecmo 3anumaen pax le2kozo, 6mopoe — pax Jcenyoxd, mpenbsve — pak MOLOYHOL Jicelle3bl,
yemeepmoe — pax NUeBood.

3aknwouenue: Ycnexu no CcHudicenuro nokazamens CMepmMHOCMU O00YCN06NeHbl EHeOPeHUeM CKPUHUH2O0BbLX NPO2PAMM,
ycoseputercmgosanuem ouacnocmuxu 3HO na pannux cmaousax u d¢p@exmusnocmovio aevenus, 00HAKo NOKA3amenb CMePMHOCIU 8Ce
ewe ocmaemcs bICOKUM.

IIposedennoe snudemuonoeuveckoe ucciedoganue 3sabonesaemocmu u cmepmuocmu om 3HO 6 Anmamunckoii obdracmu
ceudemenvcmsyen o HeoOX00UMOCMU CO8ePUIEHCTNBOBAHUA CKPUHUH2A, BHEOPEHUs HOBbIX (OPM CKPUHUH2A OJA 6blAGIEHUs PaKa
JHcenyOKd U 1e2K020, AKMUBU3AYULU CKPUHUHEA, d MAKCE YCUIeHUA NPOPUIAKMUYECKOU U NPOCEemMUmMenbCKoll pabombl cpedu HaceleHusl.

Kniouegvie cnoea: 30oposve nacenenus, meouxo-oemozpauieckas cumyayus, 3a601e6aemocnmy, CMePMHOCIb, 310KAYECTNEEHHbIE
nosoobpasosanus (3HO), npodpunaxmuxa.
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RESULTS OF ALLOGENEIC HEMATOPOIETIC
STEM CELL TRANSPLANTATION IN CHILDREN
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ABSTRACT

Relevance: Hematopoietic stem cell transplantation (HSCT) is a method of providing highly specialized care to patients with various
oncological and hematological diseases, primary immunodeficiencies, as well as other congenital and hereditary diseases affecting the
hematopoietic and immune systems. In Kazakhstan, HSCT has been performed for pediatric patients since 2012 at the Scientific Center
of Pediatrics and Pediatric Surgery (SCPPS, Almaty, Kazakhstan). The article presents the experience of conducting allogeneic HSCT
in children with oncohematological pathology at SCPPS.

The study aimed to analyze the results of allo-HSCT and the possible influence of factors such as gender, conditioning regimen,
donor compatibility, and status of the underlying disease at the time of HSCT on the survival rates of patients after HSCT in order to
improve the treatment results and quality of life of patients with high-risk oncohematological diseases.

Methods: Retrospective analysis of observational data on 53 patients after HSCT, carried out at the Scientific Center of Pediatrics
and Pediatric Surgery from 2012 to 2020. Patient survival was assessed according to Kaplan-Meier, and static processing was carried
out using the SPSS Statistic program.

Results: In our study, 39.6% of patients were diagnosed with acute lymphoblastic leukemia (ALL, n=21), 28.85% of patients (n=15)
with acute myeloblastic leukemia (AML), for aplastic anemia alloHSCT was performed in 20.75% of cases (n=11), in 9.46% (n=35)
alloHSCT was performed for myelodysplastic syndrome (MDS), of which three patients (60%) had juvenile myelomonocytic leukemia
(JMML). According to the results of the study, when performing allo-HSCT, the overall survival rate of patients with ALL after from a
matched related donor was 63.6%, while when performing HSCT in the earliest stages from the onset of the disease, survival rates were
significantly higher (83.3%). The effectiveness of HSCT was also influenced by treatment before transplantation and the presence of a
fully matched related donor. In aplastic anemia, the time from the start of therapy is a significant factor.

Conclusion: HSCT is an important and necessary stage of therapy for oncological and hematological diseases of high-risk groups
in the early stages and in case of relapses of diseases. When HSCT was performed in the earliest period from the onset of the disease,
survival rates were significantly higher (83.3%) compared to those with HSCT performed during the 3™ remission. Also, it was shown
that the success of HSCT depends on previous therapy. HSCT in children with aplastic anemia should be performed early from the onset

of the disease with minimal hematological load to HSCT, which guarantees engraftment.
Keywords: hematopoietic stem cell transplantation, children, acute leukemia, oncohematological diseases.

Introduction: In the past 30 years, treating pediatric
patients with leukemia and other oncohematological dis-
orders in the Republic of Kazakhstan has experienced sub-
stantial transformations. Since 1993, the protocols of in-
ternational cooperative groups have been implemented
throughout the country, notably including the protocol
for treating acute lymphoblastic leukemia established by
the German cooperative group BFM. Simultaneously, the
treatment program for pediatric oncohematological dis-
eases progressively included more sophisticated and con-
temporary chemotherapy methods.

The implementation of standardized chemotherapy
protocols and the improvement of adjunctive therapies
have enhanced the prognosis of leukemia and other on-
cohematological disorders in Kazakhstan, resulting in a
substantial rise in pediatric survival rates. Nonetheless, de-
spite the advancements in the treatment of acute leukemi-

as, few patients exhibited inadequate response to conven-
tional chemotherapy and experienced disease relapses,
requiring a novel, more rigorous, intensive therapeutic in-
tervention.

In 2012, the establishment of a hematopoietic stem cell
transplantation (HSCT) department at the Scientific Center
of Pediatrics and Pediatric Surgery (SCPPS) in Almaty, Ka-
zakhstan, marked a new phase in the advancement of the
children’s oncohematology service in the Republic of Ka-
zakhstan.

HSCT is a method for delivering specialized treatment
to infants suffering from diverse oncological and hema-
tological disorders, severe combined primary immuno-
deficiencies, and other congenital and hereditary dis-
eases that include impairment of the hematopoietic and
immune systems. Bone marrow transplantation as a ther-
apeutic approach is advancing rapidly and is increasing-
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ly employed in pediatric treatment. In the United States,
more than 1,000 pediatric hematopoietic stem cell trans-
plants have been conducted yearly during the previous
decade. HSCT encompasses pre-transplant immunosup-
pressive and myeloablative therapies and a comprehen-
sive array of adjunctive treatments designed to optimize
safety during the post-transplant phase. The transplanta-
tion method is continually being improved to accommo-
date more patients, including children. This article dis-
cusses the experience of HSCT in pediatric patients with
oncohematological disorders at the SCPPS.

The study aimed to analyze the results of allo-HSCT
and the possible influence of factors such as gender, con-
ditioning regimen, donor compatibility, and status of the
underlying disease at the time of HSCT on the survival
rates of patients after HSCT in order to improve the treat-
ment results and quality of life of patients with high-risk
oncohematological diseases.

Materials and Methods: We retrospectively analyz-
ed observational data on 53 patients after HSCT treated at
SCPPS from 2012 to 2020.

We analyzed medical records of 53 allo-HSCTs (two pa-
tients required two repeated allo-HSCTs) performed at the
SCPPS clinic. The study included all patients who under-
went allo-HSCT at SCPPS. The assessed factors were the
patient gender and age, nosological form and period of
the disease, presence of concomitant infection, duration
of therapy before HSCT, donor characteristics, transplant
engraftment time, complications, and overall survival. We
analyzed the possible influence of such factors as gender,
conditioning regimen, donor compatibility, and the status

of the underlying disease at the time of HSCT on the sur-
vival rates of patients after HSCT. Today, different centers
actively study the influence of the above factors on HSCT
outcomes in children. The accumulation of such data can
serve as a basis for developing unified diagnostic and ther-
apeutic approaches [2].

Patient survival was assessed using the Kaplan-Meier
method; statistical processing was performed using the
SPSS Statistics program (IBM SPSS, USA).

Results: Allo-HSCT was performed for 53 children with
various oncohematological diseases treated at the SCPPS
clinic from 2012 to 2020.

Allo-HSCT was performed for the following nosologies:
21 acute lymphoblastic leukemia cases (39% of all cases);
of them, 42.8% (n=9) of allo-HSCTs were performed during
the 2nd remission, and 33.3% (n=7) during the 3rd remis-
sion, which, according to global data, significantly reduces
the effectiveness of the treatment [3].

28.85% (n= 15) were children with acute myeloid leu-
kemia; of them, 20% (n= 3) underwent HSCT after the FLAI
protocol therapy in a state of incomplete hematologic re-
mission, and 73.3% (n=11) underwent HSCT during the sec-
ond or third remission.

Allo-HSCT was performed on 20.75% (n=11) of children
with aplastic anemia. Of them, 54.5% (n=6) had a very se-
vere form, and 45.5% (n=5) had a severe form.

In 9.46% (n=5) of cases, allo-HSCT was performed for
myelodysplastic syndrome, including three patients (60%)
with juvenile myelomonocytic leukemia.

In one case (1.9%), allo-HSCT was performed on a patient
with primary severe combined immunodeficiency (Table 1).

Table 1 - Structure of diseases for which allogeneic hematopoietic stem cell transplantation was performed

Diagnosis No. of patients, n (%) Nosological form/period of the disease, n (%)
18t remission 5(23.8)
Acute lymphoblastic leukemia 21 (39.6) 2" remission 9 (42.9)
3 remission 7 (33.3)
1t remission 1(6.7)
Acute myeloid leukemia 15 (28.85) 22" remission 11 (73.3)
not in remission 3 (20)
. . Severe 6 (54.5)
Aplastic anemia 11 (20.75) Very severe 5 (45.5)
Myelodysplastic syndrome 9 (9.46) Juvenile myelomonocytic leukemia 3 (60)
Primary immunodeficiency 1(1.9) Primary severe combined immunodeficiency 1(1.9)

56.6% of patients (n=30) had a concurrent diagnosis of
viral hepatitis before HSCT; all were carriers of cytomegal-
ovirus (CMV) infection (Figure 1).

Considering the distribution by age, most patients
(46.15%) were elder children, including 10 to 15 years
(35.8%, n=19) and above 15 years (11.3%, n=6). Children of
3 to 7 years accounted for 20.8% (n=11), below 3 years -
18.9% (n=10), and 7 to 10 years — 13.2% (n=7). The medi-
an age was 4.7 years. The gender ratio was nearly equal:
47.2% (n = 25) of boys vs. 52.8% of girls.

In 64.1% of cases (n=34), the HSCs were sourced from
matched siblings (matched sibling donors (MSD) - 10/10
siblings), in 5.7% (n=3) from matched unrelated donors

(matched unrelated donors (MUD)), in 28.3% (n=15) from
partially matched related donors (haploidentical par-
ents), and in 1.9% (n=1) from a matched family donor 10/10
(MFD) (Figure 2).

60.4% (n=32) of donors were males, and 39.6% (n=21)
were females. The mean age of MSD donors was 10 years
(n=34), MUD donors were 29 years (n=3), and one MFD
donor was 43 years old. At the same time, the median age
of donors for haploidentical HSCT was 35 years (Figure 3).

In transplantations from matched donors (MD),
89.5% (n=34) of hematopoietic stem cells (HSCs) originat-
ed from bone marrow, whereas 10.5% (h=4) were derived
from peripheral blood HSCs.
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Figure 1 - Concurrent viral infections.

Notes: Allo-HSCT, allogeneic hematopoietic stem cell transplantation;
VHC, viral hepatitis C; CMV IgG, cytomegalovirus immunoglobulin.
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Figure 2 - Structure of HSC donors

Notes to Figures 3-5: HSCs, hematopoietic stem cells; MSD, matched
sibling donors; Haplo, partially matched donor (parents); MUD,
matched unrelated donors; MFD, matched family donor 10/10.
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Figure 3 — Median age of HSC donors for allo-HSCT

In haploidentical HSCT, ap/CD19-depleted peripheral
blood-derived HSCs were utilized in 66.7% of cases (n=10),
whereas in 33.3% of cases (n=5) HSCs were isolated from
bone marrow (Figure 4).

Engraftment was evaluated by neutrophil count (abso-
lute count >500-1000) and platelet count (>20x10%1). On
average, engraftment of hematopoietic stem cells in pe-
ripheral circulation occurred by +15 days and in bone mar-
row by +30 days following hematopoietic stem cell trans-
plantation. Engraftment in bone marrow hematopoietic
stem cell transplantation from matched sibling donors oc-
curred on average by +22 days (range 14-35 days). In bone
marrow haploidentical HSCT, engraftment was achieved
by day +38, while in haploidentical HSCT with af/CD19 de-
pletion, it was attained by day +15 (Figure 5).

haplo (aB/CD19)

haplo (bone marrow)

MUD (Peripheral blood-derived HSCs)

MFD (bone marrow)

MSD (Peripheral blood-derived HSCs)

MSD (bone marrow)

W

2,5%

66,7%

33,3%

100%

100%

97,5%

Figure 4 - Characteristics of HSC sources for allo-HSCT

During the engraftment phase, CMV activated in 37.7%
(n=20) of patients, Epstein-Barr virus - in 7.5% (n=4), and
herpes simplex virus — in 5.7% (n=3). After HSCT, all pa-
tients (100%) exhibited a varied reduction in B- and T-cell
components of immunity and disruption of cell subpopu-
lation ratios (Figure 6).

The mortality rate from CMV in the early post-trans-
plant interval was 5.7% (n=3).

Acute graft-versus-host disease (GVHD) is criti-
cal for survival and treatment efficacy prognosis. In
our study, grade I-Il GVHD occurred in 9.4% of cas-
es (n=5), and chronic GVHD also manifested in 9.4%
of cases (n=5). A case has been reported where acute
GVHD coexisted with microangiopathic damage syn-
drome during GVHD treatment with concurrent CMV
activation.
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Figure 5 - Engraftment of the graft

73,30%
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Figure 6 - Activation of viral infection after graft engraftment

Notes: CMV - cytomegalovirus infection; EBV — Epstein-Barr virus; HSV -
herpes simplex virus

Recurrences of AL (n=36) post-allo-HSCT were docu-
mented in 47.2% of cases (n=17). A patient experiencing a
recurrence underwent a second transplantation.

The overall survival percentage of patients following
allo-HSCT from a matched donor was 55.2% (n=21), where-
as from a related matched donor, it was 57.1% (n=20).

The survival rate of patients with severe and superse-
vere aplastic anemia was 63.6% (n= 7/11).

The overall survival rate for patients with ALL receiv-
ing transplants from matched-related donors was 63.6%
(n=7). It was observed during the categorization of pa-
tients based on the interval between the onset of the dis-
ease and HSCT that the cohort of children who received
HSCT at an earlier disease stage (n=6) exhibited a sur-
vival rate of 83.3%, whereas those in the third remission
undergoing HSCT (n=5) demonstrated a survival rate of
merely 40%.

Discussion: HSCT is essential in managing patients
with oncohematological diseases since it can markedly in-
crease patient survival rates. HSCT is a necessary stage of
therapy for high-risk oncohematological disorders in their
early stages, as well as for disease relapses. Still, HSCT effi-
cacy depends on many parameters, including the disease
type, conditioning regimens, complications like GVHD, in-
fections, etc. The success of HSCT is contingent upon pri-
or therapy, which must be systematic, comprehensive,

adhere to contemporary standard guidelines, and be ad-
ministered promptly. The authors previously disclosed the
initial findings of the allo-HSCT trial involving 42 patients
with oncohematological disorders [4]. Prior research re-
vealed higher post-transplantation mortality, which could
be due to more inclusive candidate selection criteria for
allo-HSCT. This provides foundations for the study of the
determinants influencing the success and efficacy of al-
lo-HSCT in pediatric patients.

Furthermore, overall survival rates were not consid-
ered. The study’s findings indicate that the overall sur-
vival rate for patients with ALL receiving transplants from
matched related donors was 63.6% with allo-HSCT. In con-
trast, those undergoing HSCT at the earliest stages of
the disease exhibited significantly higher survival rates
of 83.3% compared to patients who received transplants
during the third remission. To ensure successful graft en-
graftment, HSCT in pediatric patients with aplastic ane-
mia should be conducted promptly after the disease on-
set, with minimal hematological burden.

Conclusion: The present study was a retrospective
analysis of risk factors influencing the efficacy of allo-HSCT
in pediatric patients. In the future, the rise in HSC trans-
plantation necessitates comprehensive studies that con-
sider new factors, an expanded patient pool that has un-
dergone allo HSCT, and the creation of risk assessment
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scales for the disease. Generally, it is important to acknowl-
edge that children necessitating HSC transplantation dif-
fer markedly from adults in several aspects. It renders the
application of calculated disease risk indices from adults
to infants unfeasible [5, 6]. A specific approach is required,
preferably coordinated among various centers [7]. Future
plans include enhancing HSCT technology in pediatric pa-
tients through diverse conditioning regimens, incorporat-
ing immunotherapy, including bridge therapy, increasing
transplantation volume based on indications, and advanc-
ing unrelated HSCT and haploidentical transplantation. It
is imperative to prioritize the implementation of molec-
ular genetic diagnostics for pediatric oncohematological
diseases in our country to stratify risk groups and ascer-
tain minimal residual disease, utilizing next-generation se-
quencing technologies. The challenges of implementing
and augmenting the number of HSCTs in children within
the Republic of Kazakhstan are pertinent and require addi-
tional efforts to guarantee a tailored treatment approach,
thereby enhancing survival rates, prolonging life expec-
tancy, and mitigating the risk of adverse and severe treat-
ment complications in pediatric patients.
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AHJIATIIA

NEIUATPUS )KOHE BAJIAJIAP XUPYPI'UsCHI FBIJIBIMUA OPTAJIBIFBIHBIH
KIIMHUKACBIHJIA BAJTAJAPFA AJIVIOTEHIIK TEMOITIOTHUKAJIBIK JIIH /KACYIIIAJIAPBIH
TPAHCIVIAHTAIIAJIAY HOTU/KEJIEPI
A.B. Tyneoaesa'?, I.T. Tawmenosa'?, 3./1. [ymumosa’®, I K. A6ounosa'*

1«C.XK. Acthermspos aTbiHaarsl Kasak ynTTelk MeanunHa yHusepcuteTi» KEAK, Anmarsl, KasakcTan Pecnybnukacs!;
%Mepmatpus xoHe Gananap xupyprusicel FoinbiMu opTanbifsiy AK, Anmatel, KasakcraH Pecnybnukacsi;
*«On-dapabu atbiHgarsl Kaz¥Y» KEAK, Anmathl, KasakctaH Pecny6nmkach

Oszexminizi: Omip cypyoi dcakcapmy yuwin ainlo2eHoiKk 2eMONn0IMUKANBIK OiY HCACYUANAPLIH MPAHCRIAHMAYUANAY HOMUNCENePIH HCOHe
JICLIHBICHL, KOHOUYUsL pedicumi, O0HOpavlK yirecimoinik, AIXKT keszinoezi nezizei aypyowiy cmamycot cusikmol gpakmoprapoviy AIKT ketiin
nayuenmmepoiy oMip cypy Kopcemxiuimepine bIKIMumMan ocepin 3epmmey. x#o2apbl Kayinmi OHKO2eMamonI02usIblK aypyiapbl bap naykacmap-

bl HOMuUdICenepi MeH OMIp Cypy CAndAcy.

Kaszaxcman Pecnybnukaceinoa neouampus sxcone 6anianap Xupypeuscsl 2olivblmu opmanviaeiisly o6asaceinoa 2012 scolivl neOuampusiibl,
Haykacmapoa 2eMonoIMUKAIGIK Ol AHCACYUANAPLIH MPAHCRIAAHMAYUALAY KOIOaHbLIa 6acmaodst. Makanada onko2emamonousnslk namono-
eusicul bap bananrapoa bananap men bananaposi Kymy bliblMu Opmaiblabinbly Hcazoativinoa ainoeendi AIIKT acypeizy moxcipubeci bepineeH.

Aoicmepi: 2012 scvinoan 2020 scvinza oetiin bananrap men bananrapea apuanean eviivimu opmanvikma scypeizineen AIVKT keiiin 53 nay-

Kacmuly 0aKuiiay 0epexmepine pempocneKmugmi manoay.

3epmmeydiy makcamol — AT KT nomudicenepin JHcoHe HCbIHbICHL, KOHOUYUSLIBLK, pedicumi, OoHopblK yunecimoinici, AT KT keszinoeei neeizei
aypyobiy dcaz0ativl CUAKMbL Yakmopaapowly Kayinmi monmaabl OHKO2eMAmoI02UANbIK aypylapel oap naykacmapowly emip cypy Kepcem-
Kiwmepine vikmuman ocepin sepmmey. Hayuenmmiy emip cypyi Kannan-Maiiep 6oiibinwa 6azananovl, cmamuxanei eyoey SPSS Statistic

b6azoapaamacyl apKblLibl KHCy3e2e aAcbiPbLIObL.

Homuacenepi: Fizoin sepmmeyimizoe naygacmapowiy 39,6% -vinoa siceden numpoodracmuranvik aeiikos (bAPJIDIK n=21), sceden muenoo-
nacmuxanvik aetikozoen (KMJI) 28,85% (n=15) nayuenmmep ouaznoswl Kotiviiowvl, anaiacmuxansix anemus yuin ainoHSCT 20,75% scazoaiioa
opbinoanowt (n =11), 9,46% (n =5) muenrooucniacmuxanvik cunopomea (MDS) AITKT sicacanowi, onviy iwinde yw nayuenmme (60%) komenem-
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Ke moaMazaH MueiomMoHoyumapsix netikos (JMML) 6onovl. 3epmmey nomuoicenepine cotikec, anno- AIKT scypeizeen kesoe, yinecimoi mysvic-
mulK donopoan ALL bap nayxacmapoviy scainst omip cypy oeneetii 63,6% kypaoul, an aypyowiy bacmanyeinan 6acman ey epme xesenoe AI KT
Jlcacazanoa, emip cypy oeneelii aumapavlkmai 6010bl. dcozapwi (83,3%). AI VKT muimoinicine mpancnianmayusza Oeiinei emoey JHcoHe moblk,
yiinecimoi 0onopOvly 60IybL Oa ocep emmi. AniacmuKanbiyx anemMusda mepanusAnvly 6acmaty yaKsimol Maywi30bl Qaxmop 60161n mabvliaobl.

Kopoimuinowvi: AIVKT epme kezenOepinoe dcone aypyiapovly KAumaiaHybl Heaz0aublHOA Ho2apbl MoyeKel MONmapblHbly OHKOIO2USLIbIK,
JHCOHE 2eMAMONOUSILIK AYPYAapbii emOeyoiy Kascemmi kezeni 6onvin mabwiiaovl. AIJKT oy nomudice andviyevl mepanusiea OAUIAHBICMbL,
A2HUL. emoey Oa20apramanblx, monvlK Keiemoe, 3aManay Cmanoapmmol Xammamanapea calikec JcoHe YaKblmblLibl JHCypisinyi kepek. Kazak-
cman Pecnyonuxacvinoa 6ananapoa scypeizinemin JKKTK eneizy oicone canvin apmmulpy moceneiepi 03ekmi 001oin madwviiadbl HeoHe oMip
CYpY y3aKmuieblt, Kymilemin emMip cypy Y3aKmolablH JdcaKcapmyad, neOuampusiblk aypyiapod Kadlcemcis Jcone Kayinmi ackblHynapobly 0amy
Kaynin azaiumyea scekeneHoipiieer mociioi KAMmamacsl3 emy yuwin 00an opi Kyui caiyovl maian emeoi.

Tyiin ce30ep: 2eM0Ono3mMuKanblK Oy JHCACYUANAPLIH MPAHCHIAHMAYUAILAY, OANANAD, Jceel NelK03, OHKO2eMAMOI02UALbIK AYPYIap.

AHHOTANUA

PE3YJIBTATHI AJJJIOTEHHOM TPAHCIUIAHTAIIMHU TE-MOIIO3TUHYECKHUX CTBOJIOBBIX
KJIETOK Y JETEM B KJIMHUKE HAYUYHOI'O IIEHTPA IIEJAUATPHUU U JIETCKOM XUPYPTUH

A.B. Tyneoaesa'?, I.T. Tawmenosa'?, 3./1. [ymumosa’, I.K. A6ounosa'?

'HAO «Kasaxckuit HaumoHanbHbii MeguumHckuit Yrnsepeutet um. C.10. Acenansposay, Anmarsl, Pecnybnuka Kasaxcras,
*AO «HayuHblli LieHTp neauaTpum 1 AeTCkoi Xupyprumy, Anmatsl, Pecnybnuka KasaxcraH,
*HAO «Kasaxckuit HaumoHanbHbIi YHuBepeuteT um. anb-dapabuy, Anmatel, Pecny6nuka Kasaxcta

Axmyanvnocms:  Tpancnaanmayus — eemonodmuyeckux — cmeonogvix — knemox  (TI'CK)  asnsemcs — memoOom — OKasamus
BbLICOKOCNEYUANUSUPOBANHOT  NOMOWU — NAYUEHMAM, C  OHKONLO2UYECKUMU U  2eMAMONOSUHEeCKUMU — 3A001e8AHUAMU,  MAICETLIMU
KOMOUHUPOBAHHIMU NEPEULHBLMU UMMYHOOCDUYUMAMU, A MAKICE OPY2UMU 8POACOCHHBIMU U HACIEOCMEEHHBIMU OOJe3HAMU, NPOMEKAIOUWUMU
€ nopasicenuem Kpo8emeopHoul U UMMYHHOU CUCTHEM.

ILleny uccneoosanus — usyuumo pesynomamor npogedennvix annoll CK u 603modcnoe 6nuanue maxux paxmopos, Kax noi, pexrcum
KOHOUYUOHUPOBAHUS, COBMECHUMOCHb OOHOPA, CMAmMyc OCHO68HO20 3abonesanusi na momenm nposedenus TI'CK na noxkazamenu
BBLICUBACMOCTIU NAYUCHNOG C OHKO2EMAMOIOSUYECKUMU 3A00NeBAHUAMU 2PYIN BbICOKO20 PUCKA.

Memoowr: Pempocnekmughwvill aHaiu3 OaHHbIX HabuodeHuil 3a 53 nayuenmamu ¢ oHkocemamonocudeckou namonozuei nocie TI'CK &
yenosusax Hayunoeo [lenmpa neouampuu u 0emckou xupypeuu 2. Anmamet ¢ 2021-2020 2. Boiorcusaemocms nayuenmos oyeHusaniu no memooy
Kannana-Matiepa, cmamuueckas 06pabomky npoeoounu ¢ nomouvto npoepammel SPSS Statistics.

Pesynvmamui: Pesynomamor nposedennvix ainoll'CK oviau oyenenvt y 39,6% nayuenmos ¢ ocmpoim aumpooracmuvim netikozom (n=21),
v 28,85% nayuenmos (n=15) ¢ ocmpuiym muenobracmusvim 1euko3om, npu aniacmuyeckou anemuu 6 20,75% cuyuaes (n=11), 6 9,46% (n=5) npu
MUeNoOUCNAACTNIUYECKOM CUHOPOMe, U3 HUX mpoe nayuenmos (60%) ¢ 106eHUIbHLIM MUETOMOHOYUNAPHBIM NEIKO30M.

Obwas 6v12ICUBAEMOCHTIL RAYUEHINOE C OCIMPLIM TUMPOOIACMHBIM Netiko30M npu nposedenuu arroTl CK om cosmecmumozo poocmeennoeo
oonopa cocmasuia 63,6%, npu smom noxazamenu svixcusaemocmu npu nposedenuu TI'CK 6 naubonee pannue cpoku om nauana 3a601e6anus
ovLiu 3Hauumenvro eviwte (83,3%). Tax owce na sgpgpexmusnocme TI'CK eausnu neyenue 00 MpPAHCHIAHMAYUU, HATUYUE NOJIHOCMBIO
COBMECMUMO20 POOCMEeHH020 donopa. IIpu aniacmuueckoll anemuy 3HAYUMbIM DAKMOPOM AGIALIOCH 8PEMS ON HAYALA MePaAnuu.

3aknwuenue: TI'CK asnsiemcs HeoOX00UMBIM SMANOM MePaAnuU Npu OHKO2EMAMOI0SULECKUX 3a001e8AHUAX 2PYNN BLICOKO2O PUCKA 6
pannue cpoku u npu peyuousax sabonesanui. [lonoscumensvuviii pesynomam TI'CK 3asucum om panee npoeoousuietics. mepanuu, m.e. jledeHue
00JIHCHO ObIMb NPOSPAMMHBIM, OCYWECMEAAMbCA 8 NOIHOM 00bEME, 8 COOMBEMCMEUU C COBPEMEHHbIMU CMAHOAPMHBLIMU NPOMOKOIAMU U
ceoegpemennbiM. B demckoll npakmuxe HeoOX00UM CReYuanusuposannblii n00Xo0, 8 udedaie 2apMOHUUPOBAHHBIL MeNCOY PA3IULHbIMU
MPAHCRAAHMAYUOHHBIMU Yenmpamu. Bonpocul ysenuvenus konuuwecmsa nposooumvix TI'CK y Odemeii mpebylom Oanvueiue2o usyvenus
011 YAYHULEHUSL BIHCUBAEMOCU, NPOOOIICUMETLHOCIIU JCUSHU, CHUIICEHUS PUCKA PA3GUMUSL HEXCEIAMENbHBIX OCIONICHEHUU Y NAYUEHMO8
0emcKo2o 6o3pacma.

Knrouegvie cnosa: mpancnaanmayus 2emonodsmuueckux cmeonoswvix kaemox (TI'CK), demu, ocmpulii netikos, onkozemamono2udecKue
3a601e6aHUA.
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ABSTRACT

Relevance: The main pathologies of the thyroid gland (TG) include hyperthyroidism, hypothyroidism, nodular goiter, autoimmune
diseases (AIT), and cancer. An increase in morbidity from TG pathologies in the Republic of Kazakhstan requires more efficient
diagnostic and treatment methods.

The study aimed to determine the diagnostic value of SPECT with sodium pertechnetate (99mTc) quantitative parameters in TG
pathologies.

Methods: The study involved 112 patients. SPECT assessment of the TG was carried out using a Philips Forte gamma camera and
a radionuclide drug — 99mTc. A boxplot diagram was used for statistical analysis of the results, with which the data was visualized, as
well as SPSS software ver-sion 21.0 and Microsoft Office Excel.

Results: Of the 112 patients, 96 (85.7%) were women, and 16 (14.3%) were men. The participants were aged from 10 to 89 years,
with a mean age of 50.9 years. The median administered activity of the 99mTc was 160 MBq. The analysis showed that the largest
proportion of patients with SPECT studies of the TG were in the age group over 55 years (37.5%). Regarding the distribution of TG
nodules, 47 (42%) patients had nodular formations, including 25 (53.2%) “hot,” 20 (42.6%) “cold,” and 2 (4.3%) “warm.” Classification
of thyroid diseases in patients with nodular formation showed that 13 (27.7%) suffered from diffuse goiter, 19 (40.4%) had nodular
goiter, 12 (25.5%) had AIT, and 3 (6.4%) patients had cancer. Analysis of the distribution of radiopharmaceutical accumulation in the
TG depending on the diagnosis showed that the median accumulation of radiopharmaceuticals in cancer was 0.6, in AIT — 1.15, and in
diffuse and nodular goiter — approximately 1.5 and 1.7, respectively.

Conclusion: Our study confirms the importance of quantitative SPECT parameters for understanding the various manifestations
and pathological processes in the TG. Future research may improve diagnostic and treatment strategies for this disease by further

exploring the relationship be-tween these parameters and various forms of TGC.
Keywords: Thyroidgland, node, single-photon emission computedtomography (SPECT), radiopharmaceuticals, radiopharmaceutical

accumulation, quantitative assessment.

Introduction: Thyroid gland (TG) disorders are the con-
ditions that impact the TG function, size, and structure.
The TG disorders primarily include hyperthyroidism, hy-
pothyroidism, TG nodules, autoimmune diseases, and thy-
roid cancer. Worldwide, approximately 200 million persons
have been diagnosed with TG disorder. The prevalence
rate of hyperthyroidism ranges from 0.2% to 1.3%, while
the prevalence rate of hypothyroidism ranges from 1% to
2%. And the proportion of palpable TG nodules ranges
from 4% to 7% [1]. Besides, there is a constant increase in
thyroid cancer, according to the International Agency for
Research on Cancer. For example, the number of newly di-
agnosed thyroid cancer cases increased by 1.4 times (from
586,202 to 821,214) from 2020 to 2022 [2, 3].

In the Republic of Kazakhstan, the incidence of TG dis-
orders has also increased. Kh.l. Kudabayeva et al. report
that foci of endemic goiter have been registered in 11 re-
gions [4]. The share of thyroid cancer in the structure of on-
cological morbidity is 1-3% and is in the 17th place [5].

New diagnostic methods appear with the develop-
ment of science and technology in medicine. Ultrason-
ic scanning (Ultrasound) is still the main TG examination
method [6]. The ultrasound is sensitive to TG nodules
in 19-67% of cases but has a limited capacity to differ-
entiate benign and malignant neoplasms. Fine-needle
aspiration puncture biopsy (TAPB) is a mandatory part
of the examination to assess nodular neoplasms [7].
High sensitivity and specificity are the strengths of this
method. Scintigraphy or single-photon emission com-
puted tomography (SPECT) is used to visualize the TG
functional activity. This method allows for assessing the
TG function and determining the number, location, and
types of foci. Scintigraphy or SPECT before TAPB is rec-
ommended to sort out patients with non-functioning
“cold” nodules.

The study aimed to determine the diagnostic value of
SPECT with sodium pertechnetate (**™Tc) quantitative pa-
rameters in TG pathologies.
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Materials and methods: The data for this retrospective
study were collected from 112 patients who underwent TG
examination from 2016 to 2023 in the Department of Ra-
diology and Nuclear Medicine of the Kazakh Research In-
stitute of Oncology and Radiology (Almaty, Kazakhstan).
The collected data included the SPECT, US, and TAPB re-
sults, data on the therapy performed, and the results of the
postoperative histological examination.

The SPECT study was conducted under the recom-
mendations of the European Society of Nuclear Medicine
(EANM) for TG scintigraphy and SPECT [8]. The patients
who had undergone TG examinations had a referral from
a physician. Patients received detailed information about
the study while making an appointment and preparing for
it. Pregnancy and breastfeeding were contraindications
for the study.

The thyroid SPECT was performed using a Philips
Forte gamma camera equipped with a high-energy col-
limator or a pinhole collimator centered on a photopeak
with an energy of 140 keV. A radioactive pharmaceutical
%mTc was used for the study. The activity dose was cal-
culated individually for each patient at 1-1.5 MBq/kg b.w.
The syringe with the product was measured on an im-
mersion dosing device and directly with a gamma cam-
era before and after administration to calculate the ad-
ministered dose. The study was conducted 10-15 minutes
after administering °*™Tc in the supine position with the
patient’s head thrown back. The image was obtained in

Table 1 - Demographic characteristics of the study participants

3 minutes per the standard gamma camera examination
protocol. Parameters such as thyroid size, uniformity of
radioactive pharmaceutical (RPh) uptake, and local foci of
increased or decreased accumulation of RPh were evalu-
ated as a result of the scanning. Nodules in the thyroid
indicate that a focal formation has formed. Nodular for-
mations of the thyroid were classified depending on the
degree of RPh accumulation. Nodular formations were
classified according to the adopted standard, as: “cold”
- not accumulating RPh, “warm” — with the accumulation
of RPh equivalent to the thyroid tissues, and “hot” (au-
tonomous) - with the accumulation above the accumu-
lation of thyroid tissues. Two nuclear medicine doctors
from the Radiology and Nuclear Medicine Department of
the Kazakh Institute of Oncology and Radiology (Almaty,
Kazakhstan) interpreted the study results.

Statistical analysis of the results was conducted with
the help of a boxplot, and such parameters as medi-
an, arithmetic mean, and standard deviation were used.
All data obtained during the study were statistically pro-
cessed. Statistical data processing was conducted using
SPSS software version 21.0 and Microsoft Office Excel.

Results: 112 thyroid SPECT studies with *™Tc were per-
formed in the Department of Radiology and Nuclear Med-
icine of the Kazakh Research Institute of Oncology and Ra-
diology from 2016 to 2023. Demographic variables such as
gender, age, and ethnicity were collected during the study
(Table 1).

Category Subgroup Absolute Parameter Percentage Parameter
Gender Men 16 14.3%
Women 96 85.7%
Age 0-24 5 4.5%
25-34 17 15.2%
35-44 23 20.5%
45-54 25 22.3%
55< 42 37.5%
Ethnic group Kazakhs 63 56.25%
Russians 31 27.69%
Dungans 2 1.79%
Ukrainians 1 0.89%
Koreans 2 1.79%
Uyghurs 3 2.68%
Tatars 4 3.57%
Kurds 1 0.89%
Azerbaijanis 1 0.89%
Kirgiz 1 0.89%

As seen from Table 1, most patients were women, 96
out of 112 (85.7%). The ages of the patients ranged from 10
to 89 years. The group over 55 prevailed in the age range
of 42 persons (37.5%). The mean age of all patients was 50.9
years, 44.8 years in men and 51.4 years in women. The Ka-
zakhs were the largest among the patients based on eth-
nic group, accounting for 56.25%.

The median of the introduced RPh activity during the
study was 99mT - 160 MBq (60-260 MBQ). The distribu-

tion of RPh accumulation in the thyroid, depending on
gender, was visualized using boxplot analysis. As a re-
sult, the minimum value of RPh accumulation in wom-
en and men was the same - 0.1, and the maximum val-
ue was 13.8 and 9.1, respectively. The median in the first
group, that is, in women, was 1.2; in the second group, it
was less by 33.3% (0.8). The lower and upper quartiles in
women were 0.6 and 2.3, respectively, and 0.4 and 1.6 in
men (Figure 1).
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Figure 1 - Accumulation of RPh *™Tc in the thyroid
in men and women

Table 2 - Distribution of TG nodules depending on the accumulation of *™Tc

Group Category Absolute parameter Percentage Indicator
Presence of nodules Present 47 41.96%
Absent 65 58.04%
Hot 25 53.2%
Classification of Nodules Warm 2 4.3%
Cold 20 42.6%
Left lobe 15 31.9%
. Right lobe 25 53.2%
Nodule locations Isthmus 3 6.4%
Left/Right Lobes 4 8.5%

Nodular formations were found during the examina-
tion of the thyroid gland. The characteristics of the found
TG nodules are presented in Table 2.

Table 2 shows that nodules were found in 47 (42%) pa-
tients, of which 25 (53.2%) were “hot,” 2 (4.3%) nodules
were “warm,” and 20 (42.6%) nodules were “cold.” More
than half of the nodules were located in the right lobe, at
25 (53.2%), and only 15 (31.9%) were in the left lobe. The

nodule’s location in the isthmus was 6.4% and 8.5% in
both lobes.

The nodules were categorized by visual qualitative as-
sessment for the RPh accumulation degree (Figure 2).

Patients with nodular formations were classified into
4 groups according to TG disorder: diffuse goiter, nodu-
lar goiter, autoimmune thyroiditis (AIT), and thyroid can-
cer (Table 3).
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Figure 2 — Images of the thyroid: a) “hot” nodule, b) “warm” nodule, ) “cold” nodule

Table 3 - Classification of TG nodular formations

Group o csoders | Absate | Percentage
Diffuse goiter 13 27.7%
Nodular goiter 19 40.4%
Autoimmune thyroiditis 12 25.5%
Thyroid cancer 3 6.4%

The number of patients with thyroid cancer was 6.4%,
and the number with diffuse goiter and AIT were approxi-
mately the same, 27.7% and 25.5%, respectively, and the larg-
est part of patients was with nodular goiter, 40.4% (Table 3).

The distribution of RPh accumulation in the thyroid,
depending on the disorder, can be seen in Figure 3 and
Table 4.
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Figure 3 - RPh accumulation in the thyroid under diagnosis

Table 4 - Summary data

Group Number Min. Q1 Median Q3 Max. Medium value Standard deviation
Diffuse goiter 13 0.3 0.8 1.5 3.5 13.8 3.6385 4.6543
Nodular goiter 19 0.3 0.85 1.7 4.35 | 10.2 2.9474 2.8899
Autoimmune thyroiditis 12 0.3 | 0.575 1.15 1.85 | 9.1 2.225 2.8794
Thyroid cancer 3 0.4 0.5 0.6 0.65 | 0.7 0.5667 0.1528

Analysis of quantitative SPECT parameters showed
that the median RPh accumulation in thyroid cancer was
0.6 (mean value was 0.7). In contrast, this parameter was 2
times higher (1.15) in AIT. And the median RPh accumula-
tions were approximately the same - 1.5 and 1.7, respec-
tively, in diffuse and nodular goiter (Figure 3).

Discussion: We studied thyroid SPECT data from 2016
to 2023 as part of our study performed in the Department
of Radiology and Nuclear Medicine of KazRIOR. During
112 thyroid studies, it was found that 85.7% (96) of partici-
pants were females, while males accounted for 14.3% (16).
In the studies by G.B. Morand et al. [9], N. Bilen et al. [10],
and C. Gong et al. [11], an average of 78% of patients were
females. According to GLOBOCAN, females are also more
affected by breast cancer; i.e., in 2022, the women-to-men
ratio was 2.98 [3]. The gender imbalance in our study prob-
ably reflects the high incidence of TG disorder in the fe-
male population. There are several reasons for the ex-
planation of this difference. The estrogenic environment
and the cyclic nature of hormonal changes in women are
strong stimulators of thyroid dysfunction in women. The
fact that TG disorders are the most common endocrine
factors affecting women of reproductive age is of para-
mount importance [12-15].

Analysis of the age distribution of patients allows us to
see that thyroid studies with SPECT were conducted in a
wide age range - from 10 to 89 years. In our studies, most
patients were aged 35 to 44 years or above 55 years. In the
study by N. Kwong et al., nodular TG disorders in patients
of the oldest group (>70) increased by 0.7 [16]. Thyroid can-
cer was found oftener in the age group above 55, accord-

ing to the 2022 GCO observation [3]. It may indicate an in-
creased need for such diagnostics at an older age.

Several key aspects should be discussed regarding the
study’s results on the distribution of RPh accumulation in
thyroid tissue depending on gender. First, it is noticeable
that the minimum RPh accumulation in women and men
is the same, at 0.1. It indicates a similarity in the initial levels
of thyroid activity in both genders. Second, the differenc-
es become more pronounced in the maximum value anal-
ysis: in women, the maximum value is 13.8 vs. 9.1 in men.
This indicates various pathological processes or metabolic
characteristics related to thyroid activity in different gen-
ders. The third important observation concerns the medi-
an. The median value of the RPh accumulation in women
is 1.2, while this value in men is lower by 33.3% and is 0.8.
It indicates potential differences in the distribution of thy-
roid activity between the genders.

Thus, the study results highlight potential differences
in thyroid activity between men and women. It may have
clinical implications in assessing thyroid function and pos-
sible pathological processes. Further studies may focus on
identifying the causes of these differences and their clini-
cal implications for understanding TG disorders.

The study of the characteristics of TG nodules provides
valuable information about the various manifestations of
this disease. It is noted that 42% of patients were found to
have nodules, and many of them were classified as “hot,”
which is 53.2% of the nodules found. In previous stud-
ies, the proportion of hot TG nodules found during SPECT
ranged from 8-72% [17-21]. Many authors in their research
papers concluded that the “cold nodules” are mostly ma-
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lignant, while the "hot nodules” are benign based on the
comparison of the preoperative study results of SPECT and
histology [22]. However, several studies show that it is not
always the case, and 11.5% of hot nodules turn out to be
malignant, while the rate for cold nodules is only 5-8%,
and it was 25% in some studies. Radionuclide diagnostics
is limited in differentiating benign tumors from malignant
ones.

Analysis of the distribution of nodules by thyroid lobes
showed a higher frequency of localization in the left lobe
(53.2%). However, the location of the nodules, depending
on the pole, is more significant, according to the works of
other authors [23,24].

Classifying TG disorders among patients with nodular
formations helps better understand their clinical manifes-
tations. It was found that nodular goiter (40.%) and diffuse
goiter (27.7%) were the most common TG disorders in the
cohort of patients in our study.

The thyroid gland increases evenly in diffuse goiter,
one or more nodular formations are observed in the thy-
roid in nodular goiter, and their simultaneous combination
is noted in diffuse-nodular goiter. Interestingly, the medi-
an of the RPh accumulation in these two cases does not
differ much. At the same time, the RPh accumulation rate
was lower than in diffuse goiter in patients with AIT but
twice as high as in thyroid cancer.

US is widely used as a primary examination method for
TG disorders. However, the US capabilities may be limited
in the differential diagnosis of benign and malignant nod-
ules [25,26]. Usually, TAPB is the “gold standard” for the dif-
ferential diagnostics of thyroid lesions [27,28], and SPECT
is used to diagnose thyroid goiter in certain cases. This
method can help determine the goiter’s size, shape, activ-
ity, and spread. Their combined use is important for this
reason [29]

Quantitative SPECT/CT is considered useful for risk
stratification of functional TG disorders. It becomes obvi-
ous from the quantitative SPECT data analysis that the RPh
accumulation level in thyroid cancer was noticeably low-
er than in other groups. It may be due to a decrease in the
ability of the thyroid gland to concentrate iodine in some
types of malignant neoplasms [30]. Due to the similarity of
technetium and iodine in terms of physical and chemical
properties, technetium uptake is also reduced [28].

This figure doubled with AlIT, reaching 1.15. The median
indicators of RPh accumulation were approximately equal
in diffuse and nodular goiter and amounted to 1.5 and 1.7,
respectively.

The work by H. Lee et al. showed that the quantitative
parameters of SPECT/CT were the highest in diffuse goiter
and lower in the euthyroid state, but this parameter was
the lowest in thyroiditis (p<0.0001). The work demonstrat-
ed that the quantitative assessment of SPECT/CT is more
accurate than the qualitative assessment of the RPh accu-
mulation, so it is considered the main method [31]. In the
work of H.J. Kim et al., the percentage of RPh uptake was

also more significant in detecting euthyroidism and made
it possible to distinguish destructive thyroiditis from a eu-
thyroid state [32].

Thus, the results of our study showed that the quanti-
tative parameters of SPECT are informative in the differen-
tiation of thyroid cancer from other thyroid pathologies.
However, the method has a lower diagnostic accuracy in
the differential diagnostics between non-oncological thy-
roid pathologies. Further studies may deepen the under-
standing of the relationship between the quantitative pa-
rameters of SPECT and various thyroid pathologies. It will
help to develop more effective strategies for the diagnos-
tics and treatment of TG disorders.
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AHJATIA

KAJIKAHIIIA BE3IHIH AYPYJIAPBIH IUATHOCTUKAJIAYJIA BIP ®OTOH/IbI
OIMUCCHUAJIBIK KOMITBIOTEPJIIK TOMOI' PAGUSAHBIH CAH/IbIK BAFAJIAYBIH
MYMKIHJAIKTEPI
JLK. A6opaxman’, JK.M. Amankynos'?, /I.P. Kaiioaposa'?, A.A. Hopaes', A.K. Cooivexosa’, K.C. Qo0pacunosa’

1«Kasak OHKOMOrus xaHe pagunonorus FeinbIMi-3epTTey MHCTUTYTBI» AK, Anmatel, KasakctaH Pecnybnmkachr;
2«C.)K. Acthenanspos aTbiHaarsl Kasak ynTTbik MeavumHa yHueepcuteTin KEAK, Anmatel, KasakctaH Pecny6nmkacs!

Oszexminizi: Kankanwa Oe3iniy Hecizei namoniouslapvlHa 2unepmupeos, 2Unomupeos, myuiHoi 300, aymoumMmyHObl aypyiap Hcoue Ka-
mepii icik scamaovl. Kazaxcman Pecnybnuxacvlnoa ouazHocmuka mer emoeyoiy He2ypivim muimoi o0icmepin manan ememin Kb aypyvimen

ayblpamviH HAYKACMAp CaHbIHblY apmybl OAuKaiaobl.

3epmmeyodin, makcamol — Kb-niy namonozusicoln 3epmmey Kezinoe Hampuii nepmexnemamoin (99mTc) konoanvin bOOKT-Hbiy canobIK

napamempaepiniy OuaeHOCMUKAIbIK MOHIH AHbIKMAY 601bIN MadbLIaobL.

Aoicmepi: 3epmmey bapvicvinoa 112 naykacmeiy depexmepi kammuoliovl. Kb-0iy cyunmuepaguscer Philips Forte camma kamepacel
Jicone paoduonykauomi npenapam — 99mTc komezimen ducypeizindi. Homuoicenepdin cmamucmuxanslk maioaysl keszinoe, boxplot ouae-
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pammacsl Kemezimen depexmep 8U3yanu3ayusianovl sgcone SPSS-miy 21.0 nyckacel men Microsoft Office Excel bazoapramanvix Kypansl
natoanansiiobl.

Homucenepi: 112 naykacmapowiy 96 (85,7%) otiendep, 16 (14,3%) ep adamoap 6010wbi. 3epmmey scypeisiieen HayKkacmapowly Hacol
10-nan 89 acac apanvizvinoa 6010si, an opmawa sxeacvl 50,9 kypaowi. Eneizineen paouogapmospmexminy (PDI) 99mTc-0in bencenodiniziniy
meouanacwl 160 MBx Kypaowi.

Tanoay KB-iniyy BOOKT-nvix sepmmeyinen omken naykacmapowly yaken yieci 55 ocacman ackan (37,5%) srcac mobul exenin kopcemmi.
Kb-iniy myiiinoepiniy mapanyvina kenemin 6oncak, 47 (42%) nayuenmme myuindi my3sirimoep 6010vl, onvly iwinoe 25 (53,2%) «vicmoiy, 20
(42,6%) «cywiry orcone 2 (4,3%) — «ocwinvly 6010bl.

Kb-niy Tyiiinoi gpopmayuscer 6ap naykacmapowiy scikmenyinoe: 13 (27,7%) oucppyszowr 306nen, 19 (40,4%) — myuindi 306nen, 12
(25,5%) — aymoummynovt mupeoudumnen (AUT) scone 3 (6,4%) — kamepai iciknen ayvipeanvin Kepcemmi.

Huaznosea 6atinanvicmol Kb-0e PD/[-miy scunaxmanybviiolyy mapanybin manioay Ke3inoe, Rpenapammoly ICUHAKmMary meouanacsl Kamep-
ai icix kesinoe 0,6, AUT-me — 1,15, an oughgpy30ut scone mytindi 306ma cotikecinuie 1,5 sicone 1,7-1i Kypatimvinvl anblKmaiobi.

Kopvimuinowt: Bizoiy zepmmeyimiz Kb-oeei apmypai Oininynep men namonozusinielk npoyecmepoi myciny yuin bOIKT canovix napa-
Mempaepiniy Manbl30blAbl2bIH PACMAUObL.

Tyuiinoi ceszoep: kankanwia 6e3i, myuiin, Oip pomonowvl smuccusnvik komnviomepaik momoepagus (b@IKT), paouopapmospi (PD/]), PD/]-
MiK HCUHAKMATLYIHBLY, CAHObIK 0a2anay.

ABSTRACT

BO3MOXHOCTH KOJIMYECTBEHHOM OIIEHKH OJTHO®OTOHHOMN
SMHUCCHOHHOMN KOMITBIOTEPHOM TOMOI PAOMHU B TUATHOCTHUKE
3ABOJIEBAHU U TOBUTHOM KEJIE3bI
JLK. A6opaxman’, JK.M. Amankynoe'?, /I.P. Kaiioaposa'?, A.A. Hopaeg', A.K. Caoubexosa', JK.C. A6opacunosa’

AQO «Kasaxckui Hay4Ho-1CCre0BaTENbCKMIA MHCTUTYT OHKOMOTM 1 paguonorvny, Anmatel, Pecnybnuka Kasaxctar;
HAO «Kasaxckuii HauvmoHanbHblit MeguumHckuii YiusepeuteT um. C.[. ActeHausiposay, Anmatel, Pecny6-nvka KasaxctaH

Axmyansnocmu: Ocnognble namonocuu wumosuonou scenesol (LK) exarouaiom eunepmupeos, cunomupeos, y310601i 300, aymoummyHHble
sabonesanusi (AUT) u pak. B Pecnybnuxe Kazaxcman nabniooaemcs ygeauuenue zabonesaemocmu LK, mpebyiowee 6onee s¢hgpexmugnvix
Memo008 OUASHOCMUKY U IeHeHUs.

Llenv uccnedosanus — onpeoenenue OUASHOCMUYECKOU YEHHOCMU KOAUYECNBEHHBIX NAPAMEMPO8 O0OHOGOMOHHOU IMUCCUOHHOU
KoMnblomepHot momozpaguu ¢ nampus nepmexrnemamom (99mTc) npu namonocusax wumosuoOHoU Jiceesbl.

Memoowi: Mamepuanvt 0ns ucciedosanus ekaouanu oannvie 112 nayuenmos. Konuuecmeennas oyenxa OPOKT LK nposoounacs
¢ ucnoavbsosanuem camma-xamepol Philips Forte u paouonykauonozco npenapama 99mlc. [Qus cmamucmuueckoeo ananusa pes3yibmamos
ucnonvsosanu npozpammnoe obecneuenue SPSS eepcuu 21.0 u Microsoft Office Excel, a maxace ouazpammul boxplot ona eusyanusayuu OaHHbIX.

Pesynomameut: B uccireoosarue 6vin0 exnoueno 112 nayuenmos, 6 mu. 96 (85,7%) swcenwun u 16 (14,3%) mysrcuun. Bozpacm yuacmuukos
naxoouncs ¢ ouanasone om 10 0o 89 nem, cpeonuii 6ozpacm cocmasun 50,9 nem. Meouana ésedennoii akmusnocmu paouogapmnpenapama
(P®@II) 99mTc cocmasuna 160 Mbk .

Ananus noxasan, umo dorvuuncmeo nayuenmos (37,5%) oviiu cmapwe 55 rem. Ymo kacaemcs pacnpedenenus y3nos LK, mo y 47 (42%)
nayueHmos Obllu BblA6IEHbL Y3108ble 00pa308anus, cpedu komopwvix 25 (53,2%) 6vinu «eopauumuy, 20 (42,6%) — «xoroonvimuy u 2 (4,3%) —
«MENbIMUY.

Knaccupurayus zabonesanuii LK y nayuenmos c y3nogvim obpasosanuem nokasana, umo 13 (27,7%) cmpaoanu oupysnvim 3060m, 19
(40,4%) — y3n08vi:m 3060m, 12 (25,5%) — AUT u 3 (6,4%) — paxom LLK.

Ananuz pacnpedenenus Haxonnenuss POII ¢ LK 6 3asucumocmu om ouacnoza nokasau, umo meouara Haxonierus PPII npu paxe
cocmasuia 0,6, npu AUT — 1,15, a npu oupghysnom u yznoeom 306e — npumepno 1,5 u 1,7, coomeemcmeaenno.

3aknwuenue: Hawe uccnedosanue noomeepaicoaem 8axCHOCms Koaudecmeennolx napamempos ODPIKT ons nonumarus pasHooopasuvix
nposisienull u namoaoeuieckux npoyeccog 6 LLPK. Jlanvneiiuue uccne0o8anus Moeym yiyuuums cmpameuu OUdeHOCIMUKU U Ae4eHUsl IN020
3a60ne6anus, enyoice U3yUUG C6:3b MeACOY IMUMU NAPAMEMPAMU U PA3TUIHLIMU hopmamu 3aboresanuti LK.

Kniouesvie cnosa: wumosuonaa owcenesa (LK), yzen, oomogpomonnasn smuccuonnas romnviomepnas momoepagua (ODPIKT),
paouogpapmnpenapamol (PDII), nakonnenue PPII, konuuecmeennas oyexxa.
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ENDOSCOPIC BOUGIENAGE OF BENIGN ESOPHAGEAL
STRICTURES USING A BOUGIE CAP

K. BATYRBEKOV', A. GALIAKBAROVA', A. UALIKHANOW'

""National Research Oncology Center” LLP, Astana, the Republic of Kazakhstan

ABSTRACT

Relevance: Esophageal stricture is a narrowing of the lumen of the esophageal tube caused by the proliferation of connective tissue
in its wall. This condition can develop against the background of esophagitis, peptic ulcers, chemical burns of the esophagus, and
iatrogenic causes. Cicatricial changs of the esophagus occupy the second place among diseases of this organ after esophagitis and are
Jormed in 70-80% of patients with postburn strictures.

The study aimed to analyze the results of endoscopic treatment of benign esophageal stenosis using distal Bougie Cap caps and
evaluate the effectiveness of this new device in the short term of use for treatment purposes.

Methods: The authors have retrospectively analyzed the first results of using Bougie Cap distal caps in the endoscopic treatment
of benign esophageal stenosis in Kazakhstan. From 2022 to 2023, 81 bougie sessions with steel caps were performed in 55 patients with
esophageal stenosis in the endo-scopic department of the National Research Oncology Center (Astana, Kazakhstan).

Results: The leading causes of esophageal stenosis were chemical burns (60% of patients), stenosis after radiation therapy (25.4%),
and strictures of esophageal anastomosis (14.6%). The stenoses were short, up to 3.0 cm, in 37 patients (67.2%), extended — in 15 patients
(27.2%), subtotal — in 2 patients (3.6%), and only one patient (1.8%) had a stenosis of 17 cm. The bougienage outcome was good in all
patients with short stenoses, satisfactory — in patients with stenoses up to 9 cm, and unsatisfactory — in patients with subtotal and total
stenoses. The number of sessions was 3 to 11. Three patients with total and subtotal stenosis were denied a bougienage due to a tortuous
stenosis with a high risk of perforation, and a percutaneous gastrostomy was installed.

Conclusion: Endoscopic bougienage with distal caps of the Bougie Cap is a safe method of bougienage of benign esophageal
strictures since the cap is transparent, and an endoscopist visually supervises the bougienage. During the three years of using distal
caps to dilate esophageal stenosis, not a single case of perforation was registered in our department. Therefore, we recommend this
method as the safest and most predictable method of bougienage, both in outpatient practice and in the hospitals in the republic.

Keywords: stenosis, stricture, bougienage, dilatation, esophagus.

Introduction: Esophageal stricture is a narrowing of
the esophageal tube’s lumen due to the proliferation of
connective tissue in its wall. This condition can develop
against the background of esophagitis, peptic ulcers,
chemical burns of the esophagus, and iatrogenic causes.
It is accompanied by symptoms such as dysphagia
(swallowing problem), belching, sore throat and
retrosternal pain, and weight loss. Esophagoscopy and
radiography of the esophagus are used to diagnose
strictures. Treatmentoptionsinclude balloon dilation of the
stricture, bougienage, esophagoplasty, etc. [1, 2]. Cicatricial
changesin the esophagus occupy the second place among
esophageal diseases after esophagitis and occurin 70-80%
of patients with post-burn strictures. The prevalence of
such pathologies is gradually increasing, especially among
children and young people. In modern abdominal surgery,
developing effective methods for treating cicatricial
strictures of the esophagus and preventing disruption of
normal digestive function remains an urgent problem.

Benign scar strictures can occur after inflammatory
diseases of the esophagus, damage to the organ wall
with aggressive agents, or surgical interventions on the
esophagus, e.g., application of anastomosis [3, 4].

Endoscopic classification of esophageal constrictions
by Gallinger:

Degree | - esophageal stenosis up to 9-11 mm;

Degree Il - esophageal stenosis up to 6-8 mm;

Degree lll - esophageal stenosis up to 3-5 mm;

Degree IV - esophageal stenosis up to 1-2 mm or a
complete obliteration [5].

In addition, the patient’'s medical history, the
presence of a causal factor of stenosis, the duration of
stenosis, and the degree of dysphagia are clarified during
the initial consultation. Violation of the passage of food
into the esophagus (dysphagia) is the most common
manifestation of the disease. There are four degrees of
dysphagia:

Degree | - violation of the passage of solid food
through the esophagus;

Degree Il - difficulty in semi-fluid food intake;

Degree Ill - difficulty in fluid intake;

Degree IV - complete esophageal obstruction.

A distal bougienage cap enables visual assessment
of the esophageal opening dilation. An endoscopist can
observe changes in tissue tension through the transparent
wall of the cap and avoid unwanted sprains. In addition,
using fewer tools reduces the procedure time. [6,7]. Caps
are made in different sizes: 10, 12, 14, and 16 mm for both
standard and ultrathin endoscopes (Figure 1). There are
three holes in the distal part of the cap. Two of them are
designed to suck out air and water, and one central hole is
designed to insert guide wires.
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Figure 1 - Types and sizes of endoscope distal caps for bougienage

There was no need for patient sedation during the
bougienage. This is because the procedure time is
comparable to conventional elective gastroscopy and is
accompanied by mild discomfort without pronounced
pain. Successful bougienage with a distal may be visually
confirmed during the procedure through atransparentdistal

cap; therefore, documentary (radiographic) confirmation
is unnecessary. For monitoring, it is enough to ask the
patient to drink a glass of water, and patients and doctors
will recognize the clinical effectiveness of the bougienage
procedure based on the feeling of free passage of water
from the esophagus into the stomach cavity (Figure 2).

Figure 2 - Endoscopic view of bougienage with a distal cap. Bougienage is visually controlled through
a transparent polymer cap.

Since the opening of the endoscopic department of
the National Scientific Cancer Center (Astana, Kazakhstan)
in 2019, we have been engaged in esophageal dilation
on an ongoing basis for both malignant and benign
diseases. Patients with benign esophageal stricture usually
predominate and comprise the lion’s share of stenotic
patients. Since 2022, we have primarily used distal Bougie
Caps for esophageal dilation and have stopped using
polymer bougies along the guide wire.

The study aimed to analyze the results of endoscopic
treatment of benign esophageal stenosis using distal
Bougie Cap caps and evaluate the effectiveness of this new
device in the short term of use for treatment purposes.

Materials and methods: From 2019 to 2022, the
NSCC endoscopy department, for benign strictures of
the esophagus, used polymer bougies for bougienage
along the guide wire. After purchasing new distal Bougie
Caps for the first time, polymer bougies were no longer
used since bougienage with polymer bougies along the
guide wire did not allow direct visual endoscopic control
during the stricture bougienage process, which carries
excellent risks of esophageal perforation or creating a
false passage in the esophageal wall. While using polymer

bougies along the guide wire, two cases of unintentional
esophageal perforation were reported by the NSCC
department and subsequently managed by emergency
surgery. Later, we stopped using polymer bougies. From
2022 to 2023, the NSCC endoscopy department only
performed 81 bougienage sessions with distal caps in
55 esophageal stenotic patients. The persistent clinical
effect of bougienage with distal caps was achieved on
average for 7-8 sessions, and no further bougienage was
required. Subsequently, during the dynamic monitoring,
1-2-3 months after the last bougienage session, the
esophageal lumen retained a width of 10-14 mm, which
caused no dysphagia in patients. The presented review
describes a retrospective analysis of the first and most
successful Kazakh experience of endoscopic treatment of
benign esophageal strictures using a new device. While
using distal caps, our department reported no cases of
esophageal perforation, which indicates the safety of this
device compared to bougienage with polymer bougies.

According to Table 1, men accounted for 70.9%, and
only 29.1% of patients were women. By age, 43.6% of
patients were 18-44 years old (Group 1), 41.9% were 45-59
years old (Group 2), and 14.5% were of other ages.
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Table 1 - Distribution of patients by gender and age
Mon nauverTos BospacT naumeHToB, abce. (%)
18-44 45-59 60-74 75-90 90+
My>XUMHbI 15 (27.3) 19 (34.6) 3(5.4) 2 (3.6) 0
YKEHLLMHBI 9 (16.3) 4(7.3) 2(3.6) 1(1.8) 0

Results: Before bougienage, all patients underwent a
contrast-enhanced X-ray examination of the esophagus
to determine the narrowing zone, the severity of stenosis,
the extent of stenosis, the shape of the stenosed lumen
of the esophagus, and the degree of stenosis according to
Gallinger (1999) [5].

Most often, patients came with the 3rd or 4th degree
of esophageal stenosis and with the 3rd degree of
dysphagia. In patients with short stenoses, bougienage
sessions were performed on an outpatient basis, mostly

Table 2 - Characteristics of stenosis in patients

without sedation, since bougienage corresponds to a
routine gastroscopy procedure in time and severity of
discomfort. In patients with prolonged, subtotal, and total
stenosis, the first bougienage sessions were conducted
on an inpatient basis and under general sedation due
to the high risk of esophageal perforation. Further, if
the first bougienage sessions are thriving and there is
no perforation, repeated sessions were performed on
an outpatient basis and under sedation at the patient’s
request.

Extent of stenosis

Cause of stenosis

Short (<3.0 cm) Extended (4-9 cm) Subtotal (10-15 cm) Total (>16 cm)
Post-burn stenosis 18 12 2 1
Postradiation stenosis 1 3
Anastomotic strictures 8

According to Table 2, the main causes of esophageal
stenosis were chemical burns — in 33 patients (60% of the
total number of patients), post-radiation stenosis - in 14
patients (25.4%), and strictures of esophageal anastomosis
—in 8 patients (14.6%). Most stenoses were short, extending
up to 3.0 cm in 37 patients (67.2%). Extended stenoses
were found in 15 patients (27.2%), subtotal stenosis up to
15 cm- in 2 patients (3.6%), and only one patient (1.8%)
had a 17 cm stenosis.

In all patients with short stenoses, good results of
bougienage were reported; patients with extended
stenoses up to 9 cm had satisfactory results, and patients
with subtotal and total stenoses had unsatisfactory
results. The number of sessions varied from 3 to 11. Three
patients with total and subtotal stenosis were burred
from bougienage due to the presence of a tortuous
course of stenosis, which is accompanied by a high
risk of perforation, and they underwent percutaneous
gastrostomy placement.

Discussion: The Bougie Cap is a relatively new
device for treating esophageal and gastric stenoses.
The first international publication on the use of this
device dates back to 2018, and the first video on the
use of this distal cap for bougienage dates back to
2017. A few publications on the experience of using this
device are probably because the caps for bougienage
are designed for single use and are pretty expensive,
making the procedure more expensive than reusable
polymer bougies. The foreign literature describes
the experience of using caps for bougienage of post-
radiation stricture, eosinophilic esophagitis, and
cicatricial stricture of the esophagus. In contrast, no case
describes the experience of using bougienage with this

device in malignant stricture [8, 9]. As for Kazakhstan,
the NSCC endoscopy department was one of the first
in the country to use this device in 2022. The device
has already been used for benign esophageal stricture
and malignant esophageal stenosis [10]. In such a short
time, the experience of using this cap for bougienage
has already been accumulated. The safety of this device
is achieved due to the possibility of visual inspection
through its transparent wall directly during the
bougienage process. The endoscopist visually monitors
the direct pointing of the cone-shaped part of the cap
at the mouth of the stricture and controls the stretching
of scar tissue. Most importantly, the bougienage is not
carried out blindly, and there is no risk of false passage.
Our experience using the distal cap for bougienage
suggests its clinical effectiveness in treating esophageal
strictures.

Conclusion: Endoscopic bougienage with distal caps
is a safe method for benign esophageal strictures since
the cap is transparent and bougienage is performed
under the visual supervision of an endoscopist.
During the three years of using distal caps to expand
esophageal stenosis, our department reported no cases
of perforation; therefore, we recommend this method as
the safest and most predictable option of bougienage
in outpatient practice and hospitals of the republic.
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AHJIATIIA

BOUGIE CAP KOMETI'TMEH OHEIITIH KATEPCI3 CTPUKTYPAJIAPBIH
SHAOCKOIIUAJIBIK CYMBUIEY

K. Bamuipoexos', A. Fanuaxbaposa', A.Yonuxanoe'
1«¥nTTbIK OHKONOTUSNbIK 3epTTey opTanbifbly XKLLUC, Actana, KasakcTaH Pecnybnmkacs

O3exminizi: Onewmiy cmpurmypacel — oyew mymiciniy Kaovip2acblHoazvl 0oHeKep MmiHHiy KoOeliHeH 60IAMbIH CAHbLIAYObIH MAPLLIYbL.
OHewmezi yuKampusivlK 632epicmep 0Cbl OP2AHHBIY AYPYIAPbL APACHIHOA 330¢haUummeH KelliH eKiHull OpbIHObl Ald0bl HCOHE KYUIKMEH KelliHel
cmpuxmypacel 6ap naysacmapowiy 70-80% Kypaiiovi.

3epmmeyodin maxkcamol — oucmanvovl Bougie Caps kemezimen oHewmiy Kamepciz cmeno30apbliH 3HOOCKONUATILIK eMOey HOMUNMCeNepiH
Manday HeoHe 0Covl HCAHA KYPbLA2bIHbL eMOIK MAKCaAmma nauoaianyobly KblcKa Mep3iminoeci muimoiniein bazsanay.

Qoicmepi: Kaszaxcmanoa enewmiy Kamepciz cmpukmypacsin s3HOOCKONUAILIK emoeyde 0ucmanvowl byau Kaxnazvin aneaw pem K0i0amy moxci-
pubeciniy Oepexmepine pempocnekmusmi manoay xcacanovl. 2022-2023 xevinoap apanvizbinoa ¥immolx 2bliblmu OHKOI02US OpManbiabiHbly (Acma-
Ha, Kaszaxcmatn) sHOockonusinslk 6enimuecinoe oneu cmenosl 6ap 55 HaykKacka oucmanbovl Kainakulaiapmer oyeueraxcoviy 81 cearncol omkizinoi.

Homuacenepi: Onew cmenosvinwiy neizei cebenmepi XumMusanwvlk Kyuix (nayuenmmepoiy 60%), coyienik mepanusioan xetinei cmenos
(25,4%) srcone eyew anacmomosvinbiy mapwiayel (14,6%) 6onowi. 37 naykacma (67,2%) gvicka cmenosoap 3,0 cm-ee oetiin, 15 naykacma (27,2%)
yzapmelizan cmerosoap, 2 Haykacma (3,6%) — y3viHovlabl 15 cym-ee Oeiiinei cybmomansovl cmenosoap, 6ip nHaykacma (1,8%), cmenos 17 cm-0i
Kypaosl, KbiCKa Cmeno3bl 6ap Haykacmapobiy 0apivleblioa 0y2UeHaxicobly HeaKcvl Homudceaepi, 9 cym-ee delinei cmenosvl 6ap HayKkacmapoa
KaHa2ammanapiavlKcol3 Homuiceaep, cyomomanbobl HCoHe HCaanvl cmenos3vl bap Haykacmapoa dauxanovl. Ceancmapoviy canvl 3-men 11-ce
Oetlin 601061, TonbIK dHcoHe cyOmomanbovl CmeHo3bl 6ap yui HayKac nepgopayus Kayni i#coaapsl cmeHo30biH Oypaimaisl a2blMblHbIH O0LYbIHA
batinanvicnmol Oy2uenasicoan bac mapmoliobl JHCOHE NEPKYMAHObIK 2ACHPOCMOMUSL OPHAMBLAOYL.

Kopvimuinowi: Bougie Cap oucmanvovl KaknakmapuvlmMen s3HOOCKONUANBIK CymMOiney oHewmiy Kamepciz CmpuKmypaiapuli cymoineyoiy
Kayinciz a0ici 60nbln mabwliadsl, 6UMKeHi KAKNAaK MeJoip dcoHe cymoiney 3HOOCKONUCMIN Ko30eH DaKblIayblMeH Jdcy3eze acblpbliadbl. Oneut
CMEHO3bIH KeHelmy Yulin Oucmanb0bl KAKNakmapobl KOJIOAHYObIH YUl HCbLIObIK Ke3eHinde 0i30iK bonimuiede neppopayusinvly Oipde-0ip scaz-
oativbl mipKenzeH H#eok, COHObIKman 0iz oyn a0icmi amobyramopusavly moxcipubede oe, Pecnybnuxansiy cmayuonapiapuliHoa 0a cymoineyoiy ey
Kayincis sicone 601xcamovl 90ici peminoe YCblHAMbL3.

Tyiinoi cesdep: cmenos, cmpuxmypa, cymoiney, Oyeuminy Keyeroi.

AHHOTALUA
ENDOSCOPIC BOUGIENAGE OF BENIGN ESOPHAGEAL STRICTURES USING A BOUGIE CAP

K.Y. Bamuipoexos', A.A. F'anuaxéaposa', A.T. Yanuxanos'
ITOO «HaumoHanbHbIi Hay4HbIi OHKONOTYECKUi LIEHTP», AcTaHa, Pecrybnuka Kasaxcra

Axkmyansnocms: Cmpukmypa nuwegooa npeocmasgisem coooll cyicerue npoceema nuyeso0Hot mpyoKi, 8bl36aHHOE pA3PACMAHUEM CO-
eOUHUMENbHOU MKAHU 6 ee cmeHKe. Pybyosvle usmeneHus nuueeood 3aHumMaronm mopoe mecmo cpeou 3a001e6anuti 0AHHO20 Op2aHd NOce
azo¢pacuma u ghopmupyromes 'y 70-80% nayuenmog ¢ noOCmMoNco208biMu CMPUKMYPAMU.

Lens uccnedosanus — npoananuzuposams pe3yibmamsl IHOOCKONULECKO20 Jeyenus 000poKa1ecmeeHHblX CMeH0308 NUes00d C UCNONb-
308anuem OuUCmanbHuix koanaukog Bougie Cap u oyenums 3¢pghexmusrnocms 3moeo Ho8020 0e8alicd 8 KPAMKOCPOUHOM Nepuode UCNoIb3068d-
HUSl 8 T1eUeOHBLX YesIX.

Memoowt: Ilposeden pempocnekmusHblll AHAIU3 OGHHBIX ONbIMA NEPEO2O NPUMEHEHUS OUCMATbHLIX Koanaukos Bougie Cap 6 snoockonu-
ueCKOM JeyeHuu 00OpoKavecmeeHHblx cmpuxkmyp nuyesooa 6 Kazaxcmane. C 2022 no 2023 200 6 s3noockonuueckom omoenenuu Hayuonano-
HO20 HAYYUHO20 OHKON02UYecKo20 yenmpa (Acmana, Kazaxcman) nposeden 81 ceanc 6yrcuposanus OUCmanibHblMu KOINAYKAMU 55 nayueHmam
CO CMEeHO030M NUWEeB00a.

Pesynomamor: OcrHo8HOU NPUYUHOT CMEHO3A NUWEB00d NOCIYICUNU XuMUudecKue odcocu (60% nayuenmos), cmenos nocie 1y4egoul mepa-
nuu (25,4%) u cmpuxkmypul nuweeoonozo anacmomosa (14,6%). ¥ 37 nayuenmos (67,2%) cmernosel 6viau kopomxumu — 0o 3,0 cm, y 15 nayu-
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enmos (27,2%) ycmarognenvl npomsicenHvle cmenossl, y 2 (3,6%) — cybmomanvrwlii cmenos 0auHoul 00 15 cm, u 'y o0nozo nayuenma (1,8%)
cmenos cocmagnsn 17 cm. Xopowue pezynomamol Oyocupo8aniis 3apukcuposanvl y 6cex NayueHmos ¢ KOpomKuMu Cmeno3amu, y0081emeo-
pumenvHoie —y NAYUEeHMOos8 co CMeHo3amu 00 9 cm, Hey0o8iemeopumensvHvie — y NAYueHmos ¢ CyomomanbHolMu U MOmaibHbLMU CIEHO3AMU.
Konuuecmeso ceancos — om 3 0o 11. Tpem nayuenmam ¢ momaibholm u CyOMOMaibHblM CMEHO30M ObLIO OMKA3ZAHO 6 OYICUPOBAHUU U3-30
HAAUYUS U3BUMO20 X00d CIMEHO3A C BLICOKUM PUCKOM nepghopayuu, u Oblna yCmanosieHd nepKymanHas 2acmpocmoma.

3axknwuenue: dnoocrkonuueckoe 6ydrcuposanue oucmaibHsimu Koanaukamu Bougie Cap siensiemces 6€30nacublm Memooom Oyiucuposans
000poKaAeCMBEHHBIX CMPUKMYP NUWEB00d, NOCKOILKY KOINAYOK NPO3PAUHBIU, a OYICUPOSanUe NPOBOOUMCSL NOO BU3VATbHBIM HAONI00eHUEeM
9HOOCKONUCMA. 30 Mpexaemuull nepuoo UCNONb308AHUSL OUCTIATLHBIX KOINAYKOE 0I5l PACUUPEHUS. CEeHO3d NUWEe800d 8 Hawem OmoeleHuu He
ObLIO 3apecucmpupo8ano Hu 00HO20 CIyUas nephopayuu, NOIMOMY Mol PEKOMEHOYEeM IMON Memoo KAK camblil 0e30NaACHbIIL U NPeOCKA3yeMblil
Memoo byHcuposanus Kaxk 6 amOyiamopHoll npakmuke, maxk u 6 CmayuoHapax pecnyonuxu.

Knioueswie cnosa: cmenos, cmpuxmypa, oyacuposanue, Ouramayus nueood.
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ABSTRACT

Relevance: Breast cancer (BC) is a pressing global health dilemma due to its high prevalence worldwide. According to the World
Health Organization (WHO), more than 2.3 million cases of BC occur each year, and BC is the first leading cause of female cancer
deaths globally. Evidence indicates that obesity increases the risk of developing BC, and myeloid-derived suppressor cells (MDSCs)
play a significant role in the pathogenesis of both BC and obesity. The primary function of MDSCs is tissue repair and wound healing,
which helps prevent uncontrolled inflammation and maintain homeostasis as part of the immune response. However, MDSCs can be
reprogrammed by pathological processes due to longterm tissue damage caused by chronic inflammation and cancer, leading to their
prolonged expansion and enhanced immunosuppressive activity. The pathological process of obesity-associated and MDSC-associated
BC progression remains poorly understood at the molecular level. There is considerable interest in studying microRNAs due to their
regulatory roles in various biological processes in different cell types. Recent studies have begun to unravel the crosstalk between

microRNAs and MDSCs in cancer.

The study aimed to provide summarized data to reveal the mechanisms by which microRNAs influence the activity of MDSC and

the course of obesity-associated BC.

Methods: We conducted a comprehensive literature search on the web and in Medline (PubMed) u Google Scholar databases until
June 7, 2024, in the areas «breast cancer» and/or «obesity» and/or « MDSCy» and/or «microRNA.» Based on the literature analysis,
microRNA-223, -155, and -1792 were selected as the most significant objects.

Results: This review presents data on the expression dynamics of major signal microRNAs (microRNA-223, -155, and -17~92),
focusing on their roles in the pathogenesis of BC, obesity, and MDSC regulation; we also summarized and discussed the regulation of
MDSCs in the obesity-associated BC by microRNA-223, -155, and -17~92.

Conclusion: Based on the literature data analysis, miR-223, -155, and -17~92 may be promising diagnostic and therapeutic cancer
biomarkers, including BC, associated with pathological metabolic disorders and impaired functional activity of MDSC.

Keywords: microRNA, breast cancer, obesity, myeloid-derived suppressor cells (MDSC).

Introduction: Breast cancer (BC) is a pressing glob-
al health dilemma due to its high prevalence worldwide.
Breast cancer ranks first in the world in terms of inci-
dence in women, affecting women of any age after pu-
berty, and the incidence rate increases with age. For ex-
ample, during post-menopause, BC is the first leading
cause of female cancer deaths globally, accounting for
23% of all cancer deaths [1]. It is also important to note
that 0.5-1% of all breast cancer cases occur in male pa-
tients [2]. In addition, data obtained to date indicate that
there is a risk of developing breast cancer in people di-
agnosed with obesity [3]. According to the World Health
Organization, 2.3 million women were diagnosed with
BC in 2022, with more than 670,000 deaths worldwide
[2]. According to the Ministry of Health of the Repub-
lic of Kazakhstan (MoH RK), in Kazakhstan, breast can-

cer is diagnosed annually in an average of 5,000 patients
and up to 1,200 deaths [4]. At the same time, according
to statistics from the Ministry of Health of the Republic
of Kazakhstan, at the beginning of 2024, more than 16
thousand people (10,392 women; 5,841 men) with a con-
firmed diagnosis of obesity were registered at the dis-
pensary [5].

Breast cancer is a complex disease characterized by a
high degree of heterogeneity. Its classification is based
on its histological stratification, mainly depending on
the expression of estrogen receptor (ER), progesterone
receptor (PR), and human epidermal growth factor re-
ceptor-2 (ERBB2/HER2) [6]. The pathogenesis of obesity
and breast cancer involves common factors: insulin-like
growth factor-1, sex hormones, and cytokines produced
by adipocytes.
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These factors are related to the endo- and parac-
rine dysregulation of adipose tissue observed in obesity.
Moreover, when neoplastic cells penetrate stromal com-
partments rich in adipose tissue, adipocytes function as
endocrine cells, forming a tolerogenic tumor microen-
vironment that promotes tumor development and pro-
gression. The adipocyte activity is associated with the
risk of developing cancer and the percentage of deaths
from it in obese people [3].

Myeloid-derived suppressor cells (MDSC) are a het-
erogeneous population of immature myeloid cells with
an impaired ability to differentiate into monocytes, mac-
rophages, granulocytes, and dendritic cells. MDSC are
defined by the phenotype CD11b+Gr1+ and Lin-HLA-
DR-CD33+ in mice and CD11b+CD14+CD33+ in humans.
The primary function of MDSC is to prevent uncon-
trolled inflammation and maintain immune homeosta-
sis [7]. However, MDSC reprogramming occurs through
pathological processes such as long-term tissue damage
caused by chronic inflammation, cancer, extensive tissue
damage, or chronic infections, leading to long-term ex-
pansion and enhanced immunosuppressive function of
MDSCs. Obesity induces chronic inflammation through
cytokines, chemokines, and adipokines, stimulating
the immunosuppressive activity of MDSCs. In addition,
some of these soluble mediators contribute to the pro-
gression of malignancies [8]. In addition, MDSC is also
associated with a poor prognosis of BC. The proportion
of MDSC in the peripheral blood of patients with breast
cancer is significantly higher compared to healthy peo-
ple, and the level of MDSC positively correlates with the
proportion of metastases [9].

Despite the available data, the molecular mecha-
nisms of MDSC regulation in the pathological process
of obesity-related breast cancer remain poorly under-
stood. In this regard, there is currently significant inter-
est in studying microRNAs due to their regulatory func-
tion in various biological processes occurring in multiple
types of cells. More than 2,500 microRNAs have been
identified in humans, which act as critical mediators of
transcriptional and post-transcriptional gene regulation,
thereby maintaining cellular balance and functional ac-
tivity of cells. Over the past two decades, miRNAs have
been involved in the pathogenesis of several human dis-
eases, including breast cancer and obesity [10].

The study aimed to provide summarized data to re-
veal the mechanisms by which microRNAs influence the
activity of MDSC and the course of obesity-associated BC.

Materials and Methods: We analyzed scientific pa-
pers in the Medline (PubMed) and Google Scholar da-
tabases to search for research results on the role of mi-
croRNAs in regulating MDSC and the pathogenesis of
obesity-related breast cancer. The search terms used
were “breast cancer,” “obesity,” “MDSC,” and “microR-
NA.” We analyzed data sources in databases — 186; oth-
er sources - 3. As a result of an analysis of the literature in

three main areas, the most significant research objects
were selected - microRNA-223, -155, and -17~92; data
from studies on microRNA data were included in the
review (n = 88). After excluding sources with duplicate
data and checking the quality of studies, the evaluation
included 47 sources from databases and three sources
containing statistical data on the prevalence of diseases.
Search is limited to June 7, 2024.

Results:

Characteristics of microRNA

MicroRNAs are characterized as small, non-coding
RNA molecules that regulate gene expression by inhibit-
ing protein translation and promoting the breakdown of
messenger RNA (mRNA). Since their discovery, miRNAs
have been characterized in large numbers, and advanc-
es have been made in understanding their functions and
applications in research and clinical practice [10].

The biogenesis of microRNAs is generally considered
a multistage process that begins in the nucleus and ends
in the cytoplasm. The first stage is characterized by the
transcription of microRNAs predominantly by RNA poly-
merase I, mapping, splicing, and polyadenylation. The
result of these processes is the formation of primary mi-
croRNA molecules (pri-microRNA), characterized by one
or more hairpin structures [11]. Pri-miRNA is then pro-
cessed in the nucleus by RNase and its cofactor DGCR8
into microRNA precursors - pre-miRNAs, consisting of
70-100 nucleotides, which are then transported into the
cytoplasm using exportin-5 through nuclear pores [12].
In the cytoplasm, RNase converts pre-microRNA into a
double-stranded RNA duplex consisting of a microRNA
strand and its complementary sequence. Helicase en-
zymes unwind this duplex into a single-stranded mature
miRNA, which is then incorporated into the RNA-induc-
ible silencing complex (RISC) containing the Ago-2 pro-
tein [13]. This inclusion directs the RISC complex to the
3’ untranslated region (3'UTR) of the target mRNA, re-
sulting in cleavage of the mRNA in the case of high se-
quence homology or inhibition of translation, the latter
mechanism more common in mammals. Subsequently,
mature miRNAs play a crucial role in post-transcription-
al gene silencing by binding to RISC and partially com-
plementary sequence motifs in target mRNAs, predomi-
nantly located in the 3'UTR region [14].

Since a single miRNA can target several hundred mR-
NAs, dysregulation of miRNA expression can affect mul-
tiple transcripts and significantly impact signaling path-
ways associated with various pathological processes.
The complex incorporation of miRNAs into cellular reg-
ulatory networks may represent an Achilles’ heel, where
dysregulation of a small subset of miRNAs can signif-
icantly alter gene expression patterns and potentially
lead to cell transformation [15].

Usually, microRNAs act as important feedback com-
ponents, ensuring the stability of essential biological
processes through their buffering effect. By modulating
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protein synthesis, microRNAs increase the accuracy of
gene expression, ensuring the maintenance of proteins
at a physiologically optimal level [15].

Although many aspects of miRNA function are not
fully understood, miRNAs play critical roles in biologi-
cal processes, including stem cell division, cell prolifer-
ation, cell cycle progression, apoptosis, differentiation,
and metabolism. These functions are also involved in
cancer pathogenesis, making miRNAs promising targets
for therapy [15].

MicroRNA-223

One of the essential signaling microRNAs is microR-
NA-223, first discovered in 2003 using quantitative pol-
ymerase chain reaction [16]. This microRNA is located
in the q12 locus of the X chromosome, is highly con-
served, and is believed to play a potential role in signifi-
cant physiological changes in the body [17]. The miR-223
has been shown to act as an oncogene in several can-
cers, including T-cell acute lymphoblastic leukemia, leu-
kemia, breast, gastric, liver, and prostate cancers. Still, it
is a tumor suppressor in acute myeloid leukemia and cer-
vical and small-cell cancers. Lung cancer [18-21]. MicroR-
NA-223 plays a vital role in processes such as prolifera-
tion and invasion of cancer cells [17]. Proliferation and
invasion of breast cancer cells are enhanced after the
transfer of miR-223 into cells [22]. Another study showed
that ectopic expression of miR-223 can inhibit the inva-
sion, migration, growth, and proliferation of breast can-
cer cells [23].In 2021, T. Du et al. found that the transcrip-
tion level of miR-223 was significantly higher in breast
cancer cells than in normal breast cells. In addition, they
found that transfection of miR-223 inhibitor into cells
significantly suppressed miR-223 expression. When miR-
223 was inhibited, the carcinogenic activity of tumor
cells was markedly reduced while the apoptosis rate in-
creased. The miR-223 may be essential in breast cancer
cell proliferation, metastasis, and invasion [17].

In addition to its role in carcinogenesis, miR-223 is
a crucial regulator of MDSC maturation/differentiation
and their functional activity [24]. It has been shown that
miR-223 is predominantly expressed in hematopoietic
tissues, and its expression is also bone marrow-specif-
ic. In contrast, the expression of miR-223 in bone mar-
row cells is limited to myeloid cell lines. MicroRNA-223
was subsequently found to be an essential modulator of
myeloid differentiation in humans. In a model of granu-
locyte differentiation, it was shown that overexpression
of miR-223 increases the number of cells transitioning to
a granulocyte-specific cell lineage.

In contrast, the knockdown of miR-223 has the op-
posite effect. Further analysis of miR-223 expression re-
vealed an exciting regulatory loop involving two known
regulatory proteins, CCAAT enhancer binding protein (C/
EBP) and nuclear factor | A (NFI-A). Notably, these two
transcription factors compete for binding to the miR-
223 promoter. In this case, the NFI-A factor ensures weak

expression of microRNA-223 before the differentiation
process begins. During differentiation, the transcription
factor C/EBP, which induces higher expression of mi-
croRNA-223, replaces the transcription factor and sup-
presses the post-transcriptional expression of NFI-A. The
microRNA-223 enters an autoregulatory feedback loop,
controlling its expression and enhancing granulocyte
differentiation [25].

The role of miR-223 in obesity as a regulator of devel-
oping myeloid cells into macrophages in adipose tissue
is limited. The microRNA-223 regulates the polarization
of adipose tissue-resident macrophages by targeting the
transcription factor Pknox1, which, in turn, leads to the
suppression of nuclear factor kappa B (NF-«kB) and N-ter-
minal kinase ¢- Jun (JNK) and stimulates the response of
adipocytes to insulin stimulation [26, 27]. Increased ex-
pression of miR-223 in subcutaneous adipose tissue in
obesity has also been reported. Moreover, miR-223 ex-
pression has been shown to increase in obesity not only
in subcutaneous adipose tissue but also in white adipose
tissue in obesity [28].

We can conclude that miR-223 plays an essential role
in the pathogenesis of breast cancer and obesity and the
functional activity of MDSCs. This demonstrates the im-
portance of clinical studies of this miRNA in regulating
cellular functions and metabolism.

MicroRNA-155

MicroRNA-155 is processed from the primary tran-
script of the B-cell integration cluster (BIC) located on
chromosome 21. It was first identified as a promoter of
inflammation and activation of expressed oncogenic mi-
croRNAs in many human cancers. MicroRNA-155 is pre-
dominantly expressed in the thymus and spleen and is
an essential biomarker for various diseases. T.C. lvkovic
et al. found that miR-155 overexpression regulates sever-
al cancer-related pathways involved in uncontrolled cell
growth, invasion, migration, stemness, and angiogene-
sis [29]. MicroRNA-155 has also been shown to be one
of the critical regulators of inflammation and immune
response. A study by Li L. and colleagues showed that
microRNA-155 is actively involved in the expansion of
MDSC in both granulocyte subpopulations and mono-
cytes. They found that high levels of microRNA-155 ex-
pression characterized bone marrow MDSCs and spleen
MDSCs from tumor-inoculated mice. The effect of miR-
155 on MDSCs is associated with STAT3 activation. More-
over, miR-155 deficiency in macrophages and MDSCs has
been shown to promote tumor growth by enhancing the
immunosuppressive functions of these cells [30].

The miR-155 was first identified as an oncogenic miR-
NA. The role of this miRNA in carcinogenesis and disease
progression has been demonstrated in various hemato-
logical malignancies and solid tumors. For example, in-
creased expression of microRNA-155 is characteristic of
breast cancer, oral cavity, liver, lung, pancreas, and pros-
tate cancers [31-36]. However, there is some evidence
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that expression of miR-155 by cancer cells is associat-
ed with improved overall survival in patients with sev-
eral types of cancer, including breast cancer, colorectal
cancer, and melanomas [37-39]. Thus, conducting a ret-
rospective analysis, J. Wang et al. showed a correlation
between increased levels of microRNA-155 expression
and favorable antitumor immune infiltration and prog-
nosis of patients with breast cancer. There are conflict-
ing reports regarding the role of miR-155 in the develop-
ment and progression of breast cancer. For example, it
has been demonstrated that the expression level of miR-
155 in breast cancer is associated with high-grade, ad-
vanced-stage metastasis and invasion [40]. However, in a
large case series of triple-negative breast cancer (TNBQ),
it was found that high expression of miR-155 was associ-
ated with the homologous recombination repair process
by influencing the RAD51 recombinase, and, as a con-
sequence, was associated with better overall survival of
patients [37].

In addition to being identified as an oncogenic miR-
NA and a regulator of the immune response, miR-155
regulates the development and maintenance of obesi-
ty through its effects on adipogenic and inflammatory
processes. First, miR-155 has been demonstrated to al-
ter adipocyte differentiation toward white rather than
brown adipose tissue [41]. Secondly, miR-155 has been
shown to target RNAs that control lipolysis, the dysreg-
ulation of which may affect the energy storage process
in adipocytes [42]. The miR-155 plays an essential role in
adipose tissue accumulation by stimulating pro-inflam-
matory factors. E. Karkeni et al. demonstrated that over-
expression of miR-155 in adipocytes leads to increased
secretion of various chemokines that promote the re-
cruitment of leukocytes into adipose tissue and the de-
velopment of inflammation [43]. The effects of microR-
NA-155 listed above aggravate the course of obesity.

MiR-155 is a multifunctional miRNA involved in car-
cinogenesis, immune response, and metabolic process-
es associated with obesity.

MicroRNA 17~92

In 2004, a new gene called chromosome 13 open
reading frame 25 (C130rf25) was discovered in cells from
70 lymphoma patients. This gene contains an 800-nu-
cleotide transcript of the miR-17~92 cluster, encoding
six microRNAs: miR-17, miR-18a, miR-19a, miR-20a, miR-
19b-1, and miR-92a-1. The miR-17~92 cluster and its two
paralogues encode a total of 15 different miRNAs, con-
ventionally divided based on primer sequence similari-
ty into four families: the miR-17 family, the miR-18 family,
the miR-19 family, and the miR-92 family. The miR-17 fam-
ily includes 6 miRNAs: miR-17-5p, miR-20a-5p, miR-20b-
5p, MmiR-93-5p, miR-106a-5p and miR-106b-5p based on
the AAAGUG nucleotide sequence. The miRNA-18 fam-
ily includes 2 microRNAs with the nucleotide sequence
AAGGUG. MicroRNA-19a-3p and microRNA-19b-3p are
members of the miRNA-19 family with the nucleotide

sequence GUGCAA. The miR-92 family consists of three
miRNAs: miR-92a-3p, miR-25-3p, and miR-363-3p, with
the nucleotide sequence AUUGCA [44].

It has been previously demonstrated that miRNA-
17-5p and miRNA-20a regulate the suppressive poten-
tial of MDSCs by regulating STAT3 expression. Moreover,
transfection with miRNA-17-5p or miRNA-20a signifi-
cantly reduces the production of reactive oxygen spe-
cies (ROS) and H202, which STAT3 regulates. A decrease
in the expression of these miRNAs under the influence
of tumor-associated factors and suppression of anti-
gen-specific CD4+ and CD8+ T-cell response as a result
of ectopic expression of miRNA-17-5p or miRNA-20a in
MDSCs were also shown [45]. In addition to regulating
the immune response, the miRNA-17~92 cluster plays a
significant role in oncogenic processes. Amplification
of the genomic locus miRNA-17~92 is observed in ma-
lignant neoplasms of the hematopoiesis: breast cancer,
lung cancer, colon cancer, prostate cancer, pancreas can-
cer, thyroid cancer, bladder cancer, stomach cancer, liv-
er cancer, and lymphoma [44, 46]. Members of the miR-
NA-17~92 cluster with different maturation levels play
various roles in cancer pathogenesis [44]. High levels of
expression of mature miRNA-20a are characteristic of
leukemia and breast cancer cells. Moreover, increased
expression of miRNA-17~92 is observed in TNBC, while
decreased expression of this cluster is described in es-
trogen receptor-positive breast cancer (ERBC) [47]. It was
also shown that ectopic expression of miRNA-17~92 sup-
presses cell proliferation in ERBC while it promotes tu-
mor cell growth and invasion in TNBC [44].

Few studies describe the role of the microRNA-17~92
cluster in the pathogenesis of obesity. To date, lim-
ited data have been obtained on the role of microR-
NA-18a in the development of fatty tissue. However,
miR-18a has been shown to play a significant role in the
polarization of macrophages toward the pro-inflamma-
tory M1 lineage in adipose tissue. Overexpression of this
miRNA in obesity may promote increased production of
pro-inflammatory cytokines (e.g., interleukins 13 and 6)
and exacerbate adipose tissue dysfunction despite ade-
quate estrogen levels. Interestingly, microRNA-18a also
affects the regulation of ER1 expression in tumor cells
[48]. It was also previously shown that high levels of ex-
pression of this microRNA are associated with increased
proliferation and worse prognosis in ERBC. A significant
correlation between ERT mRNA levels and miR-18a con-
centrations in subcutaneous adipose tissue was found
only in premenopausal women, suggesting that miRNAs
may partially mediate menopause-associated changes
in adipose tissue [49]. The microRNA-17~92 cluster plays
a multifaceted role in immune regulation, tumorigene-
sis, and possibly metabolic processes.

Discussion: Inflammation associated with obesity is
known to contribute not only to the initiation but also to
the progression and angiogenesis of breast cancer. The
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inflammatory process that occurs due to current or pro-
gressive obesity leads to disturbances in cellular metab-
olism and hormonal metabolism. All these processes are
widely regulated by the action of microRNAs, which may
represent potential biomarkers influencing the patho-
genesis of breast cancer [3]. In breast cancer, there is also
an abnormality in the expression profiles of microRNAs
that are involved in disease progression. In breast can-
cer, tumor and tumor-infiltrating cells secrete abundant
amounts of microRNAs through the extracellular trans-
port of vesicles, which act as messengers between cells
in the tumor microenvironment and other organs and
tissues [17]. However, a complete picture of the influence
of these microRNAs on the pathological process of obe-
sity-associated breast cancer is still missing.

We summarized the available literature data on the
role of miR-223, -155, and the miR-17~92 cluster in the
pathogenesis of breast cancer and obesity. These mi-
croRNAs regulate a wide range of biological processes
in various cell types. They are involved in oncogenesis
and progression of multiple types of cancer, including
breast cancer. In particular, miR-155 and miR-223 regu-
late multiple processes in cancer cells, such as prolifera-
tion, invasion, stemness, and angiogenesis [17-23, 31-40].
The expression level of these miRNAs may be associated
with various characteristics of cancer, such as the grade
of malignancy and the presence of metastases. The mi-
croRNA-17~92 cluster also plays a vital role in cancer
pathogenesis. Multiple members of this cluster, includ-
ing microRNA-18a, influence pro-inflammatory process-
es and the regulation of gene expression in cancer cells.
The expression of miR-17~92 may have different effects
depending on the cancer type, highlighting the impor-
tance of studying the specific mechanisms of action of
miRNAs in other tumor types [44-47]. In addition, there
is evidence that microRNA-223, -155, and the microR-
NA-17~92 cluster also affect the development of adipose
tissue and are involved in the aggravation of obesity-in-
duced inflammation [28, 43, 48].

MicroRNAs secreted in adipose tissue influence
the development and progression of obesity-induced
breast cancer and may also influence MDSC activity. The
role of MDSCs in the development of obesity-mediated
breast cancer has previously been demonstrated [50].
Obesity, the number of MDSCs, and their immunosup-
pressive activity significantly increase, which, in turn,
contributes to the progression of cancer [50]. MicroR-
NAs-223, -155, and -17~92 are involved in the expansion
of the MDSC pool, and an increase in their functional ac-
tivity is a crucial regulator of MDSC maturation/differen-
tiation [24, 30, 45].

We assume that miR-223, -155, and -17~92 can be clas-
sified not only as new candidates for the role of diagnos-
tic and prognostic indicators but also as potential thera-
peutic targets in new treatment strategies, especially for
clinically aggressive breast cancer associated with obe-

sity. Modulating the expression of microRNA-223, -155,
and -17~92 by inhibiting their transcription or a direct
blockade can be a promising method for treating and
preventing breast cancer combined with obesity.

Conclusion: This review summarizes data indicating
that miR-223, -155, and -1792 may be promising targets
for developing new approaches to treating and prevent-
ing breast cancer associated with obesity. Further stud-
ies of microRNAs in the pathogenesis of breast cancer
associated with pathological metabolic disorders and
regulation of the functional activity of immune suppres-
sor cells are necessary. Understanding the role of signal-
ing microRNAs in tumorigenesis and other pathological
processes may open new perspectives for personalized
medicine and the development of innovative therapeu-
tic strategies.
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CEMIBIIKIIEH BAMJIAHBICTBI CYT BE3I KATEPJII ICITTHIH TATOTEHE3IHJIET T
MMUEJIOUATHI CYNPECCOPJIBIK KACYIHAJAPABIH (MDSC) BEJICEHAIJIITIH PETTEYAEI'T
223, 155 ’K9QHE 17~92 MUKPOPHK-JIAPJbIH POJII
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IM.A. AATXOXVH aTblHAaFbl MONEKynsipmblk 61onorus xaHe Groxumns HCTUTYTHI, Anmarsl, KasakcTa Pecnybnukacs!;
2¥nTThIK GroTEXHOMOMMS opTanbiFbly XKLLUC Anmarsl kanacsiHaars! punuankl, Anmarsl, KasakcTan Pecny6nukacs!;
3«On-®apabu aTbiHaarbl Kasak ynTToik yHusepcuteti» KEAK, Anmathl, KasakctaH Pecny6nukachi;
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Osexminizi: Cym Oesiniy kamepai iciei (ChI) 6yxin onemoe mapanyvinuiy sxcoeapuvl boayvina 6ainanvicnvl 03ekmi dcahanoviy OeHcayiviy
Moceneci bonvin mabwvlaaovl. JJyHuesxncy3inik oencaynvik cakmay yusimvinoiy (JJCY) monrimemmepi 6oivinwa, scoln caitbih 2,3 MUiiuOHHAH
acmam adamuan ChI anvikmanaowl, conoaii-ax Oykin onemoe oliendepoiy Kamepii icik aypyvlmer oaimMiniy 6acmel cebenwici 601vin madwvliaowl.
Cemizdix cym 6e3i Kamepii iciciHiy 0amy KayniH apmmelpamoeiHvl 6en2iii dcone mueroudmol cynpeccopivik sscacywanap (MDSC) cym 6esi
Kamepai iciciniy Oe, cemizdikmiy Oe namoceHe3inoe Manbi30bl pon amyapaovl. MDSC-miy necisei (hynkyuscol minoepoi Kainvina Keamipy
JicoHe dcapanapovl emoey 6onvin madwvliadvl, 01 OAKbLIAHOAUMbIH KAOBIHYOblY ALObIH ANY2d JHCOHE UMMYHObIK 20Me0Cma3dvl cakmayad
Kemexkmeceoi. [lecenmeH, cozviamanvl KabbiHyowiy y3apyvi MDSC-0iy Keyetoine dcone UMMYHOCYNPeCCUusiiblK, 6eiceHOLNICIHIH HCO2apbliayblHd
oxeneoi. Cemiz0ix kezinoeei cym 6e3i Kamepai iCi2iHiy OaMYbIHbIY NAMONO2UATBIK NPoYyect scone ocvl npoyecme unoykyusranean MDSC poni
MoneKynanvik oeyeetioe oni oe az sepmmenzet. Coyebl HCblioapbl OYHUEHCY3LNIK 2blaiMu Koeamoacmuikma mukpoPHK-nel 3epmmeyee onapoviy
OpMYpAL Hcacyuia munmepiniy Spmypiai OUOI0UATBIK npoyecmepindei pemmeyuli poiine OAUIAHBICIbL YIKEH Kbl3bl2YWUbLIbIK NAtiod 6010bL.
Conabl OHIICHLLIOBIKMA JiCYpei3ineen 3epmmeyiep OHKONo2usablK aypyirapoazel mukpoPHK ocone MDSC apaceinoa esapa 6ailianvicmoly
bonyvin Kopcemmi.

3epmmeyoin makcamol — cemizoiknen 6aiinanvicmol cym 6e3i kamepai icieiniy oaymyvina sicone MDSC 6encendinicine mukpoPHK ocep
emy MexanusMOepin auty Yulin Moiimemmepoi HCUHAKMAy.

AQoicmepi: Byn owcymvic botivinua 2024 sceindviy 7 maycvimvina Oetiinei unmepnemme, Medline (PubMed) swcone Google Scholar
OepekKopaapbiHoazbl MolimMemmepoen «cym 0Oe3i iciei» dcone/Hemece «cemizliky oicone/nemece «MDSCy» owcone/nemece «mukpoPHKy
cananapeinoazel d0ebuemmepee Hean-HCaAKmolivl iz0ey xHcypeizoik. Odeduemmepoi manioay HOMudceciHoe ey Maybl30bl HblCAHOAp peminoe
mMuxkpoPHK-223, -155 sicone -17~92 manoanosi.

Homuowcenepi: Lllonyoa nezizei cuenanovix mukpoPHK-napoviy (mukpoPHK-223, -155 owcone -17~92) sxcnpeccuscolnbiy OUHAMUKACHI,
conoaii-ax onapoviy cym 0esi Kamepni icieiniy, cemizoikmiy namoeenesinoezi scone MDSC bencendiniein pemmeyoeei poni mypanvl Kasipei
yakvimma Konoa oap oepexmep ycviHoli0bl. Conoau-ax, MmukpoPHK depexmepi apkolivl cemizOikner baiiianvicmol cym 6e3i iciel kesiHOe
MDSC scacywacwinsiy exi 6azbimmol pemmenyi OOuUHwA MoriMemmep KOPMulidHObI.

Kopvimutnowt: 9oebuem oepexmepin manoay nHomudicenepi bouvinuia mukpoPHK -223, -155 scone -17~92 namonozusiivlk MemaboiuKkaivi
oysvinynapmen scone MDSC ghynkyuonanowix 6encenoiniciniy Oy3vlayvimen 6aiianvicmsl Kamepai iCikmiy OHblH [winOe cym Oe3i icieiHiy
NnepcnexmuBaibl OUASHOCMUKALbIK JCOHE eMOIK buomaprepiepi 601ybl MyMKiH.

Tyiinoi ceszoep: mukpoPHK, cym 6e3i kamepii iciei, cemi30iK, MUueiouomsi Cynpeccopiblk Hacyuaiap.

ABSTRACT

POJIb MUKPOPHK 223, 155 1 17~92 B PET'YJISIHUU AKTUBHOCTHU MUEJIOUIHBIX
CYHNPECCOPHBIX KJIETOK (MDSC) B TATOT'EHE3E PAKA MOJIOYHOM ’KEJIE3BI,
CBA3AHHOM C O’ KUPEHUEM

A.B. JIlywmosa'3, C.A. Kan'3, H. A60oonna'?, IO.B. Ilepdpunvesa'?, H.A. Omapéaesa*s,
FO.P. A6oycammaposa', B.0. Ocmanuyx®, E.O. Ocmanuyx"**

"WHcTUTYT MOnekynsipHoit 6uonorun v Guoxummun um. M.A. AliTxoxuHa, Anmarsl, Pecnybnnka Kasaxcrax;
2dunman TOO «HaumoHanbHbIit LeHTp BuoTexHonorny B r.Anmarsl, Anmatsl, Pecnybnka Kasaxcran,
*HAO «Kasaxckuii HauMoHanbHbIi yHUBEpCUTET UM. anb-Gapabiny, Anmatsl, Pecnybnuka Kasaxcras,
‘A0 «Kasaxckuit HaydHO-1CCrIe[0BATEMbCKMIA MHCTUTYT OHKOMNOTAM 1 paguonorviy, Anvartel, Pecnybnuka Kasaxcta,
SHAO «Kasaxckuit HaumoHanbHblin MeanuuHckuii YHusepeuteT um. C.[. Acderausiposay, Anmatel, Pecnybnuka Kasaxcran,
fTOO «3KO KoHcanTutr», Anmarsl, Pecnybnnka Kasaxcran

Axkmyanvnocmo: Pax  monounoi oicenesvt (PMJK) sensemca enobanvhoti npobremoii 30pagooxpanenusi u3-3a €20 GblCOKOU
pacnpocmpanennocmu 60 écem mupe. 1lo dannvim Bcemuproil opeanusayuu 30pagooxpaneniis, esce200Ho pezucmpupyemcs bonee 2,3
munnuona cayyaee PMIK, komopulil siensemcs 21a6HOl NPUYUHOL CMEPMHOCIU HCCHUUH O PaKa 60 6cem Mmupe. Mzeecmno, umo odxcupenue
yeenuyusaem puck passumus PMUK, a muenouduvie cynpeccopmuvie xaemku (MDSC) uepaiom 3uauumensuyio ponv 6 namozeHnese Kax
PMK, max u oxcupenus. Ocnosnas @pynxkyus MDSC — eoccmanoenenue mraneil u 3axicueienue paw, Ymo nomozaem npeoomspamuns
HeKOHmMpoaupyemoe eocnaienue u noooepucusams uUMMynHulll 2omeocmas. OOHako xponuyeckoe gocnaienue u pocm HeonidcCmuyecKux
KIemoK NpUEoOoAm K ONUMeNbHOl IKCNAHCUL U YCULeHUIO UMMYHOcynpeccopHotl akmusnocmu MDSC. Ilamonozuueckuii npoyecc npozpeccuu
PMK npu ooxcupenuu u pons unoyyuposannvix MDSC na monekynaprnom ypogne 6 5mom npoyecce ocmaemcs MaiouzyieHnbimu. B nocreonue
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2000l 8 MUPOBOM HAYUHOM COODUjecmEe Cywecmayem 3Ha umenbHblil unmepec K uzyuenuio mukpoPHK 6 ces3u ¢ ux pe2ynsmopHoil poivio 6
PA3TUYHBIX OUOIOSUYECKUX NPOYECCAX PA3IUYHBIX MUnos Kiemok. Mccredosanus, npogedennvle 3a nocieonion 0ekady, noKa3aui Haauyue
63aumooeticmeust meducoy mukpoPHK u MDSC npu onxonocuueckux 3a601e6anusix.

Lens uccneoosanus — 0boowWenUe UMEOWUXCA OAHHBIX O PACKPLIMUA MeXaHu3M08 ausnus MmukpoPHK na akmusnocme MDSC u na
meuenue PMJK, céazannozo c odcupenuem.

Memoowi: [Iposeden KoMNIEKCHbLU NOUCK Tumepamypul 6 unmepHeme u 6 6asax oannwvix Medline (PubMed) u Google Scholar do 7 urons
2024 2. no nanpasienuaM «pax MOIOYHOU dcene3vly u/unu «oxcupenuey u/umu «MDSCy u/uru «muxpoPHK». Ilo pesynemamam ananusa oviiu
6b10paHbl HaUboIee 3HauuMble 06beKmobl Uccied08anus — MukpoPHK-223, -155 u -17~92.

Pesynomamur: B 0630pe npeocmasnenvl umeiowuecs Ha ce200HAUWHNUL 0eHb 0aHHble 0 OUHAMUKE IKCHPEeCCUl OCHOBHBIX CUSHAILHLIX
muxkpoPHK (mukpoPHK-223, -155 u -17~92) u ux poau 6 namoceneze PMIK, oowcupenuu u peeynayuu axmusnocmu MDSC, a makoce
osynanpasnennoii peeynayuu MDSC npu PMIK, ceasannom ¢ oxcupenuem, nocpedcmeam 0annvix mukpoPHK.

3axknwuenue: Ocnosvisasce na pe3yromamax anHaiuzda Jaumepamypuvlx Oaunwlx, mukpoPHK-223, -155 u -17~92 mozcym Ovimo
MHO2000eWAIoOWUMU OUACHOCMUYECKUMU U MePAnegmuiecKumMy ouomapkepamu OHKoOL02uYeckux 3aboneeanutl, 6 mom uucie u PMIK,
CBAZAHHBIX C NAMONOUYECKUMU MeMADOIULECKUMU HAPYULEHUAMU U HapyueHueM dynkyuonaisnon axmugnocmu MDSC.

Knrouegwle cnosa: mukpoPHK, paxk monounoil scenesvl, odicuperue, mueiouonvle cynpeccoptule kiemku (MDSC).
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SIMULTANEOUS SURGICAL MANAGEMENT
OF HEART DISEASES AND KIDNEY CANCER:
A CASE SERIES
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ABSTRACT

Relevance: Renal cell carcinoma (RCC), the most common type of kidney cancer, poses a significant health burden worldwide.
Despite advancements in diagnostic techniques and treatment modalities, RCC remains a formidable challenge due to its heterogeneous
nature, varied clinical presentations, and complex molecular landscape. Understanding the intricacies of RCC is crucial for improving
patient outcomes, optimizing therapeutic strategies, and advancing personalized medicine approaches.

The study aimed to investigate the feasibility and outcomes of simultaneous surgeries in patients with kidney cancers and heart
diseases, aiming to address the current centralization of specialized care.

Methods: The authors evaluated and analyzed five cases of simultaneous surgeries performed at the National Scientific Medical
Center (Astana, Kazakhstan) from January 2012 to December 2023. Each case provides unique insights into the diagnostic challenges,

treatment dilemmas, and long-term outcomes associated with RCC.

Results: From January 2012 to December 2023, we evaluated and analyzed 5 cases of simultaneous surgeries at the National
Scientific Medical Center, Astana. Each case offers unique insights into the diagnostic challenges, treatment dilemmas, and long-term

outcomes associated with RCC.

Conclusion: Simultaneous surgeries for RCC and concomitant diseases represent a viable approach to optimize patient care and
streamline treatment. These cases demonstrate the successful management of RCC alongside various comorbidities, highlighting the
importance of multidisciplinary collaboration and careful surgical planning. By addressing multiple conditions in a single procedure,
simultaneous surgeries offer a promising strategy to improve outcomes and enhance patient satisfaction in managing RCC.

Keywords: kidney, cancer, heart, ischemic, aortic valve, simultaneous surgery.

Introduction: Kidney cancer ranks sixth among male
cancers and accounts for 5% of all cancer cases. It is also the
tenth most prevalent malignancy in women and the source
of 3% of malignancies [1]. The lungs, liver, brain, bone, and
adrenal glands are the organs most commonly afflicted,
and it has a significant propensity to spread. Early detec-
tion of RCC is essential for patient treatment and decreasing
death rates. Nevertheless, the best methods and techniques
for screening have not yet been determined.

Selecting the most effective therapy strategy is essen-
tial to enhancing the prognosis of RCC patients [1]. There
have been documented cases of late metastases from RCC
in the literature, occurring even decades following the ini-
tial tumor’s potentially curative surgical resection; around
one in three RCC patients eventually develop distant me-
tastases [2].

Localized Kidney cancer is potentially curable by sur-
gery alone (i.e., stage I-lll), though recurrence is seen in
3%-30% depending on the stage. It has been estimated
that 4-10% of individuals undergoing nephrectomy to
treat cancer have a direct extension of RCC into the inferi-
or vena cava (IVC). Kidney cancer often coexists with oth-
er medical conditions, presenting challenges in treatment
planning. Tumor thrombi can extend into the right atrium
in 0.3-1% of patients with RCC [3].

The study aimed to investigate the feasibility and out-
comes of simultaneous surgeries in patients with kidney

cancers and heart diseases, aiming to address the current
centralization of specialized care.

Moreover, by publishing this article, we want to em-
phasize the possibility of performing simultaneous sur-
gery, which should be a part of the daily surgical plan in
hospitals to benefit our patients.

Materials and Methods: The study was conducted at
the National Scientific Medical Center in Astana, Kazakh-
stan, from January 2012 to July 2023. A total of 5 simultane-
ous surgeries were performed during this timeframe. The
retrospective analysis involved thoroughly examining the
patient’s medical records to ascertain crucial data points,
including the type of surgical procedure, operation dura-
tion, intraoperative complications, intensive care unit (ICU)
stay, and postoperative recovery period. Survival analysis
was conducted using the Kaplan-Meier method, with the
date of surgical intervention as the starting point and the
date of death or the last observation as the endpoint. This
statistical approach facilitated the estimation of cumula-
tive survival probabilities over the designated follow-up
period.

Ethical approval for this retrospective study was ob-
tained from the institutional review board of the Nation-
al Scientific Medical Center, Astana, ensuring adherence
to ethical standards and patient confidentiality protocols.
Data analysis was conducted using appropriate statisti-
cal software, and descriptive statistics were employed to
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summarize patient characteristics, surgical outcomes, and
long-term survival probabilities.

Results: Simultaneous surgeries for kidney conditions
and heart diseases resulted in successful outcomes across
all five cases. Before the surgery, the radiologic diagno-
sis of kidney cancer was based on computed tomogra-
phy of the abdominal segment with intravenous contrast.
The date of hospitalization, date of surgery, type of simul-

Table 1 - Major case findings

taneous surgeries performed, duration of the operation,
intraoperative complications, transfusions, and amount
of bleeding are shown below in Table 1. Table 2 contains
post-op data about ICU length of stay, any complications,
histology results, and date of discharge. Each patient un-
derwent complex procedures addressing RCC and accom-
panying medical conditions, with satisfactory postopera-
tive courses and no significant complications.

e Date of hospitali- CPB or Off- Duration | Intraopera- Intraopera-
et zation (1) and date Type of surgery e of surgery | tive compli- Blood transfusions tive bleed-
) of surgery (2) [t (minutes) cations ing (mL)
1 1.22.01.2012 1. CABG — 4 vessels, AVP CPB 470 Bleeding | During surgery: FFP — 1000
2.25.01.2012 with biological prosthesis 1800 mL;
2. Laparoscopic radical RBC - 750 mL
right nephroureterectomy Day 1 post-op:
eHB7FFP — 1200 mL;
RBC - 670 mL;
Platelet — 250 mL;
Cryoprecipitate — 40 mL.
2 1.15.01.2020 1. CABG - 3 vessels, CPB 330 No FFP — 4 doses 250
2.21.01.2020 2. Laparoscopic radical left
nephroureterectomy
3 1. 09.09.2020 1. CABG — 1 vessel Off-pump 220 No RBC - 2 doses 100
2.14.09.2020 2. Open radical right neph-
roureterectomy
4 1. 08.02.2023 1. Suture annuloplasty of CPB 310 No Before surgery — 2 doses 30
2.20.02.2023 the tricuspid valve of RBC
Right atrial myxomectomy After surgery — 3 doses of
2. Laparoscopic radical
right nephroureterectomy
5 1.26.06.2023 1. CABG - 3 vessels CPB 390 No RBC - 1 dose 250
2.29.06.2023 2. Laparoscopic left radical
nephroureterectomy with
resection of the left ureter
orifice.

Table 2 - Major post-op findings

Notes: CBP - cardiopulmonary bypass; CABG - coronary artery bypass grafting; AVP — aortic valve prosthesis; FFP — fresh frozen plasma; RBC - red blood cells

C:Ose IC(:éJa)s/tS:;y Postoperative complications Histology results Date of discharge
1 3 No Renal cell carcinoma 01.02.2012
2 4 No Renal cell carcinoma 29.01.2020
3 4 No Renal cell carcinoma 25.09.2020
4 3 No Renal cell carcinoma 01.03.2023
5 5 Acute renal failure of mixed origin (prerenal, renal tubulointerstitial Carbuncle of the kidney. 10.07.2023
nephritis) stage 2 according to KDIGO (2012) Oliguria. Chronic Purulent ureteritis,
pyelonephritis, latent course. paranephritis.
Case 1 spite the patient’s elderly age, the postoperative course

A 61-year-old male with clinical stage | right kidney
cancer and ischemic heart disease (IHD) undergoes cor-
onary artery bypass grafting (CABG) and aortic valve re-
placement alongside laparoscopic right-sided radical
nephrectomy. Despite the complexity of the procedure
and aortic valve stenosis, the operation was completed
successfully in 470 minutes. The intraoperative bleed-
ing was successfully managed by transfusion of plas-
ma and red blood cell components. The patient spent
3 days in the ICU and then discharged 7 days post-op,
without any postoperative complications, highlighting
the feasibility of addressing multiple conditions in a sin-
gle surgery.

Case 2

A 70-year-old man with stage 1 left kidney cancer and
severe coronary artery disease underwent simultaneous
CABG and left-sided laparoscopic nephroureterectomy.
The duration of the operation was 330 minutes, and de-

was uneventful, and the patient was discharged without
issues, emphasizing the safety of concurrent interventions
in elderly patients with comorbidities. Following histologi-
cal examination, the patient was diagnosed with cancer of
the left kidney pT1TMONO, Stl, RO.

Case 3

A 68-year-old woman diagnosed with stage | right
kidney cancer and coronary artery disease undergoes
internal mammary artery bypass surgery and right-sid-
ed radical nephroureterectomy simultaneously. Due to
utilizing the off-pump technique, the operation time
was shortened to 220 minutes. However, due to a tu-
mor >10 cm, the patient has proposed a laparotomy. The
patient was discharged without any postoperative com-
plications, underscoring the feasibility of simultaneous
surgeries even in elderly female patients. The postoper-
ative diagnosis was cancer of the right kidney pT2NOMO,
Stll.
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Case 4

A 60-year-old man diagnosed with stage 3 right kid-
ney carcinoma presents with a concomitant myxoma in
the right atrium and tricuspid insufficiency grade 2. Simul-
taneous procedures include tricuspid valve annuloplasty,
myomectomy, and laparoscopic radical nephroureterec-
tomy. Due to preoperative anemia, the patient received 2
doses of RBC pre-op and 3 doses during the operation. The
operation lasted 310 minutes, and he was discharged with-
out postoperative complications, showcasing the safety
and efficacy of combined surgeries. The postoperative di-
agnosis was cancer of the left kidney pT3aNOMO Stlil.

Case 5

A 67-year-old man was admitted to the hospital with
suspected cancer of the left kidney and IHD. Simultane-
ous surgery was performed without complications. How-
ever, in the postoperative period, the patient developed
acute renal failure of mixed origin (prerenal, tubulointer-
stitial renal nephritis) stage 2, according to KDIGO (2012).
Oliguria. The patient had 4 hemodialysis sessions, and de-
spite this, the patient was discharged in satisfactory con-
dition. Histologic examination revealed a carbuncle of the
left kidney. This case was included in the analysis since the
patient was initially suspected of kidney cancer and man-
aged for cancer.

Discussion: The simultaneous surgeries in this case se-
ries highlight the complexity of managing renal cell car-
cinoma (RCC) alongside concomitant diseases. These
cases underscore the importance of a multidisciplinary ap-
proach to treatment and the need for careful preoperative
evaluation and planning to ensure optimal outcomes for
patients with RCC and comorbid conditions.

In one case series, the authors discuss the role of cytore-
ductive nephrectomy following immunotherapy-based
treatment in metastatic RCC. While the focus of their study
differs from ours, it emphasizes the evolving landscape of
RCC management and the importance of considering var-
ious treatment modalities in different clinical scenarios [4].
Another study explores rare metastatic sites of RCC, fur-
ther highlighting the diverse presentations and challenges
encountered in managing advanced disease [5].

Furthermore, the cases presented in our series align
with findings from previous literature regarding the epi-
demiology and risk factors associated with RCC. Paglino et
al. [1] provide insights into RCC's epidemiology and molec-
ular epidemiology, emphasizing the importance of under-
standing the underlying mechanisms driving tumor devel-
opment and progression.

The management of patients with heart disease and
renal cancer presents a dilemma for physicians. Namely,
which one to treat first. Both conditions carry high risks for
patients. Given the elderly age of the patients and many
comorbidities, performing surgery in 2 stages may en-
tail a high risk of complications and mortality. A simulta-
neous surgery can reduce risks since a patient can decide
long for the next surgery, resulting in a worsening condi-
tion and disease progression. A simultaneous surgery al-
lows for avoiding tumor progression in the interstage peri-
od by performing early radical intervention on neoplasms
and reducing the hospital stay.

Simultaneous operations have several benefits: shorter
hospital stay, a single postoperative recovery period, lower
stress level, and time-saving for the patient because pre-
operative preparation will be required only once. Howev-
er, simultaneous operations also carry risks and disadvan-
tages that should be discussed with the patient: increased
surgery duration, prolonged anesthesia time, higher risk of
bleeding, and wound infection.

Consequently, there may be additional requirements
for the patient’s health. Another disadvantage includes the
fact that the area of surgical intervention becomes bigger,
which may lead to increased pain after surgery and subse-
quently require more analgesics. We will have to consider
all these criteria while preparing for the operation.

Kazakhstan is a developing country with a large rural
population. Early detection of both diseases is currently
problematic. The case series by Setia and Kedan [6] show-
cases the utility of point-of-care ultrasound in detecting
RCC in the ambulatory setting, highlighting the impor-
tance of early diagnosis and intervention. This aligns with
the principle of early detection and timely treatment em-
phasized in our cases, as prompt recognition of RCC al-
lows for timely surgical intervention and improved out-
comes.

The case report by Filomena et al. [3] parallels one of
the presented cases of simultaneous surgical manage-
ment of RCC and severe coronary artery disease with atri-
al thrombotic extension. Their experience underscores the
feasibility and safety of concurrently addressing multiple
conditions, further supporting our case series findings.

This year, in another case series [7], simultaneous sur-
geries for coexisting cardiac and non-cardiac pathologies
were evaluated in terms of the feasibility of treatment. The
paper above included a wide variety of diseases, such as
benign and malignant tumors of the abdomen and tho-
rax with concomitant heart pathologies. Compared to the
other paper, this article focuses on the safety of simulta-
neous surgery on the heart and kidney without any major
complications.

Since cardiopulmonary bypass (CPB), used in heart
operations, can cause acute kidney injury (AKI) in 18.2 to
30% of patients [8], one of the major challenges for sur-
geons and anesthesiologists is preventing and manag-
ing AKl as a possible complication. In this paper, one out
of five reviewed patients developed postoperative AKI,
which eventually required hemodialysis. Fortunately,
the patient’s kidney function recovered. A cardiac sur-
geon should always be aware of AKI when using CBP in
surgery. In simultaneous surgery for the heart and kid-
ney, the possibility of AKI should always be considered
in preoperative assessment and preparation. Simulta-
neous surgeries require great preparation and a multi-
modal approach to ensure it is safe and beneficial for
the patient.

The presented case series contributes to the growing
literature on managing RCC with concomitant heart dis-
eases. By highlighting the feasibility and outcomes of si-
multaneous surgeries in complex clinical scenarios, this
study emphasizes the importance of tailored treatment
approaches and collaborative care in optimizing outcomes
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for patients with RCC and heart diseases. Further research
and collaboration are warranted to refine treatment strat-
egies and improve patient outcomes in this challenging
patient population.

Conclusion: The presented cases demonstrate suc-
cessful simultaneous interventions and favorable post-
operative courses, proving the feasibility and safety of si-
multaneous surgeries for RCC and concomitant diseases.
Despite complex procedures and multiple comorbidities,
all patients had favorable postoperative outcomes, under-
scoring the importance of multidisciplinary collaboration
and meticulous surgical planning in optimizing patient
care for RCC and accompanying medical conditions.
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’KYPEK AYPYJIAPbI MEH BYHPEK KATEP.JII ICITTH
BIP ME3I'VIAE XUPYPI'UAJIBIK EMIEY:
KJIWHUKAJBIK KAFTANJIAP CEPUSICHI

A.M. Abouxapumos', A.H. Hypacizimosa?, A.M. Bawabaes*

IC¥NTTBIK FINbIMY MeaMUMHANLIK opTanbliky AK, Actaa, KasakctaH Pecnybnukachi;
’«Hasapbaes YnusepcuteTiHiH MeaunumHa mektebi» [16BY, AcTana, KasakctaH Pecnybnukacs!

Oszexminizi: byiipex kamepni icieiniy ey kon mapanzan mypi Ooavin maodviiamein Oyupex xcacywanvt kapyurnomacel (bJKK) oykin onemoe
OeHCayIviKKa aumapivlKmatl ayblpmnaisl mycipeoi. JfuazHocmukaisl s0icmep MeH emoey a0icmepinoe2i jcemicmikmepee Kapamacman,
bIKK eemepozendi mabuzamvina, opmypii KAUHUKANBIK KOpIHICmepine dHcoHe Kypoeni MONeKYIANblK TAHOWADMbIHA OAUIAHbICMbL KYPOei
mocene bonvin Kana bepedi. BXKK kypoeniniein myciny nayuenmmepoiy HOMuUICeNepin HeaKcapmy, mepanesmix cmpame2usiiapovl OHmMatlilan-
0bIpY dHcone dHceKeneHOIpinzen MeOuyuHa mociioepin ineepiiemy yuin ome mMayvl30bl.

3epmmeyoin makcamot — 6yn dca20aunblK 3epmmey MAMAHOAHObIPLLI2AH KOMEKMIY KA3ipei OpmanblKmaHObIpLLIYbIH weuLyze 6azvim-
manaan Oytpex iciei sHcone xHcypexk aypyrapvl bap Haykacmapea 0ip meseinde XUpypeusivly apaiacyovly MyMKIiHOI2i MeH Homudicenepin
3epmmetioi.

Aoicmepi: 2012 sxcvindviy kaymapvinan 2023 sxculndviy dcermokcanvina oeliin 6i3 Acmana kanacvinoa ¥ammoix Fouivimu Meduyunanviy
Opmanvikma 6ip meseinoe dxcacanzan omanapoviy 5 dscazoaiivin 6azaian, maidaosik. Opoip dcaz0ail OUaeHOCMUKALLIK KUbIHObIKMAp2d, eM-
ey ounemmanapvina sxone b)KK-ven oaiinanvicmer y3ax mep3imoi nomuosicenepze bipezeti mycinix depeoi.

Homucenepi: 5 nayxacmuly I-inde onepayus xesinde, 1-inoe onepayusoan keiiinei kezenoe ackvinyiap ooneawn. bapnvix naygacmap xa-
HA2amMmManapaviK #ca20atiod wvleapsliob.

Kopvimuinowvr: 5)KK orcone sicypex aypynapvina Oip meseinoe dcacaniamoii onepayusiap nayuenmmepze Kymim kopcemyoi oymaiianobipy
Jrcone emoeyoi xcenindemyoiy muimoi 9dici bonvin madwvinadwvl. byn dcazoatinap noHapanvlk, bIHMBIMAKMACIBIK NeH MYKUSAM XUPYPSUIbIK
2ACOCNAPAAYOLIY MAHBIZOBLIBIZLIMEH Kamap, opmypiai inecneni aypynapmen bipee B)KK-nviy commi 6ackapwiiyvin kopcemeoi. bip npoyedypaoa
OipHeute dHcaz0auobl KApacmulpamsin OIp me32inoe HCaAcaiamvih onepayusiap nomudxicenepoi iraxkcapmyowiy sxone nayuenmmepoiy bBIKK-
HbIY eMine KaHA2ammaHyblHbll Nepcnekmueaibl Cmpamecusicsl 00abln maodvliaoul.

Tyitinoi co3dep: oyiipex, kamepai icik, HCypek, HCypeK UeMuscyl, KOIKd KaKnaKulacyl, CUMYIbmanobl omd.

AHHOTANUA

OJIJHOBPEMEHHOE XUPYPITMUYECKOE JIEUEHUE 3ABOJIEBAHUIA
CEPJIIIA Y PAKA TOYKH:
CEPUSI CJIYUAEB

A.M. Abouxapumos', A.H. Hyparcuzumosa®, A.M. Bawmabaes®

'AO «HauwmoHanbHbIi HayuHblit MeanumHekuii LiesTpy, ActaHa, Pecnybnnka Kasaxcras,
*AOO «lWkona MeauumHbl Hasapbaes YHusepcuteT», AcTaHa, Pecrybnmka KasaxcraH

Axmyansnocme: [loueuno-kaiemounviii pax (IIKP), naubonee pacnpocmpanennulii mun paka nouKu, npeocmagiiem cepbe3nyio yeposy
07151 300p08bsL 60 6cem mupe. Hecmomps na docmudicenus 6 OUA2HOCMU4eCKUx Memooax u memooax nevenus, [IKP ocmaemcs cepve3noii npo-
61eMOll U3-3a 20 2emepPOo2eHHOU NPUPOObL, PAZHOOOPAZHBIX KAUHUYECKUX NPOSAGICHUL U CLOICHO20 MONEKYIAPHO20 Tanowagpma. [lonumanue
monxocmeil [IKP umeem pewaiowee snauenue 0is yayquenis pe3yibmamos jedeHus NayueHmos, ONmuMu3ayuy mepanegmuiecKux cmpame-
2Utl U NPOOBUICEHUS. NOOXOO08 NEPCOHATUZUPOBAHHOLU MEOUYUHDI.
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Llenv uccnedosanua: 6 3mom memamu4eckoM UCC1e008AHUU PACCMAMPUBAIOMCS BO3MOIICHOCIU U Pe3YNbMAambl 00HOEPEMEHHbLX Onepa-
Yuil y nayuenmos ¢ pakom nouKu u 3a001e6aHUAMU cepoyd, HANpagIeHHble Ha peulenie npooaeMbl HblHewHel YeHmpanu3ayuu cneyuaiusu-
POBAHHOU NOMOUYU.

Memoowr: B nepuod c aneaps 2012 no oexabpv 2023 200a mbl OyeHuIU U NPOAHATUIUPOBATU 5 ClLyuaed 00HOSpeMenHbIX onepayuil ¢ Ha-
YUOHATLHOM HAYYHOM MeOUYUHCKOM yenmpe 6 Acmane. Kasicowiil ciyuaii oaem yHUKAIbHYIO UHPOPMAYUIO O OUASHOCIUYECKUX MPYOHOCMAX,
ounemMmax 1euenus u OmoaieHHvlx pe3ynomamax, céazanunvix ¢ IIKP.

Pesynvmamui: U3 5 nayuenmog y 1 603HUKIO UHMPAONEpayuorHnoe ociodichenue u'y 1 603HUKI0 0CI0CHEHUEe 8 NOCIeONePaAYUOHHOM ne-
puooe. Bee nayuenmul svinucanvl 8 y0o81emeopumensHom coCmosHul.

3axawuenue: Cumynvmantule onepayuu no nosody IIKP u 3abonesanuil cepoya npedcmasisirtom coooii 3¢hghekmuerwlii noOX00 K Onmu-
Musayuy yxooa 3a nayueHmamu u payuoHaiuzayuu ievenus. Imu ciryuau oemoncmpupylom ycneunoe gedenue IIKP napsaoy ¢ pasnuunvimu
conymemesyowumu 3a601e6aHUAMIU, NOOYEePKUEAS 6ANICHOCT MEUCOUCYUNTUHAPHOL0 COMPYOHULECIEA U MUAMENbHO20 NIAHUPOBAHUS One-
payuu. O0Hospemennble onepayuy, Hanpasientble Ha YCmpanenue HeCKOIbKUX COCMOAHULL 8 PAMKAX 00HOU NPOYedypbl, ABNAIOMCA MHO2000e-
warowel cmpamezuell yIyyuleHs pe3yibmamoe u nogvlienus yoosiemeopenHocmu nayuenmos ¢ I1KP.

Kniouesvte cnosa: pak, nouxu, cepoye, uwemuieckas 601e31b cepoya, AOpmManbHblil KI1AnaHm, 00HOMOMEHNHble Onepayul.
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ABSTRACT

Relevance: The SARS-Cov2 pandemia caused an unparalleled health crisis that directly affected the course and treatment of patients
with hemoblastosis. Hematologists faced an extraordinarily challenging situation due to the administered chemotherapy along with the
treatment of the concomitant infectious pathology of coronavirus infection (CVI). However, there were no clear recommendations and
approved protocols for diagnosis and treatment for this category of patients for the described period. Patients with hematological
malignancies are generally more susceptible to infections due to immunosuppression caused by their disease and the deteriorating effect

of treatment on the immune system.

The study aimed to investigate and analyze the impact of the SARS-Cov-2 viral infection on mortality from oncohematological

diseases.

Methods: Data for the retrospective cohort study was obtained from patient electronic medical records. CVI was confirmed by a
positive PCR test for SARS-Cov-2 RNA and chest computed tomography. All patients underwent a determination of the disease status
at the time of admission to the department. Further, the therapy performed was estimated, and a descriptive analysis of the treatment

results was carried out.

Results: From July 2020 to July 2021, 56 patients with hemoblastosis and hematopoietic depression with concomitant CVI were
treated in the CVI-1 department of the National Research Oncology Center (Astana, Kazakhstan). During this period, 2 patients died,
and the mortality rate was 3.6%, while at the specialized hematology department, the mortality rate in 2020 amounted to 2.9% (26 deaths

per 904 patients).

Conclusion: Our department’s results conclude that without systemic antitumor therapy for hemoblastosis and achieving remission,
the treatment of infectious complications will be ineffective. SARS-CoV-2 infection during or after systemic anticancer therapy does not

dramatically affect mortality from COVID-19.

Keywords: hemoblastosis, COVID-19, prognosis, oncohematology, mortality, myeloma, leukemia.

Introduction: The COVID-19 pandemia caused an un-
paralleled health crisis that directly affected the course
and treatment of patients with hemoblastosis. Hematol-
ogists faced an extraordinarily challenging situation due
to the administered chemotherapy along with the treat-
ment of concomitant infectious pathology of coronavi-
rus infection (CVI). However, there were no clear recom-
mendations and approved protocols for diagnosis and
treatment for this category of patients for the described
period [1-4].

Patients with hematological malignancies are more
susceptible to the virus [5-6] due to the secondary immu-
nodeficiency that appears against the disease and the de-
teriorating effect of treatment. These patients have a more
aggressive course of viral infection [7-9].

According to international experience, patients with
COVID-19 were transferred to a hospital for infectious dis-
orders, with chemotherapy being suspended for an indef-
inite period, which resulted in a detrimental impact on the
prognosis [10-11]. Given the spread of CVI in the Repub-
lic of Kazakhstan, also among patients with hemoblas-

toses, the management of the National Research Oncol-
ogy Center (NROC, Astana, Kazakhstan) proposed to the
Ministry of Health of the Republic of Kazakhstan to open
a specialized department at NROC for patients with onco-
hematological diseases and concomitant COVID-19. In July
2020 in Astana, the only infectious disease department in
the Republic of Kazakhstan was deployed to receive on-
cohematological patients with CVI who needed treatment
for the underlying disease and concomitant infectious pa-
thology by a multidisciplinary group of hematologists, in-
fectious disease specialists, and resuscitators. In this study,
the impact of the COVID-19 virus on the course and prog-
nosis of oncohematological diseases was analyzed by si-
multaneously prescribing chemotherapy and treating the
infectious pathology of COVID-19.

The study aimed to investigate and analyze the impact
of the SARS-Cov-2 viral infection on mortality from onco-
hematological diseases.

Materials and Methods: Patient data were taken from
their electronic medical records and analyzed retrospec-
tively. The NROC Local Ethics Committee approved the
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study (Minutes No. 18 of 01/25/2023). The study included
patients of both sexes over 18 years of age with confirmed
oncohematological diseases and concomitant coronavirus
infection. Concomitant CVI was confirmed by a positive
PCR test for detecting SARS-Cov-2 RNA and chest comput-
ed tomography. All patients included in the study were as-
sessed for their disease status at admission to the depart-
ment (debut/remission/relapse). Descriptive statistics were
used to summarize the patient demographic and clinical
characteristics. Percentages were calculated; the number
and percentage of patients in each category demonstrat-
ed the distribution of categorical variables such as gender,
diagnosis, and disease status.

Results: For the period from July 2020 to July 2021, 56
patients with hemoblastosis and hematopoietic depres-
sion with concomitant CVI were treated in the CVI-1 de-
partment of NROC. The patients were aged 18 to 66 years
when contracting CVI. The distribution by gender was
even: 27 women vs 29 men.

Among 56 patients, there were 9 patients with multiple
myeloma (MM), 9 patients with acute lymphoblastic leu-
kemia (ALL), 2 with myelodysplastic syndrome (MDS), 28
with acute myeloid leukemia (AML), 3 with chronic mye-
loid leukemia (CML), 2 with Hodgkin’s lymphoma (HL), 3
with diffuse large B-cell ymphoma (DLBCL). There were 14
patients with “Debut” hemoblastosis (ALL-1; AML-10; MDS-
1, DLBCL-1, CML-1); all patients with AML and ALL under-
went induction courses of chemotherapy. Regarding the
disease status, 14 patients had the onset of hemoblasto-
sis, 35 patients had remission status, and 7 patients had a
progression or relapse. In general, responses to the ther-
apy for hemoblastosis were achieved regardless of an in-
fectious pathology and were comparable to patients
treated without COVID-19. Complications were similar to
post-chemotherapy cycle complications in patients with-
out concomitant CVI and included oral mucositis, febrile
neutropenia, probable invasive pulmonary aspergillosis,
and bilateral hydrothorax.

Patients were treated for the underlying disease and
therapy for concomitant infectious pathology. For CVI
therapy, patients received glucocorticoid therapy with
dexamethasone, anticoagulant therapy with Enoxaparin
sodium or heparin, and oxygen therapy [12].

To assess the impact of COVID-19 on hospital mortali-
ty, we compared the mortality rates at the CVI department
and our Center’s specialized Hematology Department in
2020 (Table 1). This comparison suggests that COVID-19
did not significantly affect hospital mortality among pa-
tients with oncohematological diseases treated in the CVI
department. However, further investigation with larger
patient cohorts and consideration of additional factors like
disease stage and specific diagnoses is required to sup-
port these findings.

Table 1 - Mortality rates among oncohematological patients
at NROC (July 2020 - July 2021)

Department Szériggle M%g?é'ty
CVI Department (SARS-Cov-2 positive) 56 3.6%
Specialized Hematology Department 904 2.9%

A chi-square test to compare mortality rates between
the departments yielded a chi-square value of 0.0865
(df=1, p<0.05), indicating no statistically significant dif-

ference between the mortality rates in the two depart-
ments. Therefore, SARS-CoV-2 infection during or after
systemic anticancer therapy does not dramatically affect
mortality from COVID-19 in patients with oncohemato-
logical diseases.

Discussion: The study shows that patients with blood
cancers had a higher mortality rate from coronavirus infec-
tion. This prompted the oncology communities in differ-
ent countries to recommend changing the treatment regi-
mens for cancer patients and, if possible, reducing the risk
of infection in hospitals or postponing treatment.

It was evidenced in the study conducted by research-
ers from the Specialized Oncology Center of Spain (Bar-
celona) for adult patients with 26 beds: “The Institut
Catala d'Oncologia-Hospital Duran | Reynals,” in the first
months of the pandemic (13/12/2020-12/04/2020). They
noted that hematological cancer patients have a high-
er mortality rate compared with non-immunocompro-
mised patients. The inpatient mortality rate was 46%,
and only 1 patient out of 12 recovered. There was also a
decrease in initial visits by 55% and a delay in chemother-
apy courses by 19%. Higher mortality was observed in in-
dividuals over 70 years of age and at D-dimer levels >900
mcg/L (p= 0.04). In conclusion, it was stated that the COV-
ID-19 pandemic is associated with increased mortality in
hematological patients [13].

However, accumulated data and analysis of a larg-
er number of patients showed that such results were ob-
tained largely due to the congestion of multidisciplinary
hospitals and comorbidities in these patients, which deter-
mined the overall severity of the condition. In cases where
anti-epidemic measures were correctly organized in a spe-
cialized hospital, the coronavirus infection did not dra-
matically affect the course of the oncological process, and
there was no need to change the treatment tactics. Now,
oncologists recommend not to postpone cancer treat-
ment in most cases [14].

In July 2020, the Hospital Universitario de Burgos re-
searchers determined that the epidemiological behavior
of community-acquired respiratory viruses among can-
cer patients is similar to the general population’s behav-
ior. Cancer patients appear to carry a higher risk of severe
events. However, among patients suffering from hemato-
logical diseases, no increase in COVID-19 infections was
observed [13, 15].

According to the results of complex therapy of patients
with hemoblastoses and hematopoietic depressions with
infectious pathology in the CVI department of LLP NROC,
in the course of treatment, we managed to avoid relapses
or progression of the underlying disease, due to the timely
start of treatment of the underlying disease.

Moreover, patients with the debut of an oncohemato-
logical disease were administered a course of chemother-
apy on time since untimely started chemotherapy signifi-
cantly worsens the prognosis of these patients.

Over the entire period of functioning of the CVI de-
partment, 2 patients were deceased, and the mortality
rate was 3.6%, while in the specialized hematology de-
partment, the mortality rate in 2020 amounted to 2.9%.
Patients of oncohematology departments No. 1 and No. 2
received the analogous treatment as the CVI department
patients with the same nosologies but without additional
treatment for COVID-19 infection.
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Conclusion: During the working period (July 2020 -
July 2021) of the infectious diseases department estab-
lished for the treatment of patients with oncohemato-
logical diseases based on LLP “NROC,” it was determined
that there is no need to postpone the treatment of blood
cancers (chemotherapy) against the backdrop of COV-
ID-19, as this may worsen treatment prognosis. Further-
more, analysis of the outcomes showed the effective-
ness of the early appointment of pathogenetic therapy
for coronavirus infection (glucocorticosteroids, anticoag-
ulants, oxygenation), which made it possible to achieve
certain success.

Despite the conflicting world data, based on our de-
partment’s results, it can be concluded that without sys-
temic antitumor therapy for hemoblastosis and achiev-
ing remission, the treatment of infectious complications
will be ineffective. Finally, contracting SARS-CoV-2 during
or after completion of systemic anticancer therapy does
not dramatically affect mortality from COVID-19. Howev-
er, these results are limited due to the small sizes of both
groups and require further investigation. Due to typically
low survival among hematology patients, collecting a siz-
able cohort within a single center remains exceptionally
challenging.
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AHJIATIIA

COVID-19 KE3IHJIET'l TEMOBJIACTO3/1bI KEIIEH I TEPAIUSHBIH HOTH)KEJIEPI:
«YJTTBIK FBLJIBIMU OHKOJIOTUSI OPTAJIBIFBI» JKILC
KH-1 BOJIMIIECI HETI3IHIETT MOHOOPTAJIBIK TOKIPUBECI
(ACTAHA, KA3BAKCTAH)

P. Bunvoanosa', A. Mykascanos', B. Kemaiikun', A. Kapabexos', K. Canapéait’, 3. Xamumosa', K. Kyanvuu'

1«¥nTTbIK FBINbIMI OHKONOTMANbIK opTanbliky XKLUC, ActaHa, KasakctaH Pecny6bnukace

Oszexminizi: SARS-Cov2 cemobracmosben ayvipamvii HAYKAcCmapowly d2blMbl MeH eMine mikenell ocep emkeH meHoeci HeoK OeHCAYIbIK
0az0apuicoin myovipobl. I emamonoemap KOpOHAGUPYCMbIK UHDEKYUSHBLY KAMAP JHCYPEemin JHCYKNALbl NAMOIOUACHIH eMOEYMeH KAmap jicyp-
2i3ineen xumuomepanusaa 6auIaHbICMbl MOmMeHule Kublh scazoaiiza man 0010sl. Anaiida, cunammanaan Kezeyoeei nayueHmmepoiy ocvl ca-
Hamol yulin OUAZHOCIUKA JCOHe eMOey OOUbIHUA HAKMbL YCoIHbICMAp MeH OeKkimineen xammamanap 6012am xcok. Iemamonousivlk kamepii
icikmepi 6ap Haykacmap, s0emme, aypyOar myblHOA2aH UMMYHOCYRPECCUA2A HCOHE eMHIH UMMYHOBIK JCyliece 9cepiniy Hawaprayvina oaii-

Janvlemul uHekyusiapaa keobipex Geiim.

3epmmeyodin maxcamol — SARS-Cov-2 supycmulk uHeKyuscolHbl OHKO2EMAMONOLUANBIK AYPYIaApOan 60Iamull O1iMee dCepin 3epmmey

JiCOHe manoay.
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Aoicmepi: Pempocnekmuemi kocopmmul 3epmmey yuiH nayuenmmepoiy oepexmepi nayueHmmepoiy 31eKmpoHObl MeOUYUHALbIK HCA3-
banapvinan anvinovl. Koponasupycmuoix ungexyus COVID-19 PHK anvikmayea apuanean oy IITP coinagvimen, conoaii-ax Kkeyoe KyblCbllblly
Komnwvromepik momozpaguscvimer (KT) pacmanovl. bapnvlk Haykacmap 6enimueze myckeH ke30ezi aypy Hcaz0atlblH AHbIKMayoan emmi. Opi
Kapail gcypeizinieen mepanus 0A2aianbin, emoey Homugicenepine CUnammamansl maioay sHcypeizinoi.

Homuoicenepi: 2020 scoinoviy windeci men 2021 sncolndviy wiindeci apanviebinoa ¥immolx 2bl1blMU OHKOIO2US OpMaibi2biHbly (Acmana,
Kasaxcman) KH-1 bonimwecinde eemodaacmos scone 2eMonodmukansvl oenpeccusmen xamap sxcypemin KU bap 56 nayxac emoenoi. Ocor
Kezenoe 2 HayKac Kaumoic 000bl, O1iM-dHcimim Kepcemkiuii 3,6% 6onca, MaAMaHOAHOBIPbIIZAH 2eMaAMON02Usl DONIMUECTHIH ONIM-HCIMIM KOp-
cemxiwi 2020 scvrnvl 2,8% Kypaow (904 naykacmuiy 26-cuol Kaiimuvlic 6010b1).

Kopvimuinowt: bizoiy 6enimiue HyMblCblHbIE HOMUdICEePIHe CylieHe OMblpbln, 2eM0O1acmo30bl JHCylleli ICIKKe Kapcbl Mepanusicol3 HCoHe
pemuccusia Ko gcemrizoecmen, UHPEKYUIbIK ACKbIHYIAPObL eMOey MUiMci3 601adbl 0en Kopblmuvinobl dcacayea 6onadel. Kamepii icikke
Kapcul scytieni mepanusi kezinoe Hemece o0an Keuin SARS-CoV-2 ungpexyusicor COVID-19-0an 6oramuin enimee aumapnvlkmaii ocep emneuoi.

Tyiiinoi co3oep: cemobnacmos, COVID-19, bondcam, onkoeemamono2us, O1im, MUeiomd, 1eiKkos.

AHHOTALUSA

PE3YJbTATHI KOMILIEKCHOM TEPAIIUU TEMOBJIACTO30B IIPU COVID-19:
OIIBIT MOHOLEHTPA HA BA3E OTJAEJIEHUSA «KU-1»
TOO «<HAITMOHAJIBHBI HAYUYHBII OHKOJIOTMYECKWI IEHTP»
(ACTAHA, KA3AXCTAH)

P. Bunvoanosa', A. Mykasicanos', B. Kemaixun', A. Kapabexoé', K. Canapoair’, 3. Xamumosa', K. Kyanouu'
ITOO «HaunoHanbHbIi Hay4HbIV OHKONOr4YeckIi LieHTpy», AcTata, Pecnybnuka KasaxcTaH

Axmyansnocmo: SARS-Cov2 svizean becnpeyedenmublii Kpusuc 30pagooxpanenus, Komopulii HenoCcpeoCmaeHHo NOIUAL Ha medeHue 3a-
bonesanuli u neverue 6oNbHLIX 2emodacmosamu. I emamono2u OKa3anUCy 6 Ype3gblualiHo CLOMUCHOU CUMYAYUL 8 C6A3U C HA3HAYEHUEeM XUMU-
omepanuu Hapa0y ¢ AeyeHueM Conymcmsyiowell uH@PexyuonHol namono2uu Koponagupychotl ungexyuu. OOHAKo YemKux pekomeHOayull u
YMEepIHCOeHHbIX NPOMOKON06 OUASHOCTNUKIL U IeYeHUs OAHHOU Kame20puu D0NbHbIX 6 ONUCbIBaeMblll nepuod He Oviro. Ilayuenmul ¢ 2emamono-
2UYeCKUMU 310KAYeCMBEeHHbLIMU HO8000PA3068aAHUAMU, KAK NPABUIO, D01ee 80CHPUUMUUEH] K UHPEKYUAM U3-30 UMMYHOCYIPECCUU, BbI36ANHOU
3abonesanem, u ycuieHus 6030eicmeus 1e4eHnis Ha UMMYHHYIO CUCTeM).

Lens uccneooganusn — uzyuums u npoanaiusuposams eauanue supycroti ungexyuu SARS-Cov-2 na cmepmuocms om oHKo2eMamono2u-
yeckux 3a6071e6aHuL.

Memoowi: Jlannvle nayuenmos 015 pempocnekmugHo2o Ko20pmHno2o uccied08ans Oblau NoIyueHsl U3 1eKmpOHHbIX MeOUYUHCKUX Kapm
nayuernmos. Koponasupycrnas ungexyus noomeepacoena nonoxcumenvuvim pesyavmamom I1I{P-mecma na evissnrenue PHK COVID-19, a
maxkaice kKomnvromephoi momoepaguu (KT) opeanos epyonoii kniemxu. Becem nayuenmam na momenm nocmynienus ¢ omoeienue npogoousiocs
onpedenenue cmamyca 3abonesanisl. Jlaiee oyeHusaniach npoeeoeHHas mepanus i npoEoOUNCs ONUCAMENbHBIIL AHANU3 PE3VIbINANOS JIe4YeHUs.

Pesynvmamut: 3a nepuoo c uiona 2020 e. no uione 2021 2. 6 omoenenuu KHU-1 Hayuonanvhoz2o nayunozo onkonozuyeckozo yenmpa (Acma-
na, Kazaxcman) nponeueno 56 nayuenmos c 2emodracmosamu u denpeccueli kposemeoperus c conymemsyoweti KHU. 3a smom nepuoo ymepino
2 nayuenma, remanvrnocms cocmasguna 3,6%, mozoa Kax 1emanbHOCHb CReYuaIu3upoSaHHO20 2eMaAmon0eU4ecKozo omoeneHus cocmasuid
2,8% 6 2020 200y (26 cmepmeii na 904 601bHbIX).

3axniouenue: Ilo pesynomamam pabomel nawe2o omoeneHus MOICHO COenans 8b1600, Yno 6e3 CUcmeMHOl NPOMUEOONYX01e80ll mepanuu
2eMO61acmO308 U O0CMUICEHUS. PEMUCCUL JleYeHUe UHPEKYUOHHBLX 0CL0dCHeHUll 6ydem Heahdexmusnbim. Unpexyus SARS-CoV-2 6o epems
WU nocie CUCMeMHON NPOMUBOPAKOBOLE Mepanull He OKA3bl6aen Cyuecmeenno2o eauanus na cmepmuocmes om COVID-19.

Knrouegwie cnosa: cemobnacmos, COVID-19, npozcros, OHKO2eMamono2us, cMEPMHOCHb, MUELOMA, JIeUKEMUSL.
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ABSTRACT

Relevance: The scientific novelty consists in developing a method for estimating dose distributions around the applicator using
Gafchromic RTQA?2 radiochromic film and a 1 cm thick solid phantom. This technique minimizes deviations between the actual and
planned dose distributions around the source. The use of radiochromic film and solid phantoms allows for detailed analysis of dose
profiles, which can optimize source positioning and improve treatment accuracy, especially in the context of 3D planning in high-dose
brachytherapy.

The study aimed to improve the accuracy of dosimetric measurements and the quality of procedure planning in brachytherapy.

Methods: Gafchromic RTQA2 radiochromic film and a solid phantom made of polymethylmethacrylate (30x30xIcm’®, density
1.05 g/cm?d) were used in the study. The doses chosen for analyzing isodose curves around the applicator were 0.6 Gy, 1 Gy, 1.7 Gy,
2 Gy, 2.5 Gy, 3 Gy, and 4 Gy.

Results: According to the experiment, the radiochromic film darkens proportionally to the absorbed dose when irradiated. The ex-
perimental results show deviations of the measured data from the planned system in the range of 4.2-10.6%. The lower deviation on the
second film indicates a more accurate and stable dose distribution in its region, which can be explained by its optimal location relative
to the source and reduced scattering and absorption effects.

Conclusion: The proposed method combines an Epson Expression 10000XL scanner, a solid phantom with radiochromic film, and
ImageJ software to efficiently assess dose distributions around the applicator. The resulting graphs demonstrate how radiation dose
correlates with distance through isodose profiles, with RGB channel changes accurately reflecting radiation density. This approach
enhances the visualization and validation of dosimetric calculations, making it crucial for improving source positioning and ensuring

reliable quality control in brachytherapy through optimized dose modeling.
Keywords: Quality control, radiochromic film, dose distribution, isodose.

Introduction: High-dose-rate brachytherapy using
Ir-192 and Co-60 sources is used to treat various types
of tumors such as cervical, prostate, breast, head, neck
cancers, and others. In 3D brachytherapy, the position
of the first source is determined either by X-ray cathe-
ters on CT images or by markers on MRI images [1-4].
This is a critical step since the position of each subse-
quent source is determined relative to the first. Thus,
the dose distribution is formed based on the position
of the first and subsequent sources, representing the
cumulative dose from each source position. There are
source positioning and film dosimetry methods used
when changing the source. These methods allow for a
layer-by-layer assessment of the dose distribution, i.e.,
the relationship between the distance from the source
and the cumulative dose can be determined. Therefore,
there is a need to develop a new quality assurance ap-
proach to verify the dose distribution. While many stud-
ies have focused on determining the initial source posi-
tions and ensuring source quality control [5-7], few have
considered the dose distribution around the applica-

tor. However, ensuring quality control in high dose rate
brachytherapy is equally important.

The study aimed to improve the accuracy of dosimet-
ric measurements and the quality of procedure planning
in brachytherapy.

Materials and Methods: Gafchromic RTQA2 radi-
ochromic films and 1 ¢cm thick solid phantoms (2 units)
were used for this study. The solid phantoms are 30x30x1
cm?; they are made of polymethyl methacrylate with a 1.05
g/cm? density. The solid phantoms were positioned verti-
cally, one above another, as shown in Figure 1. A transpar-
ent applicator was securely fixed on the upper phantom in
the center. Then, a CT image of the solid phantom was ob-
tained using computed tomography.

The radiochromic films are located at intervals of 1 cm,
corresponding to the solid phantom’s thickness. The ar-
rangement diagram is shown in Figure 2. The factory pa-
rameters of the film are 25x25 cm. The study used whole
films without additional mechanical processing to avoid
defects. The total film thickness is a standard 0.23 mm, of
which the active layer, according to literary data, is 20 um [8].
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Figure 1 - Two solid phantoms located one above the other

Radiochromic film

Transparent applicator

—

Solid phantom

30 cm

1cm

Figure 2 - Layout of the solid phantom, radiochromic film, and transparent applicator
(1,2, 3 - film layout)

After the experiment, the films were scanned at a res-
olution of 600 dpi using Epson Expression T0000XL equip-
ment. In the planning system, a dose of 200 cGy was set
for film #3 (Figure 2). An active length of 10 cm was chosen
during planning since this length is often used in the test
mode and when determining activity.

The study used the GammaMedPlus device (Medical
Systems, California, USA), equipped with an ionizing radia-
tion source Ir-192 with a half-life of 74 days [9, 10].

The open-source program ImagelJ [11-14] was used to
analyze and process the images. The results of the isodo-
se curve study obtained using the ImageJ program were
compared with the data of the Eclipse Brachytherapy
planning system (Varian). The quantitative and qualitative
characteristics of the dose distribution around the applica-
tor were determined using radiochromic film.

Results:

Exposure to radiation source. The radiation source in the
apparatus was recharged on April 16, 2024, with an activ-
ity of 10,000 mCi at that time. The experiment was con-
ducted on May 16, 2024, when the source dose rate was
40,700 cGy cm2/h. Figure 4 shows the source downtime
as shown in the planning plan during the experiment. The
downtime varies at each point, with values automatical-
ly calculated by the planning system. The calculations are
performed according to the TG-43 protocol established by
the American Association of Physicists in Medicine [9]. The

sum of the dose curves for this exposure is uniformly dis-
tributed along the length of the applicator.

Traditionally, when working with radiochromic films, the
method used involved analyzing data exclusively from the
red channel of the scanned images. This data was then pro-
cessed to obtain the dose distribution. However, some meth-
ods suggest using all three image channels: red, green, and
blue (RGB) [16]. This approach allows for greater accuracy in
film dosimetry. Our study used the software to create graphs
showing the relationship between distance and color lev-
els in the three channels (Figure 5). The results demonstrate
changes in color levels in the isodose profiles from the center
of the applicator to its edge. The data for the three films show
less dependence on the green and blue channels than the
red channel. This suggests that the red channel provides the
most reliable and accurate results for estimating the dose dis-
tribution using the RTQAZ2 radiochromic film.

Film analysis. Radiochromic films have high spatial res-
olution and do not have such disadvantages, making them
useful for determining the absolute and relative values of
the absorbed radiation dose [15]. The study showed that the
radiochromic film darkens after irradiation, and this chang-
ing color is directly proportional to the absorbed dose. Fig-
ure 4 (1, 2, 3) shows isodose lines corresponding to certain
doses obtained after processing using the ImageJ program.
Figure 4 (4) shows a dose distribution plan obtained using
the Brachytherapy planning system.

Oncology and Radiology of Kazakhstan, Ne3 (73) 2024 55



TREATMENT @) KazlOR

" KAZAKH INSTITUTE OF ONCOLOGY AND RADIOLOGY

Y, sec 4 Source idle time
16
14
12
10
8
6
4
2
0
B9 P80 P07 P 6?9007 P PP PP P s X em

LLL LELLLLELLLL £

FEF

FEE

FEEEET

ELCEE EEELE

Figure 4 - Film processing results (1, 2, 3) and the
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Figure 5 - Dependence of color level on the distance from the center of the applicator to the edge
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Isodose distribution estimation. For dose distribution
estimation, the data obtained using the planning system

were compared with the experimental results of irradia-
tion of the radiochromic film.

Table 1 - Comparison of experimental results with the values of the planning system

Film 1 Film 2 Film 3
> 03 © é & > [ © E S > 03 ®© E s
e Se | 8¢ g = Se | §g S - te | &g S
g8 | &% | 5§ i g2 | &% | 55 | < g8 | & | 55 | ¢
] a I > a a I 3 a a I ?
ke o © [m)] © a
0.6 475 44 .4 6.5 0.6 45.5 43.2 51 0.6 42.3 39.8 5.9
33.9 31.6 6.8 31.7 30 5.4 1 26.5 251 5.3
1.7 231 21.4 7.4 1.7 19.9 18.8 5.5 1.7 10.4 9.3 10.6
2 19.9 18.6 6.5 2 16.8 16.1 4.2
2.5 17.2 15.8 8.1 2.5 12.5 11.9 4.8
3 14.4 13.5 6.3 3 9.5 9.1 4.2
4 11 10.5 4.6

The percentage deviation (y) was calculated using for-
mula (1), where x0 represents the actual measured value
and x1 denotes the value from the planning system:

= ""x;o"l 100% (1

Discussion: This study investigated a radiochromic
film type RTQA2 for potential use in brachytherapy qual-
ity control. The radiation source was Ir-192 radionuclide
used in the GammaMedPlus brachytherapy systems (Var-
ian). A method for assessing dose distributions using the
radiochromic film was developed. The films were placed
relative to the applicator with a step of 1 cm, as shown
in Figure 2. The first film was placed immediately adja-
cent to the applicator. A colorless solid phantom made
of polymethyl methacrylate was placed between the ra-
diochromic films. The main results showed that the red
color channel gave the most accurate dose distribution
data, exceeding the other channels in response by a fac-
tor of two. This indicates significant discrepancies be-
tween the colors, especially when compared with the
blue channel, which gave the lowest response. The re-
sults of this study demonstrate that the RTQA2 radi-
ochromic film, especially using the red color channel, can
improve quality control in brachytherapy by increasing
the accuracy of dosimetric measurements. However, this
solution is not ideal because the film response varies be-
tween color channels, which can lead to potential errors.
Despite this, the method is useful for assessing dose dis-
tributions, especially near the applicator.

Conclusion: The proposed method, combining flatbed
scanning using an Epson Expression 10000XL, a solid-state
phantom with a Gafchromic RTQA2 radiochromic film,
and the free ImageJ program, provides a convenient and
cost-effective approach to assessing the dose distribution
around an applicator with a moving source and a given ex-
posure time. In the study of isodose curves around the ap-
plicator, the following doses were selected: 0.6 Gy, 1 Gy, 1.7

Gy, 2 Gy, 2.5 Gy, 3 Gy, and 4 Gy. The deviation of the values
obtained in the experiment with the values calculated by
the planning system ranges from 4.2 to 10.6. However, if
we compare the films, the value deviation for the first film
closer to the applicator is 6.6%, for the second - 4.9%, and
for the third - 7.3%. The deviation of the value on the sec-
ond film, which is lower than that of the first and third, in-
dicates a more stable and accurate dose distribution in its
area. This fact may indicate that the dose homogeneity in
the area of the second film better corresponds to the cal-
culated values. The optimal position of the film relative to
the source and smaller scattering and absorption effects
can explain this.

Using the software, we created graphs displaying the
relationship between distance and color levels in three
channels. The results demonstrate changes in color lev-
els in the isodose profiles from the center of the applicator
to its edge. The constructed graphs allow us to estimate
the distribution of the radiation dose emitted by the appli-
cator by the isodose profiles depending on the distance.
The change in color levels in the RGB channels directly re-
flects changes in the radiation density, which is important
for accurate visualization and validation of dosimetric cal-
culations. This approach is especially useful in brachyther-
apy planning, as it allows us to optimize the position of the
sources and more accurately model the dose distribution
in the tissues around the applicator, providing improved
quality control. The radiochromic film technique agreed
well with the planned dose distributions, especially when
considering the chromaticity, confirming its potential ap-
plicability for quality control in brachytherapy.
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AHJIATIIA

BPAXUTEPAITASHBI )KAHA SAICTEPAI EHI'I3Y MEH MAUJIAJTAHY JIBIH )KAHA TOCLII:
CAITAHBbI KAMTAMACBI3 ETY YIIIH KEINEHAI TAJJAY

A.T. Tynezenosa'?, JI.A. Mycaxanoe'>, H.M. Tyrbaesa', M.C. Omipzax', O.K. Ceiimos', K./I. laméaes’

1«Kasak OHKOMOrust xaHe pagmonorus FoinbIMu-3epTTey MHCTUTYThI» AK, Anmatel, KasakctaH Pecny6nukach!;
*«an-Gapabu atbiHgarsl Kasak yntTsik yHuBepcuteTiy KeAK, Anmarsl, KasakcTan Pecnybnukacs!;
3J1.H. Tymunes aTbiHaarbl Eypasus ynTTolk yHusepcuteTi» KeAK, AcTaHa, KasakctaH Pecny6nukach!

Osexminizi: Fourvimu srcayanvix-Gafchromic RTQA2 paouoxpomowl Kabvipuazvin scone Kanvigovlebl 1 cm Kammul Kylioeei panmomost
KOJIOGHA OMbIpbln, anniukamopobly AUHAIACLIHOA2bl 003AHbIY MAPALyblH bazaiay o0icin cacay. Paouoxpomovl nienka meH Kammeol Kyuoeei
hanmomoapovl Konoany 003aavlk npoguib0epoi e2oiceti-mezxceiini maidayaa MymKinoik epeodi, acipece dco2apvl 003aibl Opaxumepanusod
yut enuemoi HoCnapuay KHeazoauviHod, byn Ke30epoiy OPHAIACYbIH OHMAUIAHObIPY2A JHCOHE eMOey 090I2IH JcaKcapmyaa MyMKIHOIK 6epeoi.

3epmmeyoiny maxcamol — 003uMemMpUATLIK Onwey1epoiy 0o10iein apmmulpy HeoHe Opaxumepanusdazvl npoyedyparapobl HCocnapiay
CanacwlH JHCaKcapmy.

Qoicmepi: 3epmmeyoe Gafchromic RTQA2 paduoxpomovt Kabvipuiazel dcone NOTUMEMUIMEMAKPUIATNMAN dHcacai2an Kammul Kylioezi
panmom (30X30x1 cm?, moizvizovievt 1,05 2/cm®) Kordanwindwl. Anniukamopoviy aiHaiacblHOaebl U300030blK KUCLIKMAPObL MAiday yulin
muinaoaii 0osanap manoanowl: 0,6 I'p, 1 I'p, 1,7 I'p, 21p, 2,5 I'p, 3 I'p scone 4 I'p.

Homubaicenepi: xcnepumenm nomuoicenepi OOUbIHULA PAOUOXPOMObl KAOLIPULAK CoYIeleHY CIHIpIizeH 003a2a mypa nponopyuoHaiobl mypoe
Kapaneblianamoliobiabl aHbIKMAL0bl. DKCHEepUMEHm Homudiceaepi onuieneern Monoepoi, Jcochapaay cyuecimen canvicmoipeanoa 4,2-10,6%
aybimgybin kepcemeoi. Exinuii Kabvipuiakmazol aybimgyobiy memeH OOJybl, OHbIH AUMAbIHOA 0NIPEeK JCOHe MypaKmvl 003AHbIH MAPATLYbIH
Kopcemeoi, 6y OHbIY KO32e KAMblCIMbl O¥MAILIbL OPHAIACYLIMEH JHCOHE WUAWBIPAY MEH CIHIPY ocepiniy momeHOeyimen mycinOipinyi MyMKiH.

Kopvimuinowt: "Epson Expression 10000XL" naanwemmix ckauepaeyoi, Kkammol Kytioeei (hanmomowvl paouoxpomovl KadblpulazblmeH
ocone "Imaget" 6az0apramacein Gipikmipemin ycoiHblI2aH 90IC ANNAUKAMOPObIY AUHALACLIHOA2bI 003AHbIY MAPATLYbIH bIH2AULbL JCOHE
muimoi bazanayovl Kammamacvls emeodi. basoapnamanvik owcacakmamanvly Kemezimen O3 yui apHa apKulibl KAWLIKMbIK NeH MmycC
Oeneelinepi apacvindazsl OAUIAHBLICMbL KOpCememin epaguxmep acacadvik. Homuoicenep anniukamopovly OpmacvlHan oHvly wemine oeuin
U30003a npoghunvoepinoeci myc Oeneeunepiniy e32epyin kepcemeodi. H300030b1K npopuivoep 6oubiHUA CoYeNeHy 003ACbIHbIY Cbl30anapel
KauwblKmulkKa moyeadinikmi kopcemedi. RGB apunanapeinoasbl myc Oeneetinepiniy o3zepyi coynenenyoiy mvlabl30blebli 091 Kopcemeoi, oy
003UMEMPUATBIK, ecenmeynepoit 6U3YaAIU3AYUACHL MEH 8ANTUOAYUACHIH JicaKcapmyea kemekmeceoi. byn odic 6paxumepanus ywin Maybl306l,
oumkeHi 01 K030epOiy OPHANACYbIH OHMAUNAHObIPY2A HCOHE CANAHbl CEHIMOI OAKbLIayObl KAMMAMACLL3 eme OMuIpbln, aAnniukamopobiy
AUHAIACLIHOA2bL 003AHbL MOOEIbOeY 0dN0I2IH apmmulpyad MyMKIHOIK OepeOi.

Tyiiinoi co3oep: Cananvl 6axvLiay, paouoxpomovl Kabbipuiax, 003anbly Mapaiybl, U30003d.

AHHOTALNUSL

HOBBIN NOJAXO/ K BHEJIPEHUIO U DKCILTYATAIIMU B BPAXUTEPAIINU:
KOMILIEKCHBINA AHAJIN3 JIJISI OBECIIEYEHUSI KAUECTBA

A.T. Tynezenosa'?, /1.A. Mycaxanos'3, H.M. Tynoaesa', M.C. Omup3sax’', O.K. Ceiimos', K./I. /laméaes’

'AO «Kasaxckuit Hay4HO-MCCrieAoBaTENBCKII MHCTUTYT OHKONOMMM W pagumonorny, Anmathl, Pecnybnuka Kasaxcrah,
HAO «KasHY nm.anb-Gapabuy, Anmatel, Pecrybnuka Kasaxctah,
SHAO «EBpaauiickuii HaumoHanbHblit yHuepeuTeT Mmenn J1.H. 'ymmunesay, Actana, Pecnybnmnka KasaxctaH

Axmyanvnocms: Hayunas nosusHa 0aHHO20 UCCIe008aAHUS 3AKIOYACMCS 8 PA3PAOOmKe Memood OYeHKU 00308bIX PACHPeOeNeHUll 80OKPY2
AnnauKamopa ¢ ucnonv3o8anuem paouoxpomnou nienku Gafchromic RTQA2 u meepdomenvnozo panmoma monwunoii 1 cm. Ipeonacaemas
MemoOuKa no360em MUHUMUIUPOBANb OMKIOHEHUS. MeAHCOY PAKMUYECKUM U NIAHUPYEMBIM 00308bIM paAcnpedeseHuem 6OKpy2 UCIOYHUKA.
Hcnonv3oeanue paduoxpomHoi naéuKku u meepoomenbHulX (Panmomos obecneuugaen 03MoACHOCHb 0eMAIbHO20 AHANU3A 00308bIX NPOpuLel,
Ymo no360.aem ONMUMUUPOBAMb NOZUYUOHUPOBANUE UCHOYHUKOS U NOBLICUMb MOYHOCMb JeYeHUs, 0COOEHHO 8 YCA0BUAX MPEXMEPHO20
NAAHUPOBAHUSL 8 BbICOKOOO3HOU Opaxumepanuiu.
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Ilenv uccnedoganua — nogvicumv MOYHOCHb O0ZUMEMPUUECKUX USMEPEHUL U YIYYUuUmMb Ka4yecmeo NJIAHUPOSAHUS Npoyeoyp 6
opaxumepanuu.

Memoowi: B uccredosanuu ucnonwb308anuce paouoxpomuas niaéuka Gafchromic RTQA2 u meepoomenvuuli anmom us3
nonumemurmemaxpunama (30x30x1 cm3, nnomunocms 1,05 2/cm’). [[ns ananuza u300031bix KpUSbLX 60KpY2 ANNAUKAMopa 6uliu 6b10pabl 003bl:
0,6Ip 11Ip 1,71Ip, 21p, 25Ip, 3Tpudlip.

Pesynomamur: Ilo pesyrvmamam dKcnepumenma Oblio 6bIAGNEHO, YMO PAOUOXPOMHAA NJeHKA Nocie 00Nyuenus memueem npsamo
NPONOPYUOHANLHO NO2TIOUeHHOT 003e. Pe3ynomambl dKcnepumMenma noKa3vléaion OMKIOHEHUS USMEPEHHbIX OAHHLIX OM NIAHUPOBOYHOU
cucmemvl 6 npedenax 4,2-10,6%. boree nuskoe omxionenue Ha 6mopol niéuke yKkasvigaem Ha Oonee mouHoe u cmabuibHoe 003080e
pacnpeodenenue 6 e€ 061acmu, Ymo Modlicen 00bACHAMbCA ONMUMATLHBIM €€ PACNONO0NCEHUEM OMHOCUMENbHO UCTOYHUKA U YMEHbULEHHbIM
aphexmom paccesnus u noenowjenus.

3axawuenue: I[lpeonosicennviii mMemoo, couemarwull NIAHWEMHOe CKaHuposarue ¢ npumenenuem Epson Expression 10000XL,
MEePOOMeENbHO20 hanmoma ¢ paouoxpomHol niaénkou u npoepammul Imagel, obecneuusaem yooOHYIO U HEAOPO2YIO OYEHKY 00308bIX
pacnpedenenuii 6oxpye anniauxamopd. C nomowplo NpoSpaAMMHO20 obecneuenus Mvl O304l 2paguku, omoopaxicarouue ce:13b Medxucoy
paccmoanuem u yposHaMu yeema no mpem Kananiam. Pesynomamovl demoncmpupyiom usmenenus yposHei yeema 6 npoghuisax u3zo003vl on
yenmpa anniuxamopa x e2o kpatw. llocmpoennvie epagpuku 003bl U3IYYeHUs N0 NPOGUIAM U30003bl OEMOHCMPUPYION 3AGUCUMOCITIL O
paccmosanus. Usmenenus yposueii yeema no kananam RGB mouno omobpasicaiom niomnocms usiyyenus, ¥mo cnocoocmeyenm yayuenuo
BUZYANUZAYUL U 6ANUOAYUU OOZUMEMPULECKUX PACHen08. Dmom Memoo 6asicer 01 Opaxumepanui, max Kax no3gonien onmuMusupoeans
NO0dCEHUE UCHIOYHUKOS U NOBBICUNIL MOYHOCTL MOOCTUPOBANUSA 003bl BOKPYE ANNIUKAMOPA, 0Decneyusasn HadextCHblll KOHMPOIb Kauecmsd.

Knioueswie cnosa: Konmpons kavecmea, paouoxpomuas nieHKd, 003060e pacnpeoesienie, u30003d.
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SIMULTANEOUS SURGICAL OPERATIONS FOR HEART
DISEASES AND MALIGNANT TUMORS, PERFORMED
FOR THE FIRST TIME IN KAZAKHSTAN:

A SERIES OF CASES
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ABSTRACT

Relevance: For patients with heart disease and concomitant neoplasms, simultaneous surgery may be the method of choice. How-
ever, there are currently no standard clinical guidelines for this intervention.

The study aimed to describe a series of clinical cases of simultaneous surgical intervention in simultaneously existing cardiac
pathologies and malignant neoplasms, evaluate the feasibility of such an intervention method, and discuss its advantages and disadvan-
tages as a treatment method.

Methods: A retrospective analysis included 13 patients (8 men and 5 women, age range — 49-74 years) with combined cardiac pathol-
ogy and malignant neoplasm in other organs. The most common heart diseases were coronary artery disease and valvular defects, and
the most common heart surgery was coronary artery bypass grafting. The analysis included clinical cases of neoplasms in the organs
of the abdominal cavity and the chest.

Results: The average duration of simultaneous surgery was 322176 minutes (mean y standard deviation, range from 220 to 470
minutes), and the average intraoperative blood loss was 3421242 ml (range from 100 to 1000 ml). The mortality rate in the hospital was
0%, the average stay in the intensive care unit was 2.4 days (range from 1 to 5 days), and in the specialized department — 11.6 days (range
from 5 to 21 days), respectively. All patients were discharged in satisfactory condition and underwent conservative treatment without
additional surgical interventions. During the follow-up period after discharge, four patients died within 5 years. The 1-year, 3-year, and
S-year survival rates were 92.3%, 76.9%, and 69.2%, respectively.

Conclusion: Simultaneous operations may be the method of choice for patients with heart pathology and concomitant malignant
neoplasms of the abdominal cavity and the chest. Such concomitant pathologies can be effectively treated simultaneously. This is the
first such study conducted in the Central Asian region, particularly Kazakhstan.

Keywords: simultaneous operations, coronary artery bypass grafting, coronary artery disease, valvular heart disease, lung cancer,

adenocarcinoma, renal cell carcinoma, pheochromocytoma.

Introduction: It is always difficult to decide how to
treat a patient with cardiac disorders and a comorbidity
that requires surgical treatment. It is especially challeng-
ing when malignant neoplasms co-exist with severe is-
chemic heart disease. Today, the number of patients with
heart disease and associated neoplasms is growing due to
population aging and improved cancer diagnostics. There
are no strict treatment recommendations for such patients
since it depends on each case. Besides, a consistent inter-
vention (first surgical treatment of one pathology, then
patient recovery, then surgical treatment of the second
pathology) can require much time. Therefore, patients ad-
mitted for cardiac pathologies and co-existing cancer dis-
eases require special care and a thorough planning of sur-
gical treatment.

The first paper on simultaneous heart surgery with
lung resection was published in 1998 [1]. It described a se-
ries of cases of simultaneous surgery for ischemic heart

disease and lung resection for lung carcinoma. These days’
progress in surgery allows for quite volumetric simultane-
ous surgical interventions in such patients. A simultaneous
operation provides several preferences for such patients,
such as a single administration of anesthesia and a single
post-surgery rehabilitation period.

Today, many publications focus on simultaneous sur-
geries on the heart and other organs. However, due to a di-
versity of pathologies, individual features of patients, and
surgical techniques in different countries, nearly all infor-
mation is presented as clinical case reports. Few papers
describe a series of cases, mainly with cardiac pathologies
and diseases of one anatomical group (thoracic or abdom-
inal cavity). Besides, some regions like Central Asia have
not reported successful simultaneous surgical treatment
of combined pathologies.

This paper analyzes the treatment and post-operative
period of 13 patients with heart pathologies and various
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neoplasms in the abdominal cavity and chest organs who
underwent simultaneous surgery in our Center.

The study aimed to describe a series of clinical cases of
simultaneous surgical intervention in simultaneously exist-
ing cardiac pathologies and malignant neoplasms, evaluate
the feasibility of such an intervention method, and discuss
its advantages and disadvantages as a treatment method.

Materials and Methods: All surgical interventions were
performed at the National Scientific Medical Center (As-
tana, Kazakhstan). The retrospective study was conducted
with the relevant permission of the Local Ethics Commit-
tee. All the study participants were informed of the study’s
purpose and provided informed consent.

Patient selection. We analyzed patients who underwent
simultaneous surgery in our Center in 2012-2022 to select
those eligible for the study. The final sample included 13
patients (8 men and 5 women) with combined cardiac pa-
thology and malignant operable neoplasm. Their medical
records were studied to obtain the following information
related to the patient and the simultaneous surgery: age
and gender of the patient, type of heart disease, type of
cancer, type of heart surgery, type of cancer surgery, se-
quence and duration of both surgeries, blood loss during
the entire procedure, stay in the intensive care unit, stay
in the emergency department. During the post-surgery
long-term follow-up, the selected patients (or their rela-
tives) were questioned by phone for the following data:
actual general condition at the time of the interview, pre-
vious complaints and/or diagnosed complications in the
period between the operation and the interview, or state-
ments about the patient’s death before the interview. The
long-term follow-up included determining the survival af-
ter 1 month, 1, 3, and 5 years.

Methods of analysis. Raw data obtained from medical
records was used to calculate mean/median values. Quan-
titative data in this paper is represented as a mean value
+ standard deviation or as a median value with minimum
and maximum values indicated. The Kaplan-Meier surviv-
al function calculated survival rates for 1-year, 3-year, and
5-year periods.

Results: The maximum age at the time of surgery was
74 years, the minimum was 49 years, and the average was
63.8+8.5 years. The sample included patients with certain
pathologies of the cardiovascular system: coronary heart
disease (CHD), valve defects, and congenital heart defects.
Comorbidities that required surgical intervention included
malignant neoplasms of the chest and abdomen. This pa-
per provides a detailed structure of a series of clinical cas-
es, including 1) cardiac and oncological diagnoses, 2) con-
comitant diseases, 3) histological diagnoses, 4) types and
sequence of surgical interventions, 5) intervention details:
total duration of simultaneous surgical intervention, blood
loss, length of stay in the intensive care unit/surgical ward
(Table 1).

Structure of comorbidities. The patients were diagnosed
with the following comorbidities: arterial hypertension -

8 patients (62%), type 2 diabetes mellitus — 1 patient (8%),
secondary infective endocarditis of aortic valve - 1 patient
(8%), chronic obstructive pulmonary disease — 1 patient
(8%); 4 patients (31%) had no concomitant diseases.

Patomorphology results. Pathological examination re-
vealed malignant neoplasms of the following localizations
and types: lungs (squamous cell cancer, adenocarcinoma),
mediastinum (two teratocarcinomas), GIT (five adenocarci-
nomas), kidneys, and adrenal glands (three renal cell carci-
nomas, pheochromocytoma).

Surgical interventions. Most patients (8/13, 62%) under-
went coronary artery bypass grafting (ACB) in combination
with surgical treatment of the neoplasm. Other interven-
tions included the Bentall de Bono procedure (two patients,
15%), heart valve replacement (three patients, 23%), and tri-
cuspid valve repair with atrial septal reconstruction (one
patient, 8%). Ten patients (77%) were first operated on
the heart; the remaining three first underwent noncardi-
ac surgery. For heart and lung surgeries, a median sternot-
omy was performed, and both surgeries were performed
through a single approach. Nine patients required a cardiac
pump, and eight patients — a blood transfusion. Table 1 pro-
vides a detailed structure of the surgical techniques used.

Outcomes and Complications. One patient developed
a profuse intraoperative hemorrhagic bleeding through
drainage from the anterior mediastinum and pericardi-
um during stage two of surgery (about 700 ml, with total
bleeding of 1000 ml) (see Table 1, patient No. 12). The ex-
amination of the pericardial cavity and anterior mediasti-
num after reexploration revealed diffuse bleeding from
soft tissues and sternum, followed by hemostasis.

Postoperatively, one patient (No. 7) developed superfi-
cial wound infection, and another (No. 2) had paroxysmal
atrial fibrillation.

The mean total duration of the simultaneous operation
was 322+76 minutes (range 220-470 minutes). The mean
operative blood loss was 342+242 ml (range 100-1000 ml).
In-hospital mortality was 0%. The mean stay in the ICU was
2.4 days (range 1-5 days), and in the specialized hospital
unit — 11.6 days (range 5-21 days). All patients underwent
conservative treatment, and no additional surgical inter-
vention was required. All patients were discharged in satis-
factory condition, with recommendations for further treat-
ment or monitoring.

One of 13 patients died after T month due to gastric
bleeding (the diagnosed neoplasm was rectal adenocar-
cinoma), another patient died due to the progression of
lung cancer 15 months after surgery, another patient died
due to COPD complications 21 months after surgery, and
another patient died due to the progression of mediasti-
nal cancer 45 months after surgery. We revealed no specif-
ic relationships between comorbidities and/or complica-
tions and patient death. The survival rates were assessed
using the Kaplan-Meier survival function and amounted
to 92.3% for 1-year survival, 76.9% for 3-year survival, and
69.2% for 5-year survival.
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Discussion: To date, there is no consensus on the treat-
ment strategy for patients with two simultaneous diagno-
ses, one of which is heart disease and the other is cancer.
Since both diagnoses are extremely severe and fatal if not
treated promptly, the best current treatment option must
be found as quickly as possible to reduce mortality.

Till recently, cardiac surgery was rarely combined with
noncardiac interventions (e.g., for cancer). Today, com-
bined surgery mainly involves heart and chest surgery
(e.g., lung removal or esophagectomy) but less common-
ly includes other operations such as abdominal. For exam-
ple, many publications describe the series of clinical cas-
es of simultaneous cardiac surgery + lung resection [2-5]
or operations for esophageal cancer [6,7]. On the contrary,
very few reports relate to non-chest pathologies, like heart
surgery + gastric resection for cancer [8] or heart surgeries
+ various other cancer pathologies [9].

Our clinical research summarized the results of com-
bined operations on and outside the heart (regardless of
the organ). One important socioeconomic factor signifi-
cantly affects the possibility of conducting targeted re-
search in simultaneous surgery. In countries with high
economic development, the oncosurgical department
often possesses specialized units (for example, cardiac
surgery or chest surgery) which allow simultaneous op-
erations on the heart and certain organs. In developing
countries, many of which are located in the Central Asian
region, there is no such inter-structure cooperation, and
the experience with using combined surgical treatment
methods is limited. In such countries, cancer surgeons
often have to conduct oncological interventions on dif-
ferent organs in close cooperation with cardiac surgeons
in the presence of concomitant cardiac pathology. Clini-
cal research on simultaneous cardio- and cancer surgery,
with an assessment of the efficacy of such simultaneous
approaches, is required to increase the quality of medi-
cal care in such countries. Our research is an example of
such a strategy.

A simultaneous surgical approach is associated with
some risks/complications, such as longer surgery, longer
recovery, and more pain for the patient due to multiple
surgical interventions (wounds). In addition, complications
after the first operation can lead to complications during
the second operation. For example, performing cancer
surgery as a first stage increases the risk of cardiovascu-
lar complications. However, generalized data from several
clinical studies have shown that a combined heart surgery
and lung tumor resection lead to a relatively low mortali-
ty rate and provide an acceptable level of complications.
For example, a recent meta-analysis covering 29 studies
with 536 patients revealed a total intraoperational mortal-
ity of just 1% [3]. Despite a higher intraoperational mortali-
ty during simultaneous surgery than staged operations (0-
20.8% vs. 0-10% according to ten studies), overall one-year
survival reaches 79-100% [10]. Still, it should be noted that
most published data describe clinical cases or series of cas-

es. Therefore, a randomized controlled trial would provide
more reliable information regarding postoperative out-
comes.

Simultaneous and staged treatment have their pros
and contras. In stages of treatment, when one operation
is followed by rehabilitation and then another operation,
the patient needs general anesthesia twice, and the over-
all duration of rehabilitation increases (this is a disadvan-
tage of this approach). Besides, if surgery for cancer is
performed as the second stage, the delay in oncological
treatment increases the risk of metastasis [11]. On the oth-
er hand, performing cancer surgery as the first stage in-
creases the risk of cardiovascular complications. A staged
approach also delivers more pain for the patient (double
anesthesia required) and increases the hospital stay and
the relevant costs per patient. Alternatively, in simultane-
ous surgery, the patient suffers a more serious post-opera-
tive wound and remains under anesthesia longer. There is
contradictory evidence of a risk of bleeding after heart sur-
gery due to anticoagulants. Some authors report a higher
risk [12]; others indicate it as a rare complication and state
the same risk of bleeding in cancer operations with simul-
taneous cardiac surgery than without cardiac surgery [13].
Cardiac surgery is usually performed first in simultaneous
operations. This improves blood flow to the heart and re-
duces the risk of heart complications in the second stage.
In addition, cardiac surgery is an aseptic operation, where-
as in most cases, the non-cardiac surgical stage is condi-
tionally “septic.” It means a reduced risk of contamination
of a clean environment during cardiac surgery. Still, de-
pending on the type of non-cardiac surgery, it can be per-
formed first.

Simultaneous surgery on the heart and chest organs
has obvious advantages: both stages can be performed
through one incision with relatively easy access. Moreo-
ver, nowadays simultaneous surgery has nearly become
a standard of surgical treatment of diseases of the heart
and chest organs due to its efficiency and functional safe-
ty from the point of oncology [14]. For example, in our clin-
ic, we perform such operations only simultaneously.

The use of cardiac pumps is critical in simultaneous sur-
gery. One should consider the risk of long-term effects of
extracorporeal circulation on the spread of the oncolog-
ical process in the patient’s body. Extracorporeal circu-
lation reduces the immune system’s strength, indirect-
ly affecting the body’s ability to eliminate cancer cells
and increasing the risk of infection of the postoperative
wound. Early studies recommended using off-pump tech-
niques to reduce the risk of the risk of cancer cells spread-
ing when using a heart-lung machine [15]. However, later
studies showed no or little direct associative effect of car-
diac pumps on the spread of cancer cells in the body [16,
17]. Still, it is recommended to use an off-pump coronary
artery bypass technique to reduce possible complications
[18]. In our study, 9/13 patients underwent surgery with ex-
tracorporeal circulation.
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Planning a simultaneous surgery shall consider the
above risks and benefits, taking into account each pa-
tient’s individual condition. The applied techniques shall
minimize the overall risk for the patient. Therefore, the
order of cardiac and cancer interventions shall be deter-
mined based on the combination of risks — cancer me-
tastasis, the patient getting secondary infections, conse-
quences for the cardiovascular system, the development
of immune reactions during surgery with extracorporeal
circulation. Another important factor for successful out-
comes and reduced risk of complications after simultane-
ous surgery is well-established intra-hospital coordination
of the work of cardiac surgeons and specialized surgeons’
teams. This requires the development of such multidisci-
plinary departments within national clinics.

Our results agree with similar clinical studies [4, 7, 9]. To
obtain reliable statistical results in the future, we have to
increase the current sample with patients with other forms
of malignant and benign neoplasms to compare statisti-
cally the concomitant operations for heart disease in com-
bination with certain types of cancer.

Limitations of the study. The main limitation of our
study was a relatively small sample of patients with con-
comitant pathologies. However, the spectrum of cardiac
and non-cardiac pathologies and concomitant diseases
was quite wide, as was the volume of heart surgeries per-
formed. Thus, within the sample of 13 patients, we con-
ducted aortocoronary bypass grafting of various classes
(1 to 4), aortic and tricuspid valve replacement, and Ben-
tall-de Bono operations. Similarly, in these patients, we
identified malignant neoplasms of the lungs, mediasti-
num, gastrointestinal tract, kidneys, and adrenal glands.
Besides, we did not consider the stage of cancer, which
could also impact the overall outcome of the simultaneous
operation. Finally, we had limited opportunities to reveal
the gender and age effects on the simultaneous surgery
outcomes. All this together made it impossible to conduct
a more detailed comparison of outcomes and complica-
tions for different combinations of factors (cardiac and
non-cardiac pathologies, stage of cancer, age and gen-
der of patients)within the framework of this study. Anoth-
er limitation was the study’s retrospective nature, which
included only patients with simultaneous operations. This
has limited the ability to obtain data on the success of a si-
multaneous approach for specific combinations of specif-
ic types of cardiac and non-cardiac diseases. On the other
hand, this retrospective study is the initial stage of a de-
tailed study of the effectiveness of simultaneous cardiac
surgeries in patients diagnosed with cancer. Subsequently,
it is possible to conduct a single- or multi-center prospec-
tive study in which patients with coexisting cardiac pathol-
ogies and oncological diseases will be divided into two co-
horts: simultaneous operation and sequential operations.
The third factor limiting this retrospective study was the
lack of a single register for patients undergoing simultane-
ous surgical interventions in Central Asia. Therefore, we've

included only patients who underwent simultaneous sur-
gery in our clinic. Another limitation was related to our lim-
ited access to the information on the actual condition of
patients after 5 years. Some were unavailable for remote
interviews, and many refused a follow-up. Unfortunate-
ly, this is a result of the low motivation of the local popu-
lation to participate in clinical research. However, despite
the above limitations, the results of the described series of
simultaneous surgical interventions confirm the good ap-
plicability of this approach as a method of choice, even in
elderly patients.

Conclusion: Simultaneous operations may be the
method of choice in patients with certain combinations of
cardiac pathology and oncological diseases of the abdom-
inal and chest organs. This retrospective study shows that
patients with such pathologies can be effectively and safe-
ly treated simultaneously. However, they require a thor-
ough selection considering their anamnesis to go through
a simultaneous operation with minimal complications and
consequences. Further clinical studies covering as many
countries in the Central Asian region as possible could pro-
vide a better understanding of simultaneous surgery safe-
ty and economic efficacy in treating coexisting cardiac
and non-cardiac pathologies.
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KA3AKCTAHIA AJIFAII PET OPBIHAAJIFAH )KYPEK AYPYJIAPBI /KOHE KATEPJII ICIKTEP
KE3IHAEI'TI CUMYJIbTAHAbI XUPYPI'UAJIBIK OIIEPALIUSAJIAP:
KAFIAWJIAP CEPUSACHI

A.M. Abouxapumos', A.H. Bexenosa’, H.C. Hypmaxan®, EM. Illaaxmemos*, T.Y. Tyzanoexos®

I¥NTThIK FoINbIMKM MeAMLMHANbIK opTanbiky AK, ActaHa, KasakcTaH Pecnybnukacsl;

“MepuumHa mekTebi, Hasap6aes YHusepcuteTi, Actana, KasakcTaH Pecnybnukachs;

3«MeamumHckuit Yausepcutet ActaHan KEAK, ActaHa, KasakctaH Pecny6nukacs!;
4«UMIT» xanbikapanblk OHKONOTUAMLIK TOMOTEpPanus opTanbiFsl, AcTaHa, KasakcTaH Pecny6nmkach

Oszexminizi: JKypex aypvimen Kamap Kocelmua icik aypyvl bap Haykacmap yuwiin Oip me32indi Xupypeusivlk apaiacy manoayisl 90ic
b6onyvl MymKin. [lecenmen Ko3ipei manoa ocelnoall apaiacyod cmanoapmmel KIUHUKALbIK HYCKAYIAP HCOK.

3epmmeydin markcamuot — dcypex namonocuscolMer Kamap Jdcypemin kamepii icikmepoi 6ip me32iioe Xupypusiivik apaiacyovly bipkamap
KAUHUKATILIK, HCA20aUIapulH cunammay, Oyn apanacy o0iCiiy e3eKkminicin Oazanay dcoHe emoey 90ici peminoe OHbIH apmblKUUbLIbI2bIMEH

KeMWINIKmepin maiKbliday.

Aoicmepi: Pempocnexmusmi manoayea sxcypex namono2usacyl sxcone backa azzanapoa Kamepni iciei bap 13 naygac (8 ep scone 5 oiien,

grcac apanvievt — 49-74 ocac) anvinowl. En oicui scypex aypynapel onn dCypekmiy UMeMUsIblK aypol Jcone KAKNaKula aKaybl, al Jcypekke
JACUT dcacanramvli Oma — a0pMOKOPOHAPAbL wynmmay 0010vl. Tandayea keyoe mopwinbly JHcoHe il KYbliCbly my3sinicmepi 6ap KIUHUKALbIK
JHCa20aunap anviHobl.

Homuacenepi: bip meseinoe scacaramui omanvly opmawa yzaxmulivievl 322176 munym (opmawa y cmanoapmmot ayuimgy, 220 oan 470
MUHymga Oetiinei ouanason), opmawia Kau sxcozanmy xkenemi 3421242 wun (100 oen 1000 mi-2a Oetiinei ouanason). Aypaxanaoa enim-sxcimim
0% Kypaowi, sican cakmay 6eniminoe opmawa 2,4 kyn (1-0en 5 KyHee Oeiiinei ouanasown), an 6euindik o6enimoe 11,6 kynoi (5-men 21 xkynee
Oetulinei ouanasomn) Kypaowl. bapravik Haykacmap Kanazammauapiavly Ha20aiod usl2apbliovl, o1apad KOCbIMULA XUPYPUATLIK apanacycsl3
meK Kana Koncepeamugnii em Konr0anwlovl. [llvieapeannan keiiin 6axwinay kezeninoe 4 nayxac 5 acolnoviy iuwtinde Kaumolc 6010bl. 1-Jcoli0bIK,
2-2C61N1001K, 3-2ICLIOBIK OMIp CypYy yaKkbimyl colikecinue 92,3%, 76,9% owcone 69,2% Kypaobi.

Kopoimoinowi: JKypex aypviven Kkamap KOCbIMULA Keyoe MOPbIHbIY HCOHE il KybiCbly Kamepii icikmepi 6ap Haykacmapzaa Oip me32inoi
Xupypeuanvlx em mayoayinsl a0ic 60ayel Mymxin. Mynoaii kamapaac aypyaapowst 6ip yaxsimma muimoi emoeyze bonaowvl. byn Opmanvix Azus
aiimaavinoa dcone aman aumkanoa Kazaxemanoaewl sicypeizineen mynoail Oipinuii sepmmey.

Tyiiinoi co30ep: Oip me32indi oma, AOPMOKOPOHAPIbL ULVHINMAY, HCYPEKMIK UMEMUSIbIK AYPYbl, JCYPEKMIK KAKNAKWA aypyiapbl, OKneHiny
Kamepii iciei, adenoxapyuroma, Oyupex-sHcacyuanst 00vip, heoxpomoyumoma.

AHHOTAL UL

CUMYJIBTAHHBIE XUPYPI'HYECKHUE OINEPALIMMU ITPU 3ABOJIEBAHUAX CEPALIA
N 3JIOKAYECTBEHHBIX OITYXOJISAX, BIHEPBBIE BBIIIOJTHEHHBIE B KABAXCTAHE:
CEPHUS CIYUYAEB

A.M. A6oukapumos', A.H. Bexenosa?, H.C. Hypmaxan®, E.M. Ilasxmemos®, T.Y. Tyzanoexos®

'AO «HaumoHanbHbIi Hay4HbI MeAULMHCKUIA LLIeHTP», AcTaHa, Pecnybnuka KasaxcTa;
*lllkona MmeanumHbl, Hasap6aes YHueepcuteT, ActaHa, Pecnybnuka KasaxcraH;
SHAO «MepauumHckui yHuBepeuTeT AcTaHan, Actana, Pecnybnuka KasaxcTaH;
‘MexayHapoaHblit OHKOMoryeckui LeHTp Tomotepanum «YMITy», AcTaHa, Pecny6nuka KasaxcTau

Axkmyanvhocme: 15 nayuenmog ¢ 3a601e6aHUAMU cepOYd U CONYMCMEYIOWUMU HOB00OPA308AHUAMU CUMYILIMAHHOE XUPYpeUuecKoe
sMeUamenbemeo moicem ovimb menooom evloopa. OOHaxko cmaHOapmmubvie KAUHUYECKUe PEeKOMEeHOAyUU no nosooy 3mo20 Meulameibcmsed
HA OAHHBLI MOMEHT OMCYMCMEYVIONM.

Henv uccnedosanus — onucamo cepuio KIUHUYECKUX CAYUAEE CUMYIbIMAHHO20 XUPYPSUUECKO20 6MEeUlamenbcmed npu 00HOBPEMEHHO
Cyuecmeyiowux CcepoeuHviX NAMmoN02UAX U 3N0KAYECMEEHHIX HOB000PA306AHUSX, OYCHUMb UYeleco0OPA3HOCb MAK020 Memood
eMeuwamenbcmea u 06Cyoums e20 NPeumMyuwecmed u HeOOCMAamKu Kak cnocoda ledeHusl.
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Memoowt uccnedosanusn: Pempocnekmuenbvlii ananus exkaouan 13 nayuenmog (8 myoswcuun u 5 dHceHwyuH, 603pacmHou OUANA30H —
49-74 200a) ¢ couemannou namoao2uell cepoya u 310Ka4eCmeenHblM HO800Opazosanuem 8 opyeux opeanax. Haubonee uacmoimu 3abonesanusmu
cepoya OvLiu uwemuueckas 00n1e3Hb cepoyda u NOPOKU KIANAH08, d Haubosee 4acmoill onepayuei Ha cepoye ObLIO AOPMOKOPOHAPHOE
wynmupoganue. B ananuz Oviau 6Kat0uenbl KIuHU4YecKue ciyyau Ho8000pasos8anull 6 opeanax OpIowHol no10Cmu u 2pyOHOU KiemKu.

Pesynomamor:  CpeOHssi npooonscumenbHOCHs  CUMYIbMAHHOU Xupypeuueckou onepayuu cocmasunra 322176 munym (cpednee
cmanoapmuoe omkaonenue, ouanason om 220 0o 470 mumnym), cpeonss kpogonomeps — 3421242 ma (ouanazon om 100 oo 1000 mn).
JlemanvrHocmob 6 cmayuonape cocmaguina 0%, cpeonee spemsi npebviéanis 6 OmoeieHuu UHMEHCUBHOU mepanuy cocmasuio 2,4 ous (Ouanaszox
om 1 0o 5 onetl), a 6 npoghunvrom omoenenuu — 11,6 oneil (Quanazon om 5 do 21 oueit), coomeemcmeenno. Bee nayuenmul Oviiu evinucanoi
6 Y0081eMEOPUMENbHOM COCMOAHUU, UM NPOBOOUNOCH KOHCEPBAMUEHOE JieueHue He3 OONOIHUMENbHBIX XUPYPUYeCcKux emeuiamenscms. Bo
6peMsi nepuoda HabIIOeHUs NOCIe BLINUCKU Yemeepo NayueHmos ymepau ¢ meuenue 5 nem. Ilokasamenu I-nemneii, 3-nemueil u 5-1emuetl
suiorcusaemocmu cocmaesunu 92,3%, 76,9% u 69,2%, coomeemcmeenno.

3axknwuenue: Cumynromannvie onepayuu Moeym Obimb MenmoooM 8bloopa Ol NAYUEHMO8 ¢ NAMOoo2uell cepoya u COnymcmeayiomumu
3710KA4eCMBEeHHbIMU HOB00OPA30BAHUAMU OPIOWHOU noOCMU U 2pyOHoU KiemKu. Takue conymcemeaylowue namono2ui MOJICHO dPPexmueno
Jedums 00H08PeMeHH0. Dmo nepsoe nodobHoe ucciedosanue, npogedennoe 8 Llenmpanvno-Aszuamckom pecuone u, e uacmnocmu, 8 Kazaxcmane.

Knioueswie cnosa: cumynomanmsie onepayuu, aopmokopoHapHoe WyHmuposanue, umemuieckas 060n1e3nb cepoya, KiananHole 3a001e6anus
cepoya, pak 1eckoeo, a0eHOKAPYUHOMA, NOYEYHO-KIeMOYHbIl PAK, (heoxpomoyumoma.
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ABSTRACT

Relevance: According to the International Agency for Research on Cancer (IARC), hexavalent chromium Cr(VI) has been identified
as a Group I occupational carcinogen. There is ample evidence that Cr(VI) is associated with lung, nasal, and sinus cancers. A study
based on the Baltimore cohort, which consisted of 2357 participants, demonstrated a high positive correlation between cumulative
Cr(VI) exposure and lung cancer mortality rates. In the western region of Kazakhstan in the Aktobe region, an anthropogenic stablegenic
chromium biochemical province has been formed as a result of many years of activity of the enterprises of TNC Kazchrome JSC
(Donskoy GOK, Ferrochrome JSC) and AZKhS JSC, which has an impact on the health of the population of this region. In a survey of
workers at a ferroalloy plant in West Kazakhstan over 15 years, the mortality rate from cancer among plant workers was significantly
higher than among the general public: the excess among people aged 50-59 years was 3.3 times for men and 7.9 times for women. There
is a huge amount of material on the effects of hexavalent chromium on the body, which needs to be streamlined to reveal the role of
chromium in carcinogenesis.

The article aimed to highlight the role of hexavalent chromium in carcinogenesis.

Methods: Data from MEDLINE, Embase, Scopus, PubMed, and Cochrane Central Register of Controlled Trials were analyzed to
select and analyze relevant information over the past 10 years using keywords: hexavalent chromium, carcinogenesis, heavy metals,
oncogenesis. A total of 173 sources were found, and 50 were included in the analysis, considering the valency of the metal studied.

Results: Hexavalent chromium, while inside the human body, can react with cellular agents reducing to form Cr(V), Cr(IV), and,
ultimately, Cr(Ill). The latter can lead to the formation of highly toxic Cr(I1l) DNA adducts in the cell nucleus. All of these intermediates can
cause DNA damage or DNA-protein cross-links. Several mechanisms have been proposed to explain chromium-induced carcinogenicity.
Cr-induced carcinogenesis is likely dependent on tissue, cell type, Cr(VI) concentration, exposure time and isoforms of certain heat
shock proteins, chromosomal instability, nuclear protein I (Nupr) induction, DNA adduction, and free radical formation; reactivity of
Cr(V) and Cr(IV) intermediates. Epigenetic gene expression changes are considered a key element of carcinogenesis.

Conclusions: Understanding the mechanisms of carcinogenesis is important for preventing and treating Cr(VI)-induced cancer.

Strategic developments are needed to prevent oncogenesis in the chromium biogeochemical province.
Keywords: hexavalent chromium, carcinogenesis, heavy metals, oncogenesis.

Introduction: According to the International Agen-
cy for Research on Cancer (IARC), hexavalent chromi-
um is recognized as a Group | occupational carcinogen
[1]. There is sufficient evidence in the scientific liter-
ature linking Cr *¢ with lung, nasal cavity, and parana-
sal sinus cancer [2]. A study on the Baltimore Cohort of
2,357 participants demonstrated a high positive corre-
lation between cumulative exposure to Cr(VI) and lung
cancer mortality [3]. In the EC assessment of socioeco-
nomic impact on human health, hexavalent chromium
and silicon dioxide were strongly associated with can-
cer death [4]. Exposure to Cr *occurs in many industries,
and workers are often exposed to it through inhalation
and skin contact [5]. Hexavalent chromium is contained
in car exhaust gases and tobacco products such as tra-
ditional electronic cigarettes and hookahs [6]. It is esti-
mated that 66% of existing or former hazardous waste
disposal sites included in the list of national priorities
also contain Cr [7]. In the Aktobe region of the Repub-
lic of Kazakhstan, a stable anthropogenic chromium bi-

ochemical province has formed [8] as a result of long-
term activities of the enterprises of JSC TNC Kazchrome
and JSC AZHS, which affects the health of the popula-
tion of this region and neighboring regions. A survey
of workers of the ferroalloy plant showed that over 15
years, mortality from cancer among plant workers was
higher than in the population: among people aged 50-
59 years, among men - 3.3 times, among women - 7.9
times. The largest share of all cancer deaths was stom-
ach cancer - 37% and lung cancer - 15.8% [9].

The article aims to highlight the role of hexavalent
chromium in carcinogenesis.

Materials and methods: An analysis of MEDLINE,
Embase, Scopus, PubMed, and Cochrane Central Regis-
ter of Controlled Trials data was performed to select and
analyze relevant information for the last 10 years using
the keywords “hexavalent chromium,” “carcinogenesis,”
"heavy metals,” and “oncogenesis.” Of 173 sources found,
50 were included in the analysis, considering the valence
of the metal under study.
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Results: Cr is a rare element; its most stable forms are
trivalent Cr(Ill) and hexavalent chromium Cr(VI). Due to
their stability in water and oxygen, they are considered
biologically and ecologically significant. Cr(lll) is an es-
sential trace element in the human diet; it supports glu-
cose metabolism and regulates blood glucose levels,
which synergizes with insulin. Conversely, Cr(Vl) is car-
cinogenic when inhaled and/or ingested in large quan-
tities. Cytotoxicity of Cr refers to its ability to cause dam-
age to living cells, especially at higher concentrations. In
its hexavalent form, Cr exhibits strong cytotoxic effects
due to its strong oxidizing properties. Cr(VI) can pene-
trate cell membranes and convert to Cr(lll) inside the cell
upon exposure. This conversion produces reactive inter-
mediates and free radicals, leading to oxidative stress
and subsequent cellular damage. Cr(Vl) interferes with
important cellular processes, disrupts DNA repair mecha-
nisms, and causes genotoxicity, which ultimately contrib-
utes to cancer development. In addition, Cr(VI) can pro-
duce reactive oxygen species, causing lipid peroxidation
and protein damage. Elevated levels of reactive oxygen
species cause oxidative stress, leading to lipid peroxida-
tion and cellular protein degradation. In addition, Cr(VI)
can directly act on DNA, disrupting DNA mismatch repair
and, as a result, causing genomic instability [10].

Chromium can exist in three different states: Cr(0),
Cr(Il1), and Cr(VI); only Cr(VI) is a known carcinogen. En-
vironmental and occupational exposure to Cr(VI) via wa-
ter, air, or landfills has become a major public health con-
cern and is associated with human lung cancer. Changes
in signaling pathways and oxidative stress are considered
causative factors in response to Cr(VI) exposure. Chromi-
um alters the epigenome; histone modifications and the
DNA methylation landscape alter the chromatin state.
Recently, dysregulation of microRNAs has been shown to
play an important role in Cr(VI)-induced cellular transfor-
mation, carcinogenesis, and angiogenesis. Interleukin-8
was induced by Cr(VI) treatment, a major inducer of an-
giogenesis upregulated by activating the IGF-IR/IRS1 axis
and ERK/HIF-1a/NF-kB signaling pathway. This result sug-
gests that miR-143/IL-6/HIF-1a signaling pathway plays a
vital role in Cr(VI)-induced malignant cell transformation
and carcinogenesis [11].

Ligand-bound Cr(lll) enters cells via a phagocytic mech-
anism or non-specific diffusion. Subcellular Cr(VI) is stored
as chromate oxyanion (CrO4), and chromate anions utilize
sulfate transporters on the cell surface to enter. Once Cr(-
VI) enters the cell, it becomes toxic because it is reduced
to Cr(lll) together with ascorbate and biological thiols such
as glutathione (GSH) or because cysteine aminoalkanoic
acid residues form reactive oxygen species. Cr(VI) remains
a major health problem, contributing to a wide range of
cancers: prostate, bone, leukemia, lymphoma, kidney, gas-
trointestinal, brain, and lung cancers [12].

Occupational exposure and environmental pollution
are common routes of exposure to toxic metals. Accumu-
lation of metals in the soil leads to their transfer to flora
and fauna. The main source of human exposure to toxic
elements is nutrition. There is an assumption about the
bioaccumulation of toxic metals in the colon and their in-
volvement in oncology development. A group of 104 pa-
tients with various diseases of the colon and rectum was
examined, of which 76 were diagnosed with cancer. A sig-
nificantly higher presence of Cr was observed in tumor
biopsies. Molecular data on the effect of Cr on the colon
were obtained in both in vivo and in vitro studies. Cr in-
duces centrosome amplification in HCT116 colon cancer
cells. It is known that the centrosome plays a role in on-
cogenesis and invasiveness of cancer cells. The authors
found that Cr(VI) can induce centrosomes and promote
cancer progression via the ROS-ATF6-PLK4 pathway [13].

Molecular studies have shown that Cr exposure re-
sults in decreased expression of p53 and RKIP, while an
increase in galectin and c-myc is observed. It should be
noted that Cr-induced disruption of p53 expression may
significantly affect the development of colorectal can-
cer. Decreased p53 expression disrupts cell cycle control,
leading to uncontrolled tumor proliferation and growth.
Impaired p53 function disrupts DNA repair mechanisms,
accumulating genetic aberrations and increasing tumor
aggressiveness [14].

A meta-analysis of Cr(VI) exposure and gastrointesti-
nal cancer showed an increased risk of gastric cancer in
workers exposed to chromium and an increased mortal-
ity rate from gastric cancer in chromium-contaminated
regions. Exposure to Cr *®increased the risk of brain can-
cer and malignant lymphoma and mortality from lung,
bladder, and pancreatic cancer among tanners.

A meta-analysis based on published epidemiological
cohort studies showed that hexavalent chromium causes
cancer of the respiratory system, oropharynx, prostate,
and stomach and increases the risk of developing can-
cer of the larynx, bladder, kidney, testicles, thyroid, and
bone [15].

Currently, chromium exposure is associated with a
wide range of diseases, from cutaneous exposure that
causes sensitization to haptens via the mechanism of in-
flammatory cell activation to carcinogenicity through
various exposure modes and mechanisms, including
genomic instability or epigenetic changes [16], as well
as respiratory, hepatic, renal and reproductive problems
and neurological disorders [17]. This brief review sum-
marizes the most relevant results in Cr(VI) carcinogene-
sis, emphasizing molecular and epigenetic mechanisms.

Epithelial cells can transdifferentiate into motile
mesenchymal cells through a dynamic process known
as epithelial-mesenchymal transition (EMT). EMT is criti-
cal for embryonic development and wound healing but
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also contributes to human diseases such as organ fibro-
sis and cancer progression. Hexavalent chromium has a
dual effect on epithelial-mesenchymal transition, some-
times stimulating and sometimes inhibiting the EMT
process. [18].

Initially, only inhalation exposure to Cr(VI) was of ma-
jor concern, but it was subsequently noted that absorp-
tion from the gastrointestinal tract can also lead to car-
cinogenic activity. Although the effects of oral exposure
are reduced by chemical reduction of Cr(VI) in the intes-
tine, this phenomenon does not prevent chromium up-
take into target tissues, allowing disease to develop [19].
Epidemiological studies conducted in populations con-
suming contaminated water and meta-analyses of ep-
idemiological cohort studies have shown an increased
risk of developing several types of cancer, including
gastric, gastrointestinal, renal, genitourinary, bone, leu-
kemia, lymphoma, brain, nose, and lung. Cr(VI) induces
a wide range of DNA damage and promotes the induc-
tion of neoplasia in several organs other than the res-
piratory system due to its ability to biotransform in all
types of cells [20].

The toxicity and carcinogenicity of Cr(VI) is due to its
ability to readily enter cells through isoelectric and iso-
structural anion transport channels, which are used to
transport HPO 2, SO 2 ions [21]. Although Cr(VI) com-
pounds do not bind directly to DNA, intermediates and
byproducts of Cr(VI) metabolism can cause a wide range
of damages through DNA adducts and cross-links. No-
tably, the formation of reactive oxygen species (ROS)
through detoxification is mainly responsible for Cr(VI)-in-
duced cellular damages such as DNA damage, cytotox-
icity, and tumor development [22]. Cr(lll), (IV), (V), and
(V1) species are known to produce intracellular ROS. Dur-
ing intracellular reduction of Cr(VI), hydroxyl radicals are
generated through Fent-like reactions in the presence of
hydrogen peroxide [23]. Endogenous superoxide anions
and hydrogen peroxides produce hydroxyl radicals via
Haber-Weiss-like reactions in the presence of Cr(VI) [24].
Reactive oxygen species scavengers ascorbic acid and
glutathione can detect and reduce Crto Cr but pro-
duce free radicals, hydroxyl radicals, and DNA-damaging
intermediates such as Cr*>and Cr™[25].

ROS, including hydroxyl radicals, singlet oxygen, per-
oxides, and superoxides, can be important second mes-
sengers and activators of various pathways, including
apoptosis, cell signaling, and homeostasis [26]. Cr(VI)
has been shown to induce the activation of NF-kB, AP-
I, and Nrf 2, which are important in cancer development
[27]. Hydroxyl radicals can react with guanine residues to
form radical adducts such as 8-hydroxydeoxyguanosine
(8-OH-dG), an important marker of oxidative damage in
cancer [28]. ROS accumulation can lead to oxidative stress
and promote chronic inflammation, metabolic repro-

gramming, genetic instability, and cancer development
[29]. Adducts formed by conjugating Cr and ROS scaven-
gers, including GSH-Cr-DNA, can generate bulky adducts
and block proper DNA replication and repair [30]. Hex-
avalent chromium damages DNA by intracellular reduc-
tion as apurinic/apyrimidinic sites and by interacting with
proteins, amino acids, or directly with DNA, causing DNA
breaks [31]. Upon intracellular reduction, Cr(VI) can form
bulky binary Cr(lll) adducts (Crlll-DNA) as well as terna-
ry adducts, i.e., Cr(lll)-ligand-DNA, the latter being more
mutagenic than the binary Cr(lll)-DNA analogs and 90%
of mutagenic damage occurs in ternary complexes [32].
The literature data on changes in chromatin structure in
response to acute and chronic Cr(VI) exposure suggest
that the mechanisms governing the transcriptional re-
sponse induced by Cr(VI) often differ in a dose-depend-
ent manner, and this may influence the molecular mecha-
nisms leading to carcinogenesis, since structural changes
in chromatin do not correlate with changes in the global
transcriptional response, but do influence gene expres-
sion levels in target regions, which vary in a Cr(VI) con-
centration-dependent manner [33].

Several mechanisms have been proposed to explain
chromium-induced carcinogenicity. Cr-induced carcino-
genesis probably depends on tissue, cell type, Cr(VI) con-
centration, exposure time, and isoforms of some heat
shock proteins, chromosomal instability, nuclear protein
I (Nupr) induction, DNA adduction, and free radical for-
mation; reactivity of Cr(V) and Cr(lV) intermediates [34].
Epigenetic alteration of gene expression is considered a
key element in carcinogenesis.

More than the valence stability of chromium, Cr(VI)
and Cr(lll) are recognized as carcinogens in vitro experi-
ments using Cr-induced DNA-protein complexes; in vivo
experiments did not prove the Cr(lll) carcinogenicity [35].
Although the mechanism of chromium carcinogenicity is
not fully understood, it is generally accepted that it main-
ly occurs through DNA damage/genomic instability and
ROS generation. Cr(VI) has been shown to alter the epi-
genetic profile of cells through DNA methylation, his-
tone modification [36], and inhibition of the recruitment
of DNA mismatch repair proteins, which facilitates the in-
duction of g-H2AX foci leading to DNA breaks and ini-
tiation of p-53 mediated apoptosis [37]. Results such as
these suggest a link between chromium-induced epige-
netic changes and carcinogenesis [38]. Compared with
DNA methylation and histone post-translational modifi-
cations, less is known about the effects of Cr(VI) on miR-
NAs. MiRNAs regulate broad transcriptional pathways;
Cr(VI) disrupts specific transcriptional pathways by di-
rectly deregulating the miRNA expression profile [39].

Recently [40], it was reported that Cr(VI) induces per-
sistent and heritable chromosome translocations, ane-
uploidy and polyploidy, centrosome amplification, and
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DNA repair defects. The regulatory phenotype favored
cancer cell growth due to the imbalance caused by he-
redity and the persistent nature of chromosomal translo-
cations. In recent years, an increasing number of studies
have shown that both short-term and long-term expo-
sure to Cr(VI) causes global changes in epigenetic modi-
fications and non-coding RNA (microRNA) expression in
cells, the latter being important regulators of gene ex-
pression and have been recognized as important partici-
pants in tumor formation, development, and metastasis.

Metabolic reprogramming of key energy metabo-
lism pathways is important for the survival and growth
of cancer cells and tumors. All Cr(VI)-transformed cells
had no changes in their mitochondrial respiratory func-
tions compared to passenger control cells. However, al-
though mitochondrial dysfunction does not occur dur-
ing Cr(VI)-induced lung cell transformation, it does occur
during tumor development [41].

The carcinogenic effects of Cr(VI) have been mainly
studied in lung cancer since the lung is the main target
of Cr(VI). Cr(VI) is well known for transforming normal hu-
man lung epithelial cells such as BEAS-2B and 16HBE cells;
the transformed cells exhibit cancer and cancer stem cell
(CSC)-like properties. Multiple mechanisms have been
identified that contribute to Cr(VI)-induced lung carcino-
genesis, including oxidative stress, DNA damage, abnor-
mal signal transduction, and inflammatory responses.
Although Cr(VI)-induced genotoxicity and mutagenici-
ty are considered to be the main mechanisms of Cr(VI)
carcinogenesis, an increasing number of studies indicate
that altered epigenetic modifications and dysregulation
of non-coding RNAs contribute to induced tumorigene-
sis in the subsequent years [42].

DNA methylation as a major type of epigenetic mod-
ification has been extensively studied in the context of
Cr( V1) exposure. Fundamental changes in DNA meth-
ylation status have been found in blood and lung can-
cer tissues from Cr(VI)-exposed workers and in Cr(VI)-ex-
posed and transformed lung epithelial cells. Since DNA
damage is one of the major genotoxic effects of Cr(VI),
some studies have investigated the role of DNA methyl-
ation in Cr(VI)-induced DNA damage and dysfunction of
the DNA repair system. Cr(VI) exposure causes increased
DNA damage and decreased p16INK4a expression in
16HBE cells [43]. Reduced p16INK4a expression and ab-
errantly increased p16INK4a promoter methylation were
also found in workers with lung cancer and long-term
(=15 years) Cr(VI) exposure, suggesting that p16INK4a hy-
permethylation is involved in Cr(VI) carcinogenesis [44].

Cr(Vl) induced gene-specific histone modifica-
tions that altered gene expression. Altered global and
gene-specific histone modifications and resulting gene
expression changes, such as inhibition of the MLH1 tu-
mor suppressor, contribute to Cr(VI) carcinogenesis.

Chronic low-dose hexavalent chromium exposure has
been shown to transform cells with precancerous cell-
like properties. Disruption of the histone DNA modifica-
tion machinery contributes to the development of gen-
otoxic effects, leading to the onset or progression of
the cancer process [45]. Glycolytic shifts and the devel-
opment of glycolysis play an important role in maintain-
ing the malignant phenotypes of Cr(VI)-transformed cells
since reversal of the glycolytic shift by glucose depletion
significantly inhibited the growth, tumor-like properties,
and tumorigenicity of transformed cells. Involvement of
nuclear proto-oncogene-mediated histone hypoacetyla-
tion in Cr(VI)-induced lung carcinogenesis [46].

Dysregulation of microRNA expression plays an im-
portant role in Cr(VIl)-induced cellular transformation,
carcinogenesis, and angiogenesis. Cr(VI) exposure al-
tered global microRNA expression in the human bronchi-
al fibroblast cell line WTHBF-6. In silico pathway analysis
revealed that these altered microRNAs were enriched in
pathways involved in carcinogenesis [47].

Quercetin (antioxidant flavonoid) inhibited Cr(VI)-in-
duced activation of miR-21/PDCD4 pathway in BEAS-2B
cells by reducing ROS generation. Quercetin inhibited
Cr(VI)-induced malignant transformation and suppressed
xenograft tumor growth from Cr(VI)-transformed cells,
indicating the preventive and therapeutic role of querce-
tin in Cr ** induced lung cancer[36].

Cr(VI) exposure has been shown to induce DNA dam-
age and subsequent activation of DNA repair genes. Ex-
posure of human B lymphoblast HMy2. CIR cells to Cr(VI)
induced global changes in miRNA expression. Mecha-
nistic studies showed chronic Cr(VI) exposure increased
c-Myc expression by downregulating miR-494. This sug-
gests that inhibition of the miR-494/c-Myc pathway con-
tributes to lung cancer initiation by chronic Cr(VI) expo-
sure. [48].

However, most processes of carcinogenesis remain
poorly understood, and an in-depth discussion of these
studies is beyond the scope of this review.

Discussion: Chronic Cr(VI) exposure upregulates
the expression of the proto-oncogene c-Myc, which sig-
nificantly contributes to Cr(VI)-induced cell transforma-
tion, cancer stem cell (CSC) property, and tumorigene-
sis. c-Myc is a master regulator of abnormal metabolism
in cancer cells, and accumulating evidence suggests that
metabolic dysregulation plays an important role in both
cancer development and progression. However, little is
known about the role of metabolic dysregulation in Cr(-
VI) carcinogenesis. It was found that Cr(VI)-transformed
cells exhibited a glycolytic shift that was dependent
on c-Myc activation. The glycolytic shift in Cr(VI)-trans-
formed cells increased acetyl-coenzyme A (acetyl-CoA)
production and enhanced histone acetylation. This, in
turn, increased the expression of acetyl-CoA, which pro-

70 Oncology and Radiology of Kazakhstan, Ne3 (73) 2024



@) KazIOR,

LITERATURE REVIEWS

duces the key enzyme ATP-citrate lyase, and c-Myc, form-
ing a positive feedback loop between increased c-Myc
expression, glycolytic shift, and increased histone acetyl-
ation [27].

Glucose depletion reverses the glycolytic shift in
Cr(VI)-transformed cells and significantly reduces their
growth, tumor-like properties, and tumorigenicity.
These data indicate that the glycolytic shift plays an im-
portant role in maintaining the malignant phenotypes
of Cr(VI)-transformed cells, suggesting that metabolic
dysregulation plays a critical role in Cr(VI) carcinogen-
esis [49].

Although it is well known that Cr(VI) is one of the most
common environmental carcinogens causing lung cancer
and other cancers, the mechanism of Cr(VI) carcinogene-
sis is not clearly defined. Studies have shown that met-
abolic dysregulation plays a critical role in the develop-
ment and progression of cancer. However, little is known
about whether chronic Cr(VI) exposure causes metabol-
ic dysregulation and whether metabolic reprogramming
plays an important role in Cr(VI) carcinogenesis [38].

In addition, recent studies have shown that mRNA
levels of several genes involved in the glycolytic pathway
and lactate production increase in Cr(VI)-transformed
cells. Cr(VI)-transformed cells exhibit abnormal metab-
olism as evidenced by increased glycolysis or glycolytic
shift. Subsequent mechanistic studies have determined
that the glycolytic shift in Cr(VI)-transformed cells de-
pends on increased c-Myc expression [22, 50].

Importance of the glycolytic shift in Cr(VI) carcinogene-
sis. Increased glycolysis is thought to support some can-
cer features. The glycolytic shift is crucial for malignant
phenotypes of Cr(VI)-transformed cells, suggesting an
important role of the glycolytic shift in Cr(VI) carcinogen-
esis. However, further studies are needed to determine
whether the glycolytic shift occurs early in the course
of Cr(VI) exposure and whether it plays a causal role in
Cr(VI)-induced malignant cell transformation, tumor-like
properties, and tumorigenesis [19, 36].

Cr(VIl) exposure also induces epigenetic dysregula-
tion, which may be important in carcinogenesis. The ex-
istence of cross-regulation between metabolism and
epigenetics suggests that, on the one hand, metabol-
ic dysregulation may lead to epigenetic dysregulation.
On the other hand, epigenetic dysregulation, such as in-
creased histone acetylation, may increase the expression
levels of key metabolic enzymes, causing metabolic re-
programming [41, 48].

Activation of c-Myc in Cr(VI)-transformed cells pro-
motes a glycolytic shift that increases acetyl-CoA levels
and subsequent activation of histone acetylation and
non-histone protein acetylation. Upregulation of acetyl-
ation increases ACLY and c-Myc expression, forming a
positive feedback loop to further promote the glycolyt-

ic shift in Cr(VI)-transformed cells. The glycolytic shift in
cells explains the epigenetic dysregulation induced by
Cr(VI) exposure but also offers additional evidence sup-
porting its important role in carcinogenesis [16, 24].

Conclusion: Thus, it is likely that chronic Cr(VI) expo-
sure induces c-Myc expression, which in turn enhances
the expression of several important glycolytic regulato-
ry enzymes, causing a metabolic shift towards glycolysis.

Cells transformed by chronic Cr(VI) exposure exhib-
it a glycolytic shift. Studies have shown that the glyc-
olytic shift in Cr(VI)-transformed cells depends on the
upregulation of the proto-oncogene c-Myc. It was fur-
ther found that the glycolytic shift in Cr(VI)-trans-
formed cells results in increased acetyl-CoA produc-
tion and enhanced histone acetylation, which in turn
enhances the expression of the key acetyl-CoA-produc-
ing enzyme ACLY and c-Myc expression. This results in
a positive feedback loop between increased c-Myc ex-
pression, glycolytic shift, and histone acetylation. More-
over, glucose depletion reversed the glycolytic shift in
Cr(VI)-transformed cells and significantly ameliorated
their malignant phenotypes. These data together sug-
gest that metabolic dysregulation plays an important
role in Cr(VI) carcinogenesis.

Further animal and human studies are needed to
evaluate their role as biomarkers for early diagnosis and
to develop prevention methods and treatment options
for human cancers induced by carcinogenic chromium
in the future. Understanding the mechanisms of carcino-
genesis is important for the prevention and treatment of
Cr(VI)-induced cancer and the development of appropri-
ate tumor strategies for both prevention and treatment
of malignant tumors caused by exposure to various chro-
mium compounds.
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XPOM-UHAYKIUAJTAHFAH KAHIEPOI'EHE3:
9JEBUETKE HIOJY
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'«Mapat OcnaHoB aTbiHAafbl baTtbic KasakcTaH megnumHa yHusepeuteTin KeAK, AkTebe, Kasakctan Pecnybnukacs!
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Oszexminizi: Xanvikapanvik Kamepai icikmepoi sepmmey acenmmiciniy (IARC) monimemmepi 6otivinwa anmul éarenmmi xpom Cr(VI) 1
monmaawvl kKocinmix kanyepozen peminoe anvikmanovl. Cr(VI) exnenin, MypolHHbIY JHCOHE CUHYCMbLY Kamepii iciiMer Oatllanblcmbl eKeHoiel
mypanwl Kenmezen oonendep obap. 2357 xamvicyuvioan mypamein barmumop kocopmuina HecizOencen zepmmey dwcunakmanzan Cr(VI)
IKCROZUYUACHL MEH OKNe ICI2iHeH 6ONamblH OIM-HCIMIM KopcemKiumepi apacelHOA2bl JHco2apbl OH KOppeaayusnbl kopcemmi. Kazaxcmanuviy
bamvic eyipinoe Akmobe obavicvinoa «Kasxpom» TYK» AK ([lonckoii I'OK, «@eppoxpom» AK) scone « Akmeobe xpom KoCbIHObLIAPbL 34 bLMbLY
AK rocinopwinoapuiibily KOn JHcbLi0bIK Kbl3MEMIHIK HOMUICECIHOe MypaKnvl AHMpPONno2eHOIK XpOM OUOXUMUSALLLK NPOGUHYUACHL KAILINMACHbL,
Oyn 03 ocepin mueizyoe. ocbl AUMAK MmypeblHOAPbIHbIY 0eHCAYIblebl mypasl. bamulc oyipindezi heppoKopeimna 3ayeimviHblly HCYMbICULLLIADbL
apaceinoa Jcypeizineen cayainama 15 dcoln iwinoe 3aybim JCyMblCUbLIAPbL APACLIHOA OHKOIOSUSILIK, AVPYLapOaH OONamult OniM-Jcimim
XATLIKMbIY KaAl2aH OONIIMEH CAnblCmblp2anod aumapablkmai xcozapel ekeHin kopcemmi: 50-59 swcac apanviavbinoazvl aoamoap apaceiHod,
epaep apacvinoa — 3,3 ece, ouendep yuiin — 7,9 ece. Anmol 6anenmmi XpomHwlly azsaed ocepi mypaivl Mamepuaioaposly yaKeH Kkoiemi oap, oHol
pemKe Keimipy JcoHe COH2bICLINbIY KaHyepozene30e2i ponin auly Kaxicem.

3epmmeyoin maxcamol — kanyepoeeneszoe2i aimvl AIEHMMI XPOMHbIY PONLIH KOpcemy.

Aoicmepi: MEDLINE, Embase, Scopus, PubMed, Cochrane 6axuvlianamuin ColHakmapObly Opmanslk mi3iiiMiHeH aiblHeaH Oepekmep CoHabl
10 dicrn0azbl Maybl30bl AKNAPAMNbL MAKOAY JHCOHE MANOAY YULIH: ANMbl GALEHNMI XPOM, KAHYEPO2eHe3, ayblp Memaiodp, OHKO2eHe3 CUAKMbl
Hezizel co30epdi natidarana omuvipein mandanovl. bapavievr 173 0epexkoz mabwviiovl, onviy 50-i 3epmmenemin Memanobly 8aieHMMINIcIH
eckepe omvlpbln Manodayaa en2iziioi.

Homuosicenepi: anmol 8aneHmmi Xpom adam a23acbiHod 6012aH Ke30e Hcacyuarblk momulKcovl30anovipaviiumapmen opexkemmecin, Cr(V),
Cr(1V) scone, cativin kenzenoe, Cr(lll) myzeoi. Conavicol scacywa sopocvinoa eme yormmol Cr(I1) THK KocwvinObiiapeiisiy my3inyine okenyi
mymkin. Ocvl apanvik enimoepoiy 6apavievl JJHK 3axbimoanyvin nemece [JHK-akysi30biy aukacnaisl 6aiianblcmapuli myowvipybl MyMKiH.
Xpomnviy kanyepozenoinicin mycindipyoiy Oipnewe mexanuzmoepi ycoiHoliobl. [lvin moninde, Cr-unOyKyusianean KawyepozceHes minee,
orcacywa mypine, Cr(VI) konyenmpayusceina, ocep emy yaKblmulHa dcone 6eneini Oip Jcoly COKKbLCbIHbIY 0eI0KMAPbIHbIY U30(OpMAlapbina,
XPOMOCOMANBLK MYPAKCHI30bIKKA, 0poblk akyels I (Nupr) unoykyuscet, JJHK adoykyusicul scone 60¢ padurxandapoviy my3iLyine OauiaHbicmol
oonyvt mymkin,; Cr(V) scone Cr(IV) apanvik enimoepiniy peakmusminiei. I'en 5KCnpeccusicblHbIY InuceHemUuKaiblK 032epicmepi KaHyepozeHe30iH
nezizei anemenmi 606N CaHAIAObl.

Kopvimuinowi: Kanyepozenes mexanuzmoepin myciny Cr(VI)-unoykyuananzan Kkamepni icikmiy an0blH aiy dHcoHe emMoey YUiH MAKbl30bl.
Xpom 6uoceoxumusiblk npoOSUHYUACHIHOA OHKO2EHE30iH aN0bIH ANy YUH CIMPAMeSUsIbIK o3ipiemenep Kajicen.

Tyuinoi co3oep: anmoi saneHmmi Xpom, KaHyepozeHes, aybip Memandap, OHKO2eHe3.
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XPOM-UHAYIIUPOBAHHBINA KAHIIEPOT'EHE3:
OB30P JIMTEPATYPbI
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Axmyanvnocms: Co2iacHo 0aGHHbIM MeHCOYHAPOOHO20 azeHmcemea no usydenuto paxka (IARC), wecmusanenmuuiii xpom Cr(VI) npusnan
npogpeccuonanvrvim kanyepozenom I epynnut. JJokasarno, umo Cr(VI) céazan c pakomiecKux, ROIOCMUHOCA U OKOIOHOCO8bIX na3YX. Hccnedosanue
na banmumopckou xocopme (2357 uenogex) npoOeMOHCMPUPOBANO NOLOHCUMENLHYIO KOPPENAYUIO MEHCOY KYMYIAMUBHBIM 8030€licmeuem
Cr(VI) u yposnem cmepmuocmu om paka iezkux. B sanaonom pecuone Kazaxcmana 6 Akmiobunckoil oonacmu cpopmuposanace ycmouuueas
AHMPONOMEXHOLEHHASA XPOMOBASL OUOXUMUYECKAs NPOBUHYLUS, 8 pe3Yabmame MHoz2oemHell Oeamenvrocmu npeonpusmuii AO THK «Kaszxpomy
u AO «AxmobuncKuil 34600 XPOMOBbIX COCOUHEHULLY, KOMOPAs OKA3bIEAeM GIUAHUE HA 300PO8be HACeLeHUs. 0aHH020 pecuona. O6caedosanue
pabouux 3ae00a gheppocnnasos (sozpacm 50-59 nem) nokasano, umo 6 meverue 15 rem cmepmHocms cpeou HUX ObLIA CYUeCMBEHHO Bblille,
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Yem y 0CmanbHo20 Hacenenus. y myacuun — 6 3,3 pasa, y scenwun — 7,9 pasza. Umeemcs o2pommbiil mamepuan no 6030eicmeuio Ha opeanusm
WeCmuBaIeHMHO20 XPOMA, KOMOPLIUL HYICOACMCs 8 YROPSOOUUBAHUU U PACKPLIMUL POIU NOCIEOHE20 8 KAHYEPOeHe3e.

Leny cmamvu — oceewenue ponu wecmusaieHmHo20 Xpoma 8 KaHyepoeHese.

Memoowi: IIposeden ananus oannvix MEDLINE, Embase, Scopus, PubMed, Cochrane Central Register of Controlled Trials 015 ombopa u
ananusa peaeeanmuoll ungopmayuu 3a nocreonue 101em no KaoueviM cio8am: WMeCmusaieHmHblil Xpom, KAHYepo2eHe3, MAdiCeable Memaiibl,
onkozenes. Bceeo natioeno 173 ucmounuxa, exaoueno 6 ananus 50.

Pesynomamoi: B mene uenosexa Cr(VI) modxcem ecmyname 6 peaxyuio ¢ Kiemounvimu 6occmanosumensmu ¢ oopasosanuem Cr(V), Cr(1V)
u, 6 koneunom cueme, Cr(lll). ITocneonee moacem npusecmu k 0bpazosanuio gvicokomoxcuunvlx aodykmos Cr(lll) JHK 6 saope kiemxku.
IIpomesicymounvle coeOurenus mocym @vlzvieams nogpedcoenus JJHK unu nepexpecmuovix cesaseu /[HK-benox. Ilpedrazaemcs neckonvko
Mexanuzmos kanyepoeennocmu xpomd. Cr-uHOYYuUpoSannvlil KAHYEPO2eHe3, 6ePOIMHO, 3A6UCUM OM MKAHU, MUNA KAeMOK, KOHYeHmpayuu
Cr(VI), epemenu 6o30eticmeus, XpOMOCOMHOU HecmabuibHocmu, a0epro2o deika I unoykyuu, adoykyuu JJHK u obpazosanus c60000HbIX
paouxanos; peaxyuonnoll cnocobnocmu npomescymounvix coeounenuii Cr(V) u Cr(lV). Dnucenemuueckoe usmenenue sKCnpeccuu 2eHos
paccmampueaemcs Kax K1ouesol djieMeHm Kanyepo2etesd.

3axniouenue: Ilonumanue mexanusmos Kanyepozenesa 6adcHO Ol npoguiakmuxu u jeuenus paka, unoyyuposannozo Cr(VI).
Heobxooumbl cmpamezuueckue pazpadomku no npo@Puiakmuke OHKO2eHe3d 6 XpOMOBOU DU02eOXUMULECKOU NPOGUHYUU.

Knroueswte cnosa: wecmusaienmubiil Xpom, KAHYEPOLeHe3, MANCENbLe MEMALIbl, OHKOLEHE3.

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

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

Financing: The work was carried out within the framework of a scientific project with grant funding from the Science Committee

of the Ministry of Science and Higher Education of the Republic of Kazakhstan “AP19678225 Prevention of spontaneous oncogenesis

in the first generation of rats whose parents were exposed to gamma irradiation and chromium (experiment)” (reg. no. 0123PK00613).
Authors’ details: contribution to the concept — Iztleuov E.M., Kahharov A.Zh.; scientific design — Iztleuov E.M.; execution of the declared
scientific research — Iztleuov E.M., Tulyaeva A.B.; interpretation of the declared scientific research — Iztleuov E.M., Baizakov B.T.; creation
of the scientific article — Iztleuov E.M., Kydyrbaeva E.A.

Author’s data:

Iztleuov E.M. (corresponding author) — Associate Professor, Candidate of Medical Sciences, Head of Radiology Department,

Marat Ospanov West Kazakhstan Medical University, Aktobe, the Republic of Kazakhstan, tel. +77756988866, e-mail: ermar80@mail.ru,
ORCID ID: 0000-0002-5303-8593;

Tulyaeva A.B. — PhD , Assistant at Oncology Department, Marat Ospanov West Kazakhstan Medical University, Aktobe,

the Republic of Kazakhstan, tel. +77016599861, ORCID ID: 0000-0001-9819-1105;

Iztleuova G.M. — Candidate of Medical Sciences, Head of the Course of Dermatovenerology, Marat Ospanov West Kazakhstan Medical
University, Aktobe, the Republic of Kazakhstan, tel. +77078818666; ORCID ID: 0000-0002-5695-0895;

Baizakov B.T. — Candidate of Medical Sciences, Head of Radiotherapy Department, Marat Ospanov West Kazakhstan Medical
University, Aktobe, the Republic of Kazakhstan, tel. +77072177737; ORCID ID: 0009-0000-3246-2726;

Kydyrbaeva E.A. — PhD student, Marat Ospanov West Kazakhstan Medical University, Aktobe, the Republic of Kazakhstan, tel.
+77756988899, e-mail: elay_vip_k@mail.ru, ORCID ID: 0009-0009-4160-1893;

Kahharov A.Zh. — MD, PhD, Associate Professor, Department of Oncology and Medical Radiology, Tashkent State Dental Institute,
Tashkent, Uzbekistan, tel. +998977032339, e-mail: alisher1510@mail.ru, ORCID: 0009-0003-1304-3261.

Address for correspondence: Iztleuov E.M., Marat Ospanov West Kazakhstan Medical University, Maresyev St. 68, Aktobe 030000,
Republic of Kazakhstan.

74 Oncology and Radiology of Kazakhstan, Ne3 (73) 2024



c@) KazlOR

UDC: 618.19-006.6

LITERATURE REVIEWS

DOI: 10.52532/2663-4864-2024-3-73-75-83
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AHHOTANUA

Relevance: Breast cancer (BC) is the most common type of cancer among women, with a steady increase in cases. In recent decades,
more attention has been given to studying the quality of life of women with this diagnosis. Quality of life is assessed across four health
aspects: physical, psychological, social, and sexual. Considering all these aspects is crucial when studying the quality of life of women
with breast cancer. These assessments are important in modern medicine as they evaluate patient conditions before treatment and track

changes during therapy.

The study aimed to examine scientific studies on the quality of physical life of women with breast cancer, considering psychological,
social, and sexual health aspects to thoroughly understand the disease’s impact on women’s lives, which will help identify existing

problems and needs.

Methods: An analytical review of sources from Scopus, PubMed, ScienceDirect, Web of Science, and eLibrary was conducted. Out
of 185 analyzed sources, 46 were included in the review, comprising open full-text articles in English and Russian.

Results: Patients who had reconstructive surgery for BC reported a higher quality of life than those who had a radical mastectomy,
with better physical and psychological health and less pain. However, all women experienced a general decrease in quality of life post-
treatment, especially in emotional and sexual areas, due to psychological stress, body image changes, and altered sexual identity.

Conclusions: The study highlights the impact of different treatments on the quality of life of women with breast cancer, enabling
measures to enhance their physical, psychological, social, and sexual health. This supports developing effective rehabilitation and

support programs to improve their overall quality of life.

Keywords: woman, breast cancer (BC), quality of life, physical health, psychological health, social health, sexual health.

Introduction: Breast cancer (BC) is the leading onco-
logical disease in women, and according to statistics, its
prevalence is increasing every year [1] (Figure 1). In devel-
oped countries, this type of cancer occurs in at least one in
ten women [2]. It is a serious and multifaceted disease that
has a physical, emotional, and practical impact. Accord-
ing to the GLOBOCAN 2020 estimate, 2.3 million new cases
are registered each year, and the mortality rate from BC is
7%. This type of cancer accounts for a quarter of all cancer
cases and one-sixth of all cancer deaths. It is the leading
cause of cancer in countries with both highly developed
and transitional economies [3].

According to GLOBOCAN 2022 data, the incidence of
breast cancer in Kazakhstan is 12.6% of new cases and
occupies a leading position (Figure 2). The mortality rate
from breast cancer is 10.9%, and the 5-year prevalence rate
per 100,000 population is 17.9 [4].

In medicine, one of the important areas is the study
of a patient’s quality of life, that is, an assessment of
how satisfied a person is with his life from a physical, so-
cial, psychological, and spiritual point of view. In other
words, this is an assessment of the general well-being of
a person in various aspects of his life based on their per-
ception [5]. The World Health Organization (WHO) de-

fines quality of life as an individual relationship between
the individual’s position in society and his/her person-
al goals, opportunities, plans, and degree of distress [6].
Over the past decade, quality of life has become an im-
portant indicator of the treatment outcomes of cancer
patients [7]. Breast cancer is a special disease because it
can seriously impair the appearance of female patients,
which directly or indirectly affects their quality of life, in
addition to the fear of cancer, its recurrence, and possi-
ble death [8].

In oncology, the concept of quality of life is important
due to the characteristics of the pathology itself and the
radical nature of treatment methods (surgery, radiation,
and chemotherapy) [6]. Treatment of breast cancer often
begins with surgical intervention in the form of mastec-
tomy (with or without reconstruction) or a conservative
approach, including lumpectomy and oncoplastic pro-
cedures [9]. Various studies have assessed differences in
quality of life depending on the method of breast cancer
surgery [10].

The study used a diagnostic survey method with the
use of standardized questionnaires to assess the quality of
life in women treated for breast cancer, including the Eu-
ropean Organization for Research and Treatment of Can-
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cer (EORTC) questionnaires - Core-30 and Breast-23 mod-  “SF-36 Health status survey » (MOS SF-36), as well as a spe-
ule (QLQ-C30 and QLQ-BR23), the universal questionnaire  cialized questionnaire Breast -Q.

Estimated numbers from 2022 to 2050, Males and Females, age [0-85+] @ GLOBAL CANCER
Breast OBSERVATORY

65 5 T T T T T ....Incidence, Females
6 4 —
55 3 :
5 t —
45 /
— 4
) ]
k-]
c
:x 35
3 ]
2
£ 3 4
£
= ]
g ]
o 25 ]
g ~ - w=r---Mortality, Females
c Lame==" -
3
- 2 Prr
© 1 —
TS e
15

1 T T T T T
2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050

International Agency

Cancer Tomorrow | IARC - https://gco.iarc.who.int/tomorrow Y for Research on Cancer
Data version : Globocan 2022 (version 1.1) ear World Health
© All Rights Reserved 2024 Organization

Figure 1 - Dynamic growth of breast cancer incidence and mortality in the world from 2022 to 2050, age (0-85+) [4]
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Figure 2 - Incidence of malignant neoplasms in Kazakhstan [4]
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Itis known that different surgical treatment options for
breast cancer can have different effects on the quality of
life of women who have undergone the operation [6]. Sur-
gical intervention has not only physiological but also psy-
chological and social consequences, as a woman can lose
one of the main symbols of femininity — her breasts [11].
For many years, radical mastectomy was the only surgical
method for treating breast cancer. However, this interven-
tion is often accompanied by postmastectomy syndrome,
which has an irreversible traumatic effect on the psycho-
logical state of a woman. Postoperative cosmetic defect
forces a woman to change her lifestyle in order to hide the
problem from others. This often leads to problems in her
personal life, sexual dysfunction, emotional isolation, and
the development of bad habits [12, 13]. This disease affects
not only health but also affects the social and psychosexu-
al aspects of patients’ lives [14].

The study aimed to examine scientific studies on the
quality of physical life of women with breast cancer, con-
sidering psychological, social, and sexual health aspects to
thoroughly understand the disease’s impact on women'’s
lives, which will help identify existing problems and needs.

Materials and methods: A search of sources was con-
ducted in open databases Scopus, PubMed, ScienceDirect,
Web of Science, and eLibrary using the keywords: “wom-
an,” “breast cancer,” “quality of life,” “physical health,” “psy-
chological health,” “social health,” “sexual health.” Full-text
articles in English and Russian were included in the analy-
sis. A total of 185 sources were selected, of which 46 were
included in the analytical review.

Results:

Physical health. Particular attention was paid to the
physical factor since patients often reported pain and de-
creased range of motion in the arm on the side where the
surgery was performed [15]. All groups of patients with
stage I-Il breast cancer, locally advanced forms of breast
cancer in stages lll and 1V, as well as progression of the tu-
mor process, demonstrated a decrease in the level of phys-
ical functioning caused by the traumatic consequences of
surgery, such as pain, limitation of physical activity and
range of motion of the upper limb, and the development
of lymphedema [16-18]. According to the physical condi-
tion scale, which assesses negative physical consequenc-
es, the highest level of physical functioning was recorded
in women with stage |-l breast cancer (80.46 + 2.64 points),
while the lowest level was observed in patients with local-
ly advanced forms of breast cancer (61.72 + 1.99 points).
Interestingly, the level of physical functioning in patients
with progressive tumor process was relatively higher
(65.34+2.38 points). It is worth noting that patients with
advanced disease also had higher levels of fatigue, nau-
sea, and vomiting, which are associated with intoxication

" u "

and cancer cachexia. (56.4+2.38 and 17.83+2.38 points, re-
spectively) [16, 1 7]. The development of lymphatic ede-
ma and upper limb dysfunction negatively impact the pa-
tient’s daily activities. In particular, swelling of the hands
makes it difficult for women to perform their usual house-
hold chores, as well as to select and wear clothes. In more
severe cases, there may be a loss of the ability to self-care
and the need for outside help even when performing ba-
sic tasks, such as zipping up a zipper [1, 19, 20].

Psychological health. The ability to perform role func-
tions and psycho-emotional state is another important as-
pect that needs to be taken into account when measur-
ing the quality of life of women with breast cancer [16].
The Psychosocial Status (PW) scale contains items cover-
ing body image feelings. At diagnosis, 45% of women had
a severe level of state anxiety, while 15.2% had a severe
level of personal anxiety. After treatment, only 18.9% had
a severe level of state anxiety, indicating a statistically sig-
nificant improvement (p<0.001). The same trend was ob-
served for personal anxiety (p = 0.009) [21-23].

Cancer can be a hidden source of stress, affecting the
psyche as an implicit factor that poses a threat to life and
is reflected in emotional and cognitive aspects contain-
ing information about the disease. In women in remission,
the level of role functioning associated with the emotional
state is statistically higher compared to women with stage
4 breast cancer (p = 0.001) [24]. The majority of participants
who underwent total mastectomy noted the presence of
serious signs of depression (p = 0.04). More than 8% of par-
ticipants also reported at least a moderate degree of anx-
iety. Among the participants who planned to undergo to-
tal mastectomy, pronounced symptoms of anxiety were
often observed (p = 0.04). Fear of the spread of the can-
cer process, possible development of the tumor in other
organs, as well as depression, sleep disorders, and limita-
tions in everyday life, work, and professional opportunities
significantly affect performance and psychological state.
These factors often cause depression and other mental
disorders in female patients [16]. Thus, anxiety and depres-
sion were observed in 20-30% of female patients [3]. Some
studies have shown that increasing the level of education
and knowledge of breast cancer patients who are in a seri-
ous condition before surgery can significantly reduce their
anxiety levels before surgery [9].

A woman'’s psychological readiness for the outcome of
the surgery is no less important than her preparation for
the surgery itself. Postoperative shock is often observed
after a mastectomy. Authors describe typical reactions of
women after breast removal, such as sadness, apathy, fear,
and despair [2, 25]. These manifestations can complicate
the rehabilitation process and create additional stressful
situations. Surgery itself does not guarantee a complete
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recovery from cancer [2, 26]. The psychological reasons for
this are associated with a sharp decrease in self-esteem,
difficulties with social adaptation, changes in the percep-
tion of one’s own body, and sometimes a temporary loss of
one’s own identity [2, 27]. Developed components of resil-
ience in women with breast cancer have a positive effect
on the assessment of their physical and mental state. The
confidence of these women in their inherent value and the
environment’s safety can play a role in assessing their sat-
isfaction with the quality of life. The indicator “risk accept-
ance” is also positively associated with parameters of qual-
ity of life such as role in society, emotional state (p = 0.020),
life activity (p = 0.019), and mental health (p = 0.043). This
means that women with breast cancer who have highly
developed risk acceptance components feel more control
over their mental state [28, 29]. The patient’s mental state
changes even more when complications arise that devel-
op after radical treatment [1].

Psychoeducational support has a positive effect on
breast cancer symptoms and the mental state of patients
suffering from this disease [30]. Psychological support for
patients with breast cancer should be available at all stag-
es of treatment and rehabilitation and also continue after
the completion of radical treatment. This is important for
improving the quality of life of patients, which is becom-
ing an increasingly important task, including aspects of
cost-effectiveness [1, 31].

Sexual health. The need to study the quality of life of
patients is because the breast is associated with sexual-
ity and feminine nature in general, and as a result, this
disease affects female identity and body image [32, 33].
Patients who have undergone radical surgical treatment
may face the problem of low self-esteem, known as the
“half-woman/body complex.” They may feel insecure
about their femininity and experience a low sense of self-
worth in social terms. In addition, women who have un-
dergone surgical treatment often experience depression
[34, 35], and sexual dysfunctions often lead to dissatis-
faction in intimate relationships [36]. The women includ-
ed in the study were significantly concerned about their
future (30.97+£33.86, Me = 33.33). It should be emphasized
that during the functional assessment, women rated sex-
ual functioning as the lowest (17.49+23.56, Me = 0.00).
The average scores of sexual satisfaction of sexually ac-
tive patients were 46.41+33.86 points on the sexual state
scale (SW), Me = 33.33). The average value of the body im-
age assessment scale of patients was (61.57+£32.95, Me =
66.67). Sexual functioning, sexual satisfaction, and body
image were rated higher by women who had undergone
breast conservation surgery and lower by respondents
who had undergone mastectomy. In the group of wom-
en who had undergone mastectomy, a decrease in libi-

do was more often noted, which led to a decrease in their
quality of life [ 11, 34, 371. Higher levels of anxiety were
observed among married or partnered women. This may
also be due to a feeling of insecurity about their partners’
acceptance of the disease, with the additional fear that
their partners may break up with them because of the
disease or leave them for another woman. Women who
were married or had a partner had a 2.28 times higher
risk of severe anxiety compared to single women, and
those who took anxiolytics had a 2.13 times higher risk of
severe anxiety [21].

Also, iatrogenic menopause (low libido, vaginal lubri-
cation, dyspareunia, and loss of sensation in previously
sensitive breasts) can significantly impair sexuality. Over-
all mean scores for both sexual quality of life and dyadic
adjustment were significantly lower among women who
had undergone mastectomy than in the control group
(p<0.001). When analyzing educational level, women with
secondary education and above demonstrated higher sex-
ual quality of life scores than women with primary educa-
tion or less (mean scores: 56.5+28.02 and 36.54+28.10) (p =
0.002). Concerning the women'’s income, those whose in-
come was equal to or greater than their expenses demon-
strated significantly higher scores on the quality of sexual
life (mean scores: 33.354+26.05 and 52.50+29.74) (p = 0.003)
and dyadic adaptation (mean scores: 88.90+30.55 and
107.43+26.61) (p = 0.004) [2, 38].

Although treatment often has profound and distress-
ing effects on self-esteem and sexual function, these is-
sues are rarely addressed by physicians. Often, this silence
is due to the lack of readily available resources and uncer-
tainty about appropriate rehabilitation strategies. Cultural
barriers may also be a factor [37, 39].

Social health. As for the social aspect, all the support
from family members and loved ones of these women is a
driving factor in improving the quality of life [15, 40]. The
social functioning of women after surgery worsens due to
cosmetic defects, swelling after mastectomy, limited mo-
bility of the limbs, chronic pain, as well as itching and burn-
ing in locally advanced processes. The absence of a mam-
mary gland also affects patients’ behavior. A decrease in
the level of social functioning can lead to family problems,
isolation, and a reduction in the social circle. Women with
locally advanced forms of breast cancer had a higher lev-
el of social functioning (73.12 £ 1.99 points), while in pa-
tients with a progressive tumor process, this indicator was
the lowest (69.31 £ 2.38 points). In patients with stage I-lI
breast cancer, the level of social functioning was average
(70.86 + 2.64 points) [16, 1 71.

Education level also influences quality of life. It gives
them access to information and more tools, resources, and
strategies for coping with the disease [21].

78 Oncology and Radiology of Kazakhstan, Ne3 (73) 2024



@) KazIOR,

LITERATURE REVIEWS

Emotional support from families was a major factor
in the quality of life of these women. The way families re-
sponded to the disease was very important. Women re-
ported that they were looking for sympathy and pity; they
wanted to be understood and treated as healthy people.
The physical presence of the family was also very impor-
tant: it helped the patients to perform daily activities and
helped them cope with the cancer more easily. It was impor-
tant to have their children nearby. Most patients reported
that they received satisfactory support from their husbands,
who accompanied them to appointments and helped them
around the house [3, 18]. Women who had a conservative
mastectomy had a better mean social relationship score
(4.29) than women who had a radical mastectomy. Social re-
lationships include social connections, social support, and
sexual life [15]. However, sometimes, women might not re-
ceive very effective support [3]. Also, a person in a similar life
situation can provide social support [41].

After treatment, a woman can consider social sup-
port as a coping resource that can improve their quali-
ty of life and ease the transition to life after treatment.
Post hoc paired comparisons showed that women in the
breast-conserving surgery group felt more social support
than women in the mastectomy group (p<0.001). There
were differences between surgical procedures in all sub-
scale scores of the Multidimensional Scale of Perceived So-
cial Support (MSPS) for the family/friends and significant
others parameters in favor of breast-conserving surgery:
MPS-family (p=0.016), MPS-friends (p<0.001), and MPS-sig-
nificant other (p=0.003) [42]. Some women limit their con-
tact with people, avoiding communication with friends
and acquaintances. Their life is especially challenging in
summer when it is difficult to hide the defect under cloth-
ing. This leads to social isolation. Many women are forced
to give up activities they normally do, such as driving, play-
ing sports, or gardening, which increases their social isola-
tion and reduces or eliminates opportunities for communi-
cation and dialogue on various topics [1].

Breast cancer survivors are forced to make significant
changes to their lifestyle and plans for the future, includ-
ing the decision to return to work or regular activities. This
can cause stress and long-term negative emotions [36].
Work can provide a distraction from the stress of surgery
and help patients re-establish their social identity. Patients
wanted to be identified by their careers rather than their
illnesses. However, the financial impact of health care bills
puts pressure on patients and their families. Some wom-
en have had time off or even lost their jobs, which adds to
the burden [3, 39].

Social consequences of radical treatment of breast can-
cerinclude changes in the role of women in the family and
possible disability [1].

Discussion: The obtained data show that reconstruc-
tive plastic surgery has a significant positive impact on
the quality of life of women who survived breast cancer.
This is confirmed by the increase in scores on all aspects of
the questionnaires in women after reconstructive surgery
compared to those who underwent radical mastectomy
[1]. Women noted a worsening quality of life (the average
score was 53.88 points out of 100), especially in the emo-
tional (59.77) and sexual (17.49) spheres, and negatively as-
sessed their bodies (61.57). Patients who underwent breast
conservation surgery demonstrated better physical (p =
0.001) and sexual (p = 0.007) functioning and experienced
less pain (p = 0.003) and shoulder discomfort (p = 0.024)
compared to those who underwent radical mastectomy.
Women who underwent breast reconstruction rated their
quality of life higher (p = 0.003). Overall, patients who un-
derwent breast conservation demonstrated higher quality
of life in these domains compared to women who under-
went mastectomy. Symptoms in patients after breast con-
servation were comparable to those who underwent mas-
tectomy, except for pain, which was higher in the latter.
Significant differences were noted in the subscales of the
functional scales of the QLQ-BR23 questionnaire: body im-
age (p = 0.003), sexual functioning (p = 0.007), and sexual
satisfaction (p = 0.005), as well as in the subscale of shoul-
der-related symptoms (p = 0.024). Women who underwent
mastectomy reported greater shoulder-related symptom
severity compared to those who underwent breast-con-
serving surgery (mean 31.56 versus 26.56) [34].

Supportive educational activities should be provided
at the family and community level through health systems
to enhance psychological well-being, spiritual health, and
access to social support resources so that women can cope
with their disease, thereby improving their quality of life
[43]. Involving their loved ones in preventive work is im-
portant to improve the patients’ quality of life during and
after treatment. Psychological work with patients and
their relatives will help to better understand the nature of
the disease, which will contribute to the dissemination of
reliable information in society [44]. Therefore, healthcare
providers are tasked with providing physical care, informa-
tion, knowledge, and attention that support the individual
woman'’s efforts to overcome difficulties [45].

In cancer research, quality of life assessment plays an
important role in determining the success of treatment
and in predicting the course of the disease. This assess-
ment allows physicians to tailor symptomatic treatment to
individual characteristics and provide valuable data on the
prognosis of the disease [46].

Conclusion: This review confirms the importance of
reconstructive surgery in improving the quality of life of
women treated for breast cancer. The increase in scores on
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all scales of the questionnaire after reconstructive surgery
indicates a positive impact of these procedures on pa-
tients’ physical, emotional, and social well-being. Howev-
er, after radical mastectomy, there is a deterioration in the
overall quality of life of women, especially in the areas of
emotional and sexual well-being, as well as in self-esteem.
Itis worth noting that patients who underwent breast con-
servation surgery show better results in physical and sexu-
al function and experience less pain and discomfort in the
shoulder compared with women who underwent mastec-
tomy. These results emphasize the importance of breast
conservation and reconstructive methods during breast
cancer treatment. In addition, the review shows that main-
taining the previous lifestyle is an important aspect for pa-
tients after radical treatment of breast cancer. They face a
variety of socio-psychological difficulties, such as fear of
relapse, disruption of sexual relationships, and social isola-
tion, which significantly affect their quality of life.

Comprehensive support, including medical treatment,
psychological assistance, educational programs, and ac-
cess to social resources, is required to improve the quality
of life of women with breast cancer. Further research in this
area will help to develop effective support and rehabilita-
tion strategies for this group of patients.
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CYT BE31 KATEPJII ICIT'I BAP OMEJIEPJAIH OMIP CAIIACHI:
OJIEBUETKE LIOJY

JLA. Huumosd', I1.K. Aimmazanoem', A.b. Tynsnesa', HM. Kepeesa', I A. Ymaposa'

«Mapart OcnaHos aTblHfarbl BaTbic KasakcTan meanumHa yHusepenteTis KeAK, AkTebe, KasakctaH Pecnybnmkach

Oszexminizi. Kasip cym 6esiniy kamepii iciei (CbKI) oilendep apaceinoa ey kon mapanzan Kamepii icik 601bin mabdwliadbl HeoHe cma-
MUCMUKa aypyuayosiKmoly mypaxmol ocyin kepcemeoi. Coyabl OHIHCHIIOBIKMAPOA 0Cbl OUACHO3 AHLIKMAI2AH 9llel0epOiH OMID CYypY CAnacbiH
3epmmeyee kobipek Konin 6onindi. Omip canacvl dencaynvbiKmvly mopm Hezizei acnekmici OoubIHWA 6a2a1aHa0bl: PUIUKATBIK, NCUXOIOSUATIK,
aneymemmix gicone cexcyanovl. Cym 6esi kamepii iciei 6ap otiedepdiy emip cypy candaceli 3epmmey Ke3iHoe 0cbl achekmiiepOiy 6apivlabit
eckepy eme Manbi30bl. Kasipei 3amanabl MeOuyuHaoa emip canacvln bazaiay soicmepi KeyiHeH KOIOAHbLIAObl, OUMKeHi 01ap nayueHmmepoi
emoeyee Oetiinei omip cypy canacvin bazanayea dcone mepanus RPOYeciHoe OHblY 032epyin OaKvliay2a MyMKIHOIK Oepeoi.

3epmmeyoin marKcamol — 0encayiblKmolly QUIUKAILIK, NCUXOIOSUATBIK, dNEYMEMMIK JHCOHE CeKCYaniobl ACNeKminepin eckepe Omvlpuin,
cym 6e3i kamepii iciei 6ap oillendepoiy oMip cypy canacvli Oazanay2a apHai2an selavimu sepmmeynepoi sepmmey. Ocvl 3epmmey aypyobiy
olien0ep 0eHCaynbl2blHbly dcneKkminepine ocepin mepey myciny Kaxcemminicimen Heeiz0enzeH, an Oy Kazipel npobiemanap meH Kaxcemminix-
mepoi aHblKkmayaa MyMKiHOIK 6epeoi.

Aoicmepi. Tyuinoi coz0ep bouvinwa Scopus, PubMed, ScienceDirect, Web of Science, eLibrary 2vinvimu 0epekKopiapbiHan 0epekkesoepee
AHATUMUKATLIK WOTLY JCYp2i3inoi. bapnvievt 185 depexkos mandanobl, oubly 46-ci wonyea eneisineen. Qoeduem wonyblna eneiziieen dHcapusi-
JIAHBIMOAD A2LIULbIH JHCOHE OPbLC MILOEPIHOe2] aULbK MONbIK MOMIHOL MAKALAAAP 6010bL.

Homuoswcenepi. Anvinean nomuscenep CBHKI keilin pekoHCcmpyKmuemi-niacmukaislk onepayusoan emKeH nayueHmmepoiy paoukaiosl
MACMIKMOMUAOAH OMKEHOEPMEH CANbICMBIP2AHOA OMID CYPY CANACHL HCO2APbl eKeHIH Kopcemmi. Byn (husukanvik dcone ncuxonousnvlk hynx-
YUSIHBIH JHCAKCAPYIMEH, COHOAL-AK AYbIPCLIHYObIH meMeHOeyiMeH pacmanaovl. Anaiioa 6apnvix otendep CEKI-n emoecennen ketlin omip cana-
CBIHBIH AHCANbL MOMEHOeYiH ce3iHedl, acipece IMOYUOHANObL HCOHE CEKCYANOblL CANanIapod, Oyi OuazHo3 ben emoeyoeH myblHOa2aHn Kyu3enicke,
conoati-ax 0ene belineciniy o3eepyine JHcone CeKcyanovl 03iH-03i AHbIKMAy2d OAUIAHBICbL.

Kopvimutnowt. 3epmmey nomuoicenepi apmypii emoey adicmepiniy CEKI 6ap otiendepdin emip canacvina scepin kopcemeoi, Oy 01apovly
PUBUKANBIK, NCUXONOSUANBIK, ONEYMEMMIK AHCOHEe CEKCYANObl OCHCAYNbI2bIH JHCaKCapmy yulin neeizoenzen wapanap Kaowvlioayea MyMKiHOIK
oepedi. byn CEKI bap otiendepdiy scannvl omip cypy canacvli apmmulpy yYulin muiMoi oHaimy dcone Koioay 6a20apiamaiapoli ozipieyee
bIKNAL emeoi.

Tyuinoi co3oep: oiien, cym be3i kamepii iciei, 6MIip canacwl, PU3UKATBIK OCHCAYIbIK, NCUXOIOUSLBIK OEHCAVIbIK, dleYMemmiK 0eHCayblK,
ceKcyanovl 0eHCaynviK.

AHHOTAIUSA

KAUYECTBO KA3HM )KEHIIIUH C PAKOM MOJIOYHOH KEJIE3bI:
OB30P JIMTEPATYPBI

JIL.A. Huumosa', ILJK. Aimmazanoem', A.b. Tynsneea', H-M. Kepeesa', I A. Ymaposa'

'HAO «3anagHo-KasaxcTaHckuit MeauumHekiin yHueepeuteT umenn M. Ocnatosay, Aktobe, Pecnybnuka KasaxcTa

Axmyansnocms: Ceituac pax monounou scenesvl (PMIK) — camuiii pacnpocmpanennviil 6u0 paxa cpeou HCeHuuH, U Cmamucmuxa
nokasvieaem yCcmoudugwlli pocm 4Yucia ciyiaes. B nocreonue Oecamunemusi yoenisemcs NOGbIULEHHOE SHUMAHUE U3VUEHUIO KA4ecmed
JHCUBHU IHCCHWUR ¢ dIMUM ouaznozom. Kauecmeo dcusnu oyenusaemces no uemvipem acnekmam 300p06bsi: u3uieckomy, nCuxono2uieckomy,
coyuanvhomy u cexkcyanvrnomy. Ipu usyvenuu kavecmea scusnu sxcenwun ¢ PMIK ocobenno sasicno yuumvieams ece smu acnexmol. Memoowt
OYEHKU KAUeCMEd HCU3HU BAICHBL 8 COBPEMEHHOU MeOUYUHE, MAK KAK NO360NAI0M OYEeHUNb COCMOAHUE NAYUCHIMOK 00 IeUeHUs U OMCAeHCUBAND
€20 usMenenUs 6 npoyecce mepanuu.

Llenv uccnedosanus — u3yuumv HAyyHble UCCIEO08AHUSL NO OYeHKe Kadecmed dcushu ocenuyun ¢ PMOK, yuumwisas ¢usuueckue,
ncuxonocuiecKkue, COYUAIbHbLE U CEKCYalbHble ACNeKmbl 300p06bsi, Ol boaee 2yOOK020 NOHUMAHUSL 6030€UCMEUs OONE3HU HA ICUSHb JHCCHUJUH
U BLISIBNEHUS CYUWECMBYIOWUX NPOOTIeM U NOMpeOHOCMEIl.

Memoowr: bvin nposeden nouck ucmounurkog ¢ 6asax dannvix Scopus, PubMed, ScienceDirect, Web of Science, eLibrary no kuouegvim
cro08am ucciedo8anus. B ananus Ovinu 6K0UEHbl OMKPLINbIE NOIHOMEKCMOBble CIMAMbU HA AH2AUNICKOM U PYCCKOM A3blKax. Bceeo 6bLio
omobpano 185 ucmounuxos, uz kKomopwix 46 6KiOUEHbl 8 0030D.

Pesynemamur: [onyuennvie pe3yiomanvt NOKA3AAU, 4MO NAYUCHMKU, NepeHeciue PeKOHCMPYKMUBHO-NIAACIMUYECKYI0 Onepayuro npu
PMOK, umerom bonee svicokoe Kauecmeo JHCU3HU NO CPABHEHUIO C MeMU, KMO nepenec paduKaibHyl0 MACmMIKMoMul0. Jmo gvlpaldcaemcs 8
VAyUenuy GU3uYecKo2o U NCUXON02ULecKo20 300p08bsl, a MAKdice 6 CHudceHuu bonesulx owyujenui. OOHaKo y 6cex dHceHuwun nocae neveHus
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PMK Habnroodaemcs o6ujee CHUdCEHUE Ka4ecmeaa JHCU3HU, 0COBEHHO 8 IMOYUOHANLHOU U CEKCYANbHOU Chepax, Ymo C6s3aH0 ¢ NCUXOIOSUYECKUM
cmpeccoMm, BbI386AHHBIM OUAZHO30M U JleUeHUeM, d MAK*Ce USMEHEHUAMU 8 00pa3e mend u CeKCyaIbHoll CaMoudeHmupurayu.

3axnrouenue: Pezyivmamol uccaedo8anus NO360AAION ROLYUUNMD YEMKYIO KAPMUHY GIUSHUS PA3TUYUHBIX MeMO0008 JeUeHUsl Had KAUeCmeo
orcusHu dcenuyun ¢ PMJK, umo onpedensiem 803MONCHOCMb NpOGeOeHUs 0O0CHOBAHHBIX OP2AHUZAYUOHHO-MEMOOUYECKUX MEPOnPUIMULL
no YIYUWEHUI0 PU3UIECKO20, NCUXOIOSUYECKO20, COYUATbHO20 U CEKCYaIbHO20 300pO8bsa nayuenmox. Dmo cnocobcmeyem paspadomre
aghpexmusnvix npoepamm peabuiumayuu u nOOOePIHCKU i NOBbIUUEHUS 00Ue20 Kauecmaa dHcusHu rcenuyun ¢ PMOK.

Knwueswie cnosa: scenwuna, pax monounou dcenesvl (PMIK), kauecmeo owcusHu, pusuueckoe 300p0ogbe, NCUXON02UUECKOe 300P08be,
oyuaIbHoe 300pP08be, CeKCYanbHoe 300posbe.
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RECONSTRUCTIVE SURGERIES AS AN OPTION
FOR SURGICAL REHABILITATION
IN BREAST CANCER TREATMENT:
A LITERATURE REVIEW

D.S. KADYR', N.A. KABILDINA', E.V. KRUK', Zh.K. KABILDIN'
'Karaganda Medical University NCJSC, Karaganda, the Republic of Kazakhstan

ABSTRACT

Relevance: Today, breast cancer (BC) occupies a leading position in the structure of cancer inci-dence among the female population.
According to WHO, in 2022, over 2,296,840 million cases of primary detection worldwide were registered. Therefore, 11.7% of the total
number of primary detected cancers and more than 685,000 women died from this disease (6.9% of the total mortality). The surgical
method remains the leading one and is being improved yearly due to the increasing early detection in relatively young and nondisabled
patients. Reconstructive surgery is gaining more and more popularity as a component of a rehabilitation program.

The study aimed to evaluate the effectiveness of reconstructive surgeries (RS) on the mammary gland during surgical rehabilitation.

Methods: Starting in 2014, we searched the databases Scopus, PubMed, and e-Library for scientific publications published over
the past 10 years. The search results revealed more than 2,700 articles, of which 36 sources were selected according to the inclusion
and exclusion criteria.

Results: The effectiveness of RS in the surgical rehabilitation of patients with breast cancer has been established, depending on the
localization and pathomorphological characteristics of the tumor. Patients’ satisfaction with the aesthetic result, a crucial aspect of
their emotional and psychological wellbeing, was assessed using the Breast-Q questionnaire. According to the results of randomized,
single-center, and multicenter studies and meta-analyses, there is a steady increase in simultaneous and delayed RS in treating BC.

Conclusion: RS is an advanced method of surgical rehabilitation. Its main objective is to ensure a high level of psychosexual well-
being and satisfaction with the quality of life in patients while maintaining oncological safety. However, pursuing oncological safety
requires constant improvement and a deeper study of each technique. Analyzing RS’s early and longterm results will allow you to choose
the optimal method for each patient based on the need for aesthetically safe and reliable surgical rehabilitation. This underscores the

importance of ongoing research in this field.

Keywords: breast cancer (BC), reconstructive surgeries (RS), surgical rehabilitation.

Introduction: Breast cancer (BC) is the most common
cancer among women in the Republic of Kazakhstan, ac-
counting for 23% of the total cancer incidence, and is also
the leading cause of mortality among cancer patients
(12.3% of cancer deaths). Modern high-tech screening
programs increase the detection of cancer at early stag-
es, and the use of effective treatment regimens increases
the survival rate of patients. Despite the widespread use
of radical mastectomy as the primary method of surgical
treatment, new methods of oncoplastic therapy are gain-
ing popularity [1], as mastectomy hurts women'’s body
acceptance, psychosexual well-being, and quality of life
[2]. The concept of “quality of life” in cancer patients has
changed the technique of surgical treatment in breast
cancer [3].

The main goal of oncological surgery is cancer resec-
tion, that is, the removal of the tumor along with the breast
tissue with clean margins. However, there is a growing re-
alization that the aesthetic results of these procedures are
significant [4].

Skin-sparing mastectomy (SSM), first proposed by B.
Torth in 1991, allows for the maximum preservation of the

skin and muscles while removing the nipple-areolar com-
plex (NAC) and performing immediate reconstruction af-
terward. Such a procedure meets the requirements for
radical treatment and patients’ cosmetic expectations.
Over the next 30 years, it was proved that SSM does not in-
crease the risk of regional metastases [5].

In 1979, T. Robbins first used an ellipsoidal lower trans-
verse rectus abdominis musculocutaneous (TRAM) flap of
the anterior abdominal wall for breast reconstruction [6].

The two main principles that should guide surgeons
when performing breast-conserving surgery (BCS) are
achieving negative resection margins and obtaining as
satisfactory cosmetic results as possible [7].

The advantages of immediate reconstruction include
superior aesthetic results, improved psychosocial well-be-
ing after mastectomy, at least in the short term, shorter
operative time, fewer surgical interventions, lower costs,
and accelerated social reintegration compared to delayed
reconstruction. Immediate reconstruction requires higher
quality skin flaps than mastectomy, followed by prolonged
rebuilding, and may also increase the risk of complications.
The main advantage of delayed reconstruction is that like-
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ly complications do not affect the efficacy of adjuvant
treatment. In addition, with planned adjuvant radiother-
apy after surgical treatment, the patient has more time to
make an informed decision about the type and features
of reconstruction, which positively affects the balance of
preoperative expectations and satisfaction with the final
result.

The study aimed to evaluate the effectiveness of re-
constructive and reparative surgery (RRS) on the breast in
the surgical rehabilitation of patients with breast cancer.

Materials and methods: This review included domes-
tic and foreign publications from the last 10 years (2014-
2023) found in PubMed, Google Scholar, and Scopus data-
bases. The search was based on the following key phrases:
“breast cancer,” “reconstructive and reparative surgery,”
and “surgical rehabilitation.” Inclusion criteria: articles de-
scribing the results of randomized single-center and mul-
ticentre trials, meta-analyses, and systematic reviews with
access to the full text. Exclusion criteria: case reports, litera-
ture reviews, conference abstracts, and articles without ac-
cess to the full text. More than 2,700 articles were retrieved
from the search results, of which 40 were selected accord-
ing to the criteria. The concordance of the authors’ opin-
ions is 95%.

Results:

1. Reconstruction techniques using own tissue

In a multicentre randomized controlled trial, J.A. Ter
Stege et al. used a questionnaire to find that more than
60% of breast cancer patients considering immediate
breast reconstruction after mastectomy experienced clin-
ically significant decisional conflict (CSDC) related to per-
sonal preference for breast shape and anxiety. Patients
who doubted the choice of RRS, did not favor RRS, were
opposed to RRS, or refused RRS were likelier to experience
CSDC than patients who initially opted for RRS. Moreover,
patients with higher levels of anxiety were more likely to
experience CSDC.

This is the first study to assess the conflict in the deci-
sion to undergo immediate RRS in a large sample of female
breast cancer patients. The level of decision conflict in this
sample was comparable to the level of decision conflict in
the sample of breast cancer patients considering delayed
RRS in the two previous studies, relatively high compared
to the level of decision conflict in the sample of breast can-
cer patients considering immediate RRS (mean = 33 (24)),
and higher than the level of decision conflict in the sample
of breast cancer patients considering various health-re-
lated factors. The group with the highest standardized
(pre-decision) level of decision conflict were patients who
made decisions on their own [2].

The four most commonly used techniques for autol-
ogous breast reconstruction include latissimus dorsi (LD)
flaps, transverse rectus myocutaneous (TRAM) flaps-either
free (fTRAM) or muscle-sparing free flaps (o TRAM)-and the
deep inferior epigastric artery perforator (DIEP) flap [8].

1.1. Reconstruction with TRAM

Hartrampf first described using a transverse rectus ab-
dominis myocutaneous flap (TRAM) in 1982. This tech-
nique involves elevating the abdominal myocutaneous
flap with perforator vessels coming off the upper epigas-
tric vessels [9].

The technique using the TRAM flap has undergone
numerous modifications, resulting in different variations
such as the muscle-sparing TRAM flap (MS-TRAM), DIEP,
and superficial inferior epigastric artery (SIEA) flaps to re-
duce the morbidity of the abdominal donor site by reduc-
ing the amount of muscle [10].

The perfect flap for breast reconstruction can simultane-
ously provide improved vascularisation and reduce donor
site morbidity. However, surgeon preference is another crit-
ical factor in achieving permanent and sustainable results.
If the surgeon is not familiar with microsurgery, the use of
PTRAM is a better option than fTRAM or DIEP for autolo-
gous breast reconstruction. Flap selection can be based on
patient characteristics if the surgeon is familiar with TRAM,
DIEP, and pTRAM techniques. Our results suggest that
fTRAM may be appropriate for patients with large breast
volume and low risk of herniation. Partial flap necrosis and
fat necrosis prevent breast tissue volume preservation [11].

Flap type was found to be the only independent fac-
tor affecting patient satisfaction with surgical outcomes,
considering limiting factors such as age at the time of sur-
gery, country of surgery, timing of reconstruction, and ad-
juvant therapy [12].

Our results show that the most technically challeng-
ing option is not always superior to the traditional op-
tion. Compared with fTRAM and DIEP flaps, pTRAM flaps
are losing popularity because they reduce vascularisation
and increase the risk of abdominal complications. Howev-
er, pTRAM flaps are a significant option because they have
several advantages over fTRAM and DIEP flaps, including
no need for microsurgery, shorter operative time, short-
er hospital stay, and lower treatment costs. Thus, surgeons
need not insist on using fTRAM or DIEP flaps and exclude
PTRAM because a single flap cannot guarantee superior
results concerning flap vascularisation and donor site vas-
cularisation [11].

1.2. Reconstruction with DIEP

The DIEP flap was first described for breast reconstruc-
tion in 1989 by Koshima and Soeda and popularised by Al-
len and Treece [13]. This perforator flap has a theoretical
advantage in reducing donor site morbidity compared to
pTRAM and fTRAM flaps by eliminating muscle harvesting.
This flap has become better known in recent years due to
the increasing number of surgeons trained in this tech-
nigue. The DIEP flap is more likely to preserve the inter-
costal nerves because the vascular pedicle is usually com-
pletely skeletonized when such a flap is taken. In particular,
the risk of nerve injury is reduced when the medial row of
the perforator is chosen. This flap shows a significant dif-
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ference in postoperative hernia formation compared to
PTRAM flaps [14].

DIEP flaps can be recommended for patients at in-
creased risk of herniation, for example, obese and elderly
patients. The pTRAM can be used by patients with smaller
breast volumes and a lower risk of hernia [11].

According to the results of a prospective randomized
five-year study, K. Seidenstuecker et al. noted that the
main limiting factors for all types of RRS, affecting the re-
sults of healing after reconstruction are smoking, postop-
erative radiation therapy, body mass index >30, presence
of DM, and flap circulatory disorders. It is worth noting that
smoking significantly slows down the healing of the donor
site on the abdomen (p=0.025) compared to non-smoking
patients (p=0.019). With the implant-based technique, the
development of capsular contracture was found in 50.7%
of patients who received radiation treatment after ex-
pander-to-implant replacement versus 10.3% in non-irra-
diated patients [15]

1.3. Reconstruction with a skin and muscle flap based on
the broadest muscle of the back (SMFBMB)

The thoracodorsal flap is a SMFBMB on the thoracodor-
sal vessels [16].

The SMFBMB has been a reliable option for breast re-
construction since it was first described in 1906. 1995, An-
grigiani et al. first described a flap with a thoracodorsal ar-
tery perforator. Schwabegger et al. reported in 2003 the
advantages of the “muscle-sparing” approach of removing
alarger skin flap held by a relatively small segment of infe-
rior muscle. J. Cook presented his study using muscle-spar-
ing LD flaps for breast reconstruction. Over 8 years, 26 im-
mediate and 100 delayed reconstructions using the LD
flap were performed on 83 patients. Comparison of preop-
erative and postoperative photo analyses and registration
of complications and additional procedures showed that
the muscle-sparing latissimus dorsi (MSLD) flap is a univer-
sal option for breast reconstruction in various clinical con-
ditions, with few complications and satisfactory aesthet-
ic results [17].

The absence of capsular contracture and flap necrosis
and faster cessation of postoperative lymphorrhea char-
acterize the SMFBMB technique. Its disadvantages are the
technical complexity and duration of the surgery, an ad-
ditional scar in the back region, and lifelong restriction of
several physical exercises (pulling up on the bar and climb-
ing rope) [18].

Previous studies of BCS with SMFBMB have shown that
marginal rates of positive resection margins after primary
surgery ranged from 0% to 13%, comparable to our study’s
results (4%). The rates of positive resection margins after
primary surgery in the BCS with SMFBMB group were sig-
nificantly lower than in the BCS alone group (4% vs. 11%; P
= 0.006). A meta-analysis comparing oncoplastic BCS and
BCS alone showed that the marginal rate of positive resec-
tion margins in the group receiving oncoplastic surgery

was significantly lower than in the group receiving BCS
alone (12% vs. 21%; P<0.0001), which was similar to the re-
sults of our study. In our patients, tumors were more signif-
icant in the BCS with SMFBMB group than in the BCS alone
group. However, the favorable outcome rates after prima-
ry surgery were lower in the BCS with SMFBMB group than
in the BCS-only group. This may be because SMFBMB re-
construction allows for a wider resection without compro-
mising cosmetic appearance, which is one of the most at-
tractive features of BCS with SMFBMB [19].

More recently, the use of TDAP (thoracodorsal artery
perforator) from the broadest muscle of the back for partial
or total replacement of a breast tissue defect has been de-
scribed. The TDAP flap uses residual lateral lipodystrophic
tissue, often present after mastectomy, as autologous tissue
for breast reconstruction. This results in volume enhance-
ment in breast reconstruction and the removal of dystroph-
ic fat under the axilla [20]. The technique is based on using
a percutaneous myocutaneous perforator or thoracic ar-
tery perforator. A flap of significant size can be obtained
with a single perforator, which avoids partial or complete
flap loss in the postoperative period, as well as primary clo-
sure of the donor site. According to the results of a study of
patients selected by computer randomization into LD and
TDAP groups, E.M. Abdelrahman et al. state that the TDAP
flap demonstrates efficacy on par with the LD flap in terms
of feasibility, postoperative complications, cosmetic out-
come, and finally early functional outcome, which is signifi-

cantly better than that of the LD flap [21].
Figures 1 and 2 show a visual analysis of the algorithm for

techniques using LD and TDAP flaps [21].

2. Reconstruction techniques using endoprosthesis

2.1. Implant-assisted endoprosthetic’s

One-stage breast reconstruction with placement of
silicone implants under the remaining skin pouch after
mastectomy was first described in 1971 by surgeons R.K.
Snyderman and R.H. Guthrie [22]. T. Cronin and F. Gerow in-
troduced the silicone breast implant in 1963, and C. Rado-
van introduced a tissue expander for breast reconstruction
in 1982.1n 1984, H. Becker described a dual-chamber tissue
expander with a silicone gel outer lumen with an inflata-
ble physiological lumen, allowing one-stage breast recon-
struction [3].

The use of silicone prostheses dramatically simplifies
the technical aspect of RRS on the breast due to the ab-
sence of an additional donor site. Such surgeries are less
traumatic, so they are most often used in oncomammo-
logical practice [23].

One of the main goals of implant-based breast recon-
struction is to improve the quality of life of female pa-
tients. Well-developed test tools, such as the Breast-Q
developed by A. Pusic et al. at Memorial Sloan-Ketter-
ing Cancer University of British Columbia in 2009, have
allowed direct comparison of different types of breast re-
construction [24].

86 Oncology and Radiology of Kazakhstan, Ne3 (73) 2024



@) KazIOR

AKH INSTITUTE OF ONCOLOGY AND

LITERATURE REVIEWS

Figure 1 - Reconstruction process using LD flap: A - flap marking, B - resection and dissection,
C - complete mobilization and tunnel formation, D - flap insertion, E - final result [21]

A

Figure 2 — Reconstruction process using TDAP flap: A - flap marking, B - identification of the thoracodorsal
artery, C - complete mobilization on the vascular pedicle, D - flap insertion, E - final result [21]

The report of the first documented implant-assisted
breast reconstruction was published by B. Freeman in 1962.
As plastic surgeons were frustrated by the high complica-
tion rate, attempts were made to improve the technique. A
shift from the subcutaneous to the submuscular plane was
made, causing complete muscle coverage to become the
main focus. Today, reconstructive surgeons have a full range
of tools to return to subcutaneous breast reconstruction, in-
cluding next-generation tissue expanders, breast implants,
cell-free dermal matrices, intraoperative perfusion analy-
sis, and fat grafting. The primary outcome was successful
breast reconstruction with implants in the subcutaneous
plane. Secondary outcomes included hematoma, infection,
severe edema, suture deviation, skin necrosis, implant ex-
trusion, device removal, and flap salvage. Demonstrated pa-
tient data, including age, BMI, and comorbidities (diabetes
mellitus, arterial hypertension), were recorded [25].

G. Tanos et al. state that skin-sparing mastectomy fol-
lowed by immediate reconstruction provides the best

aesthetic results. Two-stage reconstruction using ex-
panders and implants is recommended for women with
an inappropriate amount of skin for immediate closure
after implant placement or after extensive skin resection.
The second stage of breast reconstruction is usually per-
formed six months after the completion of the tissue ex-
pansion procedure. During this surgery, the expander is
removed and replaced with a permanent anatomical im-
plant, and a partial or complete capsulectomy is also per-
formed to ensure that the permanent prosthesis fits per-
fectly in the pocket without any possibility of rotation
or displacement. Usually, access to the implant pocket is
in the submammary fold, so this method allows the sur-
geon to recreate the fold [26].

Implant-assisted reconstruction usually requires sev-
eral procedures with refinements and modifications to
complete and maintain aesthetics over time. The high
rate of revision surgery becomes particularly prominent in
the elective treatment of breast cancer, where unilateral
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breast reconstruction often requires opposing procedures
for symmetry [27].

According to a single-center randomized study con-
ducted from 2012 to 2015, early mobilization of patients af-
ter surgery and physical exercises from the first day of the
postoperative period helped prevent contracture in all pa-
tients. No breast cancer patient, regardless of the type of
adjuvant therapy, had to have the implant removed after
the second stage of breast reconstruction (replacement of
the expander with a permanent implant) [28].

Breast reconstruction using a tissue expander can be
considered as one of the acceptable options for patients
who are scheduled to undergo radiotherapy [29].

Silicone gel implants are safe and acceptable compo-
nents of the reconstructive range. Is this correct? Advances
in gel structuring have reduced bleeding due to silicone,
and cohesive gel implants are expected to have fewer
problems associated with capsular rupture [30].

Additionally, it was reported that patient satisfaction
rates with reconstruction in the context of radiothera-
py for breast-conserving therapy (BCT) were significant-
ly higher than with implant-based reconstruction. How-
ever, with careful patient selection, other authors have
reported a relatively lower failure rate with such recon-
struction [31].

The analysis of the results of the 2012-2015 single-center
randomized study showed that reconstructive-plastic sur-
gery with subcutaneous mastectomy and retained NAC
as a surgical stage does not significantly affect the long-
term surgical results in combined and complex treatment
of breast cancer patients. Both overall and recurrence-free
survival rates depended only on the prognostic factors
generally recognized for this disease [32].

In general, all the described breast reconstruction tech-
niques had comparable results and a relatively high level
of aesthetic satisfaction of the patients [18].

3. Reconstruction of the nipple-areolar complex

Removal or preservation of the NAC is a current is-
sue in oncology [33]. Oncoplastic techniques can achieve
good cosmetic results even with a large volume of breast
tissue resection. The problem arises in NAC reconstruc-
tion, as it is pretty challenging to achieve a natural-look-
ing NAC. Consequently, the preservation of the NAC will
achieve a better aesthetic result. While the oncological
safety of NAC preservation has long been debated, there
is now sufficient evidence supporting its preservation in
cases of pathological non-involvement [34]. NAC preser-
vation leads to optimal psychological satisfaction and pro-
vides a sense of less mutilating treatment [35].

NAC reconstruction should be deferred until chemother-
apy and radiotherapy are completed. Some surgeons do not
advise NAC reconstruction in the irradiated breast and rec-
ommend NAC tattooing to improve the cosmetic effect. Per-
forming NAC reconstruction too early may lead to improper
positioning of the NAC, spoiling the excellent result [36].

Discussion: Rehabilitation of patients with breast cancer
has recently gained momentum as a comprehensive long-
term intervention for a woman'’s comfortable return to phys-
ical and psychological fitness and adaptation to new living
conditions after diagnosis and treatment. Since 1970, sur-
geons around the world have been working on the task of
maintaining clean resection margins while maintaining aes-
thetic symmetry. Considering that in the Republic of Kazakh-
stan, the financing of oncological care is performed at the
expense of Compulsory Social Health Insurance (CSHI), finan-
cial justification also plays a significant role. Since reconstruc-
tive surgeries are performed one-stage or delayed, and in the
case of planned radiotherapy, one should prefer delayed re-
construction. The authors note the effect of radiotherapy on
the rate of healing and preservation of the shape of the oper-
ated breast. The decision on the choice of level | and Il recon-
structive and reparative techniques is based on the breast’s
tumor location, stage, shape, and ptosis. The limiting factors
may be muscle volume, subcutaneous fat, and skin of the re-
sected and contralateral mammary glands.

In both reconstruction techniques, reduction sym-
metrization of the contralateral breast is performed ac-
cording to the decision of the multidisciplinary team and
the patient, considering the patient’s characteristics, such
as age, comorbidities, and other risks.

RRS using its tissue produces more positive patient
feedback due to symmetry during age-related ptosis and
weight changes in the late postoperative period. Bilateral
reconstruction allows for almost perfect breast propor-
tionality. The disadvantages of the method include the
formation of a defect on the donor site, longer rehabilita-
tion time, and volumes of blood loss. Complications such
as ischemia, flap, and fat necrosis affect the optimal re-
sult.

Reconstruction with implants immediately after tumor
node removal with skin preservation and NAC gives an im-
mediate aesthetic result. However, in cases of extensive
skin resection, a two-stage approach is the optimal solu-
tion: a temporary expander is placed in the pocket for 6
months and then replaced with a permanent anatomical
implant. The disadvantages of this method are the devel-
opment of capsular contracture, implant migration, and
the potential for infection.

Conclusions:

1. Reconstruction should preferably be performed us-
ing a TRAM flap to preserve the functionality of the ab-
dominal muscles in patients with a smaller breast volume
and a low risk of hernia development.

2. Reconstruction with a DIEP flap is recommended in
patients with a high risk of hernia development, such as
obese and elderly patients.

3. TDL is a solution when there is a possible risk of post-
operative lymphorrhea or radiation therapy, as there is a
low risk of necrosis due to the preservation of an adequate
blood supply.
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4. Implant-based reconstruction is gaining incredible
popularity because it is more straightforward than autol-
ogous tissue techniques. However, adjuvant radiotherapy
increases the risk of implant loss and requires careful tim-
ing coordination.

Conclusion: RRSs are an advanced method of surgi-
cal rehabilitation. The main objective of this method is to
provide a high level of psychosexual well-being and qual-
ity of life satisfaction in female patients while maintain-
ing oncological safety. Despite this, oncological safety re-
quires continuous improvement and more in-depth study
of each technique. Early and long-term RRS results analysis
will enable the selection of optimal methods for each pa-
tient, considering the aesthetically satisfactory and relia-
ble surgical rehabilitation.
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AHJIATIIA

PEKOHCTPYKTUBTI KAJIIIBIHA KEJITIPYIII OTAJIAP CYT BE3I KATEPJII ICII'THIH
EMIHJIE XUPYPTUAJIBIK OHAJITYAbIH HYCKACHI PETIHJIE:
9/IEBUETKE IIOJY

JI.C. Kaowip', H.A. Kabunouna', E.B. Kpyx', JK.K. Kaounoun'
I«KaparaHabl MeanumrHa yHuepeuteTin KEAK, Kaparanapl, Kasakctan Pecnybnukace

Oszexminizi. byzinei mayoa cym 6esi xamepai iciei (CHKI) otiendep apacvinoa oHKOIO2UANBIK AYPYIAPOLIH KYPULILIMbIHOA HCEMeKUl OPbiH
anaowl. JJI¥Y morimemmepi 6otivinua, 2022 scolavl 6ykin onem 6otvinua 2,296,840 muiiuonnan acmam 6acmanksl AHblKMay Heaz20ailiapol
mipkenoi, coukecinuwe bacmankbl anvlkmanzan Kamepai icikmiy scannst canvinviy 11,7%-v1 acone aypyoan 685 000-nan acmam oiien Kaiumolc
6010v1 (drcannsvl enimuiy 6,9%). Xupypausanvix o0ic scemekuti 601bIn Kaia bepedi dHcoHe CanblcmulpmMaisbl Mypoe HCac HCOHe HCYMbLC ICmelmin
Haykacmapoa epme aublKmaryobly apmyvlHa OAUIAHBICMbL HCLIIOAH HCbLI2A HeaKcapaowvl. Pekoncmpykxmuemi xupypaus oyaimy 6azoapiama-
colbly Kypamoac beniei peminde manvimal 60ia 6acmaosi.

3epmmeyoin maxcamot — CHKI nayxacmapOuly Xupypeusislk OHaImybl Ke3inoe peKoHCmpyKmuemi-KainovlHa Keamipy onepayusiapblibly,
(PKKO) muimoiniein 6azanay.

Aoicmepi: 2vLubimu dHcapusiianbimoaposl iz0ey 2014 scvinoan 6acman conawvl 10 scvinoa scapusnanzan Scopus, PubMed, e-Library depex-
Kopaapwlnoa scypeizinoi. 130ey nomuosicenepi bouvinua 2700-0en acmam maxana mabuliovl, OHbIY iWiHOe KOCY HCOHE Anbln MAcmay Kpume-
putinepi bouvinuwia 36 Oepekko3 mayoaiobl.

Homuacenepi: icikmiy opranacyvina sgcone namomopghonocusnvlk cunammamanapuvina oaiiranvicmel CHKI 6ap naysacmapout xupypeus-
ik oqanmy kesinde PKKO xonoany muimoiniei anvikmanovl. Ilayuenmmepoiy scmemukansvlk nomugiceze Kanazammanyuvl Breast-Q cayan-
HAMACHIHBIY KOMe2iMen 0a2alanObl.pan0OMU3AYUANAn2an, Oip OpmanblKmol JCoHe KON OpmMaiblkmol 3epmmeynepoiy, Mema-manioayiapobl
nomudcenepi oouvinwa ChKI emoeyoe bip meszinde Oe, ketiinee Kanovipviiean PKKO-nvl Konoany ypoiciniy mypaxmol ocyi 6aiikaniob.

Kopvimuinovt: PKKO xupypeusinivlk oHaimyowiy ey a#carkcol 90ici 60avin mabwliadsl. Byn odicminy nezizei MiHOemi-OHKOI02UALbIK KAYin-
ci30ikmi cakmaii omvipsin, NayueHmmepoe NCUXoCeKcyanroblk on-ayKammaoly JHco2apbl OeH2eUin JHCOHe OMIp Canacbla Kanazammanyovl Kam-
mamacwis emy. Ocvlean Kapamacmat, OHKOA0UANBIK KAYINCI30IK yHeMI aceminoipyoi scone d0icmepoiy opKalicblcblH mepenipex zepmmeyoi
Kaoicem emeoi. PKKO-nuly epme dicone anvic Homudiceiepin maioay dcmemuKanblk, mypeblOan Kayinciz jcone CeHimoi Xupypeusiblk O4anmy
Kaocemminikmepine He2iz0eli2en opoip nayuenm yuin oHmailivl 90icmi mayoayaa MymMKiHOIK 6epeoi.

Tyuinoi co3oep: cym besi kamepai icici (CbKI), pekoncmpykmusmi-gaansina keamipy onepayusaapsl (PKKO), xupypeusineik onaimy.
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PEKOHCTPYKTUBHO-BOCCTAHOBUTEJIBHBIE OIIEPAIIMN KAK BAPUAHT
XHAPYPTHUECKON PEABMJINTALIMA ITPU JIEUEHUHU PAKA MOJIOYHOM KEJIE3BI:
OB30P JIMTEPATYPbI

J.C. Kaowip', H.A. Kabunouna', E.B. Kpyx', K.K. Kabunoun'
'HAO «MepuumHckuit yuneepcuTeT Kaparanabl», Kaparanaa, Pecnybnuka Kasaxcrau

Axkmyansnocme: Ha cecoonswmnuii oenv pak monrounoi scenesvl (PMIK) 3anumaem nuoupyowyio nosuyuio 6 CmpyKkmype 0HKOI02UYeCKoll
3abonesaemocmu cpedu sxscenckoeo nacenenus. Ilo oannvim BO3 6 2022 200y 6vino 3apeeucmpuposgano ceviute 2,296,840 nepsuunvix ciyuaes
PMJK 6 mupe, umo cocmasuno 11,7% om obujeco konuuecmsa nepsuunslx ciyyaes paxa, u bonee 685 000 scenwgun ymepau om smotu b6onesHu
(6,9% om obwetl cmepmuocmu). Xupypauueckuti Memoo iederus 0Cmaemcs 6e0yuum, U COePUEHCMBYemcs u3 200d 8 200 86Uy Hapacmarujei
Ppannell 8uIsABNAEMOCMU Y CPAGHUMENLHO MOOObIX U pAOOMOCNOCOOHbIX nayuenmox. Pexoncmpykmuenasn xupypeus nabupaem 6ce 601butyio
NONYAAPHOCIb KAK KOMROHEeHm peadurumayuontol npoepammsl npu PMIK.

Llenv uccneooganus — oyenka yenecooOpaAsHOCMU NPUMEHEHUS COBPEMEHHBIX MEMOOUK DEeKOHCMPYKMUBHO-80CCIMAHOBUMETbHBIX
onepayuil (PBO) na monounoil sicenese npu xupypeuveckou peaburumayuu 6onvruix ¢ PMIK.

Memoowi: B 6aszax oannwix Scopus, PubMed, e-Library npogeden nouck Hayunwix pabom, onyoaukoeanuvix 3a nocieonue 10 iem (2014-
2024 22.). Ilo pezynomamam noucka 6ui10 natioeno donee 2700 cmameil, u3 HUX O KpUMEPUSM GKIIOUEHUS U UCKIIOUeHUs ObL10 omobpano 36
UCMOYHUKOB.

Pesynomamer: Ilo pesynomamam anaiusa yCmaHogaeHo, 4mo oHKonroeuveckas sgpgexmusnocmos npumenenusi PBO npu xupypeuuecxoi
peadbunumayuu 6oavuvix ¢ PMJK 6 3asucumocmu om noxanuzayuu u namomop@onocuieckux Xapakmepucmur onyxoau He xyaice, 4em npu
npuUMeHeHuU paouKaIbHOU MACMIKIMOMUL. Y0061emEOpeHHOCHb NAYUCHIMOK ICIMEMUYECKUM Pe3VIbmamom ¢ NOMOWbI0 onpocrHuxa Breast-Q
8bllle NpuU NPUMeHeHUU PeKOHCMPYKIMUBHBIX MeMOOUK NO CPABHEHUIO C PAOUKATbHOU Macmakmomuel. [1o pesyriemamam panoomMusuposanHbix,
OOHOYEHMPOBLIX U MHOLOYEHMPOBLIX UCCACO0BAHUL U MEMA-AHANU308 ObLIL BbISAGNIEH CINAOUNLHBLI POCH NPOBEOCHUS KAK OOHOMOMEHMHDLX,
maxk u omcpoyennwvix PBO npu neuenuu PMIK.

3axniouenue: PBO sgnaiomcs nepedogvim memooom xupypeuueckoil peaburumayuu. Ocrnognoil 3adavell 0aHHO020 Memooa sAeisAemcs
obecneuenue 8bICOKO20 YPOBHI NCUXOCEKCYANLHO20 O1A20NONYUUS U YOOBNEMEOPEHHOCU KAYeCMEOM JHCUSHU Y NAYUEHMOK C COXPAHEHUEeM
onkonoz2uueckoll bezonacnocmu. Hecmomps na smo, onkonoeuveckas 6ezonacnocmes mpebyem nocmosanHo20 CO8epuleHCmeosanus u boaee
271y60K020 U3yHeHUs KancOOU U3 Memooux. Ananus pannux u omoaieHnslx pezyaomamos PBO nozeonum evioupams onmumaibHulii Memoo 0
KadicO0U nayueHmKu, ucxoos uz nompeonocmetl 8 5cmemuyecky O1a20N0AYYHOU U HAOEICHOU XUPYPeULEeCKOU peaduiumayuu.

Knrwoueevie cnosa: pax monounou cenesvl (PMJK), pexoncmpyxmusno-eoccmanosumenvuvie onepayuu (PBO), xupypeuueckas
peabunumayus.
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ABSTRACT

Relevance: Optimal surgical approaches in the treatment of breast cancer are essential for modern oncology, aiming to reduce
the risk of recurrence and improve survival. This literature review analyzes the importance of edge resection in surgical breast cancer
treat-ment. It includes an extensive analysis of scientific publications, systematizing knowledge about the clinical significance of the
resection margin, its impact on recurrence risk and survival, and its role in organ-preserving operations.

The study aimed to evaluate the significance of the resection margin in the surgical treatment of breast cancer.

Methods: The research methodology included a systematic search in electronic databases, including PubMed, Web of Science,
Scopus, and Cochrane Library, as well as in national scientific repositories and databases of the Republic of Kazakhstan. This approach
made it possible to cover significant domestic research in the review. The search was performed using keywords and phrases including
“breast cancer,” “edge of resection,” “organ-preserving surgery,” “breast cancer,” “resection margin, breast
cancer recurrence,” “breast-preserving surgery” and “mastectomy.”

Results: The resection edge definition is key for the successful surgical treatment of breast cancer. Studies show that the molecular
subtype of the tumor does not determine the status of surgical margins in patients undergoing breast preservation therapy. An adequate
width of the resection margin, determined by considering clinical recommendations and patient characteristics, increases the likelihood
of removing all tumor cells, reducing the risk of recurrence and increasing the chances of long-term remission.

Conclusion: The importance of the resection margin in the treatment of breast cancer remains the subject of active research and
discussion. Although there is much data, there are still contradictions regarding the optimal width of the resection margin and its
effect on recurrence and survival. Most studies confirm the importance of adequate resection margin width to reduce the risk of local
recurrence, especially during organ-preserving operations. Modern innovative methods such as intraoperative imaging and advances

e e » e

‘margin width,

e

in molecular biology and genetics of breast cancer help to improve the definition of the resection edge.
Keywords: oncology, surgery, organ-preserving surgery, relapse, mastectomy.

Introduction: Breast cancer is one of the most press-
ing and prevalent oncological diseases affecting wom-
en globally. Notwithstanding considerable progress in
diagnostics and therapy, breast cancer continues to ex-
hibit a high incidence of recurrence and metastasis, ren-
dering the search for optimal treatment strategies high-
ly pertinent.

Breast cancer is the predominant cause of mortality
among women and ranks as the fifth largest cause of can-
cer-related deaths globally. In 2020, there were 2.3 million
new instances of cancer, including 11.7% of all new cancer
cases, and 684,996 fatalities attributed to the disease. Asia
has the predominant proportion, with 1,026,684 (45.4%) of
new cases and 345,559 (50.4%) of deaths globally [1].

The analysis of morbidity and mortality associated
with malignant neoplasms underpins regional and na-
tional cancer control initiatives and is crucial for the val-
idation of disease prevention strategies, early diagnostic
approaches, and the development of screening programs.
The morbidity and mortality rates of breast cancer vary
across high-risk and low-risk countries, with some discrep-
ancies attributable to the efficacy of reporting and screen-

ing practices. Epidemiological studies of breast cancer en-
able the identification of goals and objectives for disease
prevention programs, including the planning of screen-
ing and diagnostic measures for early disease detection,
as well as the development of efficiency indicators and as-
sessment of program implementation outcomes [2].

A critical component of effective breast cancer treat-
ment is surgery aimed to excise the tumor to the greatest
extent possible while conserving good tissue [3]. In surgi-
cal treatment, the resection margin, i.e., the distance from
the tumor’s edge to the surrounding healthy tissue, is crit-
ically significant. Determining the ideal width of the resec-
tion margin continues to be a topic of extensive research
and debate within the medical community. An excessive-
ly narrow margin may result in the persistence of tumor
cells within the body, consequently leading to disease re-
currence. In contrast, an overly broad margin can adverse-
ly impact patients’ quality of life by increasing the proce-
dure’s invasiveness and compromising additional healthy
tissues. In 2018, A. Nurmanova et al. observed that recur-
rences of breast cancer correlate with a substantial reduc-
tion in patient survival [4].
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The challenge of establishing optimal resection margin
criteria is further complicated by advancements in breast
cancer treatment, such as organ-preserving surgery and
the implementation of cutting-edge radiation and chemo-
therapy methods. The correlation between resection mar-
gin width and recurrence risk, the necessity for a tailored
treatment strategy, and the pursuit of an optimal equilibri-
um between tumor excision efficacy and patient quality of
life are pivotal elements of contemporary research in this
domain.In 2022, L. Zh. Sultonova et al. provided a compre-
hensive account of breast cancer recurrences in the initial
stages of the disease. The study findings demonstrate that
even with initial-stage breast cancer detection, the likeli-
hood of disease recurrence is a minimum of 5%. It under-
lines the necessity of meticulous surveillance and subse-
quent therapy, even with early cancer detection, to reduce
the likelihood of recurrence [5].

This literature analysis aims to analyze the current sci-
entific findings about the importance of the resection
margin in breast cancer treatment. Special emphasis is
placed on the study of clinical trials, the assessment of
guidelines from prominent oncology organizations, and
the analysis of statistical data about the impact of resec-
tion margin width on prognosis and treatment results.
This work will consolidate existing scientific knowledge
in this field, pinpoint deficiencies in current research, and
delineate future scientific endeavors to enhance breast
cancer treatment'’s efficacy while optimally preserving
patients’ quality of life.

The study aimed to evaluate the significance of the re-
section margin in the surgical treatment of breast cancer.

Materials and methods: During the preparation of this
literature review, a thorough method intended to discov-
er and assess scientific literature was employed to identify
and systematize data about the impact of resection mar-
gin width on breast cancer treatment results. A careful se-
lection of keywords and their combinations was conduct-
ed, encompassing such terms as “breast cancer,” “resection
margin,” “organ-preserving surgery,” “resection margin,”
“margin width,” “breast cancer recurrence,” “breast-con-
serving surgery,” “mastectomy,” “local disease control,”
“oncological outcomes,” “quality of life,” along with more
specific terminology pertinent to treatment outcomes and
surgical methodologies. This procedure utilized Boolean
operators to formulate intricate queries that enhance and
streamline database searches.

The chosen databases for the search emphasized es-
teemed medical and biological resources, including Pu-
bMed, Web of Science, Scopus, and Cochrane Library.
These databases were selected due to their extensive
coverage, relevancy of content, and the availability of
tools for comprehensive searches. Upon formulating the
search queries, the search procedure was customized to
the particularities of each database, employing their own
filtering and searching capabilities, utilizing keywords in
titles, abstracts, and full-text articles. Alongside interna-

"o

tional databases, supplementary searches were conduct-
ed in national scientific repositories and databases, ena-
bling the incorporation of significant domestic research
into the review, thus enhancing a comprehensive and nu-
anced understanding of the topic. This methodology en-
sured a thorough examination of the subject, consider-
ing both global and national experiences in breast cancer
treatment.

A manual search was conducted in the reference lists of
selected papers to find additional pertinent research that
may have been overlooked in the computerized search
procedure. The cross-referencing process facilitated the
identification of substantial work that may have been
overlooked due to the constraints of search engines. After
identifying potentially appropriate papers by their titles
and abstracts, the full texts underwent a comprehensive
examination for ultimate selection based on established
criteria. The criteria encompassed the accessibility of orig-
inal data, a detailed account of the study methodology,
and an emphasis on examining resection margins in breast
cancer. The investigation concentrated on methods for as-
sessment of the resection margin, the influence of margin
size on treatment results, and pertinent clinical guidelines.

Each chosen article underwent a comprehensive as-
sessment to evaluate the study methodology, the trust-
worthiness of the data, and the relevance of the conclu-
sions for breast cancer therapy practice to guarantee the
high quality of the analysis. Special focus was devoted to
studies addressing various facets of resection margins, en-
compassing their dimensions, assessment methods, and
influence on recurrence risk and overall patient survival.
The literature selection and analysis methodology includ-
ed verifying each article by two independent specialists
to reduce the likelihood of overlooking critical informa-
tion and subjective data interpretation. A third expert was
called to achieve consensus in a disagreement among ex-
perts. The acquired data were combined to establish a
comprehensive overview of the current scientific knowl-
edge regarding resection margins in breast cancer, pin-
point deficiencies in existing research, and delineate di-
rections for future scientific inquiry.

Results:

Concept of the resection margin in breast cancer surgery.
The assessment of the resection margin is crucial in the
surgical management of breast cancer and significantly in-
fluences treatment outcomes. The resection margin is de-
fined as the distance between the periphery of the excised
tumor and the closest boundary of the post-surgery resid-
ual healthy tissue. This parameter functions as a metric for
the thoroughness of tumor tissue excision and is a critical
indicator of treatment quality since it directly correlates
with the risk of local recurrences (LR) of the disease. |. Hor-
attas et al. (2022) showed that the molecular subtype of
breast cancer does not forecast the status of surgical mar-
gins in patients receiving breast-preserving therapy. The
research indicated that the selection of surgical approach
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should not be contingent upon the genetic subtype of the
tumor [6].

Research conducted by E.A. Bonci et al. in 2021 as-
sessed the impact of surgical resection margin width
(SRMW) on the probability of local recurrence following
lumpectomy in patients with triple-negative breast can-
cer, a notably aggressive subtype. The study involved 92
individuals who received lumpectomy between 2005
and 2014, including a median tumor size of 2.5 cm and no
distant metastases at diagnosis. The majority of patients
underwent neoadjuvant and/or adjuvant chemotherapy
in addition to adjuvant radiotherapy targeting the entire
breast. Following a median follow-up duration of 110.7
months, there were five local recurrences and eight re-
gional/distant recurrences, resulting in an overall inci-
dence of 5.4% of LR. The likelihood of local and long-term
recurrence was comparable across groups with varying
SRMWs. The findings validate the safety of the “no ink on
the tumor” methodology for individuals with triple-neg-
ative breast cancer [7].

An adequate resection margin width, defined by clini-
cal guidelines and the particulars of each case, substantial-
ly increases the likelihood of complete tumor cell removal.
The objective of surgical intervention is accomplished - it
reduces the danger of residual tumor foci, enhancing the
likelihood of long-term remission. A comprehensive re-
view and meta-analysis of 68 studies involving 112,140 pa-
tients who underwent conservative breast surgery for ear-
ly invasive breast cancer identified a correlation between
resection margin involvement and an increased risk of
long-term recurrence. Positive margins were observed in
9.4% of patients, leading to delayed recurrences in 25.4%
of instances, whereas in patients with negative margins,
the rate was 7.4%. Narrow margins (under 2 mm without
tumor cells) correlated with distant recurrences in 8.4% of
instances. The compromised margins elevated the prob-
ability of long-term recurrences by 2.1 times and local re-
gional recurrences (LRRs) by 1.98 times compared to neg-
ative margins, whereas nearby margins increased this risk
by 1.38 times and 2.09 times, respectively [8].

The study by A. Bodilsen et al., which involved 11,900
patients receiving breast-conserving invasive cancer treat-
ment, showed a cumulative tumor recurrence rate of 2.4%
in the same breast at 5 years and 5.9% at 9 years. Positive
surgical margins elevated the recurrence risk by 2.51 times
(95% CI 1.02-6.23). The negative margin width did not in-
fluence the recurrence risk (HR for margins >0 to <2 mm
versus >2 to <5 mm versus =5 mm - 1.54 (95% C| 0.81-2.93)
versus 0.95 (95% Cl 0.56-1.62) versus 1). A positive surgical
margin markedly elevates the likelihood of tumor recur-
rence in the same breast, whereas the extent of negative
margins does not influence recurrence risk, hence contrib-
uting to the increasing prevalence of organ-preserving
surgery in recent years [9].

No universal standard exists for identifying the best re-
section margin width, as each clinical case is distinct and

necessitates a tailored strategy. A positive or narrow resec-
tion margin, defined as the presence of tumor cells near
the resection border or in its immediate proximity, is con-
sidered an adverse factor [10, 11]. This circumstance cor-
relates with an elevated risk of recurrence because of the
increased probability of residual tumor cells in the remain-
ing breast tissue. In the study, M. Pilewskie and M. Morrow
2019 examined the ideal negative resection margin widths
for the surgical management of invasive cancer and ductal
carcinoma in situ (DCIS) to reduce the chance of LRR. The
study shows that a 2 mm margin reduces the chance of
LRR in women with DCIS having lumpectomy and radia-
tion therapy due to variations in growth patterns and sys-
temic therapy application [12].

The significance of meticulous assessment of the
width of the resection margin is underscored by its in-
fluence on the ensuing treatment strategy. In certain in-
stances, if a limited resection margin is identified, further
surgery may be necessary to enlarge the resection or to
employ adjuvant therapy, such as radiation, to reduce the
likelihood of recurrence. Such judgments are predicated
on a complex review of the clinical presentation, disease
stage, histological tumor type, and additional criteria,
underlining the multifaceted approach to breast cancer
treatment.

The significance of establishing the resection margin
in the surgical management of breast cancer is underes-
timated. Clinicians must be exceptionally vigilant and ex-
act during surgery, considering that the resection margin
width correlates with other treatment factors and influ-
ences overall patient outcomes.

Clinical importance of the resection margin width. The re-
section margin width is crucial in several parameters that
influence the efficacy of surgical treatment for breast can-
cer. The optimal width of resection margins correlates di-
rectly with a diminished risk of LR, hence enhancing overall
patient survival. The significance of obtaining an appropri-
ate width of the resection margin is particularly apparent
in organ-preserving surgeries, such as lumpectomy and
quadrantectomy, which seek to optimize the preservation
of the mammary gland while ensuring effective oncolog-
ical control.

The sufficiency of the resection margin width is as-
sessed by the complete excision of all visible tumor cells,
accompanied by an adequate margin of healthy tissue,
hence preventing the retention of residual tumor cells
within the patient’s body. This method reduces the prob-
ability of disease recurrence at the main tumor location
and enhances the chances of sustained remission. Oncol-
ogists and surgeons agree that an appropriate resection
margin is essential for a favorable treatment outcome, par-
ticularly in organ-preserving operations. The excessive ex-
cision of healthy tissue to attain “wide” resection margins
can adversely impact patients’ quality of life, resulting in
alterations to breast morphology, functionality, and over-
all body image perception.
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The study conducted by D. Livingston-Rosanoff et al.
(2021) demonstrates that in cases of DCIS with narrow re-
section margins (less than 2 mm), the recurrence likelihood
was 19%. However, following routine resection to margins
above 2 mm, this probability diminished to 11%. The data
underscore the clinical importance of adequate resection
margin width in DCIS surgery [13].

As per M. Mrdutt et al. (2021), among patients who re-
ceived breast-conserving surgery following neoadjuvant
chemotherapy, the 4-year chance of LR was 2%. Further-
more, no statistically significant difference in recurrence
likelihood was observed between groups with resection
margins exceeding 2 mm and those with margins less than
2 mm. This outcome suggests the possibility of customiz-
ing the method to establish margin widths based on cer-
tain clinical circumstances [14].

J. Bundred et al. demonstrated in a 2022 systematic re-
view that patients with positive resection margins had a
33.1% chance of distant recurrence, whereas those with
negative margins exhibited a markedly reduced risk of
7.3%. These findings validate the significance of attaining
negative resection margins to mitigate the incidence of
both local and distant recurrences [15].

Research conducted by B. Koca et al. (2022) demon-
strated that intraoperative assessment of surgical mar-
gins decreased the necessity for revision procedures from
18.5% to 0%. This outcome underlines the significance of
intraoperative margin assessment in enhancing surgical
results and preventing the necessity for further surgical
procedures [16].

These trials together underscore the clinical impor-
tance of establishing the ideal resection margin width in
breast cancer management. They show the necessity for
a personalized approach in establishing margin widths,
grounded in a thorough analysis of clinical data and prog-
nostic factors, considering tumor type, response to preop-
erative treatment, and other significant clinical character-
istics. Consequently, a crucial element in surgical practice
is the balance between obtaining a sufficient resection
margin width and conserving maximal healthy tissue [17].
It necessitates that surgeons possess advanced ability and
experience, along with meticulous planning of the surgi-
cal procedure, considering the unique characteristics of
the tumor and the breast anatomy of each patient. The
significance of this balance is underscored in contempo-
rary treatment protocols, which advocate for a personal-
ized strategy for each instance of breast cancer. Enhanc-
ing the width of the resection margin not only augments
oncological results but also preserves patients’ quality of
life, rendering it a crucial component of a comprehensive
breast cancer therapy strategy.

Clinical guidelines regarding the resection margin width.
Numerous professional groups engaged in breast can-
cer treatment have issued guidelines regarding the ide-
al width of the resection margin. The American Society
of Clinical Oncology (ASCO), the National Comprehensive

Cancer Network (NCCN), and the European Society for
Medical Oncology (ESMO) are the preeminent organiza-
tions that have established these guidelines.

The ASCO regulations stipulate that the resection mar-
gin must be negative, indicating the absence of invasive
tumor or non-invasive malignancy in situ. ASCO does not
establish a specific minimum distance for the resection
margin. The NCCN recommendations stipulate that the re-
section margin must be a minimum of 2 mm for invasive
cancer and at least 5 mm for non-invasive in situ cancer.
ESMO advises a resection margin of no less than 1 mm for
invasive cancer and a minimum of 2 mm for non-invasive
cancer in situ. In the study conducted in 2021, A. Tremelling
et al. studied the effects of the 2016 consensus guidelines
that established a 2 mm free margin as the standard for
negative margins in patients undergoing lumpectomy
for DCIS. The objective of the advice was to standardize
the procedures for recurrent operations. A retrospective
analysis of patient records was conducted to assess mar-
gin status and revision rates two years before and after the
guideline’s publication to assess its effect on revision rates
within the hospital. Notwithstanding a minor reduction in
the overall revision rate, the percentage of patients with
narrow margins who received revision surgery rose follow-
ing the issuance of the guideline. This study indicates that
the issuance of the guidelines had minimal influence on
the practices of their establishment since many surgeons’
practices were already aligned with the guidelines’ recom-
mendations before 2016 [18].

Nonetheless, there are problems with the interpreta-
tion of the guidelines. The analysis of clinical guidelines
from multiple organizations about breast cancer treat-
ment disclosed methodological quality and relevance var-
iations. The ASCO and CCO PEBC recommendations re-
ceived superior ratings relative to the NCCN and St. Gallen
guidelines. All guidelines had limited applicability, and
recommendations regarding critical issues, such as using
SLNB following neoadjuvant chemotherapy, were incon-
sistent [19]. Despite the 2 mm threshold being a universal
recommendation across all guidelines, notable discrepan-
cies were observed in the adjuvant chemotherapy and ra-
diotherapy criteria.

Impact of resection margin width on recurrence and sur-
vival rates. Multiple studies have shown that a broader re-
section margin correlates with a reduced risk of breast
cancer. This finding is only recorded in the initial phases.
A study conducted by C. Shah in 2020 reported a medi-
an follow-up duration of 7.25 years, revealing that abso-
lute LR scores diminished with time across all groups with
the resection margin width from 1 mm to 5 mm, with the
greatest disparity across the negative margin groups be-
ing under 1% in the last follow-up period. The compara-
tive parameters of LR across various margin groups have
exhibited consistency over time [20].

N.J. Bundred et al. assessed the correlation between
resection margin width following conservative breast sur-
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gery and the incidence of recurrences and survival rates
in invasive breast cancer in the 2022 meta-analysis. The
study, encompassing 68 investigations involving 112,140
patients, revealed that a tumor at the margin correlated
with an increased probability of distant recurrence (25.4%)
in contrast to negative margins (7.4%). Margins adjacent to
the tumor correlated with a greater incidence of distant
(8.4%) and local recurrences [21].

The study conducted by D. Livingston-Rosanoff et al.
(2021) assessed the ideal width of resection margins in pa-
tients with DCIS having lumpectomy. The research exam-
ined data from 559 patients who underwent the proce-
dure between 1997 and 2006, with follow-up extending
to 2016. In this study, narrow resection margins (< 2 mm)
correlated with an increased incidence of LRR, irrespective
of radiation therapy. The total incidence of LRR was 12%,
with relapses occurring more frequently in those who did
not undergo radiotherapy (19% compared to 11% among
those who did). The findings confirm that multiple resec-
tions before achieving margins exceeding 2 mm may di-
minish the recurrence risk in patients with DCIS [22]. The
results underscore the significance of adequate resection
margin width to reduce recurrence risk and enhance sur-
vival in breast cancer patients.

Intraoperative ultrasound evaluation of margins can
effectively reduce positive superficial margins in the nip-
ple and skin-preserving mastectomy for breast cancer pa-
tients, enhancing surgical precision and minimizing dis-
ease recurrence risk [23].

In the study by S.J. Schnitt et al. (2020), a resection
margin less than 2 mm wide correlated with inferior dis-
ease-free survival but did not affect overall survival. This
could be because LRs are often successfully re-treated
without significantly impacting overall survival rates [24].

The precise correlation between margin width and re-
currence risk is still under discussion. Certain studies indi-
cate a linear correlation; however, others propose that fur-
ther increases in margin do not contribute to a decreased
risk of recurrence once a specific threshold width is at-
tained. Intraoperative approaches for assessing resection
margins can substantially diminish the chance of recur-
rence.

Discussion: The effect of resection margin width on
overall and recurrence-free survival in breast cancer pa-
tients is a contentious topic. Certain studies indicate a pos-
itive correlation between broader resection margins and
enhanced survival; others have identified no relationship.

The excision of a cavity or specimen during lumpec-
tomy for breast cancer is a crucial component of surgical
intervention designed to provide clear resection margins
and reduce the likelihood of disease recurrence [25]. The
impact of resection margin width on survival may differ
based on the biological characteristics of the tumor, ad-
juvant therapy protocols, and other prognostic variables.

The study conducted by L.M. DeStefano et al. (2021) as-
sessed patients with invasive stage I-1ll breast cancer who

had undergone partial mastectomy and re-surgery be-
tween July 2010 and June 2015 to discover clinical mark-
ers that indicated the presence of residual disease in the
lumpectomy bed. Among the 184 patients, 47% exhibit-
ed persistent illness following re-surgery. The tumor and
node stage, surgical type, disease type at the margins, and
quantity of positive margins were substantially correlated
with residual disease. Multivariate logistic regression study
indicated that only DCIS at the margin, the surgical type
(partial mastectomy with cavity margins), and the number
of positive margins (3 or more) predict residual disease ne-
cessitating reoperation. These data can assist surgeons in
determining the necessity of a subsequent procedure [26].

Organ-preserving procedures and the resection margin.
In organ-preserving procedures like lumpectomy or quad-
rantectomy, obtaining a sufficient resection margin is es-
sential to reduce the risk of LR and preserve cosmetic ap-
pearance. These operations prioritize breast preservation,
making it essential to get a negative resection margin of
enough width for effective cancer control.

Another study by J. Lin et al. (2020) examined the ap-
plication of conservative surgery following neoadjuvant
chemotherapy within a single medical organization, em-
phasizing the correlation between the microscopic con-
dition of resection margins and the likelihood of LRR.
Analysis of data from 161 patients who underwent par-
tial mastectomy indicated that 28 patients had resection
margins of less than 1 mm, 21 patients had margins of 1
to 2 mm, and 112 patients had margins above 2 mm. LRRs
occurred in 16 patients (9.9%) and distant metastases - in
27 (16.8%). The Kaplan-Meier statistical analysis revealed
no significant disparity in recurrence rates between the
groups with margins exceeding or less than 2 mm. Fur-
thermore, categorizing patients into groups with mar-
gins above and less than 1 mm found no significant dif-
ference in recurrence-free survival. The findings highlight
that the lack of tumor presence at the resection margins
may suffice to avert recurrence in patients with stages I-ll
of invasive breast cancer undergoing neoadjuvant chemo-
therapy and conservative surgery, provided there are no
multiple microscopic tumor foci [27].

K. Wimmer et al. (2020) analyzed the data from 406
patients with invasive breast cancer who received neo-
adjuvant chemotherapy and conservative breast therapy
in Austrian medical centers between 1994 and 2014. Lo-
cal Recurrence-Free Survival (LRFS), disease-free surviv-
al (DFS), and overall survival (OS) were compared among
groups with resection margins of < 1 mm, > 1 mm, and
those with pathological complete response (pCR). At a me-
dian follow-up duration of 84.3 months, no significant dif-
ferences were observed in LRFS, DFS, and OS among nar-
row, wide, and undefined margins following pCR [28].

In the research, H. Kim et al. (2024) examined the ef-
ficiency of personalized radiation doses for resection
margins under 2 mm and the optimal margin width for
high-risk DCIS. A retrospective review of 137 patients
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who underwent neoadjuvant radiotherapy following
breast-conserving surgery for DCIS from 2013 to 2019 re-
vealed that the median radiation doses for the groups
with positive, approximate (< 2 mm), and negative (= 2
mm) margins were 66.25 Gy, 61.81 Gy, and 59.75 Gy, re-
spectively. The LR rates for these groups were 15.0%, 6.7%,
and 4.6%. The positive margin group exhibited marked-
ly inferior 5-year LRFS compared to the approximate and
negative margin groups (84.82%, 93.27%, and 93.20%, re-
spectively; p=0.008). It was also shown that the disparity in
5-year LRFS between patients with well-differentiated tu-
mors and those with poorly differentiated tumors dimin-
ished when margin width increased. Modifying the radi-
ation dose according to margin width shows that positive
margins diminish local control efficacy relative to negative
margins, although the differences among approximate
margins lack statistical significance. The ideal resolution
for high-risk DCIS was to obtain distinctly negative mar-
gins (= 2 mm) [29].

The probability of LRR is contingent upon lymph node
involvement and tumor aggressiveness. Axillary metasta-
ses and resection margins are significant indicators of LLR
in breast cancer patients. The study conducted by O.O.
Ayandipo et al. (2022) investigates the predictive signif-
icance of positive lymph nodes, lymph node index, and
resection margins on the survival of women undergo-
ing breast cancer treatment at the Department of Onco-
surgery, University College Hospital, Ibadan, from Decem-
ber 2009 to December 2014. An examination of the Ibadan
Population Cancer Registry for 2012 found that the inci-
dence of breast cancer was 52.0 cases per 100,000 individ-
uals. The patient cohort exhibited a predominance of ad-
vanced cancer, a high malignancy grade of tumors, and
a negative response to hormone receptors, indicating a
prevalence of an aggressive disease phenotype. Ultimate-
ly, it was determined that the existence of positive resec-
tion margins in patients treated at a tertiary care facility in
Ibadan, Nigeria, correlated with an increased risk of LLR in
breast cancer. 72.4% of research participants had negative
resection margins following modified radical mastectomy,
underlining the need to obtain negative margins during
surgery to reduce the risk of LLR [30].

Lumpectomy is an established therapeutic approach
for the initial phases of invasive breast cancer. The status
of the surgical margin substantially influences the prob-
ability of LR. Achieving a negative lumpectomy margin
is difficult because of the many risks and predictors of a
positive margin that the radiologist must be familiar with.
The contributions of the pathologist and surgeon in min-
imizing the incidence of failure during breast preserva-
tion procedures are crucial. Despite the widespread use
of imaging, the limitations of standard intraoperative ra-
diographs must be considered. A negative resection mar-
gin during lumpectomy diminishes the probability of LR,
enhances cosmetic outcomes, and increases long-term
survival rates [31].

Assessment of the efficacy of organ-preserving proce-
dures based on the resection margin width. Multiple stud-
ies indicate that adherence to the recommended width of
the resection margin allows organ-preserving surgery to
achieve survival rates comparable to those of radical mas-
tectomy while also maintaining the mammary gland and
enhancing esthetic results [32].

A comprehensive analysis of the national database con-
ducted by W.J. Hotsinpiller et al. (2021) shows that merely
5% of individuals receiving breast-conserving surgery are
in danger of having a positive operative margin. Patients
with invasive lobular histology exhibit nearly double the
likelihood of positive resection compared to those diag-
nosed with invasive ductal carcinoma. Elevated HER2 lev-
els augment the likelihood of a positive surgical margin,
although the degree and status of estrogen and proges-
terone are not substantially associated with this parame-
ter. These findings offer essential insights for counseling
patients regarding the dangers and the necessity for revi-
sion surgery in individuals opting for conservative breast
treatment in contemporary clinical practice [33].

International guidelines for invasive breast cancer or
DCIS recommend adherence to appropriate resection mar-
gins. An examination of 13 guidelines and 31 research con-
ducted from 2011 to 2016 uncovered variations in defining
positive resection margins in clinical practice, from the local-
ized presence of cancer cells to a 3-5 mm distance from the
resection margin. Research involving 59,979 patients estab-
lished that the overall frequency of positive resection mar-
gins for invasive breast cancer varied between 9% and 36%,
while for DCIS, it ranged from 4% to 23%. For invasive breast
cancer, the prevailing standards posit that the absence of
a tumor at the margins of excised tissue is adequate. How-
ever, the guidelines for DCIS are less rigorous. Due to the
variation in tumor boundary definitions among countries,
quality control data represented as rates of positive resec-
tion margins or recurrences must be interpreted with cau-
tion. Moreover, the general definition of a positive resection
margin has become more permissive in both invasive car-
cinoma and DCIS, underlining the necessity for additional
research and refinement of the criteria for assessment [34].

Conventional breast-conserving surgery (CBCS) com-
bined with postoperative radiation therapy continues to
be the primary approach for locoregional treatment in
early-stage breast cancer, yielding survival rates compa-
rable to those of mastectomy. The efficacy of CBCS relies
on the thorough excision of the tumor, ensuring sufficient
surgical margins, preserving the breast’s natural contour,
and enhancing patient satisfaction. Nevertheless, in cer-
tain instances, CBCS fails to yield satisfying cosmetic out-
comes, prompting the advancement of novel breast sur-
gical methods, such as oncoplastic breast surgery (OBS).

Achievement of an acceptable resection margin may
be more difficult in organ-preserving surgeries than in
mastectomy, highlighting the necessity for meticulous
planning and execution by skilled surgeons.
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Contemporary methodologies for assessment of the re-
section margin. In recent years, innovative techniques
have been developed to improve the accuracy of resec-
tion edge detection during surgery. One of these methods
is biophotonic technology. Biophotonic technologies, in-
cluding photoacoustic imaging and Raman spectroscopy,
are emerging as viable intraoperative instruments for eval-
uating surgical margins in lumpectomy at microscopic and
macroscopic levels [36].

Preoperative modalities such as MRI and CT are also ef-
fective. Selective use of preoperative MRl improves margin
status after lumpectomy in patients with invasive breast
cancer. Microcalcifications, architectural deformities, elevat-
ed mammographic density (>75%), lobular histology, and
substantial tumor size were correlated with positive resec-
tion margins (>4 mm), indicating the necessity for preopera-
tive MRI. Assessment of these characteristics before surgery
might enhance planning and diminish the likelihood of pos-
itive margins following lumpectomy. It was determined in
a multivariate regression analysis involving 2,483 patients
with invasive breast cancer that preoperative MRI correlat-
ed with a decreased likelihood of positive resection margins
following lumpectomy. Factors independently correlated
with favorable resection margins included lobular histo-
logical type, substantial tumor size, elevated breast densi-
ty on mammography, microcalcification, and architectural
deformities. Consequently, preoperative MRI may effective-
ly mitigate the likelihood of positive resection margins in
lumpectomy, whereas specific mammography and tumor
attributes can be utilized to evaluate the risk [37].

Contemporary methods, including scanning microsco-
py with deep ultraviolet fluorescence contrast, enable rap-
id and precise viewing of tissue surfaces, differentiating
between malignant and normal/benign regions. The im-
plementation of automated deep learning methods utiliz-
ing features derived from convolutional neural networks
markedly enhances the efficiency of intraoperative eval-
uation of breast cancer margins, achieving high accuracy
(95%) and sensitivity (100%) on samples acquired through
scanning microscopy with deep ultraviolet fluorescence
contrast [38].

Quantitative micro-elastography (QME) is an imaging
technology that reveals tissue stiffness at the microscopic
level and has shown a high diagnostic accuracy of 96% in
identifying cancer in excised surgical tissues [39].

Micro-CT demonstrated a comparable incidence of pos-
itive margins to conventional specimen palpation and radi-
ography; however, challenges differentiating radiodense fi-
broglandular tissue from malignancy resulted in an elevated
rate of false-positive margin assessments [40, 41]. High-fre-
quency ultrasonic waves (22-41 MHz) were used for the
analysis with the help of both the pulse-echo approach and
the “catch” and “through-pass” methods, which have also
exhibited high efficacy in identifying malignant cells [42].

A promising approach involves the use of fluorescence
methods. This approach facilitates intraoperative assess-

ment of resection margins, yielding more precise informa-
tion regarding the presence of tumor cells at the peripheries
of the excised tissue. This study assessed the feasibility and
accuracy of near-infrared fluorescence imaging technology
for margin evaluation in conservative breast cancer surgery.
A study was conducted with the participation of 43 patients
who underwent surgical procedures. The near-infrared flu-
orescence image exhibits high sensitivity and specificity for
the assessment of margins in conservative breast cancer
surgery, affirming its potential as an intraoperative diagnos-
tic and therapeutic tool, ensuring precise determination of
surgical margins, and serving as a crucial guide for the con-
servative treatment of breast cancer [43].

Gamma-glutamyl hydroxymethyl rhodamine green
(9Glu-HMRGQ) is recognized as a compound that can elic-
it fluorescence in breast cancers. A dependable and re-
producible methodology has been established using this
chemical to quantify fluorescence levels for enhanced tu-
mor identification [44].

Future research prospects. Notwithstanding extensive
studies on the resection margin in breast cancer, many
gaps remain and require addressing in future studies. A
notable gap exists in comprehending the significance of
the resection margin concerning various molecular sub-
types of breast cancer.

Moreover, additional research is required to explore
the relationship between resection margin width and oth-
er prognostic and therapeutic variables, including tumor
biological features, adjuvant therapy protocols, and radio-
therapy utilization (Table 1).

Continuing research to ascertain the ideal resection
margin width for several clinical settings, including or-
gan-preserving procedures, revision surgeries following a
positive margin, and various disease stages, is also crucial.

Recommendations for subsequent investigations of the
resection margin. Future research ought to concentrate on
creating more precise and reproducible methods for as-
sessing the resection margin, including intraoperative im-
aging and confocal microscopy, which have been previ-
ously detailed. Implementing these novel strategies can
enhance the precision of resection margin evaluation and
increase the accuracy of the surgical procedure.

Moreover, additional research integrating resection
margin width data with the tumor’s molecular and genetic
attributes is essential. Such investigations can facilitate the
development of more individualized strategies for ascer-
taining the ideal resection margin width for particular in-
dividuals, contingent upon the biological features of their
tumors.

A significant direction for future investigation is ex-
amining the impact of resection margin width in con-
junction with other variables, including adjuvant therapy
protocols and the application of radiation therapy. These
integrated methodologies can assist in the determina-
tion of the most effective treatment solutions for various
clinical situations.
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Table 1 - Summary of resection margin data in breast cancer treatment

Division

Principal conclusions

The notion of the resection margin local recurrences.

- The resection margin indicates the thoroughness of tumor excision and the likelihood of

- A positive or narrow margin elevates the chance of recurrence.

Clinical significance of margin width rates.

- Adequate margin width diminishes the likelihood of recurrence and enhances survival

tissue.

- A compromise must be achieved between margin width and the preservation of breast

Clinical protocols

- Various standards exist for the minimum margin width, ranging from 1mm to 5mm.

- The recommendations exhibit methodological discrepancies and contradictions.

Impact of margin width on recurrence and
survival rates

- A broader margin correlates with a diminished likelihood of local recurrence.

- The effect on overall and recurrence-free survival is more disputable.

Organ-preserving surgical procedures

- Attaining a sufficient margin is essential for disease management

- Contemporary imaging methodologies enhance the precision of margin estimation

Furthermore, extensive prospective studies with pro-
longed follow-up durations are necessary to evaluate the
impact of resection margin width on the long-term surviv-
al of breast cancer patients more precisely. Studies should
be meticulously developed to control for potential con-
founding variables and employ consistent data measure-
ment and analysis methodologies.

Studies shall continue to optimize organ-preserving
surgeries to achieve an optimum resection margin width.
Such studies can include developing novel surgical tech-
niques, implementing innovative imaging methods, and
improving surgical planning using computer simulation.

Future studies should aim to elucidate the significance
of the resection margin concerning diverse biological, clin-
ical, and therapeutic aspects while also formulating indi-
vidualized strategies to ascertain the ideal resection mar-
gin width for each breast cancer patient.

Conclusion: The resection margin significance in
breast cancer treatment remains a topic of ongoing de-
bate and investigation. Notwithstanding the substantial
amount of data accumulated, there is controversy and dis-
agreement regarding the resection margin optimal width,
its impact on recurrence and survival, and the role of oth-
er factors such as tumor biologic characteristics and adju-
vant therapy regimens.

Nevertheless, most research affirms that achieving an
adequate resection margin width is essential to minimize
the risk of LLR, particularly in organ-preserving surgery.
The precise threshold level associated with an acceptably
low recurrence risk is still a subject of discussion.

Modern innovative methods, like intraoperative imag-
ing and confocal microscopy, provide enhanced opportu-
nities for precise resection margin assessment during sur-
gery. Furthermore, advances in molecular breast cancer
biology and genetics contribute to a better understand-
ing of the role of resection margin and its connection with
tumor biological characteristics.

Further advances in this area require extensive pro-
spective research with a long follow-up period, standard-
ized data measurement and analysis methods, and a thor-
ough control of potential bias factors. This research shall
examine the relationship of the resection margin width

with other prognostic and therapeutic parameters, includ-
ing tumor biology, adjuvant therapy protocols, and radia-
tion therapy utilization.

It is also important to continue developing tailored ap-
proaches to determining the resection margin width ideal
for each patient based on molecular and genetic features
of their tumors. This could enhance the efficacy of surgi-
cal interventions and improve outcomes for patients with
breast cancer.

In general, despite the existing challenges and contro-
versies, continued study on resection margins is essential
to improve surgical approaches and achieve better breast
cancer treatment results.
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Oszexminizi: Cym Oe3i kamepai iciein emoeyoeci OHmMailibl Xupypeusavlk, mociioep Kaumaiany Kaynin asammyaa dHcone omip cypyoi sHcak-
capmyaa bazbimmanzan Kazipel OHKoIo2us yuin eme mansi30vl. Ocbl o90ebuemmepee wiony cym 6e3i 06bIpbiH XUPYPIUSIBIK eMOey0e pe3eKys
JHCUeIHIH ManbI30bLIbI2bIH MAn0atiobl. On pe3eKkyus atmMazblHbly KAUHUKAIbIK MAbI30bLIbI2bL, OHbIY KAUMALAHy Kayni MeH omip cypy Oeneeliine
acepi JCoHe a23ambl CaKmay onepayusiapbiHoazsl pesi mypaivl 6iniMOi JHCyueneumin 2bliblMU HCAPUATAHBIMOAPObI KeH Maidayobl KAMMUObL.

3epmmeyoin makcamol — cym 6e3i Kamepii iciein Xupypeusivlk emoeyoe pe3ekyus Heueiniy Monin bazanay.

Aoicmepi: 3epmmey o0icmemeci PubMed, Web of Science, Scopus scone Cochrane Library cusikmol 31eKkmpoHObIK Oepekmep 6a3a1apulHod,
conoaii-ax, Kasaxcman Pecnyonuxaceinvly ¥aimmolk eblasimu penosumopuiiiepi men depekmep bazanapvinoa xcyiieni izoeyoi kammolovl. byn

o, a0

MOCLI WOYOa MAHbL30bL OMAHOBIK 3epmmeyiepoi Kammyaa MyMKIiHOIK 6epoi. 130ey "cym besi kamepii iciei", "pezexyus wemi”, "az3anvl cakmay

1o,

"o

1o

onepayuscel”, "bpecm kamepai iciei”, "kainvina keamipy mapowcacwl”, "mapowcanviy eni”, "bpecm xamepai icicin Kaanvina keamipy", "bpecm-kon-
cepsayus xupypauscwsl” scone "macmexmomus"cusaKmol myuinoi co3o0ep meH co3 mipkecmepin Ko10any apKblibl JHcy3e2e ACbipbliobl.
Homuoicenepi: pesexyus scuecin anvikmay cym 0e3i kamepai iciein commi Xupyp2usiavlk emoeyoe wewywi pei amgapaosl. 3epmmeynep

KepcemkeHoetl, ICIKmiy MOAEKYIANbIK Kili mypi cym 6e3iH cakmaimolH mepanusioan 6min JcamkaHn HayKacmapoa XupypeusiiblK HCUeKkmepoiy
Kytin anelkmamaiiovl. Haykacmuly KAUHUKATbIK YCOIHBICMAPbL MEH epeKienikmepin eckepe omulpbln anblKmaniean pesekyus scueiniy bapabap
eHi 6apavlK ICIK AHCACYUANAPLIH ANbIN MACMAY LIKMUMATIObIZLIH APMMbIPAObL, OV KAUMAIANY KAYNIH a3atimaobl Jcone y3aK Mep3imoi pemuccus
MYMKIHOI2IH apmmulpaobi.

Kopoimoinowvi: Cym 6esi kamepii iciein emoeyoezi pe3ekysi HCUe2iHiy Manybl3vl 6eiceHOi 3epmmeyiep MeH NIKIpMaiacmapobiy maxsipsiovl
oonvin Kana bepeoi. [epekmep kon 6oneanviMen, pe3eKyus JHcueiniy Oymailisl enine JHeone OHblY peyuousmep MeH omMip cypyee acepine Kamoic-
mbl KauuslislKmap oui 0e 6ap. 3epmmeynepoiy Konuiiniei Jcepilikmi Kaumaiany Kaynin a3aumy yuin pe3ekyus HCUeiHiy Hemriiikmi eHiHiy
MAanbI30bLIbIZbIH PACMAliobl, ocipece Opean cakmatmoli onepayusiapoa. Mumpaonepayuanvix betineney cuskmol 3aMaHayu UHHOBAYUATBIK 90ic-
mep Jicone cym 6esi Kamepiii iCI2iHIH MOLeKYIANbIK OUONO2USACHL MEH 2EHEMUKACLIHOA2bl HCeMICMIKMep pe3eKyusl HCUe2in AHbLKMAyobl HCaAKCap-
myea komexkmeceol.

Tyiiinoi ce30ep: oHkono2USA, XUPYP2USL, A23AHbL CAKMAUMbIH XUPYP2USL, PEYUOUE, MACIIKIMOMUSL.
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Axkmyansnocms: Onmumanvuvle Xupypauueckue noOXoobl 8 Jevenuu paka monounoll dcenesvl (PMJK) umerom easicnoe snauenue
Ol COBPEMEHHOU OHKONO2UU, CMPEMACL VMEHbUUND PUCK PeYyuousos u Yayuuiums evlcusaemocms. Hacmoswuu 0630p aumepamy-
Pbl AHATUZUPYEN 3HAYUMOCIb Kpas pe3ekyuu 6 xupypeuueckom nedenuu PMIK. On exaouaem oOwupnvlil ananius Hayuuvlx nyOauxayuil,
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cucmemMamu3supysa 3HAHUA 0 KIUHUYECKOT 3HAYUMOCIU KPAsl pe3eKyull, e20 6IUAHUL HA PUCK PeYUOUBOE U BbIJICUEAEMOCTb, 4 MAKICE PONb 6
0P2aHOCOXPAHAIOUUX ONEPAYUX.

Ienv uccnedosanusa — oyenums 3Havenue Kpas pe3ekyuu npu Xupypauieckom neveHuu paKa MoI04YHOL Jcenesbl.

Memoowr: Memoouxa ucciedosanus 6KI0OUAIA CUCIEMAmu4ecKull nouck 6 6azax oannvix PubMed, Web of Science, Scopus u Cochrane
Library no xkniouegvim c1o68am «pax MOJIOYHOU Jicenie3bly, «Kpall pe3eKyuuy, «oOpeanocoxpansiowas onepayusy, «breast cancery, «resection
marginy, «margin widthy, «breast cancer recurrencey, «breast-conserving surgery» u «mastectomyy.

Pesynvmamui: Onpeoenenue Kkpas pezekyuu uecpaem KIIOHUegyl0 poib 6 YCnewtnom xupypauueckom naevenuu PMIK. Hccaedosanus
NOKA3bI8AION, YIMO MONEKYIAPHBIL NOOMUN ONYXONU He onpedensen Cmanyc Xupypeuieckux Kpaes y nayuenmos, npoxoosuyux mepanuio ¢
coxpanenuem MOoJIoYHOI dcenesbl. AOeKeamuas WUpuHa Kpas pe3ekyull, OnpeoeienHas ¢ y4emom KIUHUYeCKUx pekomenoayutl u ocobennocmel
nayuenma, nogviuidem GepoAMHOCHb YOANeHUs 6ceX ONYXOlesbiX KemoK, Ymo CHUdCdaem pUcK peyuodusda u yeeauuusaem WiaHcel HA
00120CPOUHYI0 PEMUCCUIO

3axniouenue: 3nauenue kpas pesexyuu ucpaem Kiouegylo ponv 6 xupypeuueckom newenuu PMIK u cywecmeenno enusem ua uc-
X00 nevenus. Ilpu Xupypeuueckom emeuamenbcmse 6adlcHO 000UMbCSA OMPUYAMENbHbIX KPAaes pe3eKyul, 4mo Oo3Hadaem Omcymcmeue
ONYX0NesbIX KNeMOK Ha epanuye YOanrennou mxany. Jmo s6asemcs 6adCHbIM akmopom 0N CHUMCEHUS PUCKA peyuousa 3a060n1eeanus u
VIYHUEHUS 6bICUBACMOCTIU NAYUEHMOS. Pe3ynbmamul npoeedeHHbLX UCCIe008aHUT OeMOHCIMPUPYIONT, YMO NOJOJICUMENbHbLE KPAs pe3eKyuu
accoyuupyiomcs, ¢ NOSbIUEHHBIM DPUCKOM MeCHH020 peyuousd, umo mpebyenm OONOIHUMENbHbIX Mepanesmuyeckux eMeuamensems,
MaKkux Kax nogmopuas onepayus unu ayvegas mepanus. Takum oOpazom, Kpau pe3eKyuu AGIAemcs QaKxmopom, onpeoeisiiomum ycnex
xupypeuueckoeo neuenus PMIOK. Jlocmudicenue ompuyamenvhuix Kpaes pezekyuu 00AH#CHO OblMb OCHOBHOU Yelblo XUpypeos, 4mo mpebyem
NPUMEHEHUs. CO8PEMEHHBIX MEeXHON02UTl U MYTbMUOUCYUNIUHAPHO20 NO0X00d. YIyuueHue mMemoo0o6 OYeHKU U KOHMPONb Kpaee peseKkyuu
6y0ym cnoco6cmeosams NOSbIUEHUIO dPPeKMUSHOCIY JedeH s U YIYUIUeHUI0 NPO2HO3A O NAYUEHNO8.

Kniwoueswie cnoea: onxonoaus, xupypeus, opeanocoxpanaiowas onepayus, peyuous, MacmaKmomusl.
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INVESTIGATION OF ESOPHAGEAL CANCER SUBTYPES,
EPIDEMIOLOGICAL TRENDS,
AND ASSOCIATED RISK FAC-TORS:
A LITERATURE REVIEW
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ABSTRACT

Relevance: Esophageal cancers represent a significant public health and health problem in many parts of the world. Esophageal
cancer development is a multifactorial process associated with various risk factors. Many studies have been identified that have
examined various etiologic factors, including genetics, diet, infections, oral health, and underlying diseases.

This brief review aims to provide a comprehensive survey of cancer epidemiology and a thorough assessment of established and
suspected risk factors associated with esophageal cancer by distinct histologic subtypes.

The purpose was to study the relationship between risk factors and genetic susceptibility in the development of esophageal cancer,

with particular emphasis on two distinct histopathological subtypes.

Methods: The literature review included a search for scientific publications in the following databases: PubMed, Medline, and
Cochrane Lab, using the scientific search engine Google Scholar. The search depth was 10 years.

The literature review included epidemiology studies and assessing the strength of the relationship between risk factors for esophageal
cancer. The review included all studies only among adults, publications in English, as well as publications with clearly formulated

conclusions;

The exclusion criteria were case series, case reports, editorials, and conference abstracts. Out of 462 sources found, 45 were

included in the analysis.

Results: Studies show that several factors increase susceptibility to esophageal cancer, including tobacco use, excessive alcohol

consumption, opioid abuse, hot food and beverage consumption, gastroesophageal reflux disease, obesity, gastric atrophy, poor oral
hygiene, changes in esophageal microbiota, suboptimal diets, viral and bacterial infections, and others. In addition, mutational profiles
of esophageal cancer cells have revealed frequent mutations in specific genes, including TP53, NFE2L2, MLL2, ZNF750, and NOTCH.
Conclusion: The pathogenesis of squamous cell carcinoma cancer exhibits multifactorial properties, with multiple recognized risk
factors contributing to its occurrence. In contrast, the etiology of adenocarcinoma esophageal cancer remains relatively unknown,
requiring ongoing research efforts to elucidate its fundamental causal mechanisms.
Keywords: squamous cell carcinoma, esophageal adenocarcinoma, epidemiology, risk factors, genetics of esophageal cancer.

Introduction: In 2020, Esophageal cancer ranked 7th in
the structure of oncological morbidity (604,000 new cases)
and 6th in mortality (544,000 deaths) [1]. Comparing GLO-
BOCAN 2020 and GLOBOCAN 2022 data, we found an in-
crease in esophageal cancer incidence and mortality (data
for 2022 are presented below).

This disease has two main histological types: squamous
cell carcinoma and adenocarcinoma. In Western countries,
adenocarcinoma predominates [2], while squamous cell
carcinoma predominates in Asia, Eastern Europe, and Afri-
ca, accounting for 90% of esophageal carcinoma cases [3].

Esophageal cancer is a significant public health and
public health problem in many parts of the world. Esopha-
geal cancer development is a multifactorial process associ-
ated with various risk factors. Numerous studies have been
identified that have examined various etiologic factors, in-
cluding genetics, diet, infections, oral health, and underly-
ing medical conditions.

This article briefly reviews the epidemiology of esoph-
ageal cancer and provides an overview of confirmed and

potential risk factors for esophageal cancer by distinct his-
topathological subtypes.

The purpose was to study the relationship risk factors
and genetic susceptibility in the development of esopha-
geal cancer, with particular emphasis on two distinct histo-
pathological subtypes.

Materials and Methods: A search for scientific pub-
lications was conducted in the following databases: Pu-
bMed, Medline, and Cochrane Lab, using the scientific
search engine Google Scholar. The review included stud-
ies devoted to the epidemiology and study of the rela-
tionship between risk factors for esophageal cancer. The
analysis included publications in English with clearly for-
mulated conclusions, except for case reports and case
series, editorials, and conference abstracts. The search
depth was 10 years. Out of 462 sources found, 45 scientif-
ic publications were included in the analysis.

Results: According to Globocan statistics for 2022,
esophageal cancer ranks 11th in the world in terms of
prevalence, with an estimated 511,054 cases per year,
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and also ranks seventh in the world in terms of mortali-
ty, with a total of 445,391 deaths registered per year [4].
In 2022, at the country level, the highest age-standard-
ized incidence rates of esophageal cancer were report-
ed in Bangladesh (16.0 per 100,000 people per year) and
Uganda (13.2 per 100,000 people per year). The lowest
age-standardized rate in the world was in the Repub-
lic of Congo (0.43 per 100,000 people per year). By con-
tinent, the highest age-standardized incidence rates
of esophageal cancer worldwide were reported in Asia
(164.4), Africa (132.3), North America (364.7), and Europe
(280) [10].

In the Republic of Kazakhstan, in 2022, 36,225 cases of
esophageal cancer were verified, including 16,947 in men
and 19,278 in women; 20,686 patients died from this dis-
ease, including 11,365 men and 9,321 women [5]. There are
significant differences in the incidence of esophageal can-
cer between different population groups [6-9].

Esophageal squamous cell carcinoma and esophageal
adenocarcinoma are the two main histological types of es-
ophageal cancer with distinct epidemiological and clinical
features. Worldwide, squamous cell carcinoma is the most
common subtype of esophageal cancer, accounting for
80% of cases [11]. In contrast, esophageal adenocarcino-
ma (20%) is the most common subtype in the white pop-
ulation of developed countries and typically occurs in the
distal esophagus [11].

Risk factors differ between esophageal squamous cell
carcinoma and esophageal adenocarcinoma. Squamous
cell carcinoma is a multifactorial disease with a long list of

putative risk factors, whereas adenocarcinoma has far few-
er established risk factors [12].

A brief description of these risk factors is presented be-
low in Table 1.

Despite the proactive study of the role of genetic fac-
tors in the development and prognosis of esophageal can-
cer, our knowledge in this area remains insufficient. Unlike
some other gastrointestinal malignancies, such as colorec-
tal cancer, there is no clear path of tumor ontogenesis for
esophageal cancer.

The Cancer Genome Atlas network published the re-
sults of a comprehensive genomic analysis of esopha-
geal carcinoma. The analysis of DNA methylation, mRNA
expression, and transcriptional profiles unambiguously re-
vealed significant differences between squamous cell car-
cinoma and esophageal adenocarcinoma, confirming that
they belong to two different tumor types. At the gene ex-
pression level, adenocarcinoma showed increased E-cad-
herin signaling and activation of the ARF6 and FOXA path-
ways through modulation of E-cadherin. Squamous cell
carcinoma is characterized by increased activity of the
Wnt, syndecan, and p63 pathways, which play a key role
in cell differentiation processes. Mutation profiling analy-
sis confirmed frequent mutations of TP53, NFE2L2, MLL2,
ZNF750, NOTCH1, and TGFBR2 in esophageal squamous
cell carcinoma, while recurrent mutations of TP53, CD-
KN2A, ARID1A, SMAD4, and ERBB2 were confirmed in eso-
phageal adenocarcinoma [4 3 1.

Table 2 presents a variety of genetic abnormalities as-
sociated with the development of esophageal cancer.

Table 1 - Risk factors for the development of esophageal cancer depending on histological types (adapted from [12])

Squamous cell q A . . - Links
Factor e it Risk Impact Coefficient Adenocarcinoma Risk Impact Coefficient
Smoking Strong relationship Magnification 3-9 times | Moderate dependence | Increase by 2-3 times 13-14
Alcohol Strong relationship 5x magnification There is no connection. | - 15-17
Opium Moderate connection Increase by 1.6-2 times | No data - 18-19
Consumption of bever- | Moderate connection Increase by 2-3 times There is no connection. | - 20-22
ages at temperatures
265 °C is classified as
“possibly carcinogenic
to humans.”
Gastroesophageal Strong relationship Magnification 5-9 times | There is no connection. | - 23-24
reflux disease
Bod ind Weak to moderate 30% reduction Light to moderate Increase by 1.5-2 times 25
0dy mass Index connection correlation
. Moderately strong Increase by 2 times There is no connection. 26-27
Gastric atrophy connection
* Not brushing one’s Statistically significant | Tooth loss is 28-30
teeth regularly is correlation between associated with 1.3-2
associated with a tooth loss and times increased risk,
moderately increased periodontal disease and periodontitis —
risk. on one hand and 1.4 times.
Deterioration of oral * Tooth loss shows an increased risk of
hygiene a mild to moderate developing esophageal
association. Increase by 2 times adenocarcinoma on
« Periodontitis is also the other.
associated with an Increase by 30-100%
increased risk, but to a
lesser extent (40%). 40% increase
The structure of unique | Possible impact Changes in the Possible increase in 31-32
bacte-rial populations composition of gram- risk
in the oral cav-ity and negative microflora
Microbiological esophagus and the in the esophagus
icro tl'o ogica de-crease in species may contribute to
properties richness of microflora the development of
in these areas may be Barrett’s esopha-
associated. gus, a precursor to
adenocarcino-ma.
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OkoHyaHue Tabnuysi 1

* High-quality diet. Reducing risk Following dietary Reducing risk 33-34
» Adherence to Reducing risk guidelines, physical

Diet vegetarian diets, such activity, and monitoring

e as the Mediterranean BMI can help minimize
diet. your risk of develop-ing
esophageal cancer.

» Excessive Increase by 2 times * Increased Reduction by 25% 35-40
consumption of consumption of fruits
canned vegetables and vegetables Increase by 30-70%
is associated with a * Increased
moderate increase in consumption of red and
risk. processed meat Reduction by 40%
« Higher red and Increase by 30-70% * Increased Connection not
processed meat carbohydrate established
consumption was consumption
associated with a * Increased Unknown
weak but statistically consumption of poultry
significant cor-relation. and fish

Introducing certain * Increased Reduction by 45% * Increased

foods consumption of fruits consumption of dairy
and vegetables greatly products
reduces the risk.
« Higher carbohydrate Reduction by 40%
intake significantly
reduces the risk.
» Consumption of Connection not
poultry and fish established
produces inconsistent
results.
» Consumption of Connection not
dietary fats and dairy established
products.
* There is no reliable - No correlation. - 41
association between
most subtypes of
human papillomavirus
(HPV) and the occur-
rence of esophageal
cancer. Some rare
HPV subtypes may

Viral infection be associated with an
increased risk.
» Data on the
association of other
viruses with the
development of
esophageal cancer are
contradictory and re-
quire further study.

Bacterial infecti Helicobacter pylori 50% reduction No correlation. - 42

acterial infection bacteria

Table 2 - Overview of genetic abnormalities associated with
esophageal cancer [44]

Genetic abnormality chuae:_g?r? grsnge” Adi%%:ng|-
Cell cycle 90% 86%
RTK anomaly 59% 76%
Cell differentiation 57% 42%
Chromatin remodeling 36% 22%

Studies of molecular abnormalities in esophageal can-
cer have revealed similarities with tumors in adjacent an-
atomical regions. Thus, esophageal adenocarcinoma
exhibits similar molecular characteristics to gastric adeno-
carcinoma, and esophageal squamous cell carcinoma ex-
hibits significant similarities to head and neck squamous
cell carcinoma [44].

Discussion: This review analyzes the current under-
standing of the epidemiology, predisposing, and possi-
ble risk factors for the development of esophageal can-
cer, distributed by the main histological subtypes of the
disease. The identified risk factors were categorized into
genetic predispositions, dietary and eating habits, con-
comitant diseases, infections, microbiome composition,
metabolic disorders, and other factors. It is important to

note that the available literature does not contain data
on the relationship between these risk factors and the
prognosis of the disease. Additional studies are needed
to confirm the identified results and clarify their impact
on tumor biology.

Recent advances in the molecular analysis of esopha-
geal cancer have convincingly demonstrated that adeno-
carcinoma and squamous cell carcinoma are genetically
and biologically distinct oncological diseases. The identi-
fied specific genetic abnormalities indicate differences in
the physiological mechanisms of development of these tu-
mors, which requires the development of individual ther-
apeutic approaches.

Itis important to note that the molecular profile of eso-
phageal adenocarcinoma shows similarities with the chro-
mosomal instability characteristic of gastric cancer. How-
ever, esophageal squamous cell carcinoma shows genetic
similarities with other categories of malignancies.

The studies demonstrate the need for personalized
treatment of each histological subtype of esophageal can-
cer and their separate consideration in clinical trials. This is
especially important when studying the effectiveness of
neoadjuvant, adjuvant, and systemic chemotherapy.
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Conclusion: The pathogenesis of squamous cell carci-
noma is multifactorial, with well-established risk factors
contributing to its development. In contrast, the etiolo-
gy of esophageal adenocarcinoma remains poorly under-
stood and requires continued research to identify the un-
derlying causal mechanisms.

References:

1. Sung H., Ferlay J., Siegel RL, Laversanne M., Soerjomataram |.,
Jemal A., Bray F. Global Cancer Statistics 2020: GLOBOCAN Estimates
of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries
// CA Cancer J. Clin. - 2021. — Vol. 71 . — P. 209-249. https://doi.
org/10.3322/caac.21660

2. Zaidi N., Kelly R.J. The Management of Localized Esophageal
Squamous Cell Carcinoma: Western Approach // Chin. Clin. Oncol. -
2017.-Vol.6. - P. 46. https://doi.org/10.21037/cco.2017.07.07

3. Gabada R., Athawale V. Comprehensive Rehabilitation
Strategies in Esophageal Cancer: A Case Report of Enhancing Recovery
and Quality of Life // Cureus. — 2024. — Vol. 9;16(4):e57893. https://doi.
org/10.7759/cureus.57893. PMID: 38725790; PMCID: PMC11079694.

4. International Agency for Research on Cancer. Global Cancer
Observatory. Cancer Today. Globocan 2022. Oesophagus. Date
accessed:  20.08.2024.  https://gco.iarc.who.int/media/globocan/
factsheets/cancers/6-oesophagus-fact-sheet.pdf

5. International Agency for Research on Cancer. Global Cancer
Observatory. Cancer Today. Globocan 2022. Kazakhstan. Date
accessed:  02.07.2024.  https://gco.iarc.who.int/media/globocan/
factsheets/populations/398-kazakhstan-fact-sheet.pdf

6. Li M., Park JY, Sheikh M., Kayamba V., Rumgay H., Jenab M.,
Narh CT, Abedi-Ardekani B., Morgan E., de Martel C., McCormack V.,
Arnold M. Population-based investigation of common and deviating
patterns of gastric cancer and oesophageal cancer incidence across
populations and time // Gut. — 2023. - Vol. 72(5). - P. 846-854. https://
doi.org/10.1136/gutjnl-2022-328233

7. GBD. Oesophageal Cancer Collaborators The Global, Regional,
and National Burden of Oesophageal Cancer and Its Attributable
Risk Factors in 195 Countries and Territories, 1990-2017: A Systematic
Analysis for the Global Burden of Disease Study 2017 // Lancet
Gastroenterol. Hepatol. — 2020. — Vol. 5. — P. 582-597. https://doi.
0rg/10.1016/52468-1253(20)30007-8

8. Yousefi M., Sharifi-Esfahani M., Pourgholam-Amiji N.
Esophageal Cancer in the World: Incidence, Mortality and Risk Factors
// Biomed. Res. Ther. — 2018. - Vol. 5 . — P. 2504-2517. https://doi.
0rg/10.15419/bmrat.v5i7.460

9. Wang B., He F.,, Hu Y., Wang Q., Wang D., Sha Y., Wu J. Cancer
incidence and mortality and risk factors in member countries of the
“Belt and Road” initiative // BMC Cancer. — 2022. - Vol. 22 (1). - P. 582.
https://doi.org/10.1186/512885-022-09657-3

10.International AgencyforResearchon Cancer.CancerToday.Age-
Standardized Rate (World) per 100,000, Incidence, Both sexes, in 2022.
Oesophagus. 07/02/2024. https://gco.iarc.fr/today/en/dataviz/maps-
heatmap?mode=population&cancers=6

11. Uhlenhopp DJ, Then EQO, Sunkara T., Gaduputi V. Epidemiology
of Esophageal Cancer: Update in Global Trends, Etiology and Risk
Factors // Clin. J. Gastroenterol. - 2020. - Vol. 13. - P. 1010-1021. https://
doi.org/10.1007/512328-020-01237-x

12. Sheikh M., Roshandel G., McCormack V., Malekzadeh R.
Current Status and Future Prospects for Esophageal Cancer // Cancers
(Basel). — 2023. - Vol. 15(3). — Art. no. 765. https://doi.org/10.3390/
cancers15030765

13. Gupta S., Gupta R., Sinha DN, Mehrotra R. Relationship
between Type of Smokeless Tobacco & Risk of Cancer: A Systematic
Review // Indian J. Med. Res. — 2018. — Vol. 148. - P. 56-76. https://doi.
org/10.4103/ijmr.lJMR_2023_17

14. Wang S.-M., Katki HA, Graubard BI, Kahle LL, Chaturvedi A.,
Matthews CE, Freedman ND, Abnet CC. Population Attributable Risks
of Subtypes of Esophageal and Gastric Cancers in the United States
// Am. J. Gastroenterol. — 2021. - Vol. 116 . — P. 1844-1852. https://doi.
0rg/10.14309/ajg.0000000000001355

15. Nucci D., Marino A., Realdon S., Nardi M., Fatigoni C.,
Gianfredi V. Lifestyle, WCRF/AICR Recommendations, and Esophageal
Adenocarcinoma Risk: A Systematic Review of the Literature
// Nutrients. — 2021. — Vol. 13:3525. doi: 10.3390/nu13103525.

16. Yu X., Chen J., Jiang W., Zhang D. Alcohol, Alcoholic Beverages
and Risk of Esophageal Cancer by Histological Type: A Dose-Response
Meta-Analysis of Observational Studies // Alcohol. Alcohol. - 2020. -
Vol. 55. - P. 457-467. https://doi.org/10.1093/alcalc/agaa047

17. GBD 2019 Cancer Risk Factors Collaborators. The Global Burden
of Cancer Attributable to Risk Factors, 2010-2019: A Systematic Analysis
for the Global Burden of Disease Study 2019 // Lancet. — 2022. - Vol. 400.
- P. 563-591. https://doi.org/10.1016/50140-6736(22)01438-6

18. Moody S., Senkin S., Islam SMA, Wang J., Nasrollahzadeh D.,
Cortez Cardoso Penha R., Fitzgerald S., Bergstrom EN, Atkins J., He Y.,
Khandekar A., Smith-Byrne K., Carreira C., Gaborieau V., Latimer C.,
Thomas E., Abnizova I., Bucciarelli P.E., Jones D., Teague J.W., Abedi-
Ardekani B., Serra S., Scoazec J.Y., Saffar H., Azmoudeh-Ardalan F.,
Sotoudeh M., Nikmanesh A., Poustchi H., Niavarani A., Gharavi S., Eden
M., Richman P., Campos LS, Fitzgerald RC, Ribeiro LF, Soares-Lima SC,
Dzamalala C., Mmbaga BT, Shibata T., Menya D., Goldstein AM, Hu N.,
Malekzadeh R., Fazel A., McCormack V., McKay J., Perdomo S., Scelo G.,
Chanudet E., Humphreys L., Alexandrov LB, Brennan P., Stratton MR
Mutational Signatures in Esophageal Squamous Cell Carcinoma from
Eight Countries with Varying Incidence // Nat. Genet. — 2021. - Vol. 53.
- P. 1553-1563. https://doi.org/10.1038/541588-021-00928-6

19. IARC Working Group on the Identification of Carcinogenic
Hazards to Humans. Opium Consumption // IARC Monographs on the
Identification of Carcinogenic Hazards to Humans. — Vol. 126. Lyon:
IARC, 2021. https://doi.org/10.1016/51470-2045(20)30611-2

20. Kaimila B., Mulima G., Kajombo C., Salima A., Nietschke
P., Pritchett N., Chen Y., Murphy G., Dawsey SM, Gopal S., Phiri KS,
Abnet CC Tobacco and Other Risk Factors for Esophageal Squamous
Cell Carcinoma in Lilongwe Malawi: Results from the Lilongwe
Esophageal Cancer Case: Control Study // PLOS Glob. Public Health.
—2022. - Vol. 2. — Art. no. e0000135. https://doi.org/10.1371/journal.
pgph.0000135

21. Luo H., Ge H. Hot Tea Consumption and Esophageal Cancer
Risk: A Meta-Analysis of Observational Studies // Front. Nutr. - 2022. -
Vol. 9. - Art. no. 831567. https://doi.org/10.3389/fnut.2022.831567

22. Islami F., Poustchi H., Pourshams A., Khoshnia M., Gharavi A.,
Kamangar F., Dawsey SM, Abnet CC, Brennan P., Sheikh M., Sotoudeh
M., Nikmanesh A., Merat S., Etemadi A., Nasseri Moghaddam S.,
Pharoah PD, Ponder BA, Day NE, Jemal A., Boffetta P., Malekzadeh R. A
Prospective Study of Tea Drinking Temperature and Risk of Esophageal
Squamous Cell Carcinoma // Int. J. Cancer. - 2020. - Vol. 146. - P. 18-25.
https://doi.org/10.1002/ijc.32220

23. Eusebi L. H., Telese A., Cirota G. G., Haidry R., Zagari R. M.,
BazzoliF., Ford AC Effect of Gastroesophageal Reflux Symptoms on the
Risk of Barrett’s Esophagus: A Systematic Review and Meta-Analysis //
J. Gastroenterol. Hepatol. - 2022. - Vol. 37. - P. 1507-1516. https://doi.
org/10.1111/jgh.15902

24. Tan J., Li L., Huang X., Yang C., Liang X., Zhao Y., Xie J., Chen
R., Wang D., Xie S. Associations between Gastro-Oesophageal Reflux
Disease and a Range of Diseases: An Umbrella Review of Systematic
Reviews and Meta-Analyses // BMJ Open. — 2020. - Vol. 10. - Art. no.
e038450. https://doi.org/10.1136/bmjopen-2020-038450

25. Tian J., Zuo C,, Liu G., Che P, Li G., Li X., Chen H. Cumulative
Evidence for the Relationship between Body Mass Index and the Risk
of Esophageal Cancer: An Updated Meta-Analysis with Evidence from
25 Observational Studies // J. Gastroenterol. Hepatol. - 2020. - Vol. 35.
- P. 730-743. https://doi.org/10.1111/jgh.14917

26. Ekheden |., Yang X., Chen H., Chen X., Yuan Z., Jin L., Lu M., Ye
W. Associations Between Gastric Atrophy and Its Interaction With Poor
Oral Health and the Risk for Esophageal Squamous Cell Carcinoma
in a High-Risk Region of China: A Population-Based Case-Control
Study // Am. J. Epidemiol. — 2020. — Vol. 189 . - P. 931-941. https://doi.
0rg/10.1093/aje/kwz283

27.Wang S. M., Freedman ND, Katki HA, Matthews C., Graubard Bl,
Kahle LL, Abnet CC. Gastroesophageal Reflux Disease: A Risk Factor for
Laryngeal Squamous Cell Carcinoma and Esophageal Squamous Cell
Carcinoma in the NIH-AARP Diet and Health Study Cohort // Cancer. -
2021. - Vol. 127. - P. 1871-1879. https://doi.org/10.1002/cncr.33427

28. Yano Y., Fan J.-H., Dawsey S.M., Qiao Y.-L., Abnet CC A Long-
Term Follow-up Analysis of Associations between Tooth Loss and
Multiple Cancers in the Linxian General Population Cohort // J. Natl.
Cancer Cent. — 2021. — Vol. 1. - P. 39-43. https://doi.org/10.1016/j.
jncc.2021.01.002

29. Zhao R., Li X., Yang X., Zhang T., Lu M., Ye W., Jin L., Suo C.,
Chen X. Association of Esophageal Squamous Cell Carcinoma With

106

Oncology and Radiology of Kazakhstan, Ne3 (73) 2024



@) KazlOR

LITERATURE REVIEWS

the Interaction Between Poor Oral Health and Single Nucleotide
Polymorphisms in Regulating Cell Cycles and Angiogenesis: A
Case-Control Study in High-Incidence Chinese // Cancer Control.
- 2022. - Vol. 29. - Art. no. 10732748221075812. https://doi.
org/10.1177/10732748221075811

30. Buckle GC, Mmbaga EJ, Paciorek A, Akoko L, Deardorff K,
Mgisha W, Mushi BP, Mwaiselage J, Hiatt RA, Zhang L, et al. Risk
Factors Associated With Early-Onset Esophageal Cancer in Tanzania
// JCO Glob. Oncol. — 2022. — Vol. 8 . - Art. no. e2100256. https://doi.
0rg/10.1200/G0.21.00256

31. Yano Y., Etemadi A., Abnet CC Microbiome and Cancers of the
Esophagus: A Review // Microorganisms. — 2021. - Vol. 9 . — Art. no.
1764. https://doi.org/10.3390/microorganisms9081764

32.Zhao Q,, Yang T, Yan Y., Zhang Y., Li Z., Wang Y., Yang J., Xia
Y., Xiao H., Han H., Zhang C., Xue W., Zhao H. ., Chen H., Wang B.
Alterations of Oral Microbiota in Chinese Patients With Esophageal
Cancer // Front. Cell. Infect. Microbiol. - 2020. - Vol. 10. - Art. no.
541144. https://doi.org/10.3389/fcimb.2020.541144

33. Qin X., Jia G., Zhou X., Yang Z. Diet, and Esophageal Cancer
Risk: An Umbrella Review of Systematic Reviews and Meta-analyses
of Observational Studies // Adv. Nutr. 2022. - Vol. 13 . - P. 2207-2216.
https://doi.org/10.1093/advances/nmac087

34. Schulpen M., Peeters P.H., van den Brandt P.A. Mediterranean
Diet Adherence and Risk of Esophageal and Gastric Cancer Subtypes
in the Netherlands Cohort Study // Gastric Cancer. — 2019. - Vol. 22 . -
P. 663-674. https://doi.org/10.1007/510120-019-00927-x

35. Kaybysheva V. O. Epidemiologiya, faktory riska i profilaktika
raka pishchevoda // EF Gastroenterologiya. - 2012. - N° 6. - S. 29-
33 [Kajbysheva VO. Epidemiology, risk factors and prevention of
esophageal cancer // EF Gastroenterology. - 2012. - No. 6. - P. 29-33 (in
Russ.)].  https://Jumedp.ru/articles/epidemiologiya_faktory_riska_i_
profilaktika_raka_pishchevoda.html

36. Ye X.-Y., Lai Y.-T., Song W.-P., Hu Y. The Research Progress on
the Association between Dietary Habits and Esophageal Cancer: A
Narrative Review // Ann. Palliat. Med. — 2021. — Vol. 10. - P. 6948-6956.
https://doi.org/10.21037/apm-21-1467

37.Zhao Z., Wang F., Chen D., Zhang C. Red and Processed Meat
Consumption and Esophageal Cancer Risk: A Systematic Review
and Meta-Analysis // Clin. Transl. Oncol. 2020. - Vol. 22. - P. 532-545.
https://doi.org/10.1007/512094-019-02157-0

38. Tang Y.-X., Zhao W., Li J., Xie P., Wang S., Yan L., Xing X., Lu
J., Tse L.-A., Wang HH-X., et al . Dietary Intake of Monounsaturated
and Polyunsaturated Fatty Acids Is Related to the Reduced Risk of
Esophageal Squamous Cell Carcinoma // Lipids Health Dis. — 2022. -
Vol. 21. - Art. no. 25. https://doi.org/10.1186/512944-022-01624-y

39. Xuan F., Li W., Guo X., Liu C. Dietary Carbohydrate Intake and
the Risk of Esophageal Cancer: A Meta-Analysis // Biosci. Rep. — 2020.
- Vol. 40. - Art. no. BSR20192576. https://doi.org/10.1042/BSR20192576

40.Druk1V, SemenovaEV, Loginova EN, Korennova O.Yu., Semenkin
AA, Lyalyukova EA, Nadej EV Faktory riska razvitiya onkopatologii
// E'iKG. — 2022. - No. 9 (205). - S. 116-128 [Druk I.V., Semenova E.V.,
Loginova E.N., Korennova O.Yu., Semenkin A.A., Lyalyukova E.A.,
Nadey E.V. Risk factors for the development of oncopathology // EiCG.
—2022. - No. 9 (205). - P. 116-128 (in Russ .)]. https://cyberleninka.ru/
article/n/faktory-riska-razvitiya-onkopatologii

41.Rajendra S., Pavey D., McKay O., Merrett N., Gautam SD Human
Papillomavirus Infection in Esophageal Squamous Cell Carcinoma
and Esophageal Adenocarcinoma: A Concise Review // Ann. NY Acad.
Sci. —2020. - Vol. 1482. - P. 36-48. https://doi.org/10.1111/nyas.14509

42.DuY.-L., Duan R.-Q., Duan L.-P. Helicobacter Pylori Infection Is
Associated with Reduced Risk of Barrett’s Esophagus: A Meta-Analysis
and Systematic Review // BMC Gastroenterol. — 2021. - Vol. 21. - Art.
no. 459. https.//doi.org/10.1186/512876-021-02036-5

43. The Cancer Genome Atlas Research Network. Integrated
genomic characterization of oesophageal carcinoma // Nature. -
2017. - Vol. 541. - P. 169-175 https://doi.org/10.1038/nature20805

44. Liu W., Snell J., Jeck W. Liu W., Snell J., Jeck W., Hoadley K.A.,
Wilkerson M.D., Parker J.S., Patel N., Mlombe Y.B., Mulima G., Liomba
N.G., Wolf L.L., Shores C.G., Gopal S. Sharpless NE Subtyping sub-
Saharan esophageal squamous cell carcinoma by comprehensive
molecular analysis // J. Clin. Investig. Insight. - 2016. - Vol. 1. - Art. no.
e88755. https://doi.org/10.1172/jci.insight.88755

AHJATIA

OHELI KATEPJII ICITTHIH THCTOJIOI'MAJIBIK TUIITEPIH ITUAEMUOJIOI UAJIBIK
TEHAEHIASAJIAPBIH )KOHE OHBIMEH BAMJIAHBICTBI KAVIIT ®AKTOPJIAPBIH 3EPTTEY:
9JIEBUETKE IIOJY

A.B. Tynsnesa', M.A. Aummazambemosa', B.B. Bezynos', H. M. A6ounazuesa', M.b. Kanoviposa',
I'.C. Hazapéexosad', B.I1I. Kyamosa', A.E. [3mypzanosa’

'«Mapart OcnaHoB aTblHgarbl BaTbic KasakcTaH MeanumHa yHusepenteTi» KeAK, AkTebe, KasakctaH Pecnybnmkach

O3exminizi. Onew Kamepii iciei — oneMHiy Konmezen OONIKMepiHOe OeHCAYIbIK cakmayobiy Kypoeui moceaeci bonvin mabdwiiadvl. Oneu
KamepJi icieiniy 0amysl spmypii Kayin paxmopnapslmer Oauianbicmsl kKon ¢axmopisl npoyecc 6016in maodwvliaovl. Opmypii SMUOL0USLTbIK
Gakmoprapowvl, convly WiHOe 2eHeMUKANBIK, OUEMANbIK, UHDEKYUSLIbIK, aYbl3 KYbICLIHbIY OCHCAVAbIZbIH JICOHE OHbIMEH OaulaHbICIbl

aypyaapobl maiKbliaumsli KOnmezen 3epmmeyiep Hcypeizinoi.

Byn gvickawa wony Kamepni icik anudemuoroSUsCoiHA HCAH-ACAKMbL WLOTLY AHCACATObL JCOHE OHeul Kamepai ICIeIHiY aHbIKMA2aH JHCOHe
KYOikmi Kayin ¢hakmopaapviH HaKmsl 2UCON02USIbIK munmep 60ublHuLa 6a2anaiosi.

3epmmeyoin maxcamor — Oyn 3epmmeyoiy maxcamvl onew Kamepni icieiniy OamyblHOdebl KAYin (axmopiapbl MeH 2eHemuKaibiy
OetlimOIiniK apacvlHoazbl KapblM-KamulHaAcKa OAca Ha3ap ayoapa omulpbin, eKi mypii Sucmonocusisly cyomunmepee epexue Hasap ayoapa
OMBIPLIN, KeweHol INUOEMUOTIOLUSIBLK, 3ePImeY JCypeizy O01bln madwblidaobl.

Aoicmepi: Ooebuemmepdi wony Keneci monimemmep 6A3aCbIHOA2bI 2bLILIMU HCAPUATAHBIMOAPObL [30ey0i Kammblovl: PubMed, Medline,
Cochrane Lab, Google Scholar evinvimu iz0ey srcytiecin Konoamny apkwiavl. I30ey mepenoiei — 10 sicola.

Ooebuemmepze WOy MbIHAIAPObI KAMMUObL: SNUOEMUOLO2US, OHew Kamepil iCIieiHiK Kayin ¢akmopiapeiibly OAUAAHbICHIHbIY KYULIH
cunammaumuln dcone Oazanaumvin 3epmmeyiep. Lllony mex epecekmepee apnanean 6apnvik 3epmmeyiepoi, a2bliwbli mindepinoeei
AHCAPUSAIAHBIMOAPODL, COHOAU-AK HAKMbL MYAHCHIPLIMOAPLL 6ap 6achLIbIMOapObl KAMMUObL,

vieapuiny kpumepuiiiepine Hca20atiiap cepusicol, JHcaz20ai mypaivl ecenmep, peOaKyusiibl MAKaiaiap Jeone Konpepenyus mesucmepi Kipoi.

Bapnvieer 462 0epexkoz mabwviivin, mandayaa 45 2bliblMu HCAPUAIAHBIM eH2IZL10I.

Homuoicenepi: 3epmmeynep onewmiy Kamepni icicine ce3immanovikmul Oipneute (akmopiapobvly Hco2apbliamamuvliivli Kopcemeoi,

COHbIH TWIHOe MeMeKi MymblHY, AIKO20Ab0i UWAMAOAH MbIC MYMbIHY, Onuouomepoi mepic nauddaiamy, biCMblK MAMax neH CYCbIHOapoObl
MymulHy, 2acmpodzopazeanrbobl peuiokc aypyvl, cemizoik, ACKA3auHblY AmMpouUACsl, aybl3 KYblCbIHbIY 2USUEHACHl Haulap OOLybl, oHeul
MUKPOOUOMACHIHBIY 632epYi, CYOONMUMANbObL eMec OUemandap, 8UpyCmolk deone baxmepusiivlk ungexyusiap sxcone m.0. Convimen Kamap,
onewminy Kamepii icik dcacyuanapvinviy Mymayuansik npogunvoepi TP53, NFE2L2, MLL2, ZNF750, NOTCH koca anreanda, apuaiivi 2endepoe
JHCUl Mymayusnaposbl aHbLKMaobi.

Kopvoimuinowr: JKannax scacywansi kapyunoma amepii icieiniy namoeenesi onvly naiioa 601ysind bIKNai emenin Konme2en MoublHOA12aAl
Kayin ¢axkmopnapvimer 0Oipee ken gaxmopnvl KacuemmepOoi kepcemeoi. Kepicinwe, enew xamepni icieiHiy a0€HOKAPYUHOMACHIHbIH
IMUONOLUACHL CATBICIMBIPMATLL Mypoe 6eneiciz 6onvin Kana depedi, Oyn onubly Heeizel KO30blpabl MEXAHUIMOEPIH AHLIKMAY Yuin y30IKCi3
sepmmeynepoi Kasxcem emeoi.

Tyiiinoi co3oep: dcainak Heacywanvl KApYUHoMd, oHeul d0eHOKAPYUHOMACHL, INUOEMUONO2US, KAVIn hakmoprapwl, onew oObIpbiHblY
2eHeMUKACDL.
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AHHOTALNUS

WCCJIEJOBAHUE MOJTUIIOB PAKA MMIIEBOJA, SIIMJIEMUAOJOI MUECKUX TEHJIEHIIUIA
N CBA3AHHBIX ®AKTOPOB PUCKA:
OB30P JIMTEPATYPbI

A.B. Tynsesa', M.A. Aimmazaméemosa', B.B. Bezynos', H. M. A6ounazuesa', M.b. JKanowviposa',
I'.C. Hazapoexosa', B.III. Kyamosa', A.E. I3mypzanoea’

'HAO «3anapHo-KasaxcTaHckuit MeauumHckui yHBepeuTeT um. Mapata OcnaHoBa, 1. Aktobe, Pecnybnuka KasaxcraH

Axmyanvnocmy: Pax nuweeooa npedcmasnaom coboil 3HauumenvHyo npoonemy 6 oonracmu 30pasooxpaHenus 60 MHO2UX CMPAHax Mupd.
Passumue paka nuujeooa — 3mo MHO20PAKMOPHbIIL NPoOYyecc, CEA3AHNYIN ¢ paA3IUIHBIMU hakmopamu pucka. Beinio eviasneno mmodxcecmso
uccne006aHull, 6 KOMOPbIX U3YUAIUCH PA3IUYHbLE IMUOL02UYECKUe PAKMOPbl, 6KII0OYAsA 2eHemudecKue, ouemudeckie, UuHPeKyuu, 300poeve
nonocmu pma, ¢hornoguie 3a601e6aHUS.

Hannwiii aumepamypHbviii 0030p onucbléaem snU0eMuUoNI02uI0 paKa nuyeeo0d U OYeHKU YCMaAHOBNEHHbIX U 603MOICHBIX (PaKmopos pucka
10 paA30eNbHbIM 2UCTNOI02UYECKUM NOOMUNAM, MAKUMU KAK NJIOCKOKAEMOYHbLI PAK U d0eHOKAPYUHOMA.

Henv uccnedosanus — nposeoeHue 6cecmopoHHe20 INUOEMUOIOUYECK020 00C1e008aHUS, COCPEOONOUEHHO20 HA 63AUMOCEA3U
Medcoy hakmopamu pucka u 2eHemuuecKkou UySCMEUMeNbHOCHU NPpU PA36UMuUU paka nuiyeeood, ¢ 0coOblM AKYeHMoM Ha OmoebHble
2ucmonamono2uyeckue noomunbl.

Memoowt: IIposeden nouck nayunvix nyoruxkayuii ¢ creoyiouux dasax oannvix: PubMed, Medline, Cochrane Lab npu nomowu nayunot
nouckosoti cucmemor Google Scholar. B 0630p 6viau 6xkitoueHbl UccIe008anUsl, NOCEAUEHHBIE INUOEMUOTOSUU U UZYUEHUS CBA3U MeNCOY
gaxmopamu pucka paka nuujesoda. B ananus eownu nyOiuxayuu na aneiuiicKOM A3biKe ¢ 4emKO COPMYIUPOSAHHBIMU 8bIBOOAMU, 3d
UCKTIOYeHUeM OMUEMOE 0 CIYYAAX U CEPUAX CYYaes, peOaKyuoHHbLX cmametl u me3ucos Kongepenyuil. I nyouna noucka — 10 nem. Beezo 6vL10
natioeno 462 ucmounHuKa, 6KIAOUEeHO 8 anaIu3 45 Hayunvlx nyorukayuil.

Pesynvmamui: Hccneoosanus nokasulearom, Yno HeKOmopbsie axmopsl NOSLIUAION Yy6CMEUMETbHOCHb K PAKY NUWe600a, 6 MOM Yucie
KypeHile, anko2ob, nompeodienue HapKomuuecKux gewecms, nompeoienue 2opavux nuuegvlx npooyKmos u HanumKo8, 2acmpod3ogazeanvhas
pedaiokcHan 60ae3Hb, odcupenue, ampodus JceryoKd, nioxas OpanrbHas 2UUeHd, USMeHeHUs 6 MUKpoOuome nuueood, cyoonmumaibHle
Ouemul, supycuvle u bakmepuanvhvie ungexyuu u opyeue. Kpome mozo, mymayuonnsvie npoghuiu pakosvlx Kiemox nuuegooa oonapy#cuiu
uacmoete mymayuu, makue kax TP53, NFE2L2, MLL2, ZNF750, NOTCH.

3axniouenue: Ilamoeenes paka n10CKOKIeNMOUHOU KAPYUHOMbL NPOABIAEH MHO20QAKMOPHbIE CBOUCNEA, ¢ MHOHCECBOM NPUSHAHHBIX
paxmopos pucka, cnocobcmsyouux e2o 603HUKHoseHuI0. Hanpomue, smuono2us adeHoKapyuHoMbl paka nuueeo0a 0cmaemcs OMmHOCUMeNbHO
u3yueHHo, mpedys NOCMOAHHBIX UCCIEO08AMENLCKUX YCUUTL O BLIABNEHUIO ee PYHOAMEHMATLHBIX NPUYUHHBIX MEXAHUZMOB.

Knrouesvie cnosa: snuoemuonocus, (akmopvl pucka, 2eHemukd paka nuwjesood, NIOCKOKIEMOYHAs KAPYUHOMA, AOeHOKAPYUHOMA
nuuesood.
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