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@) KazlOR' EDITOR’S WORD

Dear readers!

We welcome you to the pages of the pre-New Year issue of the journal “Oncology and
Radiology of Kazakhstan” 2024!

On behalf of the Editorial Board, let me congratulate you on the upcoming New Year!
The past year has become a time of great professional growth and new challenges.

Together we have experienced many significant events and advanced in medicine,
science and innovation.

In oncology and radiology, we strive to implement advanced technologies, find bet-
ter diagnostic and treatment solutions, and strengthen our professional community.

This issue presents the research findings of domestic and foreign oncologists and
specialists in related fields. It offers articles on new biomarkers for early detection of
therapeutic approaches to gastric cancer, discusses the prospects for using extracellu-
lar neutrophil trap levels in colorectal cancer, and describes the first experience of VATS
bronchoplastic lobectomy in Kazakhstan.

With each new issue, we try to offer a useful tool for professionals in oncology and
radiology. We share the latest advances, scientific research, and practical recommenda-
tions that help us grow and maintain high levels of medical care. In the coming year, we
will continue improving the quality of our content, expanding our audience, and build-
ing our community.

May the coming year bring you many bright and joyful moments and an inspiration
for new accomplishments and professional achievements! May every day be filled with
energy for work and aspiration for new heights. | wish you health, happiness, and success
in every endeavor!

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

Oncology and Radiology of Kazakhstan, Ne4 (74) 2024 3
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ANALYSIS OF CERVICAL CANCER CASES
AND HUMAN PAPILLOMA VIRUS PREVALENCE
IN ZHAMBYL REGION IN 2021-2023

S.N. KULBAYEVA', AM.ZEINEABEDYN?, G.A. TAITELPF,
Zh.S.KUDAIKULOVA?, L. ABZELBEKKYZY*

'South Kazakhstan Medical Academy, Shymkent, the Republic of Kazakhstan;
?Zhambyl Regional Center of Oncology and Surgery, Taraz, the Republic of Kazakhstan

ABSTRACT

Relevance: There are strategies of the World Health Organization (WHO) for the prevention and screening of cervical cancer
(cervical cancer), but the annual incidence of cervical cancer and mortality from this disease continue to force the world community to
look for ways to improve approaches to its prevention and early detection. The possibilities of prevention and early detection of breast
cancer are among the most difficult in practical oncogynecology.

The study aimed to evaluate the incidence of cervical cancer in the Zhambyl region for 2021-2023 and determine the spread and
prevailing type of human papillomavirus in cervical cancer.

Methods: The study was conducted based on data from medical records of patients diagnosed with breast cancer registered with
the state municipal enterprise on the right of economic management Zhambyl Regional Multidisciplinary Center of Oncology and
Surgery (Zhambyl, Kazakhstan) from 2021 to 2023. Statistical data analysis was performed using the descriptive statistics program of
the Statistica 8.0 computer software package (StatSoft, Russia). The data were described as the frequen-cy and proportion (%) of the
total cases for categorical variables.

Results: In 2021, the average age of patients with cervical cancer (cervical cancer) will be 52 years, with a range from 29 to 83 years.
In 2022, the average age dropped to 50 (28-73) years. In 2023, the population’s average age will increase to 53.8 years (33-82 years).
This indicates a possible age dynamic among patients. Diagnostic effectiveness: in 2023, 99 cases of cervical cancer were identified,
of which 51% of patients tested positive for human papillomavirus (HPV). In 2023, the effectiveness of screening programs significantly
increased, 23 screening cases were identified, compared with 16 cases in 2021 and 8 in 2022.

Conclusion: Analysis of data on the Zhambyl region for 2021-2023 revealed an increase in the average age of women with breast
cancer, which requires further study. Improved screening programs and better public awareness have increased early case detection,
positively affecting treatment outcomes. Against the background of the high prevalence of HPV, especially its types 16 and 18, the need

for timely diagnosis and vaccination against this virus becomes especially urgent.
Keywords: prevention of cervical cancer, screening for cervical cancer, barriers to the prevention of cervical cancer, precancerous

lesions of the cervix, modern cervical cancer prevention strategies.

Introduction: In 1996, the World Health Organization,
the European Research Organization on Genital Infec-
tions and Neoplasia, and the National Institutes of Health
Consensus Conference on Cervical Cancer recognized the
role of human papillomavirus (HPV) in the development
of cervical cancer (cervical cancer) [1]. Based on the de-
gree of association with invasive tumors, HPV genotypes
were divided into those that pose high oncogenic risk,
low oncogenic risk, and uncertain risk. High oncogenic
risk (types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66,
68) is associated with an increased risk of developing cer-
vical cancer [2].

HPV is one of the most dangerous human carcino-
gens [3, 4]. However, most HPV genotypes do not cause
cancer: according to IARC, only 12 of the documented 448
HPV types are currently reliably classified as carcinogenic
ones (types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59),
and HPV type 68 is probably carcinogenic [5]. According to
other data, several HPV types are classified as having a low

risk of oncogenicity, such as 6, 11, 42, 43, and 44; others as
high-risk HPV types - 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
59, 68, 73 and 82; the literature also describes cases when
cervical cancer was caused by other types of HPV [6]. Re-
gardless of the accepted classification, HPV type 16 is the
most carcinogenic type of HPV worldwide, causing about
60% of HPV-associated cervical cancer; HPV types 18 and
45 are highly carcinogenic, and the remaining types vary
in both prevalence and degree of association with cancer
depending on the geographical region.

There are World Health Organization (WHO) strate-
gies for preventing and screening cervical cancer. How-
ever, the annual incidence of cervical cancer and mor-
tality from the disease continue to compel the global
community to seek ways to improve approaches to pre-
vention and early detection of cervical cancer [1]. Cur-
rently, the arsenal of the most effective treatments for
precancerous cervical lesions includes strategies aimed
at sequential treatment, identification of early molecular

4 Oncology and Radiology of Kazakhstan, Ne4 (74) 2024
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markers, and determination of the influence of the vag-
inal microbiota on viral excretion [6-8]. One of the least
explored areas for improvement of screening programs is
the application of artificial intelligence to ensure quality
screening in regions with a shortage of qualified special-
ists [9]. Another equally important issue is the shift from
the principle of screening and treatment to the principle
of screening, triage, and treatment in the management
of patients with cervical abnormalities, including precan-
cerous abnormalities [10, 11].

According to statistics provided by the press service of
the Kazakh Research Institute of Oncology and Radiolo-
gy of the Ministry of Health of the Republic of Kazakhstan,
cancer care in Kazakhstan is developed within the frame-
work of the Strategic Plan of the Ministry of Health and the
Comprehensive Plan for Cancer Control for 2023-2027 a to-
tal of 218,213 cancer patients are under dynamic observa-
tion (2022 - 205,822 patients) as of the end of 2023. The
growth is 5.7%. In terms of incidence, breast cancer is in
first place (13.3%, 5,507 cases), colorectal cancer is second
(9.5%, 3,939 cases), lung cancer is third (9.3%, 3,872 cases),
stomach cancer is fourth (6.9%, 2,874 cases), and cervical
cancer is fifth (4.9%, 2,035 cases) [12].

Existing methods of primary prevention influenced the
dynamics of cervical cancer incidence and contributed to
its downward trend. Nevertheless, the incidence of cervi-
cal cancer is increasing in many countries [13]. According
to the National Cancer Registry, cervical cancer is the most
common type of cancer in Kazakhstan, ranking second
among neoplastic diseases in women and fifth among all
malignant neoplasms in both sexes. Despite the imple-
mentation of screening programs, the incidence of cervi-
cal cancer is growing, and mortality rates from this disease
remain consistently high [14-17].

The study aimed to evaluate the incidence of cervical
cancer in the Zhambyl region for 2021-2023 and determine
the spread and prevailing type of human papillomavirus in
cervical cancer.

Study methods: The study was conducted based on
medical records of patients diagnosed with cervical can-
cer registered in the Zhambyl Regional Multidisciplinary
Center of Oncology and Surgery from 2021 to 2023.

The following materials were used for epidemiological
analysis:

1. International Classification of Diseases, Tenth Edition
(ICD-10), by regions;

2. Data from the official report of regional oncologi-
cal dispensaries in the Republic of Kazakhstan, “Report on
malignant neoplasm diseases” (registration form No. 7) for
the period from 2021 to 2023;

3. Records of patients with the first diagnosis of malig-
nant neoplasms (registration form 090/U);

4. Data of the Agency of the Republic of Kazakhstan on
Statistics on the number, gender, and age structure of the
population by regions and districts;

5. Form 030-6/u “Dispensary Observation Card”;

6. Data from the National Cancer Registry (electronic
register of cancer patients) on malignant neoplasms and
cervical cancer;

7. Data from the report of the National Center for
Healthy Lifestyles on the results of screening studies in the
target population of the Republic of Kazakhstan for the
period 2021-2023

The admission cards of 235 patients admitted to the
Department of Gynecologic Oncology of the Zhambyl
Regional Multidisciplinary Center of Oncology and Sur-
gery with a diagnosis of cervical cancer of various stag-
es were analyzed. Patients admitted on an outpatient ba-
sis for elective diagnostic and therapeutic procedures
were excluded from the study. Statistical data analysis
was conducted using Statistica 8.0 (StatSoft, Russia). The
data were described as frequency and proportion (%) of
total cases for categorical variables. The continuous var-
iables are presented as mean * standard deviation and
were compared using the Student’s t-test. The total pa-
tient statistics are presented in a general way for categor-
ical variables.

Results:

Age of patients: In 2021, the average age of women with
cervical cancer was 52 years. The 95% confidence interval
ranged from 49 to 56 years, suggesting a significant vari-
ation in age. The minimum age of patients was 29 years,
while the oldest age was 83 years.

In 2022, there is a slight decrease in the average age
to 50. The confidence interval remained relatively nar-
row, covering the range of 47 to 52 years. The minimum
age among patients was 28 years; the maximum was 73
years this year. A standard deviation of 11.38 years indi-
cates a moderate dispersion of age-related values around
the mean one.

Interestingly, in 2023, the average age of women with
this diagnosis increased again to 53.79 years, which may
indicate an age trend in the patient population. This year,
the confidence interval ranged from 51.56 to 56.02 years,
showing that most patients were over 50. The minimum
age has increased to 33 years.

HPV and types of cancer: HPV type 16 predominated in
women who tested positive for HPV. It was found in 76.9%
of patients. The study highlights the importance of early
diagnostics, HPV vaccination, and improvement of the ef-
ficiency of screening programs to improve cervical cancer
treatment outcomes.

Cervical cancer stage in detection: In 2021, most patients
were diagnosed at stage 1, while in 2023, there was an in-
crease in the proportion of patients diagnosed at stage |l
(Figure 1). According to the data, the number of diagnostic
cases at earlier stages increased in 2023. It may be due to
the improvement of diagnostic methods.

An analysis of new cervical cancer cases by age re-
vealed an increase in the number of new cervical cancer

Oncology and Radiology of Kazakhstan, Ne4 (74) 2024 5
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cases in younger age groups in 2023 compared to 2021.
The shift in the peak incidence towards younger ages con-

firms the need to improve and expand screening among
young and middle-aged women.

60
50
40
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0

52

38

38
34

31
26

stage | stage Il

m2021 m2022

025

stage IV

2 3 4

stage Il
2023

Figure 1 - Stages of cervical cancer found in 2021-2023, %

Types of cervical cancer found: Morphological analysis of
the tumors shows that the most common types are adeno-
carcinoma and squamous cell carcinoma.

In 2023, 99 cases of cervical cancer were found, of
which 51% were HPV-positive, indicating a significant
prevalence of cervical cancer infection. The efficiency

of the screening program has increased significantly
in 2023: 23 cases were diagnosed by screening, com-
pared to 8 in 2022 and 16 in 2021. 27.6% of patients
tested negative for HPV and 21.4% did not undergo
HPV screening, making it difficult to further classify
them (Figure 2).

HPV 16 and 18

<

39,4

= positive = negative
the result was not studied ! ! ; ! ! . ,
Figure 2 — HPV test results among 0 1 2 % i >0 % o
women with cervical cancer Figure 3 - Distribution of HPV types among women who tested positive for

in 2023, %

The remaining 23.1% of cases were diagnosed with a
combination of HPV types 16 and 18, indicating the prev-
alence of these strains among infected women with cervi-
cal cancer (Figure 3). A 95% confidence interval was calcu-

HPV, %

lated for the proportion of women who tested positive for
HPV [41.4% to 60.6%)]. This interval confirms the reliability
of estimates and indicates that more than half of the study
sample has HPV infection.

Atypical Glandular Cells L 1

Grade Il Cervical Intraepithelial
Neoplasia

Grade Il Cervical Intraepithelial
Neoplasia

Grade | Cervical Intraepithelial
Neoplasia

Figure 4 - Proportion of cervical cancer cases among various forms of
dysplasia, %

Relationship between cervical cancer and dysplasia: 22
cases of cervical cancer (22.2%) were associated with pre-

vious diagnoses of cervical intraepithelial neoplasia (CIN)
or atypical glandular cells (AGC). The distribution of these

6
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cervical cancer cases by type of dysplasia is presented be-
low: Grade | CIN - 6 cervical cancer cases (6.1% of the to-
tal), grade Il CIN - 4 cervical cancer cases (4.0%), grade llI
CIN - 11 cervical cancer cases (11.1%), AGC - 1 cervical can-
cer case (1.0%).

The 95% Cl for the proportion of cervical cancer cases
associated with CIN Il was [0.050; 0.172], indicating a sig-
nificant level of uncertainty but confirming a higher like-
lihood of cervical cancer in women with CIN Ill. Figure 4
shows the proportion of cervical cancer cases in the pres-
ence of various forms of dysplasia.

Discussion: At the moment, the ability of countries to
achieve the goals of the WHO global strategy to accelerate
cervical cancer elimination is limited by their level of so-
cial and economic well-being. Researchers from different
countries suggest the following to improve the efficiency
of primary prevention measures:

Raising awareness of the risks associated with HPV
and the role of the virus in tumorigenesis not only among
women but also among men;

Inclusion of HPV vaccination for boys in national immu-
nization plans;

Developing new HPV vaccines to extend vaccination to
middle- and middle-income countries.

To increase the efficiency of secondary prevention
measures (early screening for precancerous lesions of the
cervix), the following is proposed:

More intensive study of the efficiency of the analysis of
self-collected samples;

Search for molecular markers of carcinogenesis in
self-collected samples;

Use of artificial intelligence to identify abnormalities in
samples for the Pap test;

Use of artificial intelligence in doctor-led cervical biop-
sy to improve the accuracy of histological examinations;

Development of diagnostic and therapeutic approach-
es for treatment based on the analysis of the vaginal mi-
crobiome [10].

Cervical cancer is one of the main problems in the re-
gion [5, 6], and efforts should be made to remove obsta-
cles to the elimination of this disease. Therefore, preven-
tive methods should include vaccination, screening, and
public awareness. More and more patients become ill
young [7, 8]. The Pap test is an important and effective way
to detect cervical cancer. It has high-quality and reliable
screening, and the number of cases of this type of cancer
can be reduced to 90% [9, 101. It is recommended that the
National Immunization Program include HPV vaccination
so that it can be integrated with screening (with a Pap test/
HPV DNA) and national cancer control programs, reducing
the cost of vaccines and low awareness of effective pre-
vention. Both print and audiovisual media can be crucial
to achieve this goal.

According to domestic researchers, the HPV vaccine re-
duces the risk of cervical cancer and precancerous HPV-as-

sociated genital warts without negatively affecting repro-
ductive health. This important observation underscores
the safety and efficacy of the human papillomavirus vac-
cine in preserving the typical well-being of girls and young
women. Thus, the HPV vaccine is an important immuniza-
tion that not only prevents the development of dangerous
diseases but also does not affect the reproductive func-
tion of a woman. It confirms the safety and efficacy of the
HPV vaccination program, which is generally considered a
public health measure [11].

Since 2005, preventive gynecological screening has
been conducted in Kazakhstan. In 2008, the Ministry of
Health of the Republic of Kazakhstan issued Order No.
607, “On Improvement of Preventive Screening of Certain
Categories of the Adult Population,” and in 2009 - Order
No. 685, “On Approval of the Rules for Preventive Screen-
ing of the Target Population.” Since 2008, the National
Cervical Cancer Screening Program has been implement-
ed using Pap tests, assessed according to the Bethes-
da classification [18]. Studies are conducted at five-year
intervals among women aged 30 to 60 years. The pro-
gram was implemented in stages: training specialists
who consult women and providing colposcopy to wom-
en [19]. Since 2011, liquid cytology has been actively in-
troduced. It has many advantages over traditional meth-
ods. This examination method allows for quick and easy
sample collection and is highly sensitive to mild and se-
vere pathologies.

It is known that the main problems in the implemen-
tation of screening programs are low coverage of the fe-
male population, low compliance with screening, low
level of training of medical personnel, and high cost in
countries that do not allocate national funding for cervi-
cal cancer screening. The main problems and obstacles
to cervical cancer screening and proposed ways to solve
them were studied in several international studies [20].
Educational activities for healthcare professionals (e.g.,
continuing education, training in cervical cancer diag-
nostics, especially screening) have effectively increased
adherence and coverage. Female-targeted education
campaigns on cervical cancer screening, HPV testing, and
HPV vaccination should be conducted at the local, pro-
vincial, and national levels. Cervical cancer screening is
undoubtedly an important step towards the reduction of
the global burden of cervical cancer. However, a compre-
hensive approach based on the study and improvement
of adherence to screening among the female population
is required to achieve the ultimate goal of reduction of
morbidity and mortality [21].

The results of an epidemiological study of cervical
cancer morbidity and mortality in Almaty from 2005 to
2022 showed the need to improve and intensify screen-
ing among women of reproductive age and the intro-
duction of vaccination and screening programs with HPV
testing [22].

Oncology and Radiology of Kazakhstan, Ne4 (74) 2024 7
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Conclusion: The data analysis results for the Zhambyl
region for 2021 and 2023 emphasize the importance of
continuing work in the field of early diagnostics and pre-
vention of cancer. Improving screening programs and
public awareness can reduce morbidity and improve treat-
ment outcomes. There is a trend towards an increase in
the average age of cervical cancer patients during the pe-
riod under study. This fact requires further identification
of possible factors affecting this age dynamics. The study
demonstrates a significant HPV prevalence among wom-
en with cervical cancer, highlighting the importance of
early diagnostics and timely HPV vaccination, especially
against types 16 and 18.

It is necessary to perform active explanatory work
among the female population, with coverage in the me-
dia and social networks, to reduce the burden of cervi-
cal cancer and increase the coverage of cervical cancer
screening and HPV vaccination in order to improve pre-
vention programs and raise awareness among the popu-
lation of the Zhambyl region. It is necessary to give rec-
ommendations on physical activity for women of different
age groups: lead a healthy lifestyle, avoid bad habits, prac-
tice sports, and walk in the fresh air. Promoting a healthy
lifestyle should contribute to increasing women's respon-
sibility for their health, forming a healthy lifestyle, creating
a favorable social environment for maintaining health and
preventing diseases, and forming a society with a strong
and healthy population.
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AHJIATIIA

2021-2023 zx:x. KAMBbLI OBJIbICHI BOMBIHIIA ) KATBIP MOMHBI OBbIPBI )KOHE A JAM
HNAIINJIJIOMABUPYCBIHBIH TAPAJIYBIH TAJIIAY

C.H. Kynoaesa', A.M. 3eineadeonin?, I.A. Taiimenu?®, JK. C.Kyoaiikynoea, JI. 363en10eKKbl3ol>

1«OHrycTik KasakctaH MeguumHa akapemusco» AK, LLibiMkenT, KasakcTan Pecnybnukacsl;
2Kambbin 06nbICTbIK ken GeitiHai oHkonorus xaHe xupyprins opTanbiFbly LLDKK MKK, Tapas, Kasakcran Pecnybnukackl

Oszexminizi: /[yHuescysinik deHcaynvik cakmay yuvimoiusiy ([[/[¥) scamoip MotiHbl 06bIpbIHbIY (PUUM) ANOBIH ALY HCOHE CKPUHUHST OOUbIH-
wa cmpamezusinapol 6ap, anauoa puim ColpKAmMmanyubliblebl MeH 0Cbl AyPYOaH OOIAMbIH ONIM-ICIMIMHIK JHCHLI CAUbIHEbL KOPCemKiumepi ol
0e a1eMOIK KaybiMOACMblKNbl OHbIH AJIObIH ALY HCOHE epme AHbIKMAY MOCLIOepin Hcemindipy H#oidapsit izoeyee modcoyp emeodi. PLIIM andvin
any dcone epme anblKmMay MyMKIHOIKmMepl NPaKmuKaiblk OHKOSUHEKOI02Us0azbl el Kypoeai 601bln mabdbliaoul.

3epmmeyoin maxcamot 6onvin — JKamboin 06avicel Gotbinwa 2021-2023 dncolnoapsl scamoip MOUHbL 00bIPHIHOA AOAM NANULIOMABUDYCbL-
HbIY MApanybl MeH 6acblM mypin aHblKmaymen 6ipae Jcamvlp MOUHbL 0ObIPbIMEH ColPKAmmany Kopcemxiumepin bazanay maowliaoul.

Qoicmepi: 3epmmey 2021 scvinoan 2023 sxcvinea deiiin Kambuvin 061v1cmulx, OHKONO02UA dHcoHe Xupypeus Koncananw: opmanvievl (KOM-

LOuX IIDKK MKK) wapyawblivlk jcypei3y KyKbleblHOA2bl MEMIEKeMMmIiK KOMMYHAIO0bIK KocinopHulnoa mipkenzen PLLIM ouacnosvl KotiblizaH
nayueHmmepoiy MEOUYUHAIbIK, KAPMALAPbIHLIY Oepekmepi He2izinoe xHCypeizinoi.. [epekmep Kameeopusanvlk auHbIMAILIIAD YWIH Ha20ali-
apObIY AHCANbL CANbIHGIY dicuiniei men yaeci (%) peminde cunammanovl.

Homuswcenepi: 2021 scoinwr Kamoip motinel 0oviper (KMO) bap naykacmapowiy opmauia sxcacet 29-83 scac apanvievinoazel 52 scacmel
Kypaiiovl. 2022 scwinel opmawia srcac 50 ocacka oetiin momenoedi (28-73 scac). 2023 acoinvt xanvixmuly opmawa scacel 53,8 scacka (33-82
orcac) Oetlin ocedi. byn nayuenmmep apacvliHOazvl Heac OUHAMUKACHIH Kopcemeoi. [uacnocmuxanviy muimoiniei: 2023 scoinol JKMO-nviy 99
Jrcazoaiivl anblkmanoel, onvly 51%-v1 adam nanuanomasupycwina (AIIB) oy nomuoce 6epoi.2023 dicvinbl ckpununemix 6a20apiramaniapobsiy
muimoiniei edayip apmmeot, 2021 scoinvt 16 scone 2022 sncolavt 8 dcazoaumen caiblcmulp2anoa 23 CKPUHUHZMIK Jcaz0atl AHbIKMALObL.

Kopvimuinowt: JKambwin ooavicer 6otivinua 2021-2023 srcvinoapoazsl Oepekmepoi manoay Heamolp MoliHsl 00bIpsl 6ap otiendepdiy opma
JHCACBINBIY OCYIH AnbIKMAObL, Oy 00aH opi 3epmmeyoi Kasicem emedi. CKpununemix 6a20apaamanapobly JHcaKcapybsl Jcone XarvlKmoly Xabap-
0apvlablHbIH ApMybl epme Kezeyoepoe OUazHO3 KOUbLI2aH Heaz0alnapobiy keberwine okenodi, by emoey Homuokcenepine oy ocep emeoi. AI1B-
Huly, ocipece onwiy 16 dicone 18 mypuepiniy dcozapvl mapanysl asacblHoa Oy1 GUPYCKA KApcobl YAKMbLAbL OUACHO3 KOIO JCOHE BAKYUHAYUSIAY
Kaosicemminiei ocipece 63eKkmi 606N OMblp.

Tyiiinoi cozoep: sxcamvlp MOUHbL OOBIPLIHLIY ANObIH ALY, HCAMBLP MOUHbL OObIPLIHbIY CKPUHUHRT, HCAMbID MOUHbL 00bIPLIHBIY ANObIH ATy
JHCONBIHOARHI Kedepeiiiep, JHCamblp MOUHbL 00bIPbIHA OCUiH2l 3aKbIMOAHYILAD, HCAMbLD MOUHbL 0ObIPbIHGIY ALObIH ALYObIH 3aMAHAYU cmpame-
2usnapbi.

AHHOTALUA

AHAJIN3 CJOYYAEB PAKA IIEMKA MATKHA U PACIPOCTPAHEHHOCTH
BUPYCA MMAITAJIJIOMBI YEJIOBEKA B )KAMBBIJICKOM OBJIACTH B 2021-2023 rr.

C.H. Kynoaesa', A.M. 3eineabedvin’, I.A. Taiimenu?, JK.C. Kyoaiikynoea, JI. A03enoexkuizr*

'AO «tOxHo-KasaxcTaHckuit MeauumMHckuin yHuepenTeT» LLbimkeHT, Pecnybnuka Kasaxctah;
KM Ha MXB «XKambbinckuit 06nacTHoi MHOronpoubHbIN LIEHTP OHKONOTM 1 Xupyprimy Tapas, Pecnybnuka KasaxcraH

Axmyansnocme: Cywecmeyom cmpameeuu Becemuproi opeanuszayuu 30pasooxpanenus (BO3) no npoguraxmuke u ckpununey paka
wetiku mamku (PLLIM), oonako escecoonvie nokazamenu zaboresaemocmu PLIM u cmepmuocmu om 0anHo2o 3a601e6aHUsL NO-NPedC-
HeMY bIHYIHCOAIONM MUPOBOE COOOWECMBO UCKAMb NYMU COBEPULEHCINEO0BAHUS NOOX0008 K €20 NPOQUIAKMUKE U PAHHEMY BbLAGIEHUIO.
Ipobremvl npoghunakmuru u pannezo svisgrenus PLIM signsiomces 00numu us Hauboaee ClodCHbLX 8 NPAKMULECKOU OHKO2UHEKOI02UU.

ILlenv uccnedosanusn — oyenums noxazameiu 3a001e6aeMocmu pakom wetku mamru ¢ Kambviickou obracmu 3a 2021-2023 22. ¢
onpeoenenuem pacnpoCcmpanerus u npesalupyouje2o muna 6Upyca nanuiiombl 4e108eKa nNpu pake weuKu Mamxku.
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Memoowi: Hccredosanue npogedeno Ha 0CHo8e OAHHbIX MeOUYUHCKUX Kapm nayueHmox ¢ ouaznoszom PLLM, 3apecucmpuposannuix 6
I'KII na I1XB «Kambviickuil 061acmuo MHO2ONpO@duibHbLIL yenmp oHkono2uu u xupypeuuy ¢ 2021 no 2023 ze. Cmamucmuueckuii ana-
JU3 OAHHBIX 6bINOAHANU C UCHOB308AHUEM npoepammbl «Statistica 8.0» (StatSoft, Poccus). [Jannvie 6vlau onucanvl Kak 4acmoma u 00
(%) om obwezo uucia cayuaes 0na KAmMe2opUaiIbHblX NepemMeHHbIX.

Pesynomamor: B 2021 200y cpeonuii eospacm sxcenwjun ¢ PLIM cocmasun 52 2o0a (Ouanason: 29-83 cooa). B 2022 200y cpeonui
6o3pacm chusuics 00 50 nem (28-73 2o00a), a 6 2023 200y cpeonuil o3pacm cHosa ygeauvuics 00 53,8 2oda (33-82 2o0a). dmo ceudemeiv-
cmeyem 0 803MONCHOU 803PACMHOU OUHAMUKe cpedu nayuenmox ¢ PLIIM.

B 2023 200y Ovino evisgneno 99 cayuaee PLIM, uz komopulx 51% nayuenmox umeny noiodcumenbuslll pe3yibmanm Ha 6Upyc nanu-
nombl wenogexka (BITY). B 2023 200y 3nauumenvHO 603pocia 3(PGexmusHoOCcms CKPUHUHEOBbIX NPOCPAMM: ObLIO 8bis6leHO 23 ciyuas
bnazooaps ckpununzy, 6 cpagnenuu ¢ 16 cayuaamu 6 2021 200y u 8 6 2022 200y.

3axntouenue: Ananusz oannvix no Xambéwincrkoi oonacmu 3a 2021-2023 22. evisigun pocm cpeone2o gospacma dxcenwjur ¢ PILIIM, umo
mpebyem danbreuueco uzyuenus. Yayuuenue CKpUHUH206blX NPO2PAMM U NOGLIUEHUE UHGOPMUPOBAHHOCTU HACENCHUs NPUBEIU K YEe-
JUHEHUIO YUCAA CLYYaes, OUACHOCMUPOSAHHBIX HA PAHHUX CIMAOUSX, YMO NOIOACUMENbHO CKA3bleaemcs Ha ucxoodax nevenus. Ha ¢one
svlcokoll pacnpocmpanennocmu BITY, ocobenno munog 16 u 18, neobxooumocms 6 c60e6peMeHHOU OUAHOCMUKE U 8AKYUHAYUU NPONMUB
9MO20 BUPYCA CMAHOBUMCSL 0COOEHHO AKMYALbHOU.

Kniouesvie cnosa: npodpunakmura paka weku Mamku, CKpUHUHE paAKa WelKku Mamku, bapbepsl Ha nymu npo@Guiakmuku paka wei-
KU MAMKuU, npeopakosvle nopadjicenus Welku Mamkuy, cogpementvle Cmpame2uu npoQUIAKMUKY paKa etk MamKu.
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EPIDEMIOLOGICAL ASSESSMENT
OF CANCER INCIDENCE IN THE RURAL POPULATION
OF THE ALMATY REGION

L.J. ORAKBAI', S.K. KARABALIN', K.B. SHEGIRBAYEVA?* A.N. ADILKHANOVA’,
J.B. BEYSENBINOVA?, E.I. KUSSAIYNOVA?, A. K. TEKMANOVA?
'Kazakh-Russian Medical University, Aimaty, the Republic of Kazakhstan;

Znstitute of Occupational Medicine, Professional Pathology and Industrial Ecology, Almaty, the Republic of Kazakhstan;
SAsfendiyarov Kazakh National Medical University, Aimaty, the Republic of Kazakhstan

ABSTRACT

Relevance: In recent decades, there has been an increase in oncological diseases in Kazakhstan, becoming a serious medical and
social problem. The relevance of this topic is due to the need to study the causes and dynamics of morbidity in various regions, including
rural areas. A lower level of accessibility to medical services, including diagnosis and treatment of oncological diseases, characterizes
rural areas of Kazakhstan. Insufficient medical care, difficult socioeconomic conditions, and the possible impact of harmful environmental
factors make rural populations more vulnerable to diseases, including cancer. Reliable data on the level and characteristics of cancer is
needed to make adequate management decisions in healthcare. Epidemiological analysis in the region’s context will optimize resource
allocation and improve the availability and quality of cancer care for the rural population of the Almaty region.

The study aimed to provide an epidemiological assessment of cancer incidence in the rural population of the Almaty region.

Methods: The study included a retrospective analysis of the indicators of the oncological service of the Almaty region, materials
on the incidence of malignant neoplasms based on the screening program’s results (2015-2020), and statistical processing of indicators.

Results: Despite a slight decrease in morbidity and precancerous conditions, the mortality rate did not decrease significantly.
The ranking of districts by the general incidence of malignant neoplasms revealed that the “disadvantaged” districts included the
Enbekshikazakh, 1li, Karasay, and Talgar districts; the “relatively prosperous” — Zhambyl and Uygur,; and the “prosperous” — the
Balkhash and Raiymbek districts. The increase in the incidence of malignant neoplasms in almost all localizations in the Almaty region
was due to increased cases among the able-bodied population and the rejuvenation of the disease.

Conclusion: Summarizing the results of an epidemiological study of the nature and trends of the incidence of malignant neoplasms
in the rural population of the Almaty region allows us to formulate the main directions of managerial efforts to change the situation. It is
necessary to pay attention to the increase in cancer incidence in the Almaty region (the growth rate is 0.5%). The incidence of malignant
neoplasms in almost all localizations of the Almaty region is due to the intensive increase in the incidence of the able-bodied part of the
population’s “rejuvenation.” Therefore, prevention and early diagnosis at the age of 40-60 years with the formation of high-risk groups
should lead to a decrease in morbidity and mortality.

Keywords: public health, morbidity, epidemiological assessment, screening, cancer awareness, prevention, early cancer diagnosis.

Introduction: According to the World Health Organi-
zation, 19.3 million cancer incidences and 10 million mor-
talities were registered in 2020 [1]. Cancer incidences in-
creased in developing countries, including Kazakhstan.
Cancer morbidities are prevalent among rural residents
due to the impact of socio-economic and environmental
factors. Growing access to healthcare services is crucial
in addressing cancer epidemiology [2]. Canadian studies
proved that rural residents’ access to medical oncology
services is limited. It increases cancer incidence and mor-
tality [3]. According to comparative analysis, cancer treat-
ment outcomes are higher in regions with better health
care. Similar studies in Europe proved that smoking, limit-
ed physical activity, and limited access to healthcare ser-
vices increase cancer incidence in rural areas [4, 5].

According to the Ministry of Health of the Republic of
Kazakhstan, cancer incidences among rural residents are
high. However, the characteristics of this group have not
been sufficiently studied.

The studies conducted in other countries demonstrat-
ed the necessity of a more in-depth analysis of oncological
diseases in rural areas to develop effective prevention and
treatment methods [6].

Screening is the most important aspect of early cancer
detection. That is cancer detection through mass prelimi-
nary population examinations [7]. The main goal of screen-
ing is to detect asymptomatic tumors early and treat them.
For early detection of diseases in the Republic of Kazakh-
stan, the National Screening Program provides for prelimi-
nary medical examination among target population groups.
Early diagnosis of a tumor allows for a complete cure for the
disease. Late detection complicates treatment by the risk of
tumor spread [8]. Screening studies increased early cancer
detection. This positive trend indicates patients’ condition
improvement and screening programs’ effectiveness [9].

The study aimed to provide an epidemiological assess-
ment of cancer incidence in the rural residents of the Al-
maty region.
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Materials and Methods: We analyzed the Almaty re-
gion oncology service indicators based on the screening
program results, collected data on malignant neoplasmin-
cidence, and statistically processed their indicators.

We used information on the number of cancer inci-
dences and the prevalence by type of cancer among age
groups from the Ministry of Health of the Republic of Ka-
zakhstan. We used detailed information on the patient’s
condition, time and place of diagnosis, and treatment re-
sults from oncology registries. We also used the interna-
tional Globocan database for comparative characteristics
[10]. It allowed us to compare cancer incidence and mortal-
ity in Kazakhstan with other countries and regions.

Results: According to the World Health Organization [1],
cancer incidence in Central Asia is higher than in other re-
gions. According to Globocan 2020 [10], the incidence in Ka-
zakhstan is 89 cases per 100,000 population. It is very close
to the rates in neighboring countries such as Kyrgyzstan and

Uzbekistan. The Almaty region’s rural population makes up
a significant part of its population. According to the latest
census [11], about 40% of the region’s population lives in ru-
ral areas. It is approximately 1.5 million people.

These settlements are distinguished by their ethnic
diversity, in which many Russians and other nationalities
live along with Kazakhs. In the Almaty region, 8,902 can-
cer patients are registered under dynamic control. In 2018,
the incidence rate was 1,670 (relative mass 123.0); in 2019,
1,700 newly diagnosed patients were registered (relative
mass 124.1).

Based on the overall cancer incidence rate in the Al-
maty region (Figure 1), the following «unfavorable” dis-
tricts are identified: Enbekshikazakh, Ili, Karasay, and Tal-
gar (marked red on the map), and “relatively favorable”
districts: Zhambyl and Uygur (marked yellow on the map),
and «favorable” districts: Balkhash and Raiymbek (marked
green on the map).

Zhambyl
District

Uyghur -
District

Kegen
District

Figure 1 — Differentiation of districts by overall cancer incidence

The cancer incidence among the population increas-
es with age. For example, in the US studies, over 60% of
cancer cases occur in people over 65 years [12]. Dividing
the population into age groups (0-17, 18-44, 45-64, 65+)
is important to analyze which age groups cancer is most
common. Analysis of age-related malignant neoplasm in-
cidence in 2019 showed the predominance of breast and
cervical cancer in age categories. That is: 40-49 age (Breast
cancer — 49 cases, cervical cancer - 19 cases), 50-59 age
(Breast cancer — 45 cases, cervical cancer — 30 cases), 60-
69 age (Breast cancer - 59 cases, cervical cancer - 20 cas-
es). Also, in the age category of 30-39 years (Breast cancer
- 19 cases, cervical cancer - 14 cases) (Figure 2). Although
cancer is more common in older people, blood cancer and
breast cancer are most common among young people.

Cancer occurs with different frequencies in men and
women. For example, lung and liver cancer are more com-

mon in men. And breast cancer is more common in women.
According to the World Health Organization, in 2020, breast
cancer was the highest among women worldwide [13]. In
the Almaty region, lung cancer is more common among
men, and breast cancer is in first place among women.

As of 2021, lung cancer accounts for 27% of all cancer
cases among men. Breast cancer in women accounts for
32% [14]. According to the study, the average age of pa-
tients diagnosed with colon cancer was 65.2 + 7.45 years,
and among men - 64.8 + 4.48 years, and among women
- 65.5 + 5.06 years. Age-related features of this disease
are characterized by reaching the progression threshold
even at 70 ages and older, with an increase for each sub-
sequent decade of the disease (Figure 3).

In the Almaty region, cancer incidence is distributed by
age group and gender. This data is crucial in differentiat-
ing the epidemiological situation and planning preventive
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measures and medical resources. In the age group from 0
to 17 years, the incidence in this group remains relatively
low, but some cancer cases, such as leukemia and central
nervous system tumors, are still registered. In 2021, about
30 cases of cancer were registered among children in Al-
maty region, which is less than 1% of the total. In 2021,
about 800 cases of cancer were registered. This is 32% of

the total incidences. Among the population over 65 years
old, this is the highest rate. Based on the results of the in-
cidence rate of rectal cancer by regions, the following can
be classified as “unfavorable” districts: Enbekshikazakh,
Zhambyl, and Ili; the “relatively unfavorable” districts in-
clude Karasay, Talgar, and Rayimbek; and the “favorable”
districts include Balkhash and Uyghur districts (Figure 4).

90
80
70
60
50
40
30
20
10

Before 30 y.o. 30-39y.0.  40-49 y.o.
—o—Breast cancer

50-59y.0.  60-69y.0. Over 70 y.o.

—m—Cervical cancer

Figure 2 — Breast cancer and cervical cancer incidence in the southern part of Almaty region, 2019
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Figure 3 — Colon cancer incidence in the southern part of Almaty region by age and sex

Based on the analysis of breast cancer incidences, a rat-
ing of «unfavorable” districts was identified: Enbekshika-
zakh, li, Talgar; “relatively favorable” districts: Zhambyl,
Karasay and Uyghur, and «favorable” districts: Balkhash
and Rayimbek (Figure 5).

The «unfavorable” districts in assessing the epidemio-
logical situation by the incidence of cervical cancerinclude
Enbekshikazakh, Karasay, and Talgar; “relatively favorable”
districts are Zhambyl, Balkhash, and Uyghur; and “favora-
ble” districts are Ili and Rayimbek (Figure 6).

It is known that the incidence of rural populations is in-
fluenced by socio-economic, environmental, medical-de-
mographic, and many other factors. During studies, we
have become convinced of the importance of lifestyle and
environmental risk factors.

However, it is hard to determine the exact impact of
each of them individually. Therefore, we adopted a differ-
entiated approach at the initial stage of this study. To be
completely sure of this, it is necessary to conduct an in-
dividual statistical development of data on the incidence

of rural residents based on the characteristics of their so-
cio-economic living conditions.

Many factors influence the development of malignant
neoplasms. These include environmental pollution, ra-
diation, rape conditions, hormonal changes in the body,
and industrial zones. Another reason is vitamin deficien-
cy. Genetics also plays a big role. One of the important fac-
tors in the development of the disease depends on age.
For example, the risk of developing colon cancer among
the population after 50 years doubles with each decade.
All these factors are due to appropriate preventive meas-
ures, which include vaccination against oncogenic infec-
tions. By influencing these risk factors, it is possible to re-
duce the incidence and mortality of cancer. Screening
coverage for cervical, breast, and colorectal cancer var-
ies by region in the region. The analysis showed that de-
spite a slight decrease in incidence rates and detection of
precancerous conditions, the mortality rate does not de-
crease significantly. The results of the district rating by the
level of general incidence of oncological diseases showed:
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in the “unfavorable” districts such as the Enbekshikazakh,
Ili, Karasay, and Talgar; in the “relatively favorable” districts

such as the Zhambyl and Uyghur, and “favorable” districts,
including the Balkhash and Rayimbek.

< Talga
~ Karasay iotri Kegen
"District D'strct District

Rayimbek
District

Figure 4 — Rating of incidence of rectal cancer in the Almaty region
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Figure 5 — Rating of districts by incidence of breast cancer
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Figure 6 — Differentiation of districts by cervical cancer incidence
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The analysis and study of specialized literature showed
the relationship between various endogenous and exog-
enous risk factors affecting cancer development and the
risk of developing the disease. In rural areas, oncological
auras are a serious problem that requires attention. Com-
parative data from international studies again emphasize
the need to develop effective strategies to improve diag-
nostic indicators, improve the availability of medical care,
and implement preventive programs. This is especially
true for rural residents of the Almaty region. Such studies
can significantly improve health and reduce the incidence
of cancer.

As a model of a protective factor, the well-being of can-
cer patients can serve as a risk factor. Among women, in
most cases, household and socio-economic status as risk
factors can further affect the stage of cancer and the effec-
tiveness of therapy. Early diagnosis of cancer can increase
the life expectancy of the disease.

Conclusion: Analysis of current data on cancer inci-
dence and mortality provided by international and na-
tional sources shows that cancer remains one of the most
pressing and complex public health problems world-
wide. The results of epidemiological studies of cancer in-
cidence in rural areas of the Almaty region show alarming
trends, such as a steady increase in incidence and “reju-
venation” of cancer, especially among the working-age
population. In this regard, to effectively manage the sit-
uation and improve its epidemiological situation in the
region, it is necessary to focus the main work on stabiliz-
ing and further reducing the incidence among men and
preventing the intensive growth of oncological patholo-
gy among women.

Despite significant advancements in cancer diagnos-
tics and treatment, there remains a pressing need to en-
hance the prevention of known risk factors and improve
the organizational framework of cancer care. Raising pub-
lic awareness about cancer prevention methods and as-
sociated risk factors is crucial, particularly through wide-
spread information and educational initiatives targeting
rural communities. Enhancing access to medical servic-
es requires establishing mobile medical teams to conduct
preventive examinations in remote and hard-to-reach ar-
eas.

Efforts should address modifiable risk factors such as
smoking, poor nutrition, lack of physical activity, and ex-
posure to harmful environmental factors. Additionally,
greater emphasis should be placed on promoting regu-
lar preventive examinations and participation in screen-
ing programs for breast, cervical, and colorectal cancers.
These measures significantly increase the likelihood of ear-
ly detection.

Targeted interventions in high-incidence districts, in-
cluding Enbekshikazakh, lle, Karasay, and Talgar, under-
score the importance of localized efforts in expanding
and optimizing cancer screening programs. Such focused

strategies are essential for improving early diagnosis rates
and reducing cancer burden.
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AHJATIIA

AJIMATBI OBJIBICBIHIAFbBI AYBIJI TYPFBIHAPBIHBIH OHKOJIOI' US1JIBIK
AYPY-IMAHABIJIBIFBIH IIUAEMHAOJIOIUAJIBIK BAFAJIAY

JIZK. Opaxéaii', C.K. Kapaéanun', K.B. Illezupoaesa®, A.H. Aounxanosa’,
JK.B. Beiicenbunosa’, 3.H. Kycaivinosa’, A.K. Tekmanosa®

IMEBBM «KasakctaH-Peceit meauumHanelk yuueepcuteTis, Anmatsl, KazakctaH Pecnybnmkacs;
2«EHBEK MeanLMHACHI, KSCINTiK NaTONOrUs XeHe OHEPKSCINTIK SKONOMMs MHCTUTYThI» MekeMeci, Anmatel, KasakcTaH Pecny6nmkach;
KEAK “C. XK. ActheHansipos aTbiHgarbl Kasak ¥nTTblk MeauumHa yHusepeuTeTi’, AnMathl, KasakctaH Pecny6nmkach

Oszexminizi: Conevl scvinoapvl Kazaxcmanoa onkono2uanviy aypyrapoviy ocyi baikaiaovl. Byn maxeipvinmoly o3exminiei ayvliovik
Jrceprepoeci aypyovly cebenmepi MeH OUHAMUKACHIH 3epmmey Kadxcemminicine 6auranvicmol. Kazakcmannoly ayoanoapeiHoa OHKOLO-
2USTILIK, AYpYLapObl OUASHOCIMUKANAY, eMOey MeOUYUHAIbIK Kbl3MemmepOiy KOAHCemimOIiniciHiy momen OeHeellimen epexueneneoi. Me-
OUYUHATILIK, KOMEKMIY JCeMKINIKCi30iel, Kypoeni oneymMemmik-9KOHOMUKAIbIK HCA2OAULAp JHCOHe Kopudazan opmazd 3usinobl Gakmop-
1apObly acep emyi ayvli mypablHOAPbIH AYPYUAHObLIbIKKA 9Kenyoe. [lencaynvik cakmayoa muicmi backapy wewimoepin Kabulioay yulin
OHKONO2UANILIK AYPYULAHOBLIbIK OeHeelll MeH epeKulelikmepi mypaivl ceHimMOi depekmep Kascem. Onipoezi 3nudemuoi02usiiblK maioay
pecypcmapovl 6eny0i oymaiinanovipadsl. On ayvii mypablHOapbl YuliH OHKOJIO2UAIbIK KOMEKMIK KOAdcemiMOiniel Men canaceln dcaxcap-
myaa MymMKinOIiK Oepedi.

3epmmeydin maxcamol — Animamol 0OIbICIHBIY AYbLI MYPSbIHOAPBIHBIH, OHKOIOSUSIbIK AYPYULAHOBLIbIZbIH SNUOEMUOLOLUATBIK 6a2ana).

Mamepuanoap men d0icmep: Aimamol 0OIBICHIHBIY OHKOLOSUSIIK KbI3MEeMINIY KopcemKiumepine, Kamepii iCikmepmen ColpKammany-
WbLILLK, OOULIHULA MAMEPUANOAP MEH KOPCEMKIUMepee Cmamucmukaiblk 640ey Jcypaize omvipbln, CKpuHunemix bazoapramansiy (2015-2020
JHCoHC.) HOMuUICenepi OOUbIHWA PempPOCneKmuUemi maioay #cypaizinoi

Homuosicenepi: maxganaoa aypyuwiayovelx hen Kamepai icikke Oeilinei dcazoaiiniapoviy azoan memeHnoeyine Kapamacman, oaim-scimim
atimapnvlkmai memernoemeumini kepceminzen. Kamepnui icikmep0in sicannel aypyulayoulivizsl O0UbIHULA AYOAHOapObl capaiayosl maaioay"
Koaaucwulz "ayoanoapea Enbexwixasax, Ine, Kapacau swcone Taneap," canvicmoipmanst mypoe Koaaiicoi3" JKambwin scone Yievip; an "Ko-
aatinvl” Bankaw scone Patibimbex ayoanoapsi sacamamvlibli AHblKmMaowsl. Animamol 001blcblHOa Kamepai icikmepmen aypyuanobliblKnbly
b6apnvlK 0epiik mapaiybiHblH apmysl eHoeKke Kabiiemmi Xauivlk apacblHod JHeaz0auiapobliy KOOeiMeH JdeoHe aypyoblH dcacapybvimer odatl-
AAHBICMYL.

Kopvimuinowvi: Anmamor 00161CbIHbIY AYbLL MYPebIHOAPBIHbIY KAMeEPT iCIKmepMeH aypyulayoblibleblHbly CUNAmvl MeH ypoicmepin snude-
MUONOSUSATBIK, 3ePIIMeE)Y HOMUICENEPIH JICATNBLIAY HCA20Atobl 032epmy OOUbIHUA OACKAPYWbLIbIK Kyui-dicicepOiy Heeizel bazelmmapuii my-
AHCLIPBIMOAY2a MYMKIHOIK Oepedi. Anmamul 001bicbl OOUbIHWIAG Kamepi iCiK  aypybl OOUbIHWA aypYulanOblabl KOPCemKiuiniy ocyine Hazap
ayoapy Kasicem (ocy Kapkvinvl — 0,5%). Anmamer 0b6avicvinda Kamepai icikmepmen aypyuayoblivlk OapavlK mapaiyvlHa Kapatl XaiblKmbly
enbekke Kabintemmi 0ONI2IHIK aypyuanObliblablHbly KAPKbIHObL 6CyiHe, oHbly "cacapyvina” daiinanvicmel. Condvikman 40-60 scac apanvi-
2bIHOA2bl ANOBIH-AILY JCOHE epme OUASHOCIUKA JIcOo2apbl KAYinmi monmapobwiy KajablnmacyblMer aypyuayobliblk NeH o1iM-JCImiMHiY momeH-
Oeyine oKenyi kepex.

Tyiiinoi co30ep: xanvikmoiy OeHCaynvlevl, aAypyuayoblIblK, SNUOEMUOIOUANBIK DA2ANAY, CKPUHUHS, OHKOLOSUSIbIK CAKMbIK, AN0bIH ATy,
Kamepai icikmiy epme OUA2HOCIMUKACHI.

AHHOTANUS

SGIMUJIEMHUOJJIOI'TYECKASA OHEHKA OHKO3ABOJIEBAEMOCTH CEJBCKOI'O HACEJIEHU S
AJIMATHHCKOM OBJIACTH

JLIK. OPAKBAﬁi, C.K. KAPABAJINH', K.B. IIETHPBAEBA', A.H. A/TH/IXAHOBA',
JK.b. BEHCEHBHHOBA? 2.H. KYCAHBIHOBA®, A.K. TEKMAHOBA*

'HYO «KasaxcraHcko-Poceuickiit MeanumHekni yHuBepeuTeT, Anmartsl, Pecnybnuka Kasaxcrak;
HAO «Kasaxckuii HauMoHanbHbIi MeauumHckuin yHusepeutet um. C.1. Acerausposa», Anmarsl, Pecnybnnka Kasaxcran

Axmyansnocms: 3a nocieonue decamuiemus 6 Kazaxcmane nabuoodaemcs pocm OHKOI02UYECKUX 3a001e8AHUL, YMO CIMAHOGUMCS
cepbe3Holl MeOUKo-CoOYUaIbHol npooiemou. AKmyaibHoOCmb Mol membvl 00yCl081eHA HeOOXOOUMOCMbIO UCCIe0068AHUA NPULUH U OU-
HAMUKY 3a0071e6aeMOCmu 8 pa3NUYHbIX PeSUOHAX, BKAIOUAS celbCeKyio mecmnocmb. Ceabekue pationvt Kazaxcmana omauuaiomes bonee
HU3KUM YPOBHEM OOCMYNHOCIU MEOUYUHCKUX YCILYe, GKAI0UA OUASHOCTUKY U edenie OHKoIo2udeckux 3abonesanuil. Heoocmamounoe
MEOUYUHCKOE 0OCTYICUBAHUE, CTLOICHBLE COYUANLHO-IKOHOMUYECKUE YCI0BUS U BOZMOICHOE BO30€liCEUe PEOHbIX PAKMOPO8 OKPYICA-
ouell cpedvl 0eaarom ceibCKoe HaceaeHue bonee YA36UMbIM neped 3a001e8aHUAMU, BKAIOUAs PaK. [ npUHAMuU A0eK8aAmHbIX YNpas-
JIeHYeCKUX peuleHuil 8 30pasooxXpanenuu Heodxo0umbl 00cmosepHvie OanHble 00 YPoBHe U 0CODEHHOCMAX OHK03ab0aesaemMocmu. Dnuode-
MUONOUHECKUL AHATU3 8 pA3pe3e PeUOHA NO36OIUM ONMUMUIUPOBATNb PACHpedeNeHUe PECyPCO8, YIYUUMUNMb OOCMYNHOCMb U KA4eCm8o
OHKOJI02UYECKOU NOMOWU Ol CeNbCKO20 HaceneHus AImamunckou obaracmu.

Llenb uccnedosanusn — HnUOEMUOIOCUYECKASL OYEHKA OHKO3A00Ie8AEMOCMU CeNbCKO20 HACeNeHUs AIMAMuHCKoU obaacmu.

Memoowt: I[Iposeden pempocnekmueHsill AHAIU3 NOKA3AMeNell OHKOLOSUYECKOU CAYHCObl ATMAMUHCKOU 061acmu, MaAmepuaios no
3abonesaemocmu 310KavecmeenHbiMU H08ooOpaszosanuamu (3HO) no pesyromamam ckpununeogou npoepammul (2015-2020 22.) u cma-
mucmuueckas oopabomka nokazameinei.
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Pesynvmamor: Hecmomps na nebonvuioe crudicenue 3a601e6aemocmu i npedparKosblx COCMOSHUL, YPOB8EeHb CMEPMHOCHU OM 310Kd-
YyecmeeHHbIX HOB00OPA308AHUU CPEOU CeNIbCKO20 HaceaeHUs AmMamunckoll 00aacmu cyuwecmeeHo He CHudicaemcs. Ananus pandcuposa-
HUsL pationoe no oowell 3a601e6aeMoCmu 310Ka4eCmeeHnblX H08000PA306ANUU BbIAGUN, YO K «HeOIA20NOLYUHbIMY PAUOHAM OMHOCAMCS
Enberxwuraszaxckui, Unutickuti, Kapacaiickuti u Taneapckuil; k «omHocumenvHo 01azononyunvimy — Kamobviickuii u Yiieypekuil; a k
«bnazononyunvim» — banxawckuii u Pauvimbexckuil. Pocm 3abonesaemocmu 310Ka4ecmeenHblX H08000PA3068aAHUL NOYMU 6CEX JIOKANU-
sayuil cpedu HaceneHus ATMamunckol 001acmu c8A3aH ¢ ygeaudeHuemM Yucia ciyiaes cpeou mpyoocnocoOH020 HaceaeHUsl U OMOA0HCe-
Huem 6one3Hu.

Baknwuenue: ObobweHue pe3yibmamos 3MUOEeMUOTIOULECKO20 UCCIeD08AHUS XapaKkmepa U meHOeHYuUll 3a001e6aeMocmiu 310Kd-
YeCmeeHHblX HOBOOOPA308ANHUU CENIbCKO20 HACENeHUs ANMAmunCcKou 06aacmu no3eonsem COpMyIuposams 0CHOGHbIE HANPABIEHUS
YNPABIEHUEeCKUX YCUIUL No uzmenenuro cumyayuu. Heobxooumo obpamume snumanue na pocm noxazameis zabonesaemocmu 3H no
Anmamunckoii obnacmu (memn npupocma — 0,5%). 3a6oreeaemocme 3HO 6 Anmamurnckoii obracmu npaKkmuiecku 6cex N0KaIU3ayul
00ycn061eHaA UHMEHCUBHBIM POCIOM 3a00]e6aeMocmu mpyoocnocoOHol yacmu Haceienus, ee «omonoxicenuemy. Illosmomy npopunax-
MuKa u pannssn ouaznocmura 6 eozpacme 40-60 nem ¢ popmuposanuem epynn nogvlUUeHHO20 PUCKA OONHCHA BECMU K CHUICEHUIO 300~
1e6aeMoCmu u cCMepmHOCmU.

Kniouesvie cnoga: 300posve nacenenus, 3a001e6aeMoCmy, INUOCMUOIO2ULECKAS OYEHKA, CKPUHUHZ, OHKOHACMOPOICEHHOCHb, NPO-
Gunakmura, panHasn Oua2HOCMUKa paxa.
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ABSTRACT

Relevance: In Kazakhstan, an exponentially growing number of people live with bad habits (smoking, drinking alcohol, drug abuse,
etc.), which are the main cause of oral cancer. It is necessary to inform the population about preventive measures and periodically

conduct screening examinations.

The study aimed to analyze the incidence and mortality rates of the population from oral cancer for 2019-2022 in the city of

Shymkent.

Methods: A retrospective study of patients with oral cancer in the oncology dispensary of Shymkent from 2019 to 2022 was conducted.
Results: The low percentage of early detection of this pathology in the city of Shymkent creates the need to intensify the work of the

Shymbkent city clinic on the early detection of oral cancer.

Conclusion: Within the guaranteed volume of medical care, we recommend that men aged 40 to 70 with bad habits not only in rural
areas but also in cities undergo examination once a year for early detection of oral cancer.
Keywords: oral cancer, risk factors, oral thrush, prevention, morbidity.

Introduction: A growing number of people living in
our country have harmful habits (smoking, alcohol con-
sumption, drug use, etc.), which are the main cause of
oral cancer. Oral cancer is often detected late due to
its asymptomatic course [1]. Oral cancer is the second
most common cause of death after cardiovascular dis-
ease. Its incidence is due to both qualitative and quan-
titative factors. Smokers and drug abusers have an 8.4
times higher incidence of oral cancer than those who
are free of such habits [2]. Oral cancer is more com-
mon in countries such as India, Taiwan, Sri Lanka, Paki-
stan, and Bangladesh. It is particularly prevalent among
low-income populations with poor living conditions
and widely spread among people at risk factors such as
environmental carcinogens, alcohol consumption, in-
fectious agents, and smoking. Oropharyngeal cancer
is one of the most dominant cancers globally. Tobac-
co and alcohol are the main risk factors for oral cancer.
Smokeless tobacco also causes oral cancer, as confirmed
by the International Agency for Research on Cancer [3,
4]. Other numerous risk factors include smoking, alco-
hol consumption, poor diet, HPV virus, excessive use of
alcohol-based mouthwashes, poor oral hygiene, weak-
ened immune system, and genetic factors. Oral cancer
has a profound impact on the normal physiology of the
oral cavity. Disturbance of normal physiology leads to

malignant diseases such as leukoplakia, erythroplakia,
submucosal fibrosis, cleft palate, and actinic keratosis,
common in smokers.

The study aimed to analyze the incidence and mortali-
ty rates of the population from oral cancer for 2019-2022 in
the city of Shymkent.

Materials and Methods: This retrospective study in-
volved patients with oral cancer registered at the Shym-
kent Oncology Dispensary from 2019 to 2022. Data was
taken from patients’ medical records with their prior con-
sent. All analyzed patients were newly or previously diag-
nosed with oral cancer.

The diagnosis in newly diagnosed patients was estab-
lished:

a. when self-seeing a doctor

b. during medical check-ups

¢. during screening

Among patients included in the study, we measured if:

- The diagnosis was morphologically verified

- The stage of the disease was established

Some patients were deregistered for oral cancer
due to:

a. Non-verified diagnosis

b. Loss for follow-up.

¢. A basal cell carcinoma was diagnosed

d. The patient’s death for other diseases.
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Patients registered in the past 4 years were 40 to 60
years old.

The study subjects included tongue, oral cavity, phar-
ynx, and palate cancers.

The data was entered into Microsoft Excel and analyz-
ed using the Statistical Package for Social Sciences (SPSS)
version 16.

Results: The study included a total of 68 patients with
oral cancer, aged 40 to 60 years, both sexes. Among the
enrolled patients, 19 were diagnosed with oral cancer in
2019, 14 in 2020, 15 in 2021, and 20 in 2022.

The diagnosis in newly diagnosed patients was estab-
lished:

In 2019:

a. When self-seeing a doctor - 15 people

p. During medical check-ups - 0

¢. During screening - 0

In 2020:

a. When self-seeing a doctor - 13 people

p. During medical check-ups - 0

¢. During screening - 0

In 2021:

a. When self-seeing a doctor - 9

p. During medical check-ups - 6

¢. During screening - 1

In 2022:

a. When self-seeing a doctor - 5

p. During medical check-ups - 14

¢. During screening - 0

The number of patients with laboratory-confirmed
diagnoses among patients registered in the past 5 years
amounted to 4 patients in 2019, 19 in 2020, 25 in 2021, and
4 in 2022. Tables 1-4 contain information about patients
with oral cancer registered at the Shymkent Oncology
Center in 2019-2022. The analysis was made in four gener-
al areas. The patients were divided into four large groups:
patients registered in the relevant year, newly diagnosed
patients, patients deregistered for oral cancer during the
year, and patients registered with cancer in the past 5
years.

Table 1 - Characteristics of patients with oral cancer registered at the Shymkent Oncology Center in 2019

Indicator Values
Among patients Patients with a previously established diagnosis 4
registered that year | Newly diagnosed patients 15
. Total 15
When self-seeing a doctor -
Including 1-2 stages 8
Among newly Total
diagnosed patients During medical check-ups Including 1-2 stages
Total
During screening Including 1-2 stages
The diagnosis was morphologically verified 15
The stage of cancer was established
Stage | 2
Stage Il 6
Stage Ill 2
Among patients Stage IV 5
deregistered that year| Totg) 90
Patients deregistered for oral cancer during the year 86
Non-verified diagnosis
Loss for follow-up. 1
A basal cell carcinoma was diagnosed
Death for another disease 3
Patients on record for cancer for the previous 5 years 27
Table 2 - Characteristics of patients with oral cancer registered at the Shymkent Oncology Center for 2020
Indicator Values
Among patients Patients with a previously established diagnosis 1
registered that year | Newly diagnosed patients 13
. Total 9
When self-seeing a doctor -
Including 1-2 stages 9
Among newly Total
diagnosed patients During medical check-ups Including 1-2 stages
Total
During screening Including 1-2 stages
Oncology and Radiology of Kazakhstan, Ne4 (74) 2024 19



ORGANIZATION OF HEALTHCARE

@) KazIOR,

ISTITUTE OF ONCOLOGY AND

Table 2 (continued)

The diagnosis was morphologically verified

14

The stage of cancer was established

Stage |

Stage Il

Stage Il

Among patients Stage IV

deregistered that year| 1o

Patients deregistered for oral cancer during the year

WO IN|N|O|w

Non-verified diagnosis

Loss for follow-up.

A basal cell carcinoma was diagnosed

Death for another disease

Patients on record for cancer for the previous 5 years

19

Table 3 - Characteristics of patients with oral cancer registered at the Shymkent Oncology Center for 2021

Indicator Values

Among patients Patients with a previously established diagnosis

registered that year | Newly diagnosed patients

-
a

Total

Wh If-seei
en self-seeing a doctor Including 1-2 stages

Among newly Total

diagnosed patients During medical check-ups Including 1-2 stages

Nlo|ol|©

Total

During screening Including 1-2 stages

The diagnosis was morphologically verified

15

The stage of cancer was established

Stage |

Stage I

Stage Il

Among patients Stage IV

deregistered that year | Total

Patients deregistered for oral cancer during the year

Non-verified diagnosis

Loss for follow-up.

A basal cell carcinoma was diagnosed

Death for another disease

Patients on record for cancer for the previous 5 years

25

Table 4 - Characteristics of patients with oral cancer registered at the Shymkent Oncology Center for 2022

Indicator Values

Among patients Patients with a previously established diagnosis

registered that year | Newly diagnosed patients

20

When self-seeing a Total

doctor Including 1-2 stages

N

Among newly Total

diagnosed patients During medical check- Including 1-2 stages

ups
Total

During screening Including 1-2 stages

The diagnosis was morphologically verified

The stage of cancer was established

Stage |

Stage I

Stage Il

Among patients Stage IV

deregistered that year | Total

Patients deregistered for oral cancer during the year

wl|w(N|o |~

Non-verified diagnosis.

Loss for follow-up.

A basal cell carcinoma was diagnosed

Death for another disease

Patients on record for cancer for the previous 5 years

28
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According to our findings, 19 patients were registered
for oral cancer in 2019, 14 - in 2020, 15 - in 2021, and 20
- in 2022. The number of patients under monitoring has
increased by 2022. Among newly diagnosed patients, 23
patients have been diagnosed in 2019, 11 - in 2020, 18 -
in 2021, 15 - in 2022, and 20 - in 2023. Of those deregis-
tered in the same year, 90 patients had been registered
in 2019,9 - in 2020, 6 —in 2021, and 5 - in 2022. Of the pa-

tients registered during the past 5 years, 27 were regis-
tered in 2019, 19 — in 2020, 25 — in 2021, and 28 - in 2022.
We divided our identified indicators into subgroups. As
shown in Tables 1-4, the highest number of registered
patients, newly diagnosed patients, the patients on re-
cord for cancer during the past 5 years, and the lowest
number of those deregistered during the same year were
registered in 2022.

100
90
80
70
60
50
40
30
20 -
10 4
1 2010 2020 2021 2022
N egred that year 19 14 15 20
lﬁgtlizr:l?snewly diagnosed 23 18 15 29
Patients deregistered for
oral cancer during the year 90 9 6 5
s | 2 | ® | » |
5 years

Figure 1 - Cohorts of patients registered for oral cancer
at the Shymkent Oncology Center in 2019-2022

At early stages, oral cancer is painless and has no obvi-
ous onset, so patients seek medical help only when symp-
toms appear. Tumors usually manifest as white, red, or
spotted lesions on the oral mucosa. The oral cavity is often
affected first; later, the pathological process passes to the
pharynx. Most oral lesions are in the oral cavity (oral muco-
sa, vestibular apparatus mucosa, and alveolar tumor).

We identified age-related risk factors for oral cancer.
Out of 68 patients in this study, 40 (22.18%) were regis-
tered with oral cancer at the age of 40-50 years, and 28
(18.75%) - at the age of 50-60 years. Among people with
harmful habits, 48 (75.5%) were smokers and 20 (24.5%)
were drinkers.

Discussion: Our study did not reveal an overall increase
in oral cancer prevalence. Oral cancer can be successful-
ly treated only when detected at an early stage. Early de-
tection of oral cancer is critical because it helps prescribe
the right therapy on time, leading to better outcomes. The
participants in this study only noticed oral cancer after the
onset of clinical symptoms such as weight loss and others.
Late detection and diagnosis are directly proportional to
morbidity and mortality [6].

Oral cancer is difficult to detect at early stages due to
its asymptomatic nature. Therefore, early detection is cru-
cial to improving patient survival. When detected early,
the survival rate in oral cancer reaches 80-90% [5, 6].

Delayed detection of the disease increases mortal-
ity. Although several treatment options are available,
survival rates have not yet improved. Therefore, preven-
tion is the main tool to reduce and control oral cancer
mortality. Despite recent advances in treatment strat-
egies, oral cancer survival rates remain low. Thus, the
survival rate of patients with locally advanced (stage
Il or IV) OSCC is below 50% compared to patients with
early-stage disease because cervical lymph node me-
tastases are usually associated with poor prognosis in
patients with oral cancer. Except for salivary gland pa-
thology, most oral lesions in our study occurred after
the age of 45, which confirms the findings of other stud-
ies [7, 8]. These could be due to the accumulation of bad
habits and parafunctions in the oral cavity and iatro-
genic factors. Removable prostheses, extensive sensa-
tions, iatrogenic factors, and habits are typical for old-
er people [9, 10].
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Despite advances in surgical techniques and adju-
vant chemotherapy, the prognosis for patients with
oral cancer remains poor. At the same time, five-year
overall survival has slightly improved with concurrent
postoperative chemotherapy (as shown by the studies
of the Radiation Therapy and Oncology Group and the
European Organization for Research and Treatment of
Cancer). However, to further improve survival and other
outcomes in patients with oral cancer, it is necessary to
take into account the complex relationships between
the patient, the tumor, and the underlying disease.
Early detection of malignant tumors and other possi-
ble oral malignancies requires timely screening proce-
dures [11].

Conclusion: The oral cavity is a place where various le-
sions of the mucous membrane occur. Their occurrence
can be limited by early identification and elimination of
harmful habits and iatrogenic factors, especially those that
are prone to lesions, such as the oral and labial entranc-
es. In conclusion, we recommend the following preventive
measures:

1. Passing timely preventive check-ups.

2. Excluding all possible odontogenic and iatrogenic
causes of oral mucosal lesions.

3. Identifying and eliminating bad habits.

4. Identifying and eliminating all causative factors
before surgical treatment to reduce the risk of recur-
rence.

In addition, we recommend that rural and urban men
aged 40 to 70 with harmful habits undergo an annual ex-
amination to detect oral cancer early within the state-fund-
ed guaranteed volume of medical care.
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AHJATIIA

IBIMKEHT KAJIACBI BOMBIHIIIA AYBI3 KYBICBIHBIH KATEPJI ICIKTEPIMEH
CBIPKATTAHYUWBIJBIKTBI TAJIJAY

I.E. Kanowizozoea', JK.C. Peicoanbemosa’®, C.H. Typzynoaesa®, H.C. Capxynosa*, T.M. Tayxeoait’

1«OHTycTik KasakcTaH MeanunHa akagemusicel» AK, LLbimkenT, KasakctaH Pecnybnnkacsl;
Ne 7 Kanarblk KnuHUKanbIK aypyxaHa, Anmatsl, KasakctaH Pecny6nmkacs;
306nbICTBIK KNUHKKanbIk aypyxana, LLbimkeHT, KasakcTaH Pecnybnukacs!;
KA. Acayv aTbiHAarsl Xanblkapanblk kasak-Typik yHuBepcuTeTi, TypkicTah, KasakctaH Pecnybnmkack

Ozexkminici: Kasaxcmanoa ayuvl3 KyblCblHbIY Kamepii icieiniy Hecizei cebebi 60bin mabdvliameli 3uiaHObl 90emmepmeHr (memexi
wezy, ankoeonvoi iuty, ecipmki KOI0AHY dHcone m.0.) emip cypemin adamoapovly cansl eceien ocyoe. Ayvis Kyvicol Kamepai iciei y3aK
VaKblm CUMRMOMCHI3 JHCYPemIiHOIKmeH,ome Keul camvlCblHOd aHblKmanaovl. Byn oicazoaiiovt andvin any MakcamvlHOd XalblKmbl
npoPUIAKMUKANBIK wapaiapmer aKnapammanoblpy, CKpUHUHeMIK meKcepicmep Yakulmulibl OMKi3y 001bln Mabbliadbl.

3epmmey maxcamor: [vivkenm ganacel 6otivinuwa 2019-2022 scviioapea apuanzan ayel3 Kyblcbl Kamepii ICI2IHEH XAAbLKMblH

aypyuanovlK HeoHe o1iM-HCImim Kopcemriumepin mauioay.

Aodicmepi: Lllvivkenm KanacviHbly ouKoON02UANBIK Oucnancepinde 2019-2022 xcorc. apanviebinOa2sl ayvl3 KYblCblHbIY Kamepai iciei bap

Haykacmapaa pempocnekmuemi sepmmey Hcypeizinoi.

Homuowcenepi: [llvivkenm Kanacvlnoa ocvl NAmono2usiHul epme Ke3zeHoe amblKmay Nailbl3blHblY MoMeHOlil aybl3 Kyblcbl Kamepai
icicikmepin epme aunvikmay 6ouviHuwa I[leimkenm KanacelHoazvl O0opiceplik amOyiIamopus Kbol3MemiHIiy JHCYMbICbIH JHCAHOAHOBIPY

Kasicemminiein myovlpaosi.

Kopovimoinowt: Meouyunanvlx komexmiy keninodix Oepiieen Kojiemi ascelnoa mek aybulioblK dcepiepoe 2ana emec, Kaiaiapoa 0d
3uan0bl 90emmepi bap 40 xcacman 70 dHcacka Oeuinei epiep ayvl3 Kyvicbl Kamepii iciein epme aHbIKMAY MAKCAmvlHOA HCblablHA Oip pem

mexcepinyoeH emyoi yCblHaAMbL3.

Tyitinoi co3oep: ayvi3 Kyvicoinbly Kamepai iciei, Kayin pakxmopaapul, ayvi3 KyblCol, RPOPUIAKMUKA, AYPYULAHObIK.
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AHAJIN3 3ABOJIEBAEMOCTH 3JIOKAYECTBEHHBIMH OITY XOJAMMU ITIOJIOCTHU PTA
B IoPOJAE IBIMKEHTE

T.E. Kanovizososa', K.C. Pvicoanoemosa’, C.H. Typeynoaesa®, U.C. Capkynosa®, T.M. Taykebaii’

AO «HOxHo-KasaxcTaHckas MeauumHckast akagemusi», LWbimkeHT, Pecnybnuka Kasaxcrah;
Topopckast knuHudeckast GonbHuua Ne7, Anmatbl, Pecnybnnka Kasaxcra,
306nactHas knuHudeckas GonbHULA, LUbiMKkeHT, Pecnybnnka Kasaxcrar;

KA. MexayHapoaHblli kadaxcko-TypeLikuii yHuBepcuTeT Acasu, Typkectan, PecnyGnuka KasaxctaH

Axmyansnocme: B Kaszaxcmane pacmem 6 eeomempuueckoil npoepeccuu KOAU4ecmso aooetl, JICUBYUUX C BPeOHbIMU NPUBLIUKAMU
(kypenue, ynompeobienue aiko2os, ynompeobienue HapKomuyeckux cpeocma u m.o.), Komopwle Aeis0mcsi 0CHOGHOU NPUYUNOLU PAKA NOLOCHU
pma. Heobxo0umo ungopmuposams naceienue o npoGUIAKmuYeckux mepax, nepuooutecku nposooUumb CKPUHUH208bIe 00CIe006aAHUSL.

Henv uccnedosanua — npoanarusuposame noxazamenu 3a001e6aeMOCmMu U CMEPMHOCMU HACENHUS OM PAKA NOIOCMU pma 3d
2019-2022 20001 6 20pooe [lvimrenme.

Memoowi: [Iposedeno pempocnekmugrnoe uccie0o8anie OOIbHbIX PAKOM NOIOCMU PMA 8 OHKOJI02U4ecKom oucnarncepe 2. [llvimkenma
6 2019-2022 ee.

Pesynomameur: Husxuii npoyenm panneeo 6uvisgienus Oannoii namonoeuu 6 zopode I[lvimxenme coszdaem neobxo0umocms
akmueuzayuu pabomel NOAUKIUHUKY 20po0a LlbivKkenma no pannemy 6bisA61eHUI0 paKa NoI0Cmiu pma.

3aknwuenue: B pamkax eapaHmuposanHoco 06vema MeOUYyUHCKOU NOMOWU Mbl PEKOMEHOYeM MyxrcuuHam 6 eozpacme om 40 0o
70 nem ¢ 8peOHbIMU NPUBLIYKAMU HE MOLbKO 6 CelbCKOU MeCMHOCMU, HO U 8 20p00ax NPoxooums 006ciedo8anue 00UH pas 6 200 ¢ Yeblo
panHezo 8viAGIeHUSL PAK NOIOCIU PMA.

Kniouesvie cnosa: pax norocmu pma, axmopsl pucka, MOJIOYHUYA NOLOCIMU pMd, NPOPUIAKMUKA, 3a001€8AEeMOCHb.
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EFFICIENCY OF ENDOSCOPIC SEDATED
EXAMINATIONS: EXPERIENCE
OF THE NATIONAL RESEARCH ONCOLOGY CENTER
(ASTANA, KAZAKHSTAN)

K. BATYRBEKOV', A. GALIAKBAROVA'

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

ABSTRACT

Relevance: The purpose of sedation during endoscopic procedures is to reduce patient discomfort, including anxiety and pain, while
maintaining a minimum frequency of side effects associated with taking medications.

The study aimed to investigate the effectiveness of sedation in endoscopic examinations at the National Scientific Oncology Center
(NSOC, Astana, Kazakhstan) in 2023, determine the effect of sedatives on the quality of colonoscopy, and provide more theoretical evi-
dence for the clinical use of sedatives.

Methods: In 2023, sedation for endoscopic examinations at the outpatient stage was available in 11 clinics in Astana. A retrospective
analysis of endoscopic studies under sedation and without sedation conducted in the conditions of the NSOC endoscopic department
for 2023 was carried out.

Results: The total number of endoscopic examinations in Astana in 2023 is 56,143, of which 10,651 studies were conducted under
sedation with propofol. The average cost of sedation in Astana was KZT 18,600, from a minimum of KZT 13,000 to a maximum of KZT
32,000. The number of sedations during endoscopic examinations in 2023 in Astana varied from a minimum of 312 to a maximum of
4,593 per clinic. In 2023, 2 cases of colon perforation were recorded during colonoscopy under propofol sedation; both cases occurred
in private centers, and patients were urgently operated with colostomy removal.

In a single-center study of the results of performed colonoscopies without sedation and with sedation in the conditions of the NROC,
the number of detected malignancies during sedated colonoscopy was 3% higher, and the number of identified polyps was 0.3% more
than with non-sedative, which, as a result, improves the quality of screening colonoscopy as a whole.

Conclusion: The increased use of sedation at the outpatient level will have a positive impact on the quality of esophagogastroduo-
denoscopy and screening colonoscopy, which means that it will increase the incidence of early forms of stomach and intestinal cancer.
Given the data on sedation during endoscopic examinations in the city’s clinics, it is safe to say that there is a good growth potential for

the widespread introduction of sedation.

Keywords: endoscopy, sedation, analgesia, polyp, colorectal cancer.

Introduction: The challenge of population aging
around the world is gradually worsening, while the inci-
dence of colorectal cancer (CRC) is also increasing with
age. CRC is the third most common malignant tumor in
the world and the second leading cause of cancer death.

In 2023, the incidence rate in the Republic of Kazakh-
stan amounted to 208.7 per 100 thousand population, and
41,515 new malignant neoplasms (MNs) have been regis-
tered. Gender composition of identified patients with ma-
lignant neoplasms made in total: women (56.9% - 23,613
cases) fell ill more often than men (43.1% - 17,902 cases).

CRC rose to second place in cancer incidence structure,
compared to fifth in 2022. It now accounts for 9.3% of can-
cer cases, with 3,939 cases. Of them, 55.6% of patients are
people of working age, 18 to 64 years old. In 2023, 1,973
new cases of CRC were reported in men and 1,970 in wom-
en. Also, in 2023, the mortality rate was 7.6 per 100,000 men
and 6.5 per 100,000 women. Of the newly diagnosed CRC
cases in 2023, 501 belonged - to stage 1, 1862 - to stage 2,
912 - to stage 3, and 536 have been attributed — to stage 4.

The elevation of detection of CRC in 2023 was noted
across all regions of the country. A colonoscopy allows
for detecting and removing potential precancerous le-
sions and preventing metachronous cancer. A colonosco-
py is considered an effective method for lowering the rate
of CRC early detection and reducing mortality. However,
the effectiveness of colonoscopy depends entirely on the
quality of its performance.

Sedatives allow patients to tolerate unpleasant endo-
scopic procedures, relieving anxiety, discomfort, or pain. It
also reduces the risk of physical injury to the patient dur-
ing endoscopic procedures while providing the endosco-
pist with adequate conditions for a relevant, comprehen-
sive examination. Therefore, many endoscopists consider
sedation an important component of gastrointestinal en-
doscopy. The goal of sedation in endoscopic procedures
is to reduce the patient’s discomfort, including anxiety
and pain while maintaining a minimal incidence of medi-
cation-related side effects. Sedatives allow patients to en-
dure unpleasant procedures, relieving anxiety, discomfort,
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or pain, and also reduce the risk of physical injury to the
patient during endoscopic procedures by providing the
endoscopist with adequate conditions for a detailed ex-
amination.

Factors affecting the quality of colonoscopy;

1. Specialist-independent factors: a) the quality of bow-
el preparation; b) sedation.

2. Specialist-dependent factors: practical skills of an en-
doscopist.

The quality of bowel preparation depends on the drug
used for bowel preparation, the volume of the drug solu-
tion drunk, and, of course, the patient’s conscientious im-
plementation of all recom According to the Boston Bowel
Preparation Scale, the large intestine is conventionally di-
vided into 3 sections: right, middle, and left. The quality
of bowel preparation is rated from 0 to 3 points, where 3
points means a clean intestinal section. The recommend-
ed number of points for a satisfactory quality of bowel
preparation is 6-9 points.

In Kazakhstan, sedation is performed only by anes-
thesiologists; therefore, it does not depend on the com-
petence of the endoscopist performing the colonoscopy.
However, the success of cecal intubation depends on the
practical skills and experience of the endoscopist in per-
forming endoscopy.

According to recent data from a multicenter study con-
ducted by JW. Zhou et al.,, which included the results of
a colonoscopy of 216,400 patients, the detection rates of
adenomas (32.24% vs. 31.63%, p<0.05) and polyps (20.61%
vs. 20.21%, p<0.05) increased in the sedated endosco-
py group, especially in flat adenomas (44.80% vs. 43.95%,
p<0.05) and adenomas of 0-5 mm size (66.99% vs. 66.24%,
p<0.05). In addition, the number of colonoscopy biopsies
was significantly higher in the selected group (0.79=0.93
vs. 0.56=0.80, p<0.001) [1].

Q. Zhang et al. reviewed the results of 63,417 colonos-
copies, including 11,417 sedation-free and 52,000 sedated
colonoscopies. The share of colonoscopic examinations
with the use of sedatives was 82.0%. The detection rate of
adenomas was significantly higher in cases with sedation
compared to cases without sedation (adenoma detection
rate was 22.5% versus 17.0%). In addition, this study con-
sidered the effect of the specialist’s experience on the rate
of adenoma detection and the percentage of cecum intu-
bation [2].

For successful and safe sedation, endoscopists must
consider procedural and patient factors. Procedural fac-
tors include the duration of the endoscopic examination,
the level of discomfort during the examination, and the
patient’s prolonged static position during the procedure.
Factors related to the patient include drug intolerance,
sensitivity to pain, medical history, age, and body weight.

Before the procedure, the doctor must discuss with the
patient the benefits, risks, and limitations associated with

the use of sedatives, and as a result of the discussion, the
patient should sign an informed consent [3].

Medical history and thorough physical examination
are needed for all patients before the endoscopic pro-
cedures. The anamnesis elements that may affect the
quality of sedation include the clinical history and phys-
ical examination.

The minimum patient monitoring requirements for
gastrointestinal sedation include assessment of blood
pressure, heart rate, pulse oximetry, visual assessment
of ventilation activity, level of consciousness, and dis-
comfort [4].

The most common benzodiazepines used in sedation
are midazolam and diazepam. The efficacy of sedation of
these two drugs is the same, but most endoscopists prefer
midazolam because of its rapid action onset, short dura-
tion of sedation, lower risk of thrombophlebitis, and high
amnestic properties. When using midazolam, sleep occurs
quickly, after 15 minutes with intramuscular injection and
after 1-1.5 minutes with intravenous administration. Be-
sides, it has almost no effect on sleep structure and has
almost no aftereffects. Midazolam is not registered in Ka-
zakhstan and, therefore, is not included in the clinical for-
mulary, although it is preferable to propofol in terms of
quality.

The use of anesthesiologist-monitored propofol seda-
tion for endoscopic procedures is widespread in the Unit-
ed States and Europe. It is also the most common method
of choice in Kazakhstan.

The drug has sedative, hypnotic, amnestic, an-
tiemetic, and anticonvulsant effects but is devoid of
analgesic effects. The time from injection to the onset
of sedation is 30 to 60 seconds, and its action lasts 4 to
8 minutes [5,6].

Currently, most outpatient endoscopic examinations in
Kazakhstan are carried out without sedation, and sedation
is performed only at the patient’s request on a paid basis.
No order obliges to conduct all endoscopic sedated exam-
inations. The only regulation of the Minister of Health of
the Republic of Kazakhstan is the order of April 26, 2023,
No.78, “On Approval of the standard for the organization
of anesthesia and resuscitation care performance in the
Republic of Kazakhstan” [7]. Annex No.4 to this order con-
tains the Classification scale for the patient’s physical sta-
tus from the American Society of Anesthesiologists’ En-
doscopy Manual on Sedation.

Most importantly, any sedation for all outpatient and
inpatient endoscopic interventions in Kazakhstan can only
be performed by anesthesiologists. An endoscopist can
be admitted to sedation, but only if there is a certificate
of completion of certification courses on anesthesiolo-
gy. However, according to American guidelines, self-seda-
tion of the patient by gastroenterologists or endoscopists
is justified and recommended only for routine diagnos-
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tic procedures, such as colonoscopy and gastroscopy. In
surgical endoscopic interventions, sedation is carried out
only by doctors-anesthesiologists since the intraprocedur-
al introduction of the patient requires the attention of a
separate specialist and a separate nurse.

Also, Annex No.5 to this order specifies the scope of
preoperative examination of patients, considering the ur-
gency of surgical intervention (in case of emergency and
planned hospitalization), but does not specify the exact
list of tests required for sedation in outpatient cases.

This study aimed to investigate the effectiveness of se-
dation in endoscopic examinations at the National Scien-
tific Oncology Center (NSOC, Astana, Kazakhstan) in 2023,
determine the effect of sedatives on the quality of colo-
noscopy, and provide more theoretical evidence for the
clinical use of sedatives.

Materials and methods: In 2023, sedation for endo-
scopic examinations at the outpatient stage was availa-
ble in 11 clinics in Astana. A retrospective analysis of en-
doscopic studies under sedation and without sedation
conducted in the conditions of the endoscopic depart-
ment of the National Scientific Oncology Center (NSOC,
Astana, Kazakhstan) was performed.

In a sedated colonoscopy, patients received intrave-
nous propofol to achieve deep sedation or general anes-
thesia. At the beginning of the procedure, propofol was
administered at a dose of 80-120 pg/kg of body weight.
A maintenance dose of 20-50 mcg/kg was repeated de-
pending on the patient’s response, operator experience,
and technical difficulties encountered, while patients un-
dergoing traditional colonoscopy remained conscious
during the procedure. All patients were monitored with

pulse oximetry, continuous ECG, and noninvasive blood
pressure assessment every 5 minutes. Supplemental oxy-
gen is supplied to patients under sedatives through a na-
sal catheter.

Results: In 2023, the total number of endoscopic ex-
aminations performed in Astana comprised 56143, of
which 10651 were carried out under propofol sedation.
The average cost of sedation in Astana amounted to KZT
18,600, from a minimum of KZT 13,000 to a maximum of
KZT 32,000. The number of sedations during endoscopic
examinations performed in 2023 in Astana ranged from a
minimum of 312 to a maximum of 4,593 per clinic. In 2023,
2 cases of perforation of the large intestine during colo-
noscopy under sedation with propofol were recorded, and
both cases occurred in private centers, followed by the
patients urgently operated with the colostomy egestion.
According to Table 4, sedation during endoscopic exami-
nations at the outpatient stage is available in 11 clinics in
Astana. However, in 5 clinics, the tests for sedation are not
required at all 5 clinics only a general blood count and ECG
are required from the necessary tests, and only in one clin-
ic 5 tests are required (complete blood count, blood test
for HIV and hepatitis, ECG and plain X-ray of the lungs).
Based on data from Table 1, it can be stated that the list of
tests requested by the anesthesiologist before sedation is
not regulated by the Order No.78 of the Ministry of Health
of the Republic of Kazakhstan and depends on the pref-
erences of the anesthesiologist. The number of sedations
depends only on the staffing of intensive care and anes-
thesiology departments; hence, the potential for growth
of sedated endoscopies directly depends on the number
of anesthesiologists in the clinic.

Table 1 - Use of sedation in endoscopy at the outpatient stage in Astana (Kazakhstan), 2023

Name of Clinic
Hospital
f the De-
State State State |©
Aspects NRMC | MDMC | NSOC | hospital | hospi- | hospital [PaMMeNt| | ginic | Green | Ajanga | umit
Ne1 talNe2 Ne3 v
dential Af-
fairs RK
1. 0o ofstudies | 5gg0 | 4734 | 4833 | 7788 | 7922 | 6553 | 9674 | 1600 | 3559 | 2100 | 1500
2. No. of sedated
examinations 312 500 478 1040 320 348 4593 1280 316 864 600
:33 éc?aﬁ?ér?; 32000 20000 18000 29500 13000 13000 15000 22000 24000 18000 25000
CBC,
HIV,
4. What tests are Not Not hepatitis, | CBC, Not Not CBC, CBC, CBC, CBC, Not
required? required | required ECG, |UA, ECG| required | required ECG ECG ECG ECG required
X-ray of
lungs

According to Table 2, the total number of endo-
scopic examinations performed in the Department of
Expert Endoscopy of the NSOC steadily increases year-
ly, even though the department employs only 3 endos-
copists and only 2 colonoscopes are available. Also, ac-

cording to Table 2, it can be seen that the number of
recto-colonoscopy examinations and the number of
initially diagnosed cases of CRC is also growing, al-
though the clinic does not belong to a primary care
medical facility.
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Table 2 - Performance indicators of the Department of Expert Endoscopy of the NSOC, 2019-2023

Indicator Years
2019 2020 2021 2022 2023
Total number of endoscopic examinations 1226 2130 2684 2676 4833
Number of biopsies in all endoscopic examinations 294 1577 693 1452 1721
Rectocolonoscopy 78 351 503 555 968
Number of biopsies in rectocolonoscopies 29 301 176 308 353
Number of malignant neoplasms detected during recto-colonoscopies 22 10 32 37 50

According to Table 3, the number of sedated colo-
noscopy procedures performed at the NSOC Endoscopy
Center of Expertise was lower than non-sedated proce-
dures, with an annual increase in the proportion of se-
dated endoscopy examinations. Besides, Table 3 confi-
dently proves that sedated examinations detected more

cases of terminal ileum and cecal intubation and benign
neoplasms, including flat neoplasia. Thus, in 2019-2023,
benign tumors were detected 3-11% more often during
sedated colonoscopy than during non-sedated exam-
inations. Accordingly, this has improved the quality of
screening colonoscopy in general.

Table 3 - Results of colonoscopy examinations conducted at the Center for Expert Endoscopy of the NSOC, 2019-2023

. Years
Indicator 2019 2020 2021 2022 2023
Number of colonoscopies, abs. 40/38*** 202/149 289/214 305/250 490/478
CIR, %* 89.1/93.8 91.2/94.1 91.0/94.7 92.5/94.3 91.7/96.3
ADR, %** 17/22.5 18/22.4 17.9/125.6 19.1/27.2 20.9/32.1

Notes: *CIR is an indicator of cecum intubation; **ADR — adenoma detection rate; The first digit in the results refers to non-sedated colonoscopy, the second

to sedated colonoscopy

The statistical analysis of differences in the incidence
of cecum intubation and the incidence of adenomas with
and without sedation was carried out using the Welch
t-test. The two-sample Welch t-test, which compared ad-
enoma detection between the sedated and non-sedat-
ed groups, revealed a significant difference between the
groups (t=-3.8431, p=0.0075), with the sedation group hav-
ing a higher mean adenoma detection rate (23.72), com-
pared to the non-sedation group (18.58). The 95% confi-
dence interval for the mean difference composed [-8.36,
-1.92] indicates a significant effect of sedation status.

Sedation during colonoscopy makes it possible to ex-
amine the mucous membrane of the large intestine more
thoroughly using chromoendoscopy and electron chro-
moendoscopy, increasing the number of biopsies and ulti-
mately increasing the adenoma detection rate (ADR).

Discussion: Sedated colonoscopy has been carried out
in clinics in Astana and Kazakhstan over the past decades.
It is widely used in clinical practice in public hospitals and
private centers. At NSOC, sedatives are used in 42.4-49.3%
of cases, and ADR rate and cecal intubation rate (CIR) in-
crease year to year with more sedatives used. The growth of
the proportion of sedated endoscopic examinations in clin-
ics depends on the availability of doctors-anesthesiologists
and anesthetists in the anesthesiology and resuscitation de-
partments. For example, NSOC has significantly increased
the rate of sedated colonoscopies and ADR and CIR rates.
However, there is a shortage of anesthesia service staff.

In this study, we did not consider the years of experi-
ence and the number of colonoscopies performed by each
endoscopist of the Expert Endoscopy Department since

only three doctors worked there, which was not enough
to compare the indicators.

The main limitation of this study was the insufficiency
of indicators reflecting the quality of colonoscopy. Two im-
portant indicators of colonoscopy quality, including ADR
and CIR, have been studied. However, other indicators,
such as patient comfort and satisfaction, were not consid-
ered. This retrospective study lacked data on patient satis-
faction, so the relevant indicators could not be examined.
In addition, sedation may lead to increased complications
and financial burdens on patients not assessed in that
study. Further studies are needed to assess sedatives’ com-
plications and potential economic impact on colonoscopy.

Conclusion: Further development of effective and safe
sedation in endoscopy requires further high-quality multi-
center randomized trials in cooperation with professional
societies of anesthesiologists and resuscitators, modifying
the legislative framework, and the research of the pharma-
co-economic efficacy of specified changes. Expanded use
of sedation at the outpatient level could improve the quality
of endoscopic examinations and, therefore, increase the de-
tection of early forms of bowel cancer. Data on the use of se-
dation during endoscopic examinations in Astana clinics ev-
idences a good growth potential for a wider introduction of
sedation and improving the quality of colonoscopies (ADR,
CIR). The increase in ADR and timely curing of identified ad-
enomas will have a positive delayed cumulative effect on
the CRC incidence and mortality due to this disease among
the population of Kazakhstan. This study’s results suggest
sedatives can help inexperienced and experienced endos-
copists achieve better colonoscopy quality.
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Also, in our opinion, it is necessary to work out the is-
sue of proper and adequate reimbursement of the cost of
sedation under the CSHI package at the outpatient stage.
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AHJIATIIA

CEJAINS KE3THJETT SHIOCKONUSJILIK 3EPTTE YJIEPATH TUTMILIITT:
YJITTBIK FBLJIBIMA OHKOJIOTHSIBIK OPTAJIBIKTBIH TOKIPUBECI
(ACTAHA, KA3AKCTAH)

K. Bamuipoexos', A. Fanuaxoaposa’

DKLIC «¥nTThIK OHKONOTUSANbIK 3€PTTEY OpTanblifbl», AcTaHa, KasakctaH Pecnybnmkach

O3ekminizi: DHOOCKONUANLIK NPOYedyparapobl Jdcypeizy Kezinoe ceoayusnvlly MAKcamol NAYUeHMmiy blH2aucol30blebli, COHbLY
iwiHOe Masacel30blK NeH ayblpCblHYObl A3aimy, 09pi-08pMeKneH OallaHbLCMbl HCAHAMA dcepiepOiy MUHUMALObL HCULLICIH cakmay 60-

6In Madvlaaodvl.

3epmmeyoin makcamor — ¥aimmolx avlivimu onkonocusanvi opmansik (Y£O, Acmana, Kazakcman) sicazoaiiblnoa 3HO0CKONUANBIEK,
mekcepynep kesinde cedamusmepoi Koi0anyoOwiy muimoiricin zepmmey 2023 dc., cedamusmepoiy KOJIOHOCKONUS CANACLIHA 9CepiH
aHbIKmay dicone cedamuemepoiy KIUHUKALBIK KOTOAHBLLIYbIHA KOOIPeK meopusivblk 0o1enoep Keimipy.

Qoicmepi: 2023 ducvlivt amOyIamopusnblK Kezenoe IH00CKONUALbIK 3epmmeyiep Kkezinoe cedayus Acmana Karacvinoaeel 11 kaunu-

Kaoa Koaxcemimoi 60n0bl. 2023 dncoinivl ¥immolk abliblMU OHKOI02USANbIK opmanbikmely (Acmana, Kazakcman) sH00CcKkonusibik 06.1im-
weci JHeaz20anuvinoa HCypizineen ce0ayuamMen Jdcone ce0ayusacobls IHOOCKONUAIbIK 3epmmeyiepae pempocnekmuemi manoay icypeizinoi.

Homucenepi:2023xcolnvt Acmanakanacol O0UbI A IHOOCKONUSIbIK3epmmeynepOinscainsl canvl 56143-kemen, onbiy iwinde npono-
Goncedayusicoimen 10651 3epmmeyancypeizindi. Acmanaxanacol 6ouvinwaceoayuanviyopmauakynsl 18600meneecemen, eymomenikynoi—
13 mviy menee ocone ey kobi 32 muly meneeze Oetlin dcemedi. 2023 dcvlnvt Acmana Kaniacel 6OUbIHUG SHOOCKONUSATLIK 3epmmeyiep Ke-
3in0e cedayusaapowiy ey as canvl 312, ey kon canvt — 4593 Kypaowr.

2023 scolnvl nponogon cedayuscbiibly ACmMblHOA KOJLOHOCKONUS Ke3iHOe MoK iuekmiy nepghopayusicolHbly 2 dca20ativl mipkeaioi;
eKi drcaz0ail 0a dHceke OpmanvlKmapoa 6010sl, HAYKACMapad KOA0CMOMUAHYL HCOI0 YuiH ury2sll onepayus scacanovl. Ceoayusacol sHcomne
cedayusimen Jcypeizineen KOLOHOCKONUANLAPObLY HOMUdN Cesepit Oip opmanblKmyl 3epmmeyoe ce0amusni KOL0HOCKONUAOA AHbIKMAl2aH
Kamepai icikmepoiy canvl cedamusmi emec KOIOHOCKOnusea Kapazanoa 3%-ea, an anvikmanean norunmepoiy canvt 0,3%-2a xon 6oi-
Obl, HOMUICECIHOE JHCANNBI CKPUHUHSMIK KOJOHOCKONUSAHBLY CANACHl APMAObL.

Kopoimuvinovi: Ambynramopuanvix deyeetioe cedayusnsl Koa0anyowvl Keyeiimy 330¢hazoeacmpooyo0enocKonus MeH CKpUHUHSMIK KO-
JIOHOCKONUSIHbIH CANACLIHA OH 9cep emeol, ieHu ACKA3AH MeH iuleKk KamepJii icieiHiy epme mypaepiniy natoa 601yvin apmmueipadsl. Kana
KAUHUKATAPLIHOA IHOOCKONUSLLBIK 3epmmeyiepoe ceoayus 0epekmepin eckepe omuipbin, CeOayusiHbl Keyinen eneizy yuin Jcakcvl ocy
oneyemi 6ap den aiimyaa 601aobL.

Tyitinoi co3oep: snoockonus, ce0ayus, aHdibee3us, noaun, KOiopeKmaibovl Kamepii icik.

AHHOTAIMUA

SPOEKTUBHOCTH DHIOCKOMMYECKAX UCCJIEAOBAHUI MO/ CEJALIAEI:
ONBIT HALIIMOHAJILHOT'O HAYYHOI'O OHKOJIOTMYECKOT'O LIEHTPA
(ACTAHA, KA3AXCTAH)

K.Y. Bamuwipoexos', A.A. Tanuaxéaposa’
TOO «HaunoHanbHbIit Hay4YHbIA OHKOMOTUYECKNIA LieHTP», AcTaHa, Pecnybnuka KasaxcTaH

Axmyansnocme: Llenvio cedayuu npu nposedenu IHOOCKONUYECKUX NPOYeOyp ABNAEMC s YMeHbUleHUe OUCKOMPOPMA NAyueHma, 6Kauds
6ecnokoiicmeo u 60b, NPU COXPAHEHUU MUHUMATILHOU YACMONbl NOOOUHbIX I(PPDEKMO8, CEAZAHHBIX C NPUCMOM JEKAPCME.
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Henvb uccneoosanus — uzyuums 3¢hpexmusnocms npumenerus cedayuu npu IHOOCKONUYECKUX UCCIe008aANUAX 6 ycaosuax Hayuonanbrnozo
nayunoeo onkonozuueckoeo yenmpa (HHOL], Acmana, Kazaxcman) ¢ 2023 200y, onpedenumbs e1usinue ceOamusHblX npenapanos Ha Kavecnmseo
KOJIOHOCKONUU U NPe00Cmagums 601bule meopemuieckux 00Kazamenbcmes 0 KIUHUYECKO20 NPUMEHEHUs. CeOAMUBHbIX NPenapamos.

Memoowr: B 2023 2. cedayusi npu 3HOOCKONUYECKUX UCCIEO08AHUAX HA amOyiamopnom smane oOviia docmynua 6 11 xkiunuxax
2. Acmana. Ilposeden pempocnekmusHblll AHAU3 IHOOCKONUYECKUX UCCIe008AHULL NOO cedayuell u be3 ce0ayull, NPOBEOeHHbIX 8 YCI0BUSX
andockonuueckoeo omoenenus Hayuonanonozo nayunozo onkonoeuueckoeo yenmpa (Acmana, Kazaxcman).

Pesynomamor: Obwee konuuecmeo 3HOOCKONUYECKUX ucciedoganuul no 2. Acmawna 3a 2023 200 pasua 56143, uz Hux noo ceoayuei
nponogonom npogedeno 10651 uccneoosanue. Cpeduss cmoumocnms cedayuu no 2. Acmana pasna 18600 menze, MUHUMATLHASL CHIOUMOCTID —
13 muicau menee u maxcumanbho 00xo0um 00 32 meicau menee. MunumanbrHoe KOIULecmeo cedayull npu IHOOCKONUYECKUX UCCIeO08AHUAX 8
2023 2. no 2. Acmana cocmasuno 312, maxcumanvroe xoaruuecmeo — 4593.

3a 2023 200 3agurcuposano 2 ciyuas nepghopayuu moicmozo KUmledHuKa 60 8pems KOIOHOCKONUU noo ceoayueil nponogonrom; oba
CYUAs NPOUZOWIU 8 YACHIHBIX YEHMPAX, NAYUEHMbL ObLIU IKCIMPEHHO NPOONEPUPOBAHDBL C 8bIBEOCHUEM KOLOCHIOMDI.

B oonoyenmposom ucciedosanuu pe3yibmanmos nposeoeHHblx KOIoHOCKonuil 6es cedayuu u ¢ ceoayuetl ¢ ycrogusax HHOL] konuuecmeo
BbIAGLCHHBIX 3/I0KAYUECMBEHHbIX 00PA308ANUL NPU Ce0aMUBHOU KOLOHOCKONUYU Obln0 bonvwe Ha 3%, a KOIUYecmeo Gbia6IeHHbIX NOIUNOE —
oonvue na 0,3 %, wem npu HeceOamusHoll, YMo, 8 umoze, NOGLIULACT KAYECMBO CKPUHUHSOB0U KOTOHOCKONUU 8 YeLOM.

3axknwuenue: Pacuupenue ucnonb3o8anus ceoayuu Ha aAMOYIAMOPHOM YPOGHE OKAJCENm NOIOICUMENbHOE GIUAHUE HA KAYeCMEO
9IHOOCKONUHECKUX UCCTe008AHUL, A 3HAUUM, NOGLICUM GbIAGNAEMOCHb PAHHUX (OPM pAKA KUMMEUHUKA. Yuumvleéas OanHble NO NPOBEOCHUIO
ceoayuu npu IHOOCKONUUECKUX UCCICO08AHUAX 8 KIUHUKAX 2. ACManbl, MOJICHO ¢ YBEPEHHOCMbIO CKA3ANb, YMO eChib XOPOUlUll NOMeHYudl
pocma 01 NOBCEMeCMHO20 BHEOPeHUS CeOayull U pOCMa Kavecmed npoeooUMbLX KOIOHOCKONUIL.

Knrwoueswte cnosa: snoockonus, cedayus, ananveesus, noaun, koiopekmanvhviil pax (KPP).
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ANALYSIS OF THE EXPRESSION
OF APOPTOSIS MARKERS ON PERIPHERAL BLOOD
LYMPHOCYTES AND BLAST CELLS
IN ACUTE LEUKEMIA IN CHILDREN

M. BULEGENOVAY, S. SALIYEVA', A. SHEREZDANOVA', A. DUNAYEVA!
'Scientific Center of Pediatrics and Pediatric Surgery, Aimaty, the Republic of Kazakhstan

ABSTRACT

Relevance: A topical issue of oncohematology is the search for effective approaches to therapy and methods of predicting the course
of acute leukemia. A promising direction in this field is the study of changes in the expression of molecular markers on the cell surface
in the dynamics of chemotherapy.

The study aimed to determine the expression level of proteins annexin V, Bcl-2, CD95, and p53 on peripheral blood lymphocytes and
leukemic bone marrow cells in children diagnosed with acute leukemia.

Methods: the study design was cross-sectional. Research method: immunophenotyping. Peripheral blood and bone marrow of 106
patients with acute leukemia diagnosed for the first time at 1 month to 16 years (study group) and peripheral blood of 23 conditionally
healthy children aged 2 to 17 years (control group) served as the study materials. The obtained data were subjected to statistical pro-
cessing.

Results: The study of Bcl-2 expression in B-ALL did not reveal reliable differences, in T-ALL, Bcl-2 expression was significantly
higher on peripheral blood lymphocytes than on blasts. In OML, Bcl-2 expression was significantly higher in the blast cell population
than in lymphocytes. When CD95 expression was analyzed in ALL, expression was significantly higher on peripheral blood lymphocytes
than on the membrane of leukemic cells. The results of the analysis of the expression of annexin V showed that lymphocytes expressed
a marker of early apoptosis significantly more than bone marrow blasts. This phenomenon is a dangerous sign indicating a decrease in
antitumor immunity. Comparative analysis of p53 protein expression on the surface of lymphocytes and blast cells showed no significant

differences in leukemia variants.

Conclusion: The study indicated the prognostic significance of Bcl-2 and CD95 in acute leukemia. Annexin V and p53 did not show
reliable sensitivity and specificity, which allows not to include these markers in the leukemia immunophenotyping panel.
Keywords: acute leucosis, blast cells, markers of apoptosis, Bcl-2, CD95.

Introduction: Significant progress has been made in
diagnosing and treating acute leukemia (AL) over the past
decade. The clinicians’ main problem remains the pres-
ence of resistant forms of the disease and the frequency
of relapses. Accordingly, the search for effective methods
of treatment, diagnostics, and prognosis of the AL course
is one of the main topics of domestic and foreign onco-
hematology. In this area, the study of the biological char-
acteristics of leukemia cells, particularly changes in the
expression of molecular markers on the surface of cells
during chemotherapy dynamics, seems to be a promis-
ing area [1, 2].

It is known that an important role is played by an im-
balance between proliferation and the ability of cells to die
naturally (apoptosis) in the development of most malig-
nant tumors. The main function of apoptosis is to eliminate
transformed cells, including virus-infected, tumor-infect-
ed, or irreversibly damaged cells. Induction of apoptosis
is the main mechanism of action of most chemotherapy
drugs used in the intensive treatment of AL [2-11]. Current-
ly, two main interrelated mechanisms of apoptosis are ac-
tively investigated: mitochondrial and receptor ones. They

function with a balanced interaction of pro- and anti-ap-
optotic factors, such as proteins of the Bcl-2 family, p53,
and CD95 proteins [2].

Thus, H.F. Ebian et al. found that increased regulation
of Bcl-2 was paradoxically associated with increased apop-
tosis and low rates of early mortality in AML patients [12].
Low Bcl-2 expression levels indicated inhibition of antia-
poptosis and chemosensitivity in malignant cells [2].

The CD95 protein is known to be directly involved in
the initiation and regulation of apoptosis. The results of
studies showing a significant increase in CD95 expres-
sion on the surface of cells obtained from patients with
acute leukemia, breast cancer, and glioblastoma after
chemotherapy or radiation treatment are presented in
[13-16]. A high level of CD95 expression predicted a fa-
vorable response to chemotherapy in acute lymphocyt-
ic leukemia (ALL) [2]. At the same time, M. Tiribelli et al.
have shown an association between increased Bcl-2 ex-
pression and chemotherapy resistance and low surviv-
alin AML [17].

A key element in ensuring the genomic stability of
a cell is the transcription factor p53, known as the “im-
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mortality protein” or “guardian of the genome.” It is in-
volved in the regulation of | death receptor genes (DR5,
Fas); | genes responsible for stopping cell division (P21,
GADD45, etc.); | genes that trigger apoptosis (I-VM, KILL-
ER DR5, PIG, etc.); | causes repression of genes that in-
hibit apoptosis (BCL-2, RELLA). Dysfunction of p53 is
found among many malignant diseases, including AL.
In adult ALL, p53 gene mutations are found in 13% of
cases, but in children, this figure is much lower at 2%
of cases. It may lead to a more favorable prognosis and
a high frequency of remission in children [2]. Studying
the p53 expression in patients with various AML vari-
ants, A. Ahmadzadeh et al. found a poor prognosis in
patients with high levels of this protein expression [18].
Therefore, studying the complex of apoptotic (annex-
in V, CD95, p53) and anti-apoptotic antigens (Bcl-2) will
make it possible to identify differences in the signaling
pathways of apoptosis in different variants of acute leu-
kemia. It may be helpful to look for abnormalities in pro-
grammed cell death mechanisms to determine methods
to predict leukemia cells’ sensitivity and/or resistance.
Analysis of the role of annexin V, CD95, p53, and Bcl-
2 markers controlling apoptosis will make it possible
to develop recommendations for improvement of the
panel of surface antigens in cell immunophenotyping
at various stages of therapy.

The study aimed to determine the expression level
of proteins annexin V, Bcl-2, CD95, and p53 on peripher-
al blood lymphocytes and leukemic bone marrow cells in
children diagnosed with acute leukemia.

Materials and methods:

The study design is cross-sectional.

The study materials were the peripheral blood and
bone marrow from 106 patients (the study group) diag-
nosed with acute leukemia and the peripheral blood of 23
conditionally healthy children (the control group). The pa-
tients’ age varied from 1 month up to 16 years in the study
group and from 2 to 17 years in the control group.

All patients with AL received appropriate therapy at
the Scientific Center for Pediatrics and Pediatric Surgery
(Almaty, Kazakhstan). The stay of patients diagnosed with
ALL in the inpatient regime was 8 months, for patients
with AML - 4-5 months.

Samples from patients with marked leukopenia and in
the absence of signed informed consent or informed waiv-
er from the study prior to initiation of therapy were exclud-
ed from the study.

Research method: immunophenotyping of bone mar-
row and peripheral blood. The acute leukemia diagnos-
tic panel included 51 immunophenotypic markers. The
samples were analyzed on a flow cytometer FacsCantoll
(Planet Dickéncon, USA) in the DIVA program. The data
were collected under several parameters in the DIVA
software of the flow-through cytometer FacsCantoll: for-
ward light scattering (FSC), side light scattering (SSC),

and 8 fluorescence channels. The linearity and subvari-
ant of acute leukemia were determined at the first stage
using a multicolor panel of monoclonal antibodies. The
same samples on bone marrow blast cells and peripher-
al blood lymphocytes of patients with AL were tested for
annexin V, Bcl2, CD95, and p53 protein expression before
treatment.

Statistical methods: The SPSS statistical program was
used for statistical data processing. The Mann-Whitney
U-test was used to analyze the differences between the
two independent variables. The significance level was set
to p<0.05 to determine reliability.

Results: The linearity and subvariant of acute leu-
kemia in children were determined with the use of a pan-
el of monoclonal antibodies; the expression of apoptotic
(annexin-V, CD95, p53) and anti-apoptotic antigen (Bcl-2)
on bone marrow blast cells and peripheral blood lympho-
cytes was found for the same sample.

The structure of AL immunological variants in the stud-
ied patients is presented in Figure 1.

4,7% 1,0% 2,0%

o

11,3%

16,0%
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2,0%
11,3%
=B1 = B2 =B3
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= M7 = B+myelo = T+myelo

Figure 1 - Structure of AL immunologic variants (106 patients)

Thus, most ALL cases were B-ALL cases (46.1%), among
which the B2 variant prevailed (34.0%). The next most
common cases were AML, which accounted for 38.7% of
all ALs. T-ALL accounted for 13.2% of cases, while T-cor-
tical (T3) and non-cortical (non-T3) variants were equally
common - 6.6% of the total number of ALLs. The mixed-
cell phenotype of AL (biphenotypic OL) was the rarest, ac-
counting for 2% of all leukemias. Figure 2 shows a CD45/
SSC scattergram showing the gating of a blast population
(R2) that has a paler (CD45) luminescence for the total leu-
kocyte antigen CD45 compared to the lymphocyte popu-
lation (R1).
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Figure 2 - CD45/SSC scattergram

Comparison of the expression of apoptotic antigens on
peripheral blood lymphocytes in patients with AL and con-
ditionally healthy children. Table 1 presents the analysis
results for the expression level of the proteins - annex-
in V, Bcl-2, CD95, and p53 on peripheral blood lympho-
cytes in patients with ALL and conditionally healthy
children.

A comparison of the early apoptosis marker, annex-
in V, expression on peripheral blood lymphocytes found
the following. The mean expression of this marker in the
control group did not significantly differ from the corre-
sponding indicator in patients with almost all leukemia
subvariants except for the mature B4 variant and the M7
variant of AL. At that, annexin expression was notably
lower than in the control group.

Table 1 - Comparison of the expression levels of apoptosis markers on peripheral blood lymphocytes in patients with ALL

(n=106) and the control group (n=23), M+m

) Markers of apoptosis

AL variant annexin V P53 Bol-2 CD95

patients (N) apols?c:gi/s o, |Medium value % Medium value % Medium value % Medium value
B2 (n=36) 60.8+3.4 42.5+6.1 2.9+1.3 7.1£1.9 17.8+5.8 6.0+£3.3 33.3+4.3 11.6£2.5
B1 (n=12) 68.5+7.3 50.4+£5.6 2.8+1.5 7.6+1.7 12.9+1.5 5.6+1.4 23.1+£1.9 12.0+3.3
B3 (n=12) 57.2+3.2 48.3+6.8 4.7+2.2 8.8+2.9 8.9+2.9 6.0+0.5 25.9+3.2 11.1+3.6
B4 (n=2) 50.4+£5.5 39.2+2.1 11.4+2.9 1M1.1+£2.7 15.4+4.6 45+2.3 46.5+2.1 9.4+39
T3 (n=7) 70.9+1.6 40.5+£3.9 1.7+1.7 9.6+1.7 10.1£3.6 4.3+0.8 43.1£3.9 12.1£3.8
T4 (n=7) 70.7+4.8 47.5+3.9 3.8+4.5 8.4+1.5 17.7+4.0 3.6+1.4 37.6+2.9 7.4+4.1
M1-M2 (n=17) 54.1+£2.9 51.9+4 .4 3.5+4.3 7.8+2.1 26.0+3.2 6.1+2.3 30.2+£2.8 8.9+2.8
M3 (n=3) 57.6+3.4 32.1+3.4 3.6+3.3 7.6+1.6 6.0+5.1 42+16 27.2+1.3 7.9+1.1
M4-M5 (n=2) 53.7+11.7 28.7+7.8 5.9+1.9 6.4+1.2 2.8+2.8 6.6+2.9 8.3+12.7 12.2+8.8
M7 (n=5) 49.2+4.5 64.8+7.1 4.1+4.2 7117 9.6+1.9 5.5+2.6 16.0+2.5 10.0+1.5
T+myelo (n=2) 55.6t11.5 42.6+5.5 2.8+6.0 7.4+27 8.8+10.9 7.1+£3.9 21.1+3.4 11.5+2.0
B+myelo (n=1) 65.0 3025.2 2.9 15.8 11.6 1.7 39.1 12.1
(Crﬂnztg‘)" group 66.1+3.7 | 21.9:25 3.6+2.1 6.1£0.9 10.9%2.3 4.4+1.2 20.3+3.2 7.31.1

Note: Arithmetic Mean (M), Standard Deviation (+m)

Analysis of annexin expression within the leukemia var-
iant showed a significant difference between the group
with B1 ALL (68.57.3, p<0.05) and B4 ALL (50.4+5.5%)
among B-lymphoblastic ALs. No significant difference was
found within the T-ALL groups. There was also no signifi-
cant difference in annexin expression on peripheral blood
lymphocytes among the myeloblastic and biphenotypic
leukemia variants.

More significant changes were observed in the study
of the annexin fluorescence intensity, which turned out
to be significantly lower in the control group than in the
corresponding indicator in all other subgroups. It should
be noted that the fluorescence intensity of annexin V in
the biphenotypic variant (B+myelo) of leukemia increased
manifold, even though its expression did not differ from
that of the control group. Fluorescence intensity is prob-
ably a more sensitive indicator for determining the course
and outcome of the disease.

The apoptotic marker p53 expression (t>2.2; p<0.05)
was significantly higher only in the subvariant with the

mature B-form of ALL (B4), both compared to the control
group and other leukemia subvariants. However, no con-
vincing changes in fluorescence intensity (mean for p53
antigen) were determined in the analysis between the
control group and leukemia variants, as well as within the
groups, in contrast to annexin. According to these find-
ings, p53 is not specific in its expression or fluorescence
intensity in oncohematological diseases. However, the
limited number of patients in each group reduced the reli-
ability of the presented findings. The number of leukemia
subvariant studies shall be increased to achieve statistical-
ly significant groups.

Comparing the anti-apoptotic marker Bcl-2 expres-
sions on lymphocytes in conditionally healthy children
and patients with leukemia, we found that the Bcl-2 ex-
pression on peripheral blood lymphocytes in healthy
children was significantly higher than in patients with
any ALL subvariant. At the same time, no significant dif-
ferences in the Bcl-2 protein expression were found in
the control group and patients with AML and biphe-
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notypic variant of AL, and there were no differences in
the fluorescence intensity. There is an assumption that
there will be an increase in the expression level of the
Bcl-2 anti-apoptotic marker on the patients’ lympho-
cytes due to the activation of the cellular link [19]. How-
ever, this hypothesis was confirmed only in patients
with ALL. This could be due to the statistically small
number of studies conducted, which indicates the need
for further study.

In the CD95 apoptosis marker parameter analysis, the
mean value of the control group was significantly low-
er than the corresponding value in ALL and biphenotypic
leukemia patients. In contrast, high CD95 expression was
determined only in M1-M2 variants of AML in the groups
of AML patients. No significant difference in fluorescence
intensity was determined between the control and study
groups. We assumed that increased CD95 expression on
peripheral blood lymphocytes in leukemia patients indi-
cates inhibition of immune system activity by suppres-
sor factors produced by tumor cells to avoid immunolog-
ical surveillance. This assumption was confirmed only for
ALL. In comparing the expression and intensity of CD95

fluorescence between leukemia subvariants, the intensity
reached the maximum in the B4 and T3-cortical variants
and the minimum in the M4-M5 variants. However, inter-
preting these findings is impossible due to the small sam-
ple size (n=1).

Expression analysis of apoptotic markers on peripheral
blood lymphocytes and bone marrow blast cells in patients
with lymphoblastic AL. Analysis of the apoptotic marker an-
nexin V expression showed a significant increase in pro-
tein expression on peripheral blood lymphocytes of pa-
tients compared to bone marrow blasts. Among B-ALL,
a significant increase was characteristic of the B1 and B2
subvariants, T-ALL for the T3-cortical subvariant, AML for
the M1-M2 and M4-M5 subvariants, as well as in biphe-
notypic variants of AL (B+myelo and T+myelo) (p<0.05,
t>2.2). The fluorescence intensity was significantly higher
in T3, M7, and biphenotypic leukemia. In our opinion, the
pronounced expression of the early apoptosis marker on
lymphocytes is an unfavorable prognostic factor, indicat-
ing the focus of immunocompetent cells on programmed
death and a decrease in antitumor immunological surveil-
lance.

Table 2 - Expression of apoptosis markers in bone marrow blast cells in patients with acute lymphoblastic leukemia, Mtm

Apoptosis markers
AL variant, annexin V P53 Bcl-2 CD95
quantity

Patients (N) apoE?c:Qi/s,% Mean % Mean % Mean % Mean
B2 (n=36) 44.4+7 8 27.8y5.4 4.8y7.2 8.7y2.3 17.2y16.4 6.9y8.7 8.1y2.7 6.1y7.2
B1 (n=12) 29.0y13.0 | 33.5/26.5 4.3y45 7.6y1.0 10.8y13.2 5.7y1.6 2.8y2.2 4.81.4
B3 (n=12) 556y8.7 | 37.7y10.1 3.95.2 8.6y1.2 26.5y19.0 6.6y2.1 5.3y3.1 5.2y1.0
B4 (n=2) 37.8y18.2 156425 | 29.2y20.7 16.8y7.8 9.6y1.3 3.4y18 3.040.4 4.8y0.1
T3(n=7) 36.4y7.2 16.7y4.8 3.0415 6.2y2.6 2.1y1.3 3.8y2.5 3.0y1.5 5.0¢1.8
T-non-cort (n=7) | 62.7y2.8 39.3y5.5 4.2y3.1 6.4y3.3 8.3y11.8 5.1y4.3 4.2y3.1 5.3y2.5
M1-M2 (n=17) 37.1y147 | 4450245 5.06.0 13.0y4.2 11.0p17.4 8.0y6.0 16.4y13.2 13.3y4.9
M3 (n=3) 56.5y11.2 36.9y7.5 1.9y2.4 14.6y1.6 57.5y2.0 12.9y0.7 10.5/6.8 16.8y1.7
M4-M5 (n=2) 35.0y117 | 37.4y7.8 3.541.9 11.3y1.2 2.9y2.8 7.32.9 30.6y12.7 17.5y8.8
M7 (n=5) 53y14.5 43y6.6 5.22.0 13.4y1.1 1.8y1.1 5.5y1.1 3.8y2.3 8.6y2.9
T+myelo (n=2) 23.9y11.5 | 27555 6.86.0 11.0y2.7 15.9y10.9 7.8y3.9 3.5y3.4 8.1y2.0
Boma ) 40.1 33.1 84.7 31.1 0.21 17.9 24.2 8.7

Note: Mean is the arithmetic mean (M). The data is presented as M+m, where m is the standard deviation

While comparing the annexin V expression on bone
marrow blasts in different ALL subvariants, the mini-
mum expression was found in the B1 variant and the bi-
phenotypic form (T+myelo), indicating the pronounced
viability of the blasts. The maximum expression was
found in the B2, B3, T4, M3, and M7 variants. An increase
in fluorescence intensity was also characteristic of these
leukemia subvariants. It has been shown that B3 and M3
linear leukemias have a favorable prognosis, and T-non-
cortical ones are more favorable compared to the corti-
cal form. Probably, the presence of a larger number of
apoptotic proteins on the surface of blasts will contrib-
ute to their accelerated death. It is not the expression
of annexin itself that should be considered but the in-
dicator that has shown great sensitivity, i.e., the fluo-

rescence intensity. An increase in the patient samples
and future studies could affect the search results. How-
ever, we can say that even based on the data obtained,
it is necessary to analyze this marker on the blasts and
lymphocytes of patients in order to predict the disease
course.

Among T-ALL, the early apoptosis marker expression
on blast cells was significantly reduced in the group with
the T3-cortical variant (36.4+7.2%) compared to the group
of non-cortical T-ALL (62.7+2.8%) (p<0.05, t=2.9), while the
annexin expression was maximum in peripheral blood
lymphocytes in these types of leukemia. The mean value is
also lower in patients with T3-cort ALL (16.7+ 4.8 c.u.) com-
pared to the corresponding indicator of non-cortical T-ALL
(39.3+5.5 c.u.).
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Among AML, the annexin-V expression on peripheral
blood lymphocytes was significantly higher than on blast
cells in the M1-M2 and M4 subvariants of AML. Acute pro-
myelocytic leukemia (AML M3) and acute megakaryocyt-
ic leukemia (AML M7) are known to have an aggressive
course and an unfavorable outcome compared to oth-
er types of AML. Thus, it was implied that the annexin-V

marker expression on tumor cells in these AML subvariants
would be lower than in the groups with B-ALL character-
ized with a more favorable course, but no significant dif-
ferences were found.

In our opinion, the significantly low expression of an-
nexin on blasts in the biphenotypic (T+myelo) variant
compared to the B+myelo variant is interesting.

" 13.001
L. File: 13.001
’ Tube: annexin/Pl
o Gate: G1
" Quad % Gated % Total
. UL 000 0.00
UR 0.16 0.10
LL 8167 5194
LR 1818 1156

104

Legend: UL (upper left) - upper left quadrant, UR (upper right) — upper right quadrant, LL (lower left) - lower left quadrant, LR
(lower right) - lower right quadrant, Gated - area of cells, Quad - quadrant, Total - total percentage
Figure 3 - Expression of fluorescein-labeled annexin V (FITC) on blast cells

The lower right quadrant of the graph (LR) shows
blast cells that are annexin-V positive, i.e., at the
stage of early apoptosis (18.18%). The left lower quad-
rant (LL) contains cells that are annexin-V negative,
hence alive (81.57%), the left upper quadrant (UL) con-

tains dead cells (0.00%), and the right upper quadrant
(UR) contains cells in the late apoptosis stage (0.16%)
(Figure 3).

The mean value of FITC-positive cells containing an-
nexin-V was 21.05 units (Figure 4).

17.001

Qunt
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w

10 10!

1
ANNEXIN FITC

10° 104

Tube: annexin/PI

% Gated Mean
100.00 21.05
1565 93.21

Legend: Gate is the area of cells; Mean is the average intensity of fluorescence
Figure 4 — One-parameter histogram of annexin V fluorescence intensity (mean)

In the groups with myeloid ALs, the annexin V ex-
pression on peripheral blood lymphocytes was signif-
icantly higher than on blast cells in leukemia subvar-
iants M1-M2 and M4-M5 (p<0.05, t=11.2). At the same
time, no significant differences were found in the
groups with M3 and M7 subvariants. High expression

of annexin-V on lymphocytes may signal a more un-
favorable course of the disease due to the accelerated
withdrawal of lymphocytes from participation in anti-
tumor immunity. In the future, we intend to analyze
the correlation between the disease’s clinical course
and the expression of apoptosis markers. No signif-
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icant differences have been determined in annexin
mean fluorescence intensity.

Thus, the analysis of an early marker of apoptosis in
patients with ALL and AML shows that this antigen is ex-
pressed higher on peripheral blood lymphocytes than on
tumor cells. A similar picture was observed concerning the
fluorescence intensity.

Expression analysis of p53 protein. The analysis of the
p53 protein expression on peripheral blood lympho-
cytes and blast cells in various AL subvariants showed
a significant increase in this marker expression only in
peripheral blood lymphocytes of patients with the B4

subvariant compared to lymphocytes of other groups.
The same pattern was observed when comparing the
p53 expression on blast cells. (p<0,05; t>2.2) (Figure 5,
Table 1).

No significant difference in p53 protein expression
was found among T-ALL (3.0£1.5% and 4.2+3.1%, respec-
tively) (p<0.05; t>2.2). No significant difference was also
found in the groups with AML (Table 1). Assessment of
fluorescence intensity did not show significant differenc-
es in the studied groups. Therefore, it can be assumed
that the p53 marker is not functionally significant for this
study (Figure 5).

12
Ars-8c2 FITC

100 10t

Figure 5 - Dot plot of the Bcl-2 marker and p53 protein
expression

Expression analysis of anti-apoptotic marker Bcl-2. In our
study, this marker’s expression on peripheral blood lym-
phocytes was significantly lower in all patient groups be-
fore treatment than in healthy patients, except for the M1-
M2 variants, where the Bcl-2 expression did not differ from
the control group.

A comparative analysis of this marker expression on
lymphocytes within groups showed that the highest ex-
pression was observed in the M1-M2 subtypes. We con-
sider it a prognostically favorable sign, as it indicates
the preservation of a certain functional activity of lym-
phocytes in AML. The expression of Bcl-2 in the blast
cell population in different variants of B-ALL did not dif-
fer significantly but was significantly higher than in pa-
tients with T-ALL.

The bcl-2 expression was at minimum in the M3 variant
on peripheral blood lymphocytes of patients in the group
with AML and at maximum in the M1-M2 variant. The Bcl-2
expression on blast cells was the maximum in the M3 vari-
ant. The wide range of Bcl-2 expressions in the AML group
compared to ALL could be due to the origin of blasts from
different hematopoietic sprouts (myelocytic and lympho-
cytic ones). At the same time, it evidences a greater prog-
nostic value of Bcl-2 in AML. A comparison of the expres-

sion results of this parameter between all the studied
groups demonstrated that the minimum expression of the
anti-apoptotic marker on blast cells was observed in ALL
T3 and AML M4-M5. In contrast, the maximum was ob-
served in AML M3 (Figure 6).

Expression analysis of the Fas ligand CD 95. Analysis of
CD95 expression on peripheral blood lymphocytes with-
in the groups did not show significant differences. At the
same time, CD95 expression on blasts in all types of leu-
kemia was notably lower than on the peripheral blood
lymphocytes of these patients.

The percentage of antigen in the B2 group (8.1£2.7%)
was increased compared with the B1, B3, and B4 subvar-
iants (Table 1). There was no significant difference in the
expression of the CD95 surface marker on the blasts with-
in the groups of patients with T-ALL. Among AML, the ex-
pression of the CD95 ligand was significantly higher in the
M4-M5 variants than in others. In the M7 variant, the ex-
pression of CD95 on the blasts was minimal, significantly
lower than other AML variants. The highest expression of
the CD95 marker was found in the M4-M5 OL group (t=4.0,
p<0.001) (Figure 6) in summary table 1 for variants (B, T,
myelo). The mean fluorescence intensity was also higher
in the AML group (16.4+13.2 c.u.).
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Legend: Gate is the region of cells, Q is the quadrant
Figure 6 — Gating strategy: 1) isolation of the blast population gate, 2) detection of expression of Bcl-2 and p53 antigens

Discussion: Apoptosis is known to be the primary
mechanism by which most chemotherapeutic agents in-
duce tumor cell death. It is more likely that the balance of
expression (annexin V, CD95, p53) and anti-apoptotic pro-
tein (Bcl-2) can control the response of leukemia cells to
chemotherapy and subsequently affect the patient’s prog-
nosis. Therefore, the task of this study was to determine
the markers that will have prognostic significance for the
studied leukemia variants.

This study area is relatively new, so only a few publi-
cations are available that determine the functional signif-
icance of apoptosis markers in predicting the course and
response to therapy in patients with oncological and on-
cohematological diseases. In the presented work, we ob-
tained data that partially corresponded to the already
available results.

We also found a high expression of an early apop-
tosis marker, annexin V, on the lymphocytes of healthy
patients. It does not correspond to the literature data,
where the expression of annexin V in the healthy pop-
ulation is much lower. This result indicates the need for
larger studies on a larger population sample. At the same
time, the intensity of annexin fluorescence on lympho-
cytes in the healthy population is significantly lower than
that of patients with leukemia. In the future, fluorescence
intensity will probably be considered a more specific in-
dicator for annexin V. However, we have not found any
publications highlighting changes in its fluorescence in-
tensity. Besides, a comparative analysis of annexin V ex-
pression on lymphocytes (the combined index of all
groups of lymphoblastic leukemias is 63.8%) and blasts
(44.3%) showed that this marker was significantly more
expressed on lymphocytes than in the blast population,
and it is an alarming sign in relation to the suppression
of antitumor immunity. The expression of annexin V on
lymphocytes was 58%I in myeloid leukemias, while it was
45.4% on blast cells but these differences were insignif-
icant. No significant differences were also found when
the expression of annexin within leukemia subvariants

was considered. Therefore, this marker did not show pro-
nounced specificity and cannot be recommended as a
prognostic for monitoring and predicting the course of
the pathological process.

Comparative analysis of p53 protein expression on
the surface of lymphocytes and blast cells revealed no
significant differences in leukemia variants. Available
publications present the data from immunohistochemi-
cal studies of solid tumors (ovarian cancer, lung cancer,
etc.), where this marker shows a certain diagnostic sig-
nificance [20]. However, no significant differences in p53
expression were found in our study. Perhaps this mark-
er is more specific for tumor cells of solid tumors. How-
ever, it is possible that there are no significant changes
due to the small size of groups with rare leukemia subva-
riants, and therefore, there is a need for further study of
this marker.

The study of the Bcl-2 protein expression on lympho-
cytes and blast cells in B-cell variants did not show signif-
icant differences, whereas this marker was expressed in
significantly greater numbers in the T-cell variant on pe-
ripheral blood lymphocytes than in blasts. In AML, Bcl-2
expression was significantly higher in the blast cell pop-
ulation compared to lymphocytes. It may be one of the
mechanisms of “tumor avoidance of immunological sur-
veillance.” As an anti-apoptotic marker, Bcl-2 contributes
to prolonging the viability of the blast population, caus-
ing the phenomenon of “immortalization.” At the same
time, A. Cahyadi et al. [21] found no correlation between
Bcl-2 expression and both response to induction chemo-
therapy and relapse rates in ALL, indicating that Bcl-2 ex-
pression levels have rather low prognostic significance.
At the same time, it was quite surprising that all cell sam-
ples that showed a good response to the initial predni-
solone therapy showed a significantly higher expression
of Bcl-2 than those that did not respond well. Thus, high
levels of Bcl-2 expression in ALL may indicate that in vivo
tumor cell survival is dependent on cytokines. Glucocor-
ticoids are known to have a potent anti-inflammatory ef-
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fect due to the suppression of cytokine gene expression
[22], and the treatment with prednisolone in vivo may re-
sult in an overall decrease in cytokine production. Thus,
itis interesting to suggest that the prednisolone-induced
reduction in cytokine expression may be responsible for
the favorable response of blast cells (decreased apop-
tosis intensity) to prednisolone in ALL cell samples with
high levels of Bcl-2 expression. The results of a study of
Bcl-2 expression in ALL suggest that Bcl-2 expression lev-
els may be higher in patients with a favorable response
to treatment [23]. In the absence of published results of
comparative analysis of the expression of apoptotic an-
nexin-V, p53, CD95, and anti-apoptotic Bcl-2 markers on
leukemia cells and lymphocytes, it is necessary to com-
pare the level of expression with the clinical course of the
disease in each case in order to establish the diagnostic
significance of each marker, and it will determine the di-
rection of further research.

According to the studies, the most diagnostically
significant changes were shown in a comparative anal-
ysis of CD95 expression on lymphocytes and the blast
population. CD95 expression on peripheral blood lym-
phocytes was significantly higher than on the blast
population for any form of ALL, any subvariant of T-AL
and B-AL. The results are consistent with the findings of
A.Yu. Varishnikov et al., who showed that CD95 expres-
sion in blast cells is a favorable prognostic sign associat-
ed with an increase in relapse-free and overall survival.
In contrast, the absence of CD95 antigen in blasts is an
unfavorable sign for developing the disease. Thus, mon-
itoring CD95 expression and CD95 function during in
vivo chemotherapy may help to further determine the
prognostic value of CD95 for drug-induced apoptosis
in all patients. No significant differences were found in
AML. It indicates the functional preservation of lympho-
cytes, but such a factor as a small number of patients
could affect the results obtained.

Conclusion The results of the present studies indicate
the prognostic significance of Bcl-2 and CD95 in acute leu-
kemia. Further studies of these molecules are required and
included in the standard panel of immunophenotyping in
leukemia to identify favorable and/or unfavorable prog-
nostic value in ALL in children. Annexin V and p53 showed
no significant sensitivity and specificity. It allows not to in-
clude these markers in the immunophenotyping panel of
leukemia.
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AHJIATIIA

BAJIAJTAPJIAFBI )KEJEJ JJEUKO3JIAPIAFBI NEPUPEPUSIIBIK KAH
JIMUMOOIUTTEPIHAE )KOHE BJIACT /KACYIIAJIAPBIH/JA ATIOIITO3
MAPKEPJIEPIHIH OKCIIPECCHUSACBIH TAJLIAY

M.T. Bynezenosa', C. C. Canuesa', A. llepeszoanosa', A. lynaesa’

"Meanatpus xaHe 6ananap xupypruscel Feinbivi opTanbifbl” AK, Anmartsl, Kasakcran Pecnybnukacs!

Oszexminizi: 0)Keoen neiikos eminiy muimoi mociioepin dcone emMHiy 6apwicoii 60xHcaAy d0IiCmepiH 130ey OHKO2EMAMONIOUSIHbIH O3EKMI MO~
ceneci. bByn canadazvl nepcnekmusanvlk 6azvim Xumuomepanus 6apulcelnoa Jcacywa beminoezi MOIEKYIaNbIK MApKepep IKCNPecCUsiCbIHbLY
o32epyin 3epmmey 601bln MabwLiIAObL.

3epmmeyoin makcamol — aneaw pem anblKmaiean dceoen aetKosvl Oap HAyKacmapoa nepugepusiivlk Kan umpoyummepinoe ione
cytiek KkemieiHiy 6aacm dcacywanapvinoa anrnekcur V, Bel-2, CD95, p53 akyviz0apuinbiy SKCnpeccusicoviH 3epmmey.

doicmepi: 3epmmey ousaiinvl — kondeney. 3epmmey o0ici: ummynogpenomunmey. 3epmmey mamepuanoapuvl 1 aiioan 16 sxcacka Oetiinei
"aceden netiko3" ouaznoswl Kotvlazan 106 nayuenmmiy nepugepusiivlk KaHvl MeH cyliek Kkemiei (3epmmey mobul) scone 2 scacman 17 dcacka
Oeuinei wapmmel mypoe cay 23 6ananoly nepughepusiivi Kauvl (0axvliay moowsi) 6010vl. AnviHzan moiimMemmep CMAMUCMUKATIbLIK OHOEYOeH
ommi.

3epmmey nomusicenepi: B-sicacywans sceden netikozoapoa BCL-2 skcnpeccusicvin 3epmmey ceHimoi aublpMaibliblKmapobl aHbIKmMd-
2an Jcok, nepugepusiivlk Kan aumpoyummepinoeei T-srcacywansl netikozoapoa by mapkep oracmmapaa Kapazanoa ceHimoi mypoe kooipex
kepcemindi. Keoden muenobracmmel aeixkozoa BCL-2 sxcnpeccuscel iumgpoyummepmer canvicmolpeanoa oracmmap NORYIAYUACbIHOA All-
mapavikmaii scozapvi 6010vl. CD95 sxenpeccusicol aumpodracmmer 1etiko30apoa 61acm Heacyulaiapblibly MEMOPAHACLIHA KApa2anod ne-
puepusnblk Kan umgoyummepinoe aumapavblKmai #cozapsi 6010bl. AHHeKCUH V SKCnpeccusicblh manioay epme anonmo3s MapKepbiHbll IKCh-
peccuscel tumpoyummepoe JHco2apsl eKeHin aHblKkmaovl. by icikke Kapcol UMMYyHUmMemmiy momeH ekenin kopcememin 6enei. Jlumpoyummep
MeH Onacm xcacywanrapbinbly beminoezi p53 aKyvl3viHblY IKCAPECCUACHIH CANLICMbIPMATbL MALOAY AeUKO30bIH OpMYypPl 8aPUAHMMAPbIHOA
CeHIMOT aUbIPMAUBLILIKMAPObL AHLIKIMAAH HCOK.

Kopvoimuinowr: JKypeizineen sepmmeydiy nomuoiceci siceden aeiikos keszinde BCL-2 ocone CD95 60nocamobiy Manvi30biibieblibly 601YbIH
kepcemmi. Annexin V ocone p53 cenimoi ce3immanovik nen epekienikmi aublKmaaaH ok, 6y 1etiko30blH UMMYHODEHOMUNMmMiK naueiine ocol
Mapkepaepoi Kochayaa MyMKiHOIK 6epeoi.

Tyitinoi co3o0ep: sceden neiikos, bnacm xcacywanap, anonmos mapkepaepi, Bel-2, CD9S5.

AHHOTAIUA

AHAJIN3 OKCIMTPECCUU MAPKEPOB ATIOIITO3A HA JINM®OIUTAX TEPUPEPUYECKON
KPOBH 1 BJIACTHBIX KJIETKAX ITPA OCTPBIX JIEMKO3AX VY JIETEH

M.I. Bynezenosa', C.C. Canuesa', A.A. llepe3oanosa', A. /lynaesa’
'AO “HayyHblii LieHTp neauaTpum 1 aeTckoit xupyprim’, Anmarsl, Pecnybnuka Kasaxctan

Axmyansnocme: AKMYAnbHbIM  BONPOCOM  OHKO2EMAMONO2UU AGIAEMC NOUCK  IPHEKMUBHLIX NOOX0008 mepanuu U Memooos
NPOSHO3UPOBAHUS MEYeHUs. OCIMPBIX 1etiK0308. [lepcnekmueHblm Hanpagienuem 6 Smo 001acmu sA8A1emcs u3yyeHue UsMeHeHUll IKCnpeccuu
MONEKYAAPHBIX MAPKEPOB HA NOBEPXHOCMU KIEMOK 8 OUHAMUKE XUMUOMEPANUU.

Lens uccnedosanusn — onpedenums yposenv skcnpeccuu beaxos annexin V, Bel-2, CD9S5, p53 na numgoyumax nepugepuueckoii Kposu u
JeUKeMUYeCKUX KIeMKAX KOCHHO20 M032a Yy 0emetl ¢ OUASHO30M «OCMPbLL 1eUKO3Y.

Memoowr: [Jusaiin uccieoosanus — nonepeunviil. Memoo uccredosanus: ummyHogpenomunuposanue. Mamepuanamu ucciedosanus
nocaydcunu nepughepuieckas Kposb u kocmuuli mos2 106 nayuenmog ¢ 6nepevie YCmanHo8IeHHLIM OUACHO30M «OCIPUIIL JIEUKO3» 8 803pacme
om 1 mec. 0o 16 nem (uccredyemas epynna) u nepugpepuueckas kpoew 23 yciogro 300pogeix oemeti 6 sozpacnie om 2 0o 17 iem (KoHmpoavhas
epynnay). Ilonyuennvle Oanuvie ObLIU NOOBEPSHYMbI CMAMUCMUYECKOU 00pabomke.

Pesynvmamur: Hccneoosanue sxenpeccuu Bel-2 npu B-kaiemounvlx eapuanmax 00Ccmogepuvlx pasiuduil He biasuno, npu T-kiemounom
sapuanme Ha aumgoyumax nepugepuyeckou Kposu OAHHbIU MapKep IKCAPecCUposaics 8 00CmosepHo 6oabuemM Koaudecmee, Hexcenu Ha
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onacmax. Ilpu ocmpom muenouoHom neiikose sxcnpeccus Bcel-2 Ovina docmosepro eviue Ha OracmHoll NONyIAYUU K1EmoK, no CPAGHEHUIO
¢ numpoyumamu. Ilpu ananusze sxcnpeccuu CD95 npu ocmpuix aum@obracmuvlx eapuanmax dKcnpeccus 0vlia 00CHO8epHO Bbiule HA
aumepoyumax nepugepuyeckoil Kposu, 4em Ha Mmemopane nelikemuyeckux kiemox. Pesyromameor ananusa sxcnpeccuu annexin V nokasanu, umo
auMpoyumsl SKCNpeccuposan Mapkep paHHezo anonmosa 00cmogepro boavuie, yem 01acmovl KOCMHO20 Mo32a. [lanHoe AsneHue A6aemcs
ONACHBIM NPUSHAKOM, YKAZBIEAIOWUM HA CHUICEHUE NPOMUE00ONYX01e6020 ummynumema. Cpasnumenvuulil ananus sxkenpeccuu benxa p53 na
N0GePXHOCU TUMPOYUMOE U OIACHHBIX KIeNMOK 00CHOBEPHBIX PA3IUYULL NPU PA3IUYHBLX 8APUAHMAX NEUKO306 He BbIAGU.

3axniouenue: Pe3ynomamvl npogedennvblx ucciedo8anull ykasvléam Ha nanuyue npoenocmuyeckoll suayumocmu Bel-2 u CD95 npu
ocmpom neiikoze. Annexin V u p53 ne 6viA6uUnU 00CMOEEPHOI YYECMEUMENbHOCHIU U CREYUDUUHOCTIU, YNO NO360A5AEM He EKII0UAMb OAHHbIE
MapKepul 8 NaHesb UMMYHODEHOMUNUPOBAHsl J1eliKO308.

Kntoueswle cnosa: ocmpuiii netikos, baracmuvie kiemku, mapkepsl anonmosa, Bel-2, CD95.
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IMPACT OF CHARLSON COMORBIDITY INDEX
ON POSTOPERATIVE COMPLICATIONS IN ELDERLY
PATIENTS WITH HIGH-RISK PROSTATE CANCER

Z. VEZIROVA', F. GULIYEV', T. MUSAYEWV'

National Center of Oncology, Baku, Azerbaijan

ABSTRACT

Relevance: The broad experience accumulated to date in performing radical prostatectomy (RPE) in high-risk patients has signifi-
cantly reduced the frequency of perioperative complications. Studies that evaluate risk factors and scales to estimate the probability of

complications for patients over 70 years are important.

The study aimed to determine the safety criteria for performing RPE in patients over 70 years of age with high-risk prostate cancer.

Methods: A total of 163 patients who underwent open RPE for high-risk prostate cancer from September 2018 and July 2021 were
included in the study. The risk of postoperative complications was calculated using the Charlson Comorbidity Index (CCI). Complica-
tions of the postoperative period (90 days from the date of surgical intervention) were evaluated according to the Clavien-Dindo classi-
fication. The correlation between the indicators of CCI and postoperative complications was performed.

Results: All patients were divided into 2 groups by CCI equal to 2.5. The statistical analysis directly correlated this value with Grade
I-1I complications (y2=13.610; p<0.001). The most significant correlation revealed during the multifactorial logistic regression analysis
of preoperative parameters was established between diabetes mellitus and the incidence of postoperative infectious complications (HR —

2.84; 95% CI: 2.59-3.12; p<0.001I).

Conclusion: The expediency of using CCI to identify a group of patients with a high probability of complications was emphasized.
Comprehensive assessment of perioperative risk, chronological age as an isolated factor is not a contraindication for surgical treatment

of prostate cancer in men over 70 years of age.

Keywords: prostate cancer, radical prostatectomy, comorbidity, Charlson Comorbidity Index (CCI), catheter-associated urinary
tract infection, perioperative complications, Clavien-Dindo classification.

Introduction: The broad experience accumulated to
date in performing radical prostatectomy (RPE) in high-
risk patients has significantly reduced the frequency of pe-
rioperative complications, which, along with satisfactory
long-term therapy, results in low local progression and the
likelihood of metastasis in prostate cancer makes surgery
a successful and widely used method of treating this pa-
thology [1].

However, the problem of choosing surgical tactics
among elderly patients (over 70 years old), who, according
to various sources, account for up to 50% of patients oper-
ated on for prostate cancer, remains unresolved. This issue
is particularly acute in patients with a high probability of
disease progression. On the one hand, increasing the pre-
dicted life expectancy in the male population requires a
more radical approach from specialists. On the other hand,
age, the presence of concomitant diseases, and, accord-
ingly, the risk of perioperative complications may push the
surgical intervention into the background.

Several evaluation scales and indices capable of pre-
dicting the development of postoperative complications
have been developed and are actively used. Despite the
lack of consensus on their reliability and effectiveness, the
Charlson Comorbidity Index (CCl) today is the most com-
mon [2].

The study aimed to determine the safety criteria for
performing RPE in patients over 70 years of age with high-
risk prostate cancer.

Materials and Methods: A total of 163 patients who un-
derwent open RPE for high-risk prostate cancer between
September 2018 and July 2021 were included in the study.
Patients with a previous history of prostate surgery or receiv-
ing neoadjuvant therapy were excluded from the study. The
mean patient age was 66.2+2.1 (54-76) years, and the mean
prostate-specific antigen (PSA) level at biopsy was 13.8+4.2
ng/dl (3.6-46.4). All patients underwent radical prostatecto-
my with extended pelvic lymphadenectomy. Surgical inter-
ventions were performed by one surgical team.

All patients were divided into two groups according to
age. Group | comprised 91 (55.9%) patients below 70, while
Group Il included 72 (44.1%) patients over 70 years.

During the preoperative examination, the following
concomitant diseases were identified: chronic coronary
heart disease in 11 (6.7%) patients, history of previous my-
ocardial infarction in 8 (4.9%) patients, type 2 diabetes
mellitus in 22 (13.5%) patients and chronic obstructive pul-
monary disease (COPD) in 7 (4.3%) patients. In some cas-
es, a combination of two or more concomitant patholo-
gies was noted in the same patient. Thus, in 5 (3.1%) cases,
a history of diabetes mellitus and a previous myocardial in-
farction were noted. Chronic coronary heart disease as the
second concomitant pathology was observed in 11 (6.7%)
patients. Patients with concomitant cardiovascular diseas-
es were examined following the recommendations of the
European Society of Cardiology and the European Asso-
ciation of Anesthesiologists (ESC/ESA) [3]. One hundred
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twenty-one (74.2%) patients did not have any concomi-
tant diseases, of which 75 (82.4%) patients were included
in Group | and 46 (63.9%) — in Group Il.

The preoperative physical status of all patients was as-
sessed according to the American Society of Anesthesiol-
ogists (ASA) classification by a multidisciplinary team. In
some cases, the decision on the possibility of surgical in-
tervention was made after the prescribed therapy.

The Charlson Comorbidity Index was developed in
1987 by Charlson and colleagues to classify comorbid con-
ditions that may influence mortality risk [4]. In our study,
the high risk of progression and the likelihood of local
prevalence of the process of the presence of cancer were
taken into account as risk factors.

Complications of the postoperative period (90 days
from the date of surgical intervention) were evaluated ac-
cording to the Clavien-Dindo classification, initiated in
1992 and updated in subsequent years [5]. All complica-
tions were evaluated as «minor» (Grade I-Il) and «major»
(Grade IlI-1V). Complications associated with Grade V were
not included in the study.

The diagnosis and treatment of catheter-associated uri-
nary tract infections (CAUTI) that occurred in several pa-
tients were performed following the standards of the Eu-
ropean Society of Clinical Microbiology and Infectious
Diseases (ESCMID) and Central Disease of Control/ Nation-
al Healthcare Safety Network (CDC/NHSN) [6]. While in the
hospital, all patients were prevented from thromboembol-
ic complications according to generally accepted protocols.

In order to carry out statistical processing, all data on
patients and postoperative complications that occurred
within 90 days after RPE were entered into the database.
Statistical analysis of the results was performed using SPSS
18.0 for Windows software block (SPSS Inc, Chicago, IL, US).
The correlation between the CCl value and postoperative
complications was analyzed with the calculation of the
Pearson coefficient x . Differences with a significance lev-
el of 95 were considered statistically significant (p<0,05).

Results: The characteristics of patients in the preopera-
tive period are presented in Table 1. The average age of pa-
tients in groups | and Il was 62.7+0.4 (54-70) and 71.8+0.2
(71-76) years, respectively (p<0.007).

Table 1 - Characteristics of patients in the preoperative period by age groups

Parameters Group | Group Il P
PSA*, ng/ml 20,9+0,9 (8,74-49,3) 22,4+0,6 (9,67-32,1) 0.178
Prostate volume, ml 56,8+3,9 (20-155) 48,9+3,8 (25-113) 0.159
BMI**, kg/m? 28,2 (25,5-32,7) 26,3 (24,3-35,1) 0.078
ASA*** classification 0.124
ASA | 10,3% 71%
ASA Il 73,3% 71,7%
ASA Il 16,4% 21,2%
CCJ**** 2,1+0,05(2-4) 2,5+0,07 (2-4) 0.012
Gleason score (biopsy) 0.010
6 55 (60,4%) 23 (31,9%)
7 27 (29,7%) 42 (58,3%)
28 9 (9,9%) 7 (9,7%)
Clinical stage, T 0.142
2a 1 (1,1%) 6 (8,3%)
2b 14 (15,4%) 12 (16,7%)
2c 20 (22,0%) 12 (16,7%)
3a 30 (33,0%) 27 (37,5%)
3b 26 (28,6%) (20,8%)

Notes: *PSA — Prostate specific antigen; **BMI — Body mass index; *** ASA — American Society of Anesthesiologists; **** CCl — Charlson

Comorbidity Index

The above data shows no significant differences be-
tween the study groups concerning the total PSA in-
dex (p=0.178). However, a significant difference between
the compared groups was revealed in the Gleason score
(p=0.010). Patients in Group | had a higher BMI compared
to Group Il. However, this difference had no statistically
significant confirmation (p=0,078).

The postoperative complications were diagnosed in 56
(34.3%) patients. In 52 (31.9%) cases, complications were
classified as Grade lll according to the Clavien-Dindo clas-
sification, and Grade Ill-IV complications were noted in 4
(2.4%) patients. In 23 (14.1%) cases, one patient had two or
three complications at a time.

The main complication graded as I-1l was lymphorrhea,
diagnosed in 16 (9.8%) patients. Five patients underwent
percutaneous lymphocele drainage, regarded as a Grade
-1V complication.

Other complications associated with Grade I-ll were
urethrovesical anastomosis leakage, hematuria, pneumo-
nia, and lower extremity deep vein thrombosis. They were
diagnosed in 6 (3.7%), 7 (4.3%), 4 (2.5%) and 3 (1.8%) pa-
tients respectively. In 15 (9.2%) patients in the postopera-
tive period, the presence of CAUTI was diagnosed.

Acute coronary syndrome developed in 5 (3.1%), gastro-
intestinal bleeding - in 1 (0.6%) and hemorrhagic stroke —
in 2 (1.2%) patients. These patients required continued
treatment in the intensive care unit.

The performed correlation analysis between Grade I-I|
complications and age groups did not demonstrate a sig-
nificant relationship (x*=0.472; p=0.492). A similar analysis
for Grade Ill-IV complications also revealed no significant
correlation (x2=1,050; p=0.306).

In the next stage, all patients were divided into 2
groups by CCl index equal to 2.5. The statistical analysis di-
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rectly correlated this value with Grade I-1l complications
(x2 =13.610; p<0.0017).

Similar results were obtained compared to Grade IlI-IV
complications (x2 = 12.515; p<0.007). Moreover, the most
significant correlation revealed during the multifactori-
al logistic regression analysis of preoperative parameters
was established between diabetes mellitus and the inci-
dence of postoperative infectious complications (HR 2.84;
95% Cl, 2.59-3.12; p <0.007).

Discussion: Demographic changes in populations over
65 years require a review of the decision-making process
for the treatment of many diseases, including prostate
cancer in elderly patients. Until recently, the age over 70
years was considered a relative limitation for the imple-
mentation of RPE due to the generally low life expectan-
cy of patients of this age group and, accordingly, the lack
of advantages of such aggressive therapy as well as high
rates of complications and mortality, today the issue of
treatment of elderly patients with this pathology requires
a radical revision.

The introduction into clinical practice of modern diag-
nosis and preoperative preparation methods At the same
time, a high risk of postoperative complications tasks the
surgeon to ensure the expediency of surgical intervention
and determine the type of surgery considering risk factors
such as age, cardiovascular, respiratory, endocrine and
other concomitant diseases.

One of the most valuable studies was performed by
Begg and colleagues, where the authors analyzed the
rates of postoperative and late urinary complications in
men undergoing prostatectomy. In the structure of com-
plications of the early postoperative period among el-
derly patients, cardiac (5.5%), respiratory (11%), vascular
(4.7%), surgical (6.6%), and infectious complications (0.8-
2%) should be distinguished, as well as an increase in the
30-day mortality rate. The frequency of complications in-
creases in proportion to the age of patients. The incidence
of at least one complication among patients subjected to
RPE aged 65-69, 70-74, and over 75 years was 28%, 31%
and 35%, respectively [7]. The authors emphasized that
the rate of complications is significantly reduced if the pro-
cedure is performed in a high-volume hospital and by a
surgeon who performs a high number of such procedures.

At the same time, the question of the «leading» role in
the development of postoperative complications of risk
factors such as age or the presence of concomitant diseas-
es is still debatable. A limited number of papers have been
published on the study of the role of concomitant diseas-
es in the development of perioperative complications in
patients undergoing RPE, and they all differ according to
the principle of distribution of patients according to age
groups, by the number and types of concomitant patholo-
gies accepted for consideration.

In order to determine the risk factors for the development
of postoperative complications in the studied cohort of pa-
tients, we conducted a study of 163 patients who underwent
RPE in connection with prostate cancer and also performed a
correlation analysis of the following factors as age, preoper-
ative morbidity (CCl) and the severity of early postoperative
complications (Clavien-Dindo classification). The structure
of early postoperative complications is presented as follows:

complications directly associated with surgery, neurological,
cardiorespiratory, and infectious complications.

Lymphocele development should be highlighted
among postoperative surgical complications. The devel-
opment of this complication is associated with extended
pelvic lymphadenectomy and undoubtedly increases the
duration of hospitalization, which, in turn, is an unfavora-
ble risk factor for developing nosocomial infection.

In our study, lymphorrhea was diagnosed in 16 (9.8%)
patients. It is noteworthy that prolonged lymphorrhea was
diagnosed in 10 patients in Group | and 6 patients in Group
II. This complication has been classified as a Grade Ill com-
plication. Subsequently, 5 (31.3%) patients needed per-
cutaneous drainage of the formed lymphocele. Three of
these patients belonged to Group Il.

Routine microbiological urine analysis on Day 7 after sur-
gery revealed a positive result in 21 (12.9%) of 163 patients.
However, in 9 cases, the uropathogen was detected in a con-
centration not exceeding 10° CFU/ml. This condition meets
the criteria of asymptomatic CAUTI and does not require anti-
bacterial therapy. In 12 patients, the diagnosis of symptomat-
ic CAUTI was made along with the clinical condition and the
positive urine culture (= 10° CFU/ml). During microbiological
examination of urine, the following uropathogens were iso-
lated as a monoculture in 12 patients: E.coli (4 cases), Klebsiel-
la pneumonia (3 cases), Pseudomonas aeruginosa (1 case) and
Staph. epidermidis (1 case). In other cases, the infection was
polymicrobial. All cases of postoperative UTI developed with-
out it in the preoperative period. It should be noted that 7
patients in this group suffered from diabetes mellitus. The
leakage of ureterovesical anastomosis was diagnosed in 2 pa-
tients; one of them had hematuria, which required irrigation
of the bladder and prolongation of bladder catheterization.
The remaining patients were bacteriologically negative.

As stated above, the duration of urine catheter use is
the main risk factor for developing CAUTI and bacteriuria.
In our study, the leakage of urethrovesical anastomosis
in the early postoperative period in 11 (6.7%) patients re-
quired a prolongation of bladder catheterization. Bacte-
riuria was diagnosed in 5 (45.5%) of 11 patients. Two of
them belonged to Group | of the study.

In the remaining patients, the results of microbiologi-
cal analyses were negative (no growth was detected), and
Candida albicans with CFU of less than 1000 were isolated
in three cases. This group of patients was not treated.

Nosocomial pneumonia is the second most common hos-
pital infection after urinary tract infections. According to var-
ious studies, the risk of developing nosocomial pneumonia
ranges from 0.3 to 20% or higher, depending on the depart-
ment’s profile, the epidemiological situation in the medical
institution, and patients’ clinical and individual characteris-
tics. In intensive care units, nosocomial pneumonia accounts
for 27-47% of the total number of infectious complications,
and mortality is equal to 30-70%. Risk factors for the occur-
rence of hospital-acquired pneumonia are pulmonary diseas-
es, including COPD, age (over 60 years), smoking, obesity, the
nature and duration of surgery and anesthesia [8].

In our study, the incidence of nosocomial pneumo-
nia was 2.5%. Two of the 4 patients belonged to Group Il.
COPD was diagnosed in one patient from Group II; the oth-
er was diagnosed with diabetes mellitus. In Group I, one
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patient had a history of COPD, while the other had no con-
comitant diseases. Therapy and dynamic control of pneu-
monia followed the generally accepted clinical recommen-
dations, considering the findings of physical examination,
radiology, and laboratory tests [9].

In five patients, the early postoperative period was
complicated by the development of acute coronary syn-
drome; one of the patients was subsequently diagnosed
with myocardial infarction. Hemorrhagic stroke was diag-
nosed in one patient. The patients were transferred to the
intensive care unit and discharged from the hospital on
Days 13 and 18, respectively.

In order to calculate the probability of postoperative
complications, specialists have proposed several tests and
scales, but there is no consensus on their prognostic signif-
icance. In addition, the role of the age factor is still debat-
able. Even though age is closely associated with high rates
of complications in the early postoperative period, we sug-
gested that age alone is not a contraindication to surgi-
cal intervention in patients with high-risk prostate cancer.

In several studies comparing the prognostic role of age
and CCl in the development of postoperative complica-
tions and an increase in mortality rates, CCl was identified
as a more significant predictor of an increase in morbidity
and mortality than age [10].

Similar data was obtained in our study. We found no
differences in the frequency of complications in the early
postoperative period between the two age groups. How-
ever, higher CCl was an independent risk factor for com-
plications. This highlights the potential value of CCl in risk
stratification for patients undergoing surgery for prostate
cancer. At the same time, it should be noted that type 2
diabetes mellitus was established as a main risk factor for
infectious complications in the early postoperative period
(HR 2.84; 95% Cl, 2.59-3.12; p <0,0017).

CCl can be used with a greater degree of reliability to
calculate the risk of postoperative complications in pros-
tate surgery and accordingly be used as an argument
when deciding whether surgery is necessary. Undoubted-
ly, patients over 70 years of age, having a higher risk of pe-
rioperative complications, with a satisfactory physical sta-
tus and the absence of concomitant diseases, have every
chance to undergo surgery well. However, in the presence
of at least one of the concomitant diseases listed in CCl, the
risk of postoperative complications increases significant-
ly. Persons under 70 years of age who have one or more of
the concomitant diseases indicated in the CCl index may
also have a high probability of developing complications.

Thus, in the treatment of prostate cancer in patients
with a high CCl index, it is mandatory to conduct evalua-

tion tests in the preoperative period, discuss their results,
and, accordingly, determine the prognosis of the course of
the next postoperative period.

Conclusion: The obtained results did not demonstrate
a correlation between age and the development of com-
plications in the 90-day postoperative period. The expe-
diency of using CCl to identify a group of patients with a
high probability of complications was emphasized. High
rates were independent risk factors for complications,
which underlines the potential usefulness of this scale in
risk stratification. Thus, subject to a comprehensive assess-
ment of perioperative risk, chronological age as an isolat-
ed factor is not a contraindication to radical surgical treat-
ment of prostate cancer in men over 70 years of age.
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KYbIK ACTbI BE3IHIH KATEP.II ICITT BAP ET'JIE )KACTAFbI EMJEJYIILJIEPJE
OIEPALIUSIAAH KEMIHI'T ACKBIHYJIAPFA UAPJILCOH LJIECHEJII AYPY.JIAP
WHJAEKCIHIH OCEPI

3. Besuposa', @. I'ynues', T. Mycaes'
Y¥NTThIK OHKOMOrUSINbIK OpTanblk, baky, ©3ipbarixaH

Osexminizi: Byzinei KyHi moyexen 0opediceci sco2apvl emoenyuliiepoe paouxaiovl npocmamaxmomusnst (PI1) ocyp2izydiy mon mosxcipu-
beci onepayusoan Keiinei acKkblHyaapobly Jcuiniein aumapnoikmai momendemmi. 70 dcacman ackam HayKacmapod acKblHyiapobly blKmMumMail-
Oblebin bazanay ywin Kayin akmopiapsi jcone ynauiaposl 6a2aiatimoii 3epmmeyiep Manbl30bl.

Oncology and Radiology of Kazakhstan, Ne4 (74) 2024 43



ORIGINAL INVESTIGATIONS &CQ)KaZIOR

3epmmeydin maxcamol KyviK acmol Oe3iniy Kamepii icicimen ayvipamuit 70 scacman ackan emoenyuinepoe JKII scypeizydin Kayincizoik
Kpumepuiiiepin anvlkmay 6010bi.

Aoicmepi: 3epmmeyee 2018 xcvinoviy Kpipkytiecinen 2021 arcolndviy windecine Oetlin dHco2apvl Kayinmi Kyolk acmol Oe3iHiy Kamepiai iciei
botivinwa awwvlk RP omxen 163 nayuenm xammulnovl. Onepayusoan Ketiinei ackuinynapovly Kayni 4apnvconnviy Kamap sjcypemin aypy um-
oexci (CCI) komecimen ecenmenoi. Onepayuadan keuinzi keseyoeei acKkvinyaap (onepayus xcacanzan Kynunen 6acman 90 kyn) Knasuen-/{unoo
Kaaccughuxkayuscel bouvinwa 6azaranovl. CCI ynaiinapsl men onepayusdan Keuinei ACKbIHYIAp apacelHOa KOpPeaayusi AHbIKmManobl.

Homuboicenepi: Bapavi naykacmap CKHU 2,5 kosppuyuenmi 6otivinua 2 monxa 6eninoi. Cmamucmuransix manoay 6yn monoi I-11 0ope-
Jiceni ackpinynapmer mikeaei batiansicmoipont (y2=13,610; p<0,001). Onepayus andvinOazvl napamempiepoiy Kon HyCKaibl 102UCMUKALbIK,
pezpeccusiniblk manodaybl ApKblibl AHBIKMAI2AH e MAKbI30bl KOPPENAYUsL KaHm Ouabemi MmeH onepayusioan Keiinei unpexyusivlk acKblHyaap-
Oby drcuiniei apacvinoa anvikmanowvt (OR — 2,84, 95% CI: 2,59-3,12; p<0,001).

Kopvimutnowi: Ackviny vikmumanoviasl sxcozapel nayuenmmep moouvin anvikmay yuwin CCI Konoanyoviy opuinoviaviabina baca Hasap ay-
dapwinadsl. Onepayusoan Ketiinei Kayinmi keweHOi bazanay, oKuwayianean pakmop peminoe xpononocusnvik xcac 70 scacman ackawn epiepoe
npocmama obbIpbIH XUPYPIUSLILIK eMoey2e Kapcbl KOpCeminim 60abin mabsblimaiobl.

Tyiiinoi ce3dep: Kyvix acmol 6e3iniy Kamepii iciei, paoukanovl npocmamakmomus (PI), inecneni aypy, Yapavcon inecneni aypy unoexci (CCI),
KamemepmeH 6aIaHbICMbL 30D Wbl2apy ACONOAPLIHbIY UHPEKYUusACyl, onepayusdan kevinei ackbinyrap, Knasuen-/[undo knaccugurayuscor.

BJIUAHUE NHAEKCA KOMOPBNJTHOCTH YAPJICOHA HA INIOCJIEOINNEPAIIMOHHBIE
OCJIO’KHEHMUS Y TTOXKUJIBIX ITAITMEHTOB
C PAKOM ITPEJICTATEJIBHOM KEJIE3bI BBICOKOI'O PUCKA

3. Besuposa', @. I'yues', T. Mycaes'
'HaunoHanbHbIit LeHTp oHkonoruu, baky, Asepbaitgxat

Axmyanvnocmo: K nacmosiuwemy epemenu HAKonieHuvill 602amolii ONbIM BbINOJIHEHUS pAOUKaibHoU npocmamakmomuu (PI13) y nayu-
EHMO8 BbICOKO20 PUCKA NO3BONUNL CYUECMBEHHO CHU3UMb YACMONY NEePUONEPAYUOHHBIX OCTOdCHenUll. Bajicnubl uccredosanus, oyenusarouue
Ghakmopel pucka u wKaasl OJisk OYeHKU ePOSMHOCHU OCLOACHEeHU Y nayuenmog cmapuie 70 aem.

Lenvto uccnedosanus owvino onpedenenue kpumepues besonacnocmu goinonnenus PIID y nayuenmos cmapwe 70 nem ¢ pakom npedcma-
MENbHOUL Jicee3bl 8bICOKO2O PUCKA.

Memoowi: 6 ucciedosanue o6vinu exaouenvl 163 nayuenma, nepenecuwiux omxpoimyto PIID no nosody paxa npeocmamenbHoll sHcenesvl
6b1cOK020 pucka ¢ cenmsops 2018 2. no utonv 2021 2. Puck nocieonepayuonHulx 0CIONCHEHUL PACCUUMBIBAIU C NOMOWBIO UHOCKCA KOMOPD-~
ouonocmu Yapncona (CCI). Ocnodcnenus nocireonepayuonnozo nepuooa (90 oneti om damel OnepamusHoO20 8Meuamenbcmead) OYeHusaiu no
raaccugpurayuu Clavien-Dindo. Boiasnena koppensiyus meaucoy noxazamensimu CCI u nocieonepayuonublmu 0CioiCHeHUAMU.

Pesynvmamut: Bce nayuenmul 6viau pazoenenst Ha 2 epynnsl no kodgguyuenmy CCI, pasnomy 2,5. Cmamucmuueckuii anaius Hanpsi-
MYI0 KOppeauposas 3mo 3navenue ¢ ociodcHenusmu I-11 cmenenu (y2=13,610; p<0,001). Haubonee 3nauumas xoppensiyus, 6bis8IeHHAS. NPU
MHO20(AKMOPHOM NO2UCTNUYLECKOM Pe2PeCCUOHHOM AHANU3e NPeOONepayUOHHbIX NoKa3amenell, yCmaHo81eHa Mexicoy CaxapHulm ouabemom u
4acmomotl nOCi1eonepayuoOHHbIX UHGEeKYUoHHbIX ocioxchenuil (OP — 2,84, 95% JIU: 2,59-3,12; p<0,001).

3axknwuenue: Iloouepxnyma yenecoobpaznocms ucnonvzosanus CCI 015 evlsgnenus 2pynnvl NAYUEeHMos ¢ 8blCOKOU 6EPOAMHOCMbIO OC-
nodicHenuti. Komnnekcnas oyenka nepuonepayuonioco puckd, XpoHoI02U4ecKull 603pacnm Kax u30aupo8anHulll hakmop ne A6isemcs npomu-
B0NOKA3AHUEM K XUPYPSULECKOMY NIeUeHUI0 PaKa npeocmamensHoll Jcenesvl y myoicuur cmapue 70 nem.

Kniouesvle cnosa: pax npeocmamenvHoll dcenesvl, paoukaivhas npocmamaxkmomus (PI1D), komopbuonocms, unoexc komopouonocmu
Yapacona (CCI), kamemep-accoyuupo8aHuas UHpeKYus MOYEBbIBOOAWUX nymell, NepUONepayuoHHble 0Cca10xcHeHus, kiaccupurayus Clavien-
Dindo.
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ABSTRACT

Relevance: In recent years, there has been an increase in the use of artificial intelligence (A1) technology in chest low-dose computed
tomography (LDCT), which has attracted considerable attention. LDCT scans are widely used for early detection and monitoring of lung
diseases, making the accurate analysis of these scans crucial for effective diagnosis and treatment.

The study aimed to evaluate the diagnostic effectiveness of an Al system in clinical practice by comparing its sensitivity in detecting
pulmonary nodules and differentiating between benign and malignant processes with radiologists. Additionally, it aimed to provide a

theoretical basis for the clinical application of Al in LDCT.

Methods: The study is based on a retrospective analysis of LDCT scans performed in a pilot lung cancer screening project. High-
resolution tomography followed standardized low-dose scanning protocols, and experienced radiologists and an expert with many years
of practice interpreted the results. Modern deep learning frameworks (TensorFlow, PyTorch) were applied for data analysis and nodule

segmentation.

Results: The study results demonstrated that the deep learning model detected pulmonary nodules with a sensitivity of 63.4% (95%
CI: 54.0-72.8%) and a specificity of 81.6% (95% CI: 79.8-83.4%), consistent with previous studies findings.

Conclusion: Like previous published studies, this study demonstrates that Al can enhance the LDCT interpretation process.
However, despite the obtained diagnostic value, it requires further refinement for full implementation in clinical practice.

Keywords: artificial intelligence (A1), low-dose computed tomography (LDCT), lung cancer.

Introduction: Lung cancer is the second most com-
mon type of malignant tumor in men and women (af-
ter prostate and breast cancer, respectively) and a lead-
ing cause of cancer mortality worldwide. According to the
World Health Organization (WHO), in 2020, there were 2.2
million new cases of lung cancer and 1.8 million deaths
from this burden [1].

Lung canceris an urgent health problem both through-
out the world and in the Republic of Kazakhstan, as it ranks
second in morbidity and the main cause of mortality from
malignant neoplasms. In 2021, 3,615 new cases of lung
cancer and 2,086 deaths were registered in Kazakhstan [2].

Early lung cancer diagnostics is critical for successful
treatment and improvement of overall survival rates. Ac-
cording to the literature, low-dose computed tomography
(LDCT) is an effective lung cancer screening method. It
makes it possible to find cancer at an early stage, resulting
in a decrease in mortality from this pathology [3-6]. LDCT
screening requires the interpretation of a large number of
images. It can be a time-consuming process subject to var-
iability depending on the radiologist’s experience. Arti-
ficial intelligence (Al) can improve the accuracy and effi-
ciency of lung cancer screening using LDCT by automating

image analysis and providing decision-making support to
radiologists [7], as well as reducing the time to interpret
LDCT images.

Over the past 10 years, significant advances have been
made in using Al technology for early lung cancer diagnos-
tics using LDCT. Several studies have demonstrated that Al
algorithms can accurately identify and classify lung nodes
on CT scans. It greatly improves and is critical for the early
diagnostics of lung cancer. Besides increasing lung cancer
detection in the early stages, Al can also increase the effi-
ciency of LDCT screening [7-9].

Despite the promising results of the Al models devel-
oped in lung cancer screening, aspects still need to be
studied. The Al algorithms developed should be improved
with more diverse data sets to increase generalizability in
different populations, for example, for Central Asians to
validate based on the results obtained.

The study aimed to evaluate the diagnostic effective-
ness of an Al system in clinical practice by comparing its
sensitivity in detecting pulmonary nodules and differenti-
ating between benign and malignant processes with radi-
ologists. Additionally, it aimed to provide a theoretical ba-
sis for the clinical application of Al in LDCT.
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Materials and methods:

Materials: The data of LDCT studies conducted as part
of a pilot project for lung cancer screening from June 1,
2018, to September 31, 2023, in the cities of Almaty, Ust-
Kamenogorsk, and the Almaty region were studied retro-
spectively.

Scanning was performed at the 3 of Oncology and
Radiology (KazIOR) and the East Kazakhstan Regional
Multidisciplinary Center for Oncology and Surgery. Com-
puted tomography scanners with a different number of
detectors (from 64 to 128) and a slice thickness of not
more than 1.25 mm were used for scanning. All scanners
had a low-dose scanning protocol: voltage 120 kV, cur-
rent strength 10-40 mA. The effective dose for the pa-

tient did not exceed 1 mSv according to the order on pre-
ventive examinations of the population in Kazakhstan
[10]. Segmentation, annotation, and interpretation of
LDCT scans were performed by 4 radiologists with more
than 6 years of experience (Figure 1). The results of LDCT
studies were retrospectively analyzed by an invited ex-
pert with 30 years of experience in reading computed to-
mography examinations of the lungs to determine the
number of “true” nodes. Lung nodules were classified ac-
cording to the Lung Imaging Reporting and Data System
(Lung-RADS 1.1).

The deep learning model was developed by IT special-
ists of KazIOR using special deep learning frameworks and
sources (libraries) (TensorFlow, PyTorch) (Figure 1).

Figure 1 - Segmentation of pulmonary nodule contours on LDCT scans of the patient LDCT0266 performed as part of a pilot lung
cancer screening project

Methods:

Data pre-processing:

LDCT obtaining and anonymization.

Extracting regions of interest (ROIs) containing lung
nodes from LDCT scans and creating fragments of 2D or
3D images.

Annotations for regions of interest containing nodules
in the lungs.

Model development:

Selecting and implementing deep learning architec-
tures for pulmonary nodule diagnostics.

Creating learning models using the annotated CT
scans.

Hyperparameter tuning to optimize model perfor-
mance.

Model assessment:

Assessing the Al model performance using a control
set of CT scans and diagnostic value data.

Statistical analysis:

The results were statistically analyzed using appro-
priate tests (t-tests, chi-squared) and modeling methods
(logistic regression). Cohen'’s Kappa coefficient was used
to study the degree of agreement between radiologists
and the Al model.

According to international requirements, the statisti-
cal significance of findings was checked using the p-val-

ue and confidence intervals. The statistical processing re-
sults were considered statistically significant at p < 0.05
obtained using the Monte Carlo method. All data obtained
during the study were statistically processed. The data was
statistically processed using SPSS software version 21.0
and Microsoft Office Excel.

The study was approved by the local ethics committee
of the Kazakh Institute of Oncology and Radiology JSC (Al-
maty, Kazakhstan).

Results: The study analyzed LDCT scans of 1,500 lung
cancer screening program participants. Our deep learn-
ing model for lung cancer screening demonstrated a sen-
sitivity of 63.4% (95% Cl: 54.0-72.8%) and a specificity of
81.6% (95% Cl: 79.883.4%) when detecting lung nodules by
LDCT. The Lung Cancer CT model was trained on a dataset
of annotated CT scans and tested on a reference dataset
of 1,000 CT scans. Then, we analyzed the efficiency of the
deep learning model, comparing it with the work of radi-
ologists with different levels of experience.

The data in Figure 2 demonstrate that the proposed
model, trained to find lung nodules, successfully identified
alung nodule by indicating its location using labels. It illus-
trates the potential of Al in the automatic detection and di-
agnostics of pulmonary pathologies.

However, it should be noted that it is always neces-
sary to consider possible limitations and potential er-
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rors when interpreting the results based on Al systems. In
this case, despite the successful diagnostics of the mass,
there may be situations where the Al mistakenly identi-

fies pleural adhesions at the apices of the lungs (Figure
3) as lung nodules or has limited capabilities to find sub-
pleural nodules.

Figure 2 - LDCT image of the central neoplasm S1/2 in the upper lobe of the left lung of the patient LDCT0286 performed as part of
the pilot project on lung cancer screening

Figure 3 - Pleural adhesions at the apices of the lungs that the Al
mistakenly identified as lung nodules, patient images LDCT1106
performed as part of the pilot lung cancer screening project

The Al model’s performance was similar to radiol-
ogists with less than 5 years of experience, with a sen-
sitivity of 67.1% and a specificity of 83.8%. More ex-
perienced radiologists showed higher accuracy in
diagnostics of pulmonary nodules, with a sensitivity of
94.2% and a specificity of 98.8%. However, radiologists
needed three times more time to interpret LDCT than Al
technologies.

It was also found that the deep learning model im-
proves the radiologists’ work by increasing the volume
of interpreted LDCT studies within the same time inter-
val by 38%.

However, it should be noted that the Al model
showed lower sensitivity (40%) and specificity (82%)
during detecting subpleural nodules of different sizes.
When the model’s performance was analyzed for the
size and location of the lung nodules, it was found that
the Al showed better results in detecting parenchymal

lung nodules in patients with larger lung nodules (> 10
mm in diameter) compared to smaller nodules (< 10 mm
in diameter) with a sensitivity of 83.3% and 67.8%, re-
spectively.

Discussion: Our study assessed the efficiency of
the deep learning model in lung cancer screening us-
ing LDCT. The model achieved a sensitivity of 63.4% and
a specificity of 81.6% in detecting pulmonary nodules,
and it is consistent with previous studies that reported
sensitivity from 63% to 96% and specificity from 60%
to 98% [11-14]. It was also found that the Al model per-
formance is similar to that of radiologists with less than
5 years of experience, indicating its potential for devel-
opment.

This is consistent with previous studies that report-
ed that experienced radiologists have higher sensitivity
and specificity than less experienced physicians [15-17].
However, the fact that radiologists in both groups spent
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more time interpreting the results than the Al model
suggests that the Al model may be a more efficient and
reliable alternative to manual CT interpretation, espe-
cially for less experienced radiologists.

Despite the promising results of Al use in lung can-
cer screening, our study identified several significant
limitations that need to be considered in the clinical ap-
plication of Al:

Low accuracy in detecting subpleural nodules: In this
study, Al demonstrated a significantly lower sensitivity
(40%) and specificity (82%) in detecting subpleural nod-
ules, especially those of a small diameter (<10 mm). This
limits the model’s effectiveness in detecting neoplasms
in hard-to-interpret areas, which may lead to the omis-
sion of potentially malignant neoplasms.

Error in classifying pulmonary structures: In some cas-
es, Al mistakenly interprets pleural adhesions, especially
in the apices of the lungs and vessels, and degenerative
changes in vertebral elements as pulmonary nodules.
It can lead to false positives, increasing the burden on
doctors.

Limited ability to interpret complex cases: Although
Al-based technology can significantly improve the di-
agnostics of pulmonary nodules, its capabilities in com-
plex clinical cases, such as multifocal or diffuse pulmo-
nary parenchymal lesions and central lung neoplasms,
remain limited.

The study showed the need to further refine the
Lung Cancer CT model to detect subpleural nodules.
This may require including additional characteristics of
the elements or a large amount of data.

Despite the limitations in detecting subpleural le-
sions, our study suggests that the Al model could be
useful for lung cancer screening with LDCT. The Lung
Cancer CT model improved the performance of radi-
ologists with less than 5 years of experience and in-
creased the total volume of LDCT scans interpreted by
radiologists. Al technology certainly has the potential
to improve the efficiency and accuracy of lung cancer
screening using LDCT [16-18]. However, further study
is required to test the model’s performance on larger,
more diverse data sets.

Although many Al models are developed and tested
today, there is still a need to find the most optimal mod-
els for automatic detection and differentiation of pul-
monary nodules on LDCT scans. Our results suggest that
such a model could be useful in lung cancer screening
with LDCT, especially for less experienced radiologists,
and could increase the amount of CT data processed.
However, further improvements are needed to increase
its sensitivity and specificity, especially when smaller and
subpleural lesions are found. Further study is needed to
test the model’s performance with a larger sample.

Conclusion: In this study, the Lung Cancer CT mod-
el has proven the potential of Al models in lung can-

cer screening. Despite technological limitations in de-
tecting subpleural nodules and small-diameter lung
nodules, the model could become a valuable tool for
improving the overall efficacy of screening programs.
However, further improvement and validation are re-
quired to realize the full potential of Al models in lung
cancer screening.
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AHJIATIIA

OKIIE KATEPJII ICIT'IH EPTE JUATHOCTUKAJIAY YIIIH A3 JO3AJIbI
KOMIIBIOTEPJIIK TOMOI'PADUAIA LUNG CANCER CT ’KACAH/IbI MTHTEJUIEKT
TEXHOJOTUACBIH KOJJAHY

A. Myxameoacan', A.C. Ilanuna'?, K.C. 960pacunosa', 8.4. Kazvikenosa?, /I.P. Kaiioaposa', JK.M. Amanxynoe'

1«Kasak OHKOMOrus xaHe pagunonorus FeinbIMu-3epTTey MHCTUTYTbI» AK, Anmatel, KasakctaH Pecnybnmkactr;
1«C.[. Actheramsipos aTbiHparbl Kasak ynTTelk MeauumHa yHusepeuteti» KEAK, Anmartsl, KasakcraH Pecnybnukack!

Oszexminizi: Conabl dcwbl0apvl 6KNEeHIH a3 003aivl Komnviomepnix momozpaguscein (AJKT) ocacazanoa scacandvr unmennexm (HKH)
MexXHON02UACHIH KOJOAHY AUmMapaviKmai apmanoblKmaH o2an oeeen Hasap oa apmuin kenedi. AKT exne aypynapln epme aHblKMay jHcoue
OaKbLIAY YUWiH KeHIHeH KOLOAHbLIAObL, Al MUIMOL OUACHOCMUKA MeH eMOoey Yulin 3epmmeyoi HaKmvl maiday eme Manbl30bl.

3epmmeydiny maxKcamol — oxne myuiHOepiH AHbIKMAY Ce3iMMAanoblebliH HCoHe Kamepi MeH Kamepcis yoepicmepoi axculpamyoazsl HacaH-
Ovl unmennexm (JKH) scyiieciniy OuazHocmuKkanvlk muimMoiniein KIUHUKATLIK Maxcipubede 6azanay, OHbl paouoioe 0opicepiepoiy HOmuiceci-
MeH CanbiCmulpy, COHOAL-aK KAUHUKATIBIK KOIOAHY2A MEOPUSIbIK HE2l3 YCbIHY.

Aoicmepi: 3epmmey oxne Kamepiui icieiH CKpuHuUHemey 60ubIHUIA NUIOMMbLK H#coba asicvinoa opvindanzan AJIKT ckandapwin pempocnex-
muemi manoayaa HezizoenzeH. AxCblpamuliblMbl Hco2apvl momozpagmapoa a3z 003aabl CMAHOAPMMAI2aAH CKAHepiey Xammamaiapsl Koiod-
HbLIbIN, HOMUdICENepOi MoNCIpubeni paouoioemap MeH KonicolioblK modcipubeci bap capanuivl unmepnpemayusiiaosl. /lepekmepoi maioay
JiCoHe MyUiHOepOi ceeMeHmayusiay yuin samanayu mepey okoimy naameopmanapet (TensorFlow, PyTorch) Konoanuinosi.

Homucenepi: bis xcypeiseen 3epmmey nomuoiceci bouvinuia oknedeei myuindepdi anvikmayea apran azipaeneen Lung Cancer CT mepey
OKbIMY MOOeNiHIY oKkne myuindepin anvikmayoa cesimmanovievt 63,4% (95% CHU: 54,0-72,8%) owcone apnaitvinvievt 81,6% (95% CH: 79,8-

83,4%) exenin kepcemmi.

Kopoimuinowt: Amanmeiue 3epmmey HcyMuicvl ocvl2an Oeliinzi 3epmmeyiepoe Kepceminzen aknapammul pacmai omuipwin, KU AJKT
Mandayvli jyeaKcapma aiamolisbin kepcemmi. Anaiioa exne myuinoepin epme anvikmayoazvl AJIKT cezimmanoviebl MeH apHAllbLIbIK KOPCem-
Kiwmepine Kapamacmat, KU onapowsi anvlkmay yuiin Kocolmuia dceminidipynep MeH 0aublHObIKMbL Kadicem emeol.

Tyuinoi cozoep: scacanovt unmennexm (JKH), az oosanvl komnwvromepaix momoepaghus (AAKT), exne oovipbi.

AHHOTAIUA

HNPUMEHEHHUE TEXHOJIOI'MX HICKYCCTBEHHOI'O MHTEJVIEKTA LUNG CANCER CT
P HU3KOA03HOM KOMITIBIOTEPHOI TOMOI' PAGHT
JIJISI PAHHEN JUATHOCTUKH PAKA JIETKOI'O

A. Myxameoacan', A.C. Ilanuna®?, XK.C. A6opacunosa', A.A. Kasvikenosa®, /I.P. Kaiioaposa', 7JK.M. Amankynos'

'AO «Kasaxckuii HayuHo-1CCneaoBaTeNbCKUA UHCTUTYT OHKONOTMM 1 pagunonoruny, Anmatsl, Pecnybnuka Kasaxcran;
*HAO «Kasaxckuit HamoHanbHbIi MeguunHekuit yHusepeutet um. C. . AcdeHausipoan, Anmarsl, Pecny6nuka Kasaxcra

Axmyansnocms: B nociednue 2006l ommeyaemcs pocm npumeHeHus mexHono2uu ucKyccmeenno2o unmeniekma (MH) npu evinonnenuu
HU3K0003HOU KomnvromepHot momoepaguu (HIIKT) neekux, umo, 6 ceor ouepedv, npusiekaem snawumenvhoe snumanue. H/IKT wupoxo
UCNONbL3Yemcs 0 PAHHE20 BbIABIEHUS U MOHUMOPUH2A 3A001e6AHUU IeCKUX, d MOYHbII AHAIU3 UCCIe008AHUT UMeem BAJICHOe 3HAYeHUe s

2hhekmusHoOl QUASHOCMUKY U NeYeHUS.

Ilenv uccneoosanus — oyeHums OuazHocmuueckyio spgexmuenocmos HH-cucmemvr 6 KIUHUYECKOM NPUMEHEHUU, CPABHUBAS
4YBCMEUMETILHOCMb K OOHAPYIHCEHUIO JIe20UHbLX V31108 U Oupheperyuayuro 006pOKa1ecmeeHHblX U 310KAYeCMBEHHbIX NPOUECCO8 ¢ NOMOUbIO
WU u spaveii-paouonoeos, ¢ npedocmasienuem meopemuyeckol 0CHO8bL 0115 KIUHUYEeCKO20 UCNOIb308AHUS.

Memoowr: Hccneoosanue ocnosano Ha pempocnekmugrnom anaiuze H/IKT ucciedosanuil, 6binojIHeHHbIX 6 PAMKAX NULOMHO20 NPOEKMA
Nno CKpUHUH2Y paxa neckozo. Mcnonv306ansl cmanoapmusupo8aHHvle NPOmMoKOoJbl HUSKOOO3HO20 CKAHUPOBAHUS HA MOMO2PApax ¢ 6blCOKUM
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paspewienueMm, a uHmMepnpemayus pe3yibimanos npoeooOULACcs ONbIMHLIMU PAOUOIO2AMU U IKCHEPMOM C MHO2OAEMHUM cmadcem. /s ananusa
OAHHBIX U Ce2MEHMAYUL Y3108 NPUMEHSIUCH COBPEeMenHble Ppetimeopku enybokoeo obyuenus (TensorFlow, PyTorch).

Pesynvmamur: Pe3ynomamol ucciedo8anus noka3aiu, ¥mo mooeus enyooxoeo ooyuenus Lung Cancer CT, coz0annas 0ns onpedeneHus
J1e20uHbIX Y3108, 061a0aem wyscmeumenbnocmoio 63,4% (95% J/IHU: 54,0-72,8%) u cneyuguunocmoto 81,6% (95% JH: 79,8-83,4%).

3axntouenue: UM moscem ynywwume npoyecc unmepnpemayuu H/IKT, oOnaxo, necmomps Ha nonyuennvle 3Havenus OuazHoCmuieckoll
yenHocmu, éce ewje mpedyem OONOIHUMENbHOU OOPAGOMKU ONIsl ROTHO20 NPUMEHEHUs 8 NPAKMUKE.

Knrwuesvie cnosa: uckyccmsennwiii unmennekm (MH), Huzkooosznas komnsromepuas momoepagus (HAKT), pak neekozo.
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FIRST EXPERIENCE WITH VATS
BRONCHOPLASTIC LOBECTOMY

A.M. YELEUSSIZOV', B.O. IMANBEKOV", R.E. KADYRBAYEVA', B.B. ALIEVA', M.M. NURBAE"
'Kazakh Institute of Oncology and Radiology, Aimaty, the Republic of Kazakhstan

ABSTRACT

Relevance: Surgical treatment for lung cancer is the primary radical approach in antitumor therapy, utilized as a standalone
method and as part of a combined strategy. Radical surgical intervention typically involves anatomical lung resection accompanied by
lymph node dissection. Modern oncological surgery increasingly emphasizes organ- and function-preserving procedures that maintain
oncological efficacy. Video-assisted thoracoscopic surgery (VATS) presents an alternative to traditional open methods, although it
is technically more challenging and generally more expensive. Nonetheless, its advantages — such as reduced postoperative pain,
shorter duration of pleural drainage, better preservation of lung function, decreased length of hospital stay, and quicker return to
normal activities—continue to motivate the surgical community to adopt minimally invasive techniques. This report highlights the first

observation of a VATS lobectomy with bronchoplasty.

The study aimed to demonstrate the feasibility of minimally invasive bronchoplastic lobectomy as an alternative to pneumonectomy

and traditional thoracotomy lobectomy with bronchoplasty.

Methods: This paper details a case of video-assisted thoracoscopic surgery performed on a patient with non-small cell lung cancer
(NSCLC), along with the technical specifics of the surgical procedure.
Results: The article presents short-term outcomes of the VATS bronchoplastic lobectomy, showcasing the effectiveness of this

surgical approach.

Conclusion: For the first time in Kazakhstan, we successfully performed a thoracoscopic bronchoplastic lobectomy. Based on
our experience and insights from international colleagues, we believe this intervention is safe and effective for patients with centrally

located lung tumors.

Keywords: Video-assisted thoracoscopic surgery (VATS), bronchoplasty, non-small cell lung cancer (NSCLC), sleeve resection,

lobectomy.

Introduction: Improvement of organ-preserving oper-
ations is currently one of the priorities of modern oncosu-
rgery. Cancer treatment relies on the functional and onco-
logical adequacy of such operations. In the case of central
lung tumors, reconstructive plastic surgery is the only
life-saving alternative to pneumonectomy. Bronchoplasty
was first performed in 1947 to remove a benign tumor [1,
2]. Later, in 1959, the first bronchoplastic surgery was per-
formed to remove a bronchial carcinoma [1, 3]. In 2002, L.
Santambrogio et al. performed the world’s first thoraco-
scopic bronchoplastic lobectomy [4, 5].

With the development and implementation of min-
imally invasive techniques worldwide, the number of ar-
ticles on thoracoscopic bronchoplastic surgeries was
growing [6,7]. Experience in performing such operations,
modern tools and equipment, and the development of an-
esthesia are the main reasons for expanding indications
for the most complex procedures with VATS appliances [8,
1]. The possibility of using lobectomy with bronchoplas-
ty and angioplasty as an alternative to pneumonectomy
makes it admissible to perform these operations with ac-
ceptable immediate and long-term outcomes, non-inferi-
or to those after pneumonectomy [9].

The study aimed to demonstrate the feasibility of min-
imally invasive bronchoplastic lobectomy as an alternative
to pneumonectomy and traditional thoracotomy lobecto-
my with bronchoplasty.

Methods: This paper details a case of video-assisted
thoracoscopic surgery performed on a patient with non-
small cell lung cancer (NSCLC), along with the technical
specifics of the surgical procedure.

Patient information: Patient S, 68 years old. On
07/30/2024, he applied to the Kazakh Research Institute of
Oncology and Radiology (KazIOR), complaining of shortness
of breath in slight physical activity, general weakness, and
periodic heart pain. From the anamnesis: The patient’s con-
dition worsened in June 2024, so he visited a pulmonologist
who prescribed CT (computed tomography). Due to moder-
ately severe COPD of category B, the patient is subject to reg-
ular medical check-ups by a pulmonologist. The patient re-
ceives regular treatment. A cardiologist who consulted the
patient diagnosed CHD (coronary heart disease), effort angi-
na, FC 2, and arterial hypertension stage 1, risk level 4.

Clinical findings: The general condition of the patient was
relatively satisfactory. ECOG scale was - 0-1 points. The Kar-
nofsky scale was - 90-80 points. The CCl index was 5 points.

Diagnostics: Prior to referring to KazlOR, the patient
was examined at the cancer care dispensary of the resi-
dence place.

Computed tomography (CT) of the chest organs from
07/03/2024 Conclusion: Formation of the upper lobe of the
right lung with involvement of the upper left bronchus
and development of lymphogenic carcinomatosis right-
ward? Pulmonary emphysema.
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The district oncology dispensary oncologist consulted
the patient on 07/10/2024 and recommended additional
examination.

Fiberoptic bronchoscopy as of 07/17/2024: C-r of the up-
per lobe bronchus rightward.

Biopsy. Histology report as of 07/29/2024: Non-small
cell lung carcinoma, G2. The contrast-enhanced CT
scan of the chest organs as of 07/17/2024. Formation
of the upper lobe of the right lung with involvement of
the upper left bronchus and development of lympho-
genic carcinomatosis rightward? Pulmonary emphyse-
ma. The contrast-enhanced CT scan of the abdominal
organs as of 07/17/2024: Single liver cyst. Right kidney
concretion.

The contrast-enhanced CT scan of the brain as of
07/17/2024: Microangiopathy. No formations have been de-
tected. The ultrasound scan of the peripheral lymph nodes
as of 07/17/2024: A single lymph node of the supraclavicular
region rightward (reactive changes?). Age-related changes
in the axillary lymph nodes. EGDS as of 07/17/2024: gastro-
duodenitis, inactive. Spirography as of 07/26/2024: Moder-
ate to severe obstruction.

The KazIOR interdisciplinary team prescribed neo-
adjuvant polychemotherapy according to the cisplatin
75 mg/m? + docetaxel 75 mg/m? scheme. The patient un-
derwent follow-up control examinations after 2 courses of
neoadjuvant polychemotherapy.

The contrast-enhanced CT scan of the chest organs as
of 09/16/2024. Conclusion: CT image of the condition af-
ter PCT regarding the central Cr of the upper lobe of the
right lung. Pulmonary emphysema (Figure 1). According to
a video bronchoscopy from 10/01/2024: On examination,
the segmental bronchi of the upper lobe of the right lung
B1,2 were obturated by an exophytic formation, irregular
shape, the surface was uneven and looked loose. The infil-
trative component of the formation along the lateral wall
was spread to the upper lobe bronchus with a wide tran-
sition to its mouth. The interlobular spur was without fea-
tures. The middle lobe and lower lobe bronchi were intact.
The content of the bronchi was mucous in small amounts
(Figure 2). A comprehensive examination with an assess-
ment of the tumor spread and functional operability did
not reveal any contraindications. Physical status according
to ASA Il. Ryabov IIB anesthetic risk.

<

Figure 1 - Computed tomography of patient S., 68 years old. Formation of the root of the upper lobe of the right lung
with infiltrative narrowing of the lumen. Signs of pulmonary emphysema

Treatment: The patient was admitted to the hospital
for surgery on a scheduled basis. On 10/03/2024, the pa-
tient underwent surgery in the scope of VATS rightward,
upper lobectomy of the lung with circular resection of the
main and intermediate bronchi, bronchial anastomosis,
and lymph node dissection. The surgical intervention was
performed under combined anesthesia with separate in-
tubation of the bronchi and single-lung ventilation. In the
5% intercostal space, a mini-access of 4-5 cm was made; in
the 7t intercostal space along the posterior axillary line, a
10 mm thoracic portal for a video camera was installed. Af-
ter revision and determination of the absence of signs of
metastases, mobilization of bronchial and vascular struc-
tures was carried out with parallel systematic lymph node
dissection, and interlobular fissures were dissociated. Af-
ter suturing and crossing all vascular structures of the root

of the upper lobe of the right lung, the mobilized inter-
mediate and right main bronchi were circularly crossed,
and the upper lobectomy was performed (Figure 3). The
macro preparation is indicated in the snapshot (Figure 4).
Subsequently, the bronchial resection margin has been
referred for further express histology examination. Af-
ter confirmation of RO resection, an anastomosis was per-
formed between the right main and intermediate bronchi
with a blanket suture of a 4/0 monofilament thread (Fig-
ure 5a, 5b). After completion of the bronchial anastomo-
sis, a water test for sufficiency and a control bronchosco-
py were performed (Figure 5c). The draining was carried
out through the thoracic portal in the 7" intercostal space
along the posterior axillary line to the pleural cavity cupu-
la with one drain. The operation took 390 minutes; the in-
traoperative blood loss was about 30-40 ml.
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Figure 2 - Preoperative video bronchoscopy of patient S., 68 years
old. The arrows indicate ULB (upper lobar bronchus), IB (intermedi-
ate bronchus), RMB (right main bronchus)

Figure 3 - Stage of circular bronchial crossing. The arrows indicate RMB
(right main bronchus), ULRL (upper lobe of the right lung)

Figure 4 — Macropreparation of the upper lobe
of the right lung
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Figure 5 - Stages of applying a circular intrabronchial anastomosis
Notes: a — anastomosis between the intermediate and right main bronchi with a blanket suture of a 4/0 monofilament thread; b - completed
anastomosis; ¢ — bronchoscopic image after surgery

Results: The postoperative period proceeded without
complications, and the draining lasted 6 days due to exu-
dation. The bronchoscopic control examination was con-
ducted on Day 7 after surgery (Figure 6). The patient was
discharged on Day 10 after surgery. Scheduled histology

reported a basaloid variant of squamous cell carcinoma of
the lung upper lobe, 2.5 cm in the largest dimension, with
invasion into the adjacent peribranchial lymph node. The
bronchus resection margin was outside the tumor. No me-
tastases were found in 21 removed lymph nodes.

Figure 6 - Bronchoscopic image on Day 7 after surgery. The arrow indicates
the anastomosis zone

The timeline of the clinical case described above is presented in Table 1.
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Table 1 - The clinical case timeline of VATS surgery of the bronchoplastic lung lobectomy.
Stages of examinations, treatment Timeline
Laboratory and instrumental examinations at the primary level July 2024
KazIOR Interdisciplinary Team 08/12/2024
1* course of neoadjuvant polychemotherapy 08/13/2024
2™ course of neoadjuvant polychemotherapy 09/03/2024
Surgical treatment 10/03/2024
Patient discharge 10/13/2024

Discussion: From the technical point of view, the per-
formance of minimally invasive bronchoplastic surgeries is
undoubtedly a challenging surgical intervention. Patients
planned for this volume of surgery require careful selec-
tion. In addition to the technical special aspects of the op-
eration, the medical facility has to be supplied with all nec-
essary equipment, and the medical personnel should be
ready for the peculiarities of the surgical intervention. It is
especially known that patients with concomitant pathol-
ogies such as COPD, diabetes mellitus, diseases requir-
ing treatment with steroid drugs, etc., have a higher risk
of bronchial anastomosis failure [10]. However, despite the
presence of COPD in the observed patient S., it did not
cause problems with the anastomosis.

Conclusion: Bronchoplastic surgery has proven highly
efficient and safe in treating patients with centrally located
lung tumors. It preserves a significant volume of lung tissue
and ensures positive functional and oncological outcomes.
The successful outcomes of these interventions confirm
them as an important component of modern surgical inter-
ventions for lung cancer. The experience gained, and the
introduction of advanced technologies minimize the risks
of complications and improve patients’ quality of life.
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AHJATITA

VATS BPOHXOIIJIACTUKAJIBIK JIOBKTOMUSAHBI ) KYPT'I3YAIH AJIFAIIIKBI TOKIPUBECI
A.M. Eneycizos', B.0. Hmanéexos', P.E. Kaovipoaesa', b.b. Anuesa', M.M. Hypéoaes'

1«Ka3ak OHKOMorust XeHe pasmonorus FelnbiMU-3epTTey MHCTUTYTh» AK, AnMatel, KasakcTan Pecny6nukacs;

O3exminizi: okneniy Kamepi iciein Xupypausivlk emoey mayeiciz Hyckaod 0a, keweHoi dcone apanac emoeyoe 0e icikke Kapcvl mepantisi-
HbIH Hez2i32l paoukanowvl 90ici 60.16in mabwuliadwvl. Paouxaniovl xupypusivik emoey 0e2eHimiz IUMPOoOUccekyusimer Koca OKNeHiy AaHamoMusLiblK
pesexyusicol bonvin mabdwinadvl. Kazipei 3amanabl OHKOXUPYpusi OHKOIOSUANBIK PAOUKAIUIMOI KAOA2ANAYMEH A23ANbL - JICOHE PYHKYUOHAT-
ObLIBIKMbL CAKMAUMbIH ONepayusiapobl OpblHOay2a ymmoliyod. Buoeoaccucmupnenzen mopakockonusiavik xupypeus (VATS) awvix 0ocmypii
adicmepze banama 6onvin MabwvlIaAobl, OIpaK MEXHUKANIK HCASIHAH KUBIHBIDAK HCOHE MAMeEPUanIoblk HCa2blHaAH WbleblHObLIAY. [leceHMeH,
Keneci apmulKublIblKmapad ue: onepayusoan Keuinei ayblpColHyobl a3aimy, niespansl OpeHalcoay yYaKplmvli KblCKApmy, oKne QyHKyuscoii
JACAKCHIPAK, CaKmay, Cmayuonapoad as 60y, coHoal-ax HayKacmoly o0emmezi oMip opekemmepine mesipex Opanybl, Xupypuslivlk Kayblmoac-
MbIKMbl MUHUUHBA3USMI d0icmepdi Kondanyza kebipek cendipyoe. biz VATS mocinrimen 6poHxoniacmuransix 1009Kmomus OnepayusiColibly
an2auKbl 6aKbLIAYbIH 6epeMmis.

3epmmeydin maKcamol — NHeGMOHIKMOMUS2A JCOHE OPOHXONIACMUKAMEH QOCMYPIIl MOPAKOMOMUATBIK 100IKmMoMusiza baiama peminoe
MUHUUHBA3USMT OPOHXONIACIMUKANBLK T0OIKMOMUSL JHCACAY MYMKIHOI2iH Kopcemy.

AQoicmepi: by ncymvicma exneniy ycax scacyuanst emec kamepii iciei (OY)KEKI) 6ap naykacmul 6etinemopakocKonusiivlk Xupypeusiivlk
emoey dcazoativl JcoHe ONepayusIHblY MeXHUKANbIK epeKulenikmepi CUunammanaH.

Homuocenepi: maxanaoa VATS 6ponxonnacmukansis 1009KmoMUsCIHbIY €H ACAKbIH HOMUICENEPl KeAmIpiieeH, XUpypeusivlk apaiacy-
ObIH 0Cbl DOICIHIK MUIMOINiel KOPCemineeH.

Kopvimuinowt: xasipei yaxeimma 6i3 Kazaxcmanoa aneaw pem mopaxkockonusiiblk, 6pOHXONIACMUKANBIK T00IKMOMUSL ONEPAYUACHIH JCa-
caovik. O3 mocipubemizoi xHcone uiemendix apinmecmepimizoiy moxcipubecin oine omvipvin, 6i3 MyHOAl apanacyosvl OpmMaisbl okne icikmepi
b6ap Haykacmap yulin JcemKiiikmi Kayincis scone muimoi o0ic 0en canail anamoi3.

Tyuinoi co3oep: VATS, 6ponxonaiacmuxa, O¥)KEK]I, sleeve pesexyuscel, 1063kmomus.
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AHHOTALNUS

IEPBBIN OIIBIT IMPOBEJEHUSA VATS BPOHXOIIJIACTUYECKOM JIOBAKTOMHUHU
A.M. Eneycusoé', b.0. Hmanoexos', P.E. Kaovipoaesa', b.B. Anuesa', M.M. Hypoaes'

'AO «Kasaxckuit HayyHo-CCTIeOBATENbCKMIA MHCTATYT OHKONOTAM 1 paguonorny, Anvatsl, Pecnybnmka Kasaxcrax

Axkmyanvnocme: Xupypeuueckoe nevenue paKa n1é2K020 A6aAemcs OCHOGHLIM PAOUKATbHBIM MeMOOOM NPOMUBOONYXONEEOU Mepanuu,
KaK 8 camMoCmosmenvHOM eapuaume, max U 6 KOMNJIEKCHOM U KOMOUHUPOBAHHOM NeyeHuu. PaoukanvbHelm Xupypeuveckum neveHuem
onpeoensiemcsi aHamomMuieckas pezekyus nezkoeo ¢ aumpoouccexyueii. Cogpemennas onKoxupypeus 6cé 6onee CmpemMumcs K 6bINOIHEHUIO
opeano- u GYHKYUOHATLHO COXPAHAIOWUX ONePayUll, NPU SMOM C CONOCTNABUMBIM OHKOL02UYECKUM PAOUKAIUIMOM. Budeoaccucmuposannas
mopaxockonuueckas xupypeusi (VATS) — anemepnamusa omxpblmolm mpaouyuoOHHsIM Memoodm, HO CIOJICHee MEeXHUYECKU U MaAmepualbHo
sampamnee. OOnaKo umes maxue npeumMyujecmed Kax: yMeHbvlueHue NOCIeonepayuonnou 0oau, coKpaujeHue 8pemeHu NIepaIbHO20
OpeHuposansl, 1yvuiee Coxpanenue 1e2o4Hol QYyHKyul, meHvlee npebbleanue 6 cmayuonape, a makdice Ooiee YCKOpeHHOe 8036pawyeHue
00161020 K 00bINHOU €20 desimenbHOCmU, 8CE Oonee YOeucoaiom Xupypeuieckoe coooujecmeo Kk npuMeHeHur0 MUHUUHBA3UGHBIX MEMOOUK.
Hamu npusooumcs nepsoe Habnwoenue onepayuu VATS 1063xkmomuu ¢ 6pOHXONIACMUKOLL.

Lleny uccnedosanus — npooemMoOHCMPUPOBATbL BO3MONMCHOCL NPOGEOSHUs MUHUUHBAZUSHOL OPOHXONAACTNUYECKOU T100IKMOMUU KAK
anbmepHamugy nNHeBMOHIKMOMUU U MPAOUYUOHHOU MOPAKOMOMHOU T0OIKMOMUY ¢ OPOHXONIACMUKOU.

Memooui: B 0annoii pabome onucan ciyuaii 6U0eomopakoCKONU4ecko20 Xupypeuiecko2o nevenus nayueHma ¢ HemeakoKIemoyHbiM paKkom
nezkoeo (HMPJI) u mexnuueckumu 0coOeHHOCMAMU NPOBEOEHUs ONepayul.

Pesynomamur: B cmamve npusedenvt onudicaviuiue pesyivmamot VATS 6ponxoniacmuueckoii 1069Kmomuu, noka3ana d¢hgexmusnocms
OaHHO020 MemoOa XUpypauiecko20 6Meulamenbensa.

3axniouenue: na nacmoswuili Momenm Hamu énepgvie 6 Kazaxcmane camocmosmenbHo npogedeHa MOopaAKOCKONuuecKkds OpoHxo-
naacmuyeckas 1063xkmomus. Mmes coOcmeennblil Onblm U 3Has ONbLN 3aPYOENCHBIX KONIe2, MONCEM CHUMANb MAKOU U0 6MeUaAmenbecmed
00CmMamo4no 6e30nachHbiM U dPDEKMUSHBIM 015 OOILHBIX ¢ YEHMPATLHLIMU ONYXOIAMU NESKUX.

Knrueswie cnosa: VATS, 6pouxonnacmuxa, HMPJI, sleeve pezexyus, 1065Kmomusi.
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CRYOTHERAPY FOR BASAL CELL SKIN CANCER

D. TULEUOVA!
“Kazakh Institute of Oncology and Radiology” JSC, Aimaty, the Republic of Kazakhstan

ABSTRACT

Relevance: Basal cell skin cancer is the most common type of skin cancer, accounting for about 80% of all cases. Given its benign
course, early treatment of basal cell skin cancer (at stages 1 and 2) is an important point. These stages typically have a high cure rate,
and one of the key goals of treatment is to minimize exposure with good cosmetic results.

The study aimed to provide an overview and analysis of cryotherapy as a treatment option for basal cell skin cancer (BCSC),

including assessing its effectiveness and safety.

Methods: The study included patients of 18 years and older, both sexes, with BCSC stage I and 11, who underwent cryotherapy as

the main treatment.

Results: Between 2017 and 2023, the Kazakh Institute of Oncology and Radiology (Almaty, Kazakhstan) performed cryotherapy on

983 patients with BCSC stages I and I1.

Conclusion: Cryotherapy is an effective method for treating BCSC in the early stages of the disease, providing a good cosmetic

result and minimal complications.

Our 983 patients who received cryotherapy had a local response to treatment, manifested by partial or complete disappearance of

the tumor.

Cryotherapy has been successfully used in patients aged 18 years and older, regardless of gender and the presence of concomitant

diseases.

Absolute standardized morbidity and mortality rates were calculated using the world standard (World).
Keywords: basal cell skin cancer, cryotherapy, treatment outcome.

Introduction: Basal cell carcinoma of the skin (BCSC) is
one of the most common malignant skin tumors, represent-
ing a significant medical and social problem. According to
the World Health Organization, BCSC cases are constantly in-
creasing, especially in countries with high ultraviolet radia-
tion levels. In 2022, 3221 new cases of basal cell cancer were
registered in the Republic of Kazakhstan, which is 83% of all
skin tumors [1]. In 2023, the number of cases increased to
3998, i.e., an increase of 19% compared to the previous year.

Given the increasing epidemiological status of skin
cancer and the importance of developing effective treat-
ments, cryotherapy, a procedure based on the use of low
temperatures to destroy tumor cells, is gaining more at-
tention as an alternative treatment for BCSC.

Several methods used currently to treat basal cell car-
cinoma include cryosurgery, classical open surgery, radio-
therapy, photodynamic therapy, and therapy with such
topical medicines as 5-fluorouracil and imiquimod (im-
idazoquinolinone amine, a synthetic immunomodulator
that stimulates the elimination of such cytokines as IFN-al-
pha, IL-6, and TNF-alpha). Each therapeutic or surgical op-
tion has specific indications, side effects, advantages, and
disadvantages [2, 3,4, 5, 6].

We studied data collected between 2017 and 2023 at
the Kazakh Institute of Oncology and Radiology (KazIOR,
Almaty, Kazakhstan), where cryotherapy was performed
on 983 patients with BCSC stages | and Il. This paper pres-

ents the results of a cryotherapy efficacy and safety analy-
sis and its implications for cancer treatment. The collected
data emphasize the possibility of using this method in on-
cological institutions of the Republic of Kazakhstan and its
potential to improve the quality of life of patients.

The study aimed to provide an overview and analysis
of cryotherapy as a treatment option for basal cell skin can-
cer (BCSQ), including assessing its effectiveness and safety.

Materials and methods: In 2017-2023, cryotherapy
was performed at KazIOR for 983 patients with a prelimi-
narily cytologically confirmed diagnosis of BCSC, of which
612 (62%) were women and 371 (38%) were men.

Cryotherapy was conducted using a Cryo-S Electric Il
device (Metrum Cryoflex, Poland) and a probe with a di-
ameter of 5 and 20 mm, depending on the size of the skin
tumor (Figures 1-3). The refrigerant was carbon dioxide
(CO,) at -74 degrees and above. Usually, one cryotherapy
session included 6-12 applications and lasted 15 seconds
to 3 minutes.

Results: From 2017 to 2023, 983 patients underwent
cryotherapy at KazIOR. 934 (95%) of the total number of
patients had basal cell carcinoma of the skin, and 49 (5%)
had metatypical cancer. In the first four years, 43 proce-
dures were performed per year. However, since 2021, there
has been a sharp increase in the number of procedures
performed. It amounted to an increase of up to 83% com-
pared to previous years (Figure 4).
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Figure 1 - Cryo-S Electric Il device (Metrum Cryoflex, Poland) Figure 3 - Probes with a diameter of 5 and 20 mm
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Figure 4 - Distribution of patients who received cryotherapy by years
(absolute number)

From 2017 to 2023, the number of women who re-  51% in all age groups, except for the 50-59 age group,
ceived cryotherapy exceeded the number of men by 25-  where there were 4% more men (Figure 5).
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Figure 5 - Total number of patients who received cryotherapy in 2017-2023 by
gender and age groups (absolute number)
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97% of the patients who received cryotherapy for BCSC
were stage | patients, while 3% were stage Il patients (Fig-
ure 6).

In terms of localization, cryotherapy was performed for
facial skin cancer in 72% of patients, for the scalp in 10.0%,
for the trunk in 7.2%, for the ear in 5.0%, and the rest of lo-
cations in 5.3% of patients (Figure 7). The therapy was per-

formed for the first time in 836 (85%) patients, of whom 43
(4.3%) relapsed after previous surgical interventions and
radiation therapy. Repeated cryotherapy was performed
in 147 (15%) patients. Of these, 30 patients were prescribed
repeated sessions of cryotherapy for relapses after cryo-
therapy, 6 patients were prescribed a course of radiation
therapy, and 5 patients were prescribed surgery.
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Figure 6 — Distribution of patients who received cryotherapy in
2017-2023, depending on the disease stage (absolute number).
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Figure 7 - Distribution of patients depending on the skin tumor location (absolute
number)

As a result of treatment, 69 (7%) patients had a re-
lapse successfully treated with radiation therapy in 6
patients, excision of the skin tumor in 4 patients, and
repeated sessions of cryotherapy in 30 patients.

After cryotherapy, hyperpigmentation was observed
mainly in dark-skinned patients, while skin hypopig-
mentation was recorded in light-skinned patients. In
30% of cases, a hypertrophic scar in the form of a con-
vex stripe occurred. It resolves on its own in 6-8 months.

Data from other studies also confirm that cryother-
apy is efficient at stage | of the disease and delivers
high cure rates and minimal recurrence [7, 8]. Cryosur-
gical procedures showed good results in a study in-

volving 91 patients with T2 and T3 tumors: 82 (94.4%)
out of 86 patients with T2 stage BCSC achieved a cure.
Relapses in 4 patients were also successfully treated.
As for T3 tumors, cryosurgery has only been used in
selected cases for strict indications. One of the five pa-
tients in this group experienced a surgically resolved
recurrence. These findings highlight the need for an
individualized approach to treating more complex
forms of this disease [2].

Below, there are cases of treatment using cryothera-
py performed in our clinic.

Case 1: Patient K, born in 1939, diagnosis: Skin can-
cer in the infraorbital region on the right Stll (T2NoMo),
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cytological conclusion - basal cell carcinoma of the skin
in the infraorbital region on the right. She underwent
2 sessions of cryotherapy with the Cryo-S Electric Il de-
vice at an interval of a month at KazIOR in October-No-
vember 2021 (Figures 8-11).

Case 2: Patient G., born in 1946, diagnosis: Skin can-
cer in the wing of the nose and the bridge of the nose
on the right Stll (T2NoMo), cytological conclusion - bas-
al cell carcinoma of the skin on the nose on the right.
He underwent 4 cryotherapy sessions with the Cryo-S
Electric Il device with a month interval at KazIOR in
2022 (Figures 12, 13).

Figure 8 - Skin tumor in the infraorbital region on the right,
condition before treatment

Figure 9 - Condition in 4 weeks after 1 cryotherapy session

Figure 10 — Condition in 8 weeks after cryotherapy

Figure 11 - Condition in 3 years after cryotherapy

Figure 12 — Skin tumor of the wing and bridge of the nose on
the right, condition before treatment

Discussion:

Main characteristics of the patients

97% were at stage | of the disease, and only 3% were
at stage Il. The peak of the age group was observed in
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the range of 60-79 years; 40% were women, and 21%
were men in this group. Besides, 72% of tumors were lo-
calized on the skin of the face.

A A AT y
Figure 13 — Condition in 2 years after cryotherapy

Safety and complications

After cryotherapy, 80% of patients experienced lo-
calized edema with lymphatic discharge during the first
week. It varied depending on the location of the tumor.
The most common manifestations were blisters on the
neck, limbs, and trunk skin and swelling of half of the
face, eyelids, and auricle. A crust formed in 20% of pa-
tients immediately after the procedure.

A dry crust was formed in the second week after
treatment. It was rejected on its own in 2-3 weeks, leav-
ing an atrophic scar. It isimportant to note that the heal-
ing process proceeded without the need for ointments
and solutions, indicating good tolerability and efficien-
cy of the method. This natural recovery process high-
lights the benefits of cryotherapy as a less invasive ap-
proach to treating basal cell carcinoma of the skin.

Clinical and practical aspects

Cryotherapy is an effective treatment for patients
with stage | and Il BCSC, especially those with comor-
bidities. This method is characterized by accessibility,
low cost, rapid implementation, and good tolerability,
making it the treatment of choice for many patients. In
addition, cryotherapy provides good cosmetic results,
and it is especially important for patients whose tumors
are localized on visible areas of the skin.

Advantages and limitations

Cryotherapy shows good cure results, especially in
Stages | and Il of BCSC, making it a reliable choice for
treatment.

The method is low in trauma, and it reduces the risk
of complications. It allows patients to recover faster and
does not impair the quality of life.

Cryotherapy is a safe procedure, especially for pa-
tients with concomitant diseases, as it avoids serious
surgical interventions and associated risks.

Conclusion As a result of the study of cryotherapy as
a method intended to treat basal cell carcinoma of the
skin in patients with Stages | and Il of the disease, we
came to the following conclusions:

Cryotherapy has shown its high efficiency in the ear-
ly stages of BCSC, providing a good cosmetic result and
minimal complications.

A significant response was expressed regarding the
partial or complete disappearance of tumors in patients
who underwent cryotherapy.

Cryotherapy has been successfully used as the pri-
mary treatment for our cohort of patients with BCSC,
confirming its safety and efficacy.

Our results also show that cryotherapy can be
successfully used in patients aged 18 years and old-
er, regardless of gender and the presence of comor-
bidities.
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BA3AJIBJAI KACYIIAJIBIK TEPI PATUHA KPUOTEPAIIUA
M.A. Tyneyosa'

I«Ka3ak OHKONOrMS aHe paanonorus FuinbiMu-3epTrey MHCTUTYThIn AK, Anmatbl, KasakctaH Pecnybnukacs!

Anvikmama: Baszanwowl scacywanst mepi kamepai iciei mepi kamepai icieiniy ey mapanean mypi 601uin mabuliadsl, 6apaviK Ha20auiapobly
wamamen 80% gypaiiovt. Tepiniy bazanvowl scacywanviy Kamepii icicin epme Kezenoe emoey (1 dcone 2), onvly HCaKcvl a2blMblH ecKepe Omulpbin,
Manwi30bl com boavin mabwiiadvl. byn kezenoep o0emme dHco2apsl emoey Hebli0AMObI2bINA e HcoHe eMOeVOiH He2is2i MaKcammapultbly Oipi Hcax-
Cbl KOCMEMUKANIBIK, HOmudIcenepmen ocep emyoi azaiiny 6oavin madwliaobl.

3epmmeyoin maxcamul — onviy muimoinizi Men Kayincizoiein bazanayovl Koca anzanoa, basanwowl scacyuwansik mepi oovipoin (BCSC) emoey
HYCKACbl peminoe KpUomepanusnol WOy JHcone mauoay.

Aoicmepi: 3epmmeyze nezizei emoey o0ici peminde Kpuomepanusadan emxen exi scvinvicmazol 18 scacman ackan, BKK I scone 11 camvinapuot
bap nayuenmmep KamuiCmol.

Abcontommi cmandapmmanzan aypyuayoblK neH eaim-xHcimim Kepcemxiwimepi onemoix cmanoapmmel (Onemoik) nanoaiana omuipsin
ecenmeoi.

Homuorcenepi: 2017-2023 scvinoap apanvievinoa Kazax ¥immueix onkono2us dcone paouono2usi 2bliblMu-3epmmey uHcmumymeol (Anmamel,
Kaszaxcman) 6azanvoel scacywanvix kapyurnomarsiy (LK) 1 scone I camvicoimen ayvipamoin 983 naykacka kpuomepanus scypizoi.

Kopvimuinowvr: Kpuomepanus - 0y scaKcbl KOCMEMUKAIbIK, HOMUICE JHCOHE ACKbIHYAAPObIl el a3 CAHbIH KAMMAMACHL3 ememil aypyoull epme
resenoepinde BKK emoeyoin muimoi a0ici.

Kpuomepanusoan emxen 983 nayuenmimiz icikmiy iwinapa nemece monvix H#COUbLIYbIMEH KOPIHEMIH emoeyae sHcepeinikmi dxcayan oepoi.

Kpuomepanus sicvinvicoina srcone Kamap scypemin aypynapoviy bonysina Kapamacman 18 scacman ackan naykacmapod commi Ko10ansliobl.

Tyiiindi ce30ep: 6azanvovl deacywansl mepi iciei, Kpuomepanus, emoey HOMUNCeci.

AHHOTANUA

KPUOTEPAIIUSA BASAJIBHOKJIETOYHOI'O PAKA KOKU
. A. Tyneyosa'

AQ «Kasaxckuit Hay4Ho-MccriefoBaTENbCKMIA UHCTUTYT OHKONOTAM U pauonorvy, Anmarsl, Pecnybnuka Kasaxcra

Axkmyanvhocmo: bazanbHokiemounviil pak KOJiCU S8A1eMcs HauboIee 4acmo 6Cmpedaiomumcs munom paKa Kodicu, CoOCmagisis OKoIo
80% ecex cnyuaes. Jleuenue 6a3anbHOKIEMOUHO20 paKa Kodicu Ha pannux cmaousx (I u 2), yuumeieas e2o 0obpokauvecmsennoe medenue,
SAGNACTNCS BUANCHLIM MOMEHMOM. Ha smux cmadusix 00biuno docmueaemcsi blCOKULL NPOYEHM U3Ne4U8aeMOCmuU, U 0OHOU U3 KII0Ye6blX yeaell
JedeHus sA6AAeMC MUHUMUZAYUS B030€UICMBUS C XOPOULUM KOCMEMULECKUM Pe3YIbmamo.

Lens uccneoosanus — npedocmasienue 0630pa u AHAIU3A KPUOMEPANUU 8 Ka4ecmee Menoodd jedeHus 6a3a1bHOKIeMOYH020 PAKA KOJCU
(bKPK), sxarouas oyenky ee s¢pghekmuernocmu u 6e3onacnocmu.

Memoowr: /{15 uccredosanus oviau exaovenvt nayuenmut ¢ I u I cmaousmu BKPK, éospacm om 18 nem u cmapuie, 060ux noniog, Komopwim
nposedena kpuomepanus Kak OCHOBHOU Memoo Jie4eHUs..

Abconomuvie cmanOapmu308antvle noKazamenu 3a001e84eMoCmu U CMEPMHOCHU PACCYUMAHBL C NPUMEHEHUEM MUPOBO2O CIANOApma
(World).

Pesynomamur: B nepuoo ¢ 2017 no 2023 200 ¢ Kasaxckom Hayuonanvnom Hecneoosamenvckom Unemumyme Onxonoeuu u Paduonoeuu
(Anmamet, Kazaxcman) 6vina npogedena kpuomepanus y 983 nayuenmos, cmpadarowux 6azanvHoxiemoynsim pakom (bKPK) I u I cmaouii.

3axntouenue: Kpuomepanus asisemcs s¢ppexmusnvin memooom aevenuss BKPK na pannux cmaousx 3abonesanius, 06ecnevusas xopo-
Wt KOCMemuyeckuil pe3ynoman U MUHUMAILHOE KOTUYECmMB0 OCIONCHEHUL.

V nawux 983 nayuenmos, nonyyuswiux kpuomepanuio, Hab1100ANCA TOKANbHYII OMEEM HA JedeHue, 8blpadXCaWuiics 8 4acmuiHom Uiy
NOTHOM UCHE3HOBEHUU ONYXOTU.

Kpuomepanus ycnewno npumenena y nayuenmos 6 gospacme om 18 iem u cmapuie, He3a8UCUMO OM NOAA U HATUYUS CONYIMCMBYIOUUX
3a601e6anull.

Knrwouegvie cnoga: bazanvrokiemounsiii pak xodcu (BKPK), kpuomepanus, pesynomam je4enus.
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IMMEDIATE RESULTS OF SURGICAL TREATMENT
OF STAGE III FACIAL SKIN CANCER:
A CLINICAL CASE

D. TULEUOVA', N. MOLDAKHANOVA', A. YELEKBAYEV', G. SYDYKOVA!
"“Kazakh Institute of Oncology and Radiology” JSC, Aimaty, the Republic of Kazakhstan

ABSTRACT

Relevance: Most cases of skin cancer are widespread on continents with predominantly fair-skinned populations and high levels
of ultraviolet radiation exposure, such as Australia and New Zealand. In Kazakhstan, as well as throughout the world, there is an in-
creasing trend in the incidence of skin cancer. In 2023, 4,481 new cases of this disease were registered, of which 85% were basal cell
carcinoma. Kazakh Institute of Oncology and Radiology (Almaty, Kazakhstan) utilizes various methods, including surgical excision,

which remains the main treatment method, as well as radiation therapy, electrochemotherapy, and cryotherapy.

The study aimed to describe a case of surgical treatment of a patient under local anesthesia with stage 111 basal cell skin cancer of
the zygomatic region on the left, accompanied by clinical bleeding and pain.

Methods: The article describes a case of surgical treatment of skin cancer under local infiltration anesthesia.

Results: The postoperative period proceeded without complications. The cosmetic result was assessed as satisfactory. The patient did not
experience difficulties with facial movements, and no sensory disturbances were observed. The patient was discharged home with recommen-
dations to consult a radiologist considering the tumor histotype to decide on the possibility of a postoperative course of radiation therapy.

Conclusion: The presented case demonstrates the possibility of performing surgery for stage 1I-111 skin cancer with complete clo-
sure of the defect under local anesthesia. This may be an alternative to general anesthesia in patients with concomitant diseases and a
high risk of complications. The method can be used in the absence of tumor invasion into the bone to avoid the difficulties associated

with general anesthesia.

Keywords: Squamous cell carcinoma, clinical case, surgical treatment.

Introduction: Most skin cancers are prevalent on continents
with predominantly white populations and high levels of expo-
sure to ultraviolet radiation, such as Australia and New Zealand.
At the same time, mortality rates from the disease remain high
on continents with fewer light-skinned people. One of the rea-
sons for the higher mortality rates in such regions as Asia is the
lack of awareness of the population about the prevention of skin
cancer and the importance of early diagnostics of the disease [1].

There is a trend towards an increase in the incidence of
skin cancer in the world and Kazakhstan, with 3998 new cas-
es of this disease reported in 2022. Of them, 85% were basal
cell carcinoma [2]. In 2023, the number of cases increased to
4,481. Its frequency is related to exposure to ultraviolet radia-
tion. BCC is often asymptomatic until such signs as tumor en-
largement, bleeding, or growth into underlying tissues occur.
Despite the rarity of metastasis, the disease can cause signifi-
cant local destruction.

A comprehensive approach to diagnostics includes med-
ical history, visual examination, and dermatoscopy with cyto-
logical or histological examination. In terms of treatment, the
Kazakh Institute of Oncology and Radiology JSC (KazIOR, Al-
maty, Kazakhstan) uses various methods, including surgical
excision, which remains the main treatment, as well as radia-
tion therapy, electrochemotherapy, and cryotherapy. These
methods can be used depending on the disease stage, the tu-
mor location, and the patient’s condition.

The study aimed to describe a case of surgical treatment
of a patient under local anesthesia with stage Il basal cell skin
cancer of the zygomatic region on the left, accompanied by
clinical bleeding and pain.

Methods: The article describes a case of surgical treatment
of skin cancer under local infiltration anesthesia. The patient
has provided a signed informed consent form to the manip-
ulations and the use of his/her treatment results for scientif-
ic research, educational, scientific, and advertising purposes.

Clinical case:

Patient’s information: Patient S., male, 79 years old. In
2022, this patient developed a tumor-like formation on the
skin of the zygomatic region on the left. After an injury in
2024, he notes a gradual increase in dynamics. He went to
the oncology center in Taldykorgan, where a smear was
made from his skin tumor of the zygomatic region on the
left. Cytological study No. 4354/4 as of 05.08.2022: squa-
mous cell carcinoma. The patient did not visit a doctor or
receive any treatment. Due to increased pain and bleeding
during contact in August 2024, he went to the KazIOR clin-
ic. Considering the disease history and status localis, the pa-
tient was recommended surgery at the KazlOR Center for
Bone and Soft Tissue Tumors.

On 26.09.2024, this patient was discussed at a meeting of
the KazlOR multidisciplinary group (MDG). The Concilium rec-
ommended surgical treatment in the amount of excision of
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the skin tumor of the zygomatic region on the left under gen-
eral anesthesia.

Clinical data: The patient was hospitalized on 30.09.2024 in
the Center for Bone and Soft Tissue Tumors with a clinical di-
agnosis of “Malignant tumor of the skin in the zygomatic re-
gion on the left, stage Ill (T3NOMO)".

Complaints upon admission: a tumor-like formation on
the skin of the zygomatic region on the left, bleeding on con-
tact, painful.

General condition: satisfactory. Under the Karnofsky scale -
80%. ECOG - 1. BP: 120/80 mmHg, Pulse: 78/min. Temperature
36.6°C. Consciousness was clear, adequacy was preserved.

P

s

N
"A .

Breathing was vesicular; the respiratory rate was 16/min,
with no wheezing. Heart sounds were muffled; the rhythm
was correct. The tongue was moist. The abdomen was soft,
symmetrical, not swollen, painless. There were no peritoneal
symptoms. Urination was independent. Peristalsis was active.
Defecation was independent.

Locally: a 5.0x4.0 cm exophytic formation on the skin of the
zygomatic region on the left protruding 1.5 cm above the skin
level, covered with a black crust with ulceration in the center,
covered with fibrinous plaque, bleeding on contact, immo-
bile, with pronounced tenderness during palpation (see Fig-
ure 1).

Figure 1 - A 5.0x4.0 cm skin tumor, bulging by 1.5 cm, at the admission of patient S.

Laboratory data

Blood ELISA for viral hepatitis B as of 12.09.2024 was neg-
ative.

Blood ELISA for viral hepatitis C as of 12.09.2024 was
negative.

HIV results as of 12.09.2024 were negative.

RW results as of 24.09.2024 were negative. Complete
Blood Count as of 24.09.2024: WBC - 8.81x10°%/I, RBC -
5.26x10%/1, HGB - 156 g/L, PLT — 242x10°%/1.

Blood biochemistry as of 24.09.2024: ALT- 14.17ME/I,
AST - 17.57 ME/I, GLUC - 4.36 mmol/L, creatinine - 124.75
mmol/L, urea - 5.84 mol/L, total protein — 74.20g/L, total
bilirubin - 24.0 mol/L.

Clinical Urine Analysis as of 05.09.2024: color - straw
yellow, transparency - transparent, relative density - 1,017,
leukocytes - 0 in the field of view, pH reaction - 5.

Coagulogram as of 24.09.2024: PTT - 16.8 sec., INR -
1.53, PTI - 68% sec, APTT - 49.50 sec., fibrinogen - 4.17 g/L.

Elevated INR and PTl values were most likely associated
with concomitant pathology of the cardiovascular system.

Instrumental studies:

Computed tomography of the chest as of 24.09.2024 Im-
pression: CT picture of interstitial fibrosis in both lungs, proba-
bly of a post-inflammatory nature. Adenopathy of the medias-
tinal lymph nodes. Effusion in the pleural cavities. Pulmonary
emphysema. Solid nodules in the right lung. Cardiomegaly.
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ECG as of 16.09.2024 Findings: Atrial fibrillation, heart rate —
115 beats per minute. Complete block of the right bundle
branch. Ventricular extrasystole. Left ventricular hypertrophy.

Echocardiography as of 03.09.2024 Findings: Ejection frac-
tion of the left ventricular 30 %, dilation of the right atrium, left
atrium, and right ventricular. Dilation of the ascending portion
of the aorta. Hypertrophy of the interventricular septum and
left ventricular posterior wall. The aortic valve and mitral valve
flaps were hardened with calcifications. Diffuse hypokinesis
of the left ventricular walls. The contractile function of the left
ventricular was reduced. Tricuspid regurgitation 3+ mitral in-
sufficiency 3+ pulmonary regurgitation + aortic regurgitation
1.5+. Pulmonary hypertension of the 1st degree.

Fiberoptic gastroduodenoscopy as of 19.09.2024: Chronic
gastroduodenitis. Remission.

Doppler ultrasonography of lower extremity veins as of
23.09.2024: Varicose veins of the short saphenous vein basin
on both sides. No thrombosis was found.

Consultation:

On 16.09.2024, a cardiologist at the Cardiology Center of
the Research Institute of Cardiology and Internal Medicine (Al-
maty, Kazakhstan) consulted the patient and diagnosed a Cor-
onary heart disease, exertional angina FCII. Ischemic cardio-
myopathy. Atrial fibrillation, permanent form. EHRA I, Grade 2
HAS-BLED, Grade 4 CHA2DS2-Vas. SP (?7?) of ICD implantation
as of 05.2023: Arterial hypertension stage 3, risk 4. Dyscircu-
latory encephalopathy. Chronic heart failure (with preserved
ejection fraction— 59%) FC lll, according to NYHA. Surgical
treatment was possible against the background of therapy.

The patient was discussed with the Head of the Resuscita-
tion and Intensive Care Unit on 01.10.2024 for preoperative pur-
poses. It was established, taking into account the clinical and
laboratory data, the patient’s somatic state and decompensa-
tion of concomitant pathology, and the physical status accord-
ing to ASA IV, that the patient had an extremely high risk of de-
veloping life-threatening complications in the intraoperative
period. Anesthesia support was possible only for vital indica-
tions absent during the examination. In this regard, it was rec-
ommended to consider alternative methods to treat the un-
derlying disease.

On 01.10.2024, the patient was re-evaluated by the MDG
at the KazlOR Center for Bone and Soft Tissue Tumors. It was
found that the history of the disease, the location and size of
the tumor, the presence of pain and bleeding, and the cytolog-
ical conclusion that the anesthetic risk exceeds the surgical risk
were taken into account. It was decided that surgical treatment
under local anesthesia should be performed in this regard.

Treatment: Scheduled surgical treatment was conducted
on 02.10.2024 in the volume of: Excision of a skin tumor of the
zygomatic region on the left side. Plastic surgery of the defect
with a skin-fat flap from the parotid region and the lateral sur-
face of the neck on the left. Drainage.

Intraoperatively: Excision of the skin tumor of the zygomat-
ic region on the left with resection of the periosteum was per-
formed after premedication with Trimeperidine, a negative in-

tradermal test for Novocain 0.5%, 0.1 mL, and 4-fold treatment
of the surgical field with iodine-povidone, under local infiltra-
tion anesthesia with a solution of Novocain 0.5%, 40.0 mL, 1.0
cm away from the tumor edges. It resulted in a 7.0 x 6.5 cm
deep defect with bone denudation. The bone was not affect-
ed. The wound was treated with 3% hydrogen peroxide and a
furacilinum solution (Figure 2).

Given the defect’s size and the absence of the perioste-
um, closure of the defect with a free skin flap was impossible
due to the risk of non-engraftment of the flap. Therefore, it
was decided to close the defect with a rotational skin-fat flap
from the parotid region and the lateral surface of the neck on
the left. Then, a skin-fat flap was cut out and separated un-
der local anesthesia with a solution of 0.5% Novocain, 70 mL,
and moved to the defect of the zygomatic region on the left.
Blood loss was about 10.0 mL. Hemostasis of the wound was
performed. Nodal sutures were applied to the wound in lay-
ers, leaving a drainage tube through a counteropening. The
wound was treated with iodine and alcohol, followed by asep-
tic dressings (Figure 3).

The operation lasted for 80 minutes, and it was without
complications.

Results:

Postoperative test results:

Biochemical blood test as of 03.10.2024: ALT - 10.67 U/L,
AST - 23.54 U/L, bilirubin (total) — 36.03 pmol/L, glucose
(blood sugar) — 4.43 mmol/L, creatinine — 77.83 mmol/L, urea -
5.6 mmol/L.

Clinical Urine Analysis as of 03.10.2024: amount — 50 mL, ke-
tones — negative, color — straw yellow, transparency - cloudy,
specific gravity — 1.015 AU/mL, pH level =9 AU/mL, nitrites —
positive in the field of vision, leukocytes - 1+ C g/d, calcium
(total) in urine <1 mmol/L, microalbumin - 150 mg/L, creati-
nine — 8.80 mmol/L, aloumin/creatinine ratio — 3.4-33.9.

Coagulogram as of 03.10.2024: PTT - 18.6 sec., PTl - 61%,
INR-1.71,TPO-1.63, TT - 12.7 sec., APTT - 36.00 sec., ethanol
test (in blood plasma by manual method) — negative.

Complete Blood Count as of 03.10.2024: hematocrit
(HCT) - 0436 L/L, hemoglobin (HGB) — 150 g/L, leukocytes
(WBC) - 9.99 10°/uL, platelets (PLT) — 235.6 10°/pL, erythrocytes
(RBC) - 5.00 10%/pL.

Histological report as of 17.10.2024: squamous cell kerati-
nizing skin cancer, 5 cm in the largest dimension, with inva-
sion to the hypodermis.

The INR and PTl values remain slightly elevated.

The postoperative period proceeded without complica-
tions, the patient’s state was satisfactory, and the pain syn-
drome was relieved. Antibiotic therapy was conducted 2
times a day for 5 days. Dressings were made daily; the sutures
were consistent, and the wound healed with primary tension.
The drainage tube was removed on the 7% day.

Cosmetic result: There was moderate swelling of the
lower eyelid on the left during the first days after the oper-
ation. It went away on its own within a week. The cosmetic
result was assessed as satisfactory.
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Figure 2 - View of patient S. after excision of a skin tumor: defect of the zygomatic
region on the left
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Functional results: The patient did not experience facial
movement difficulties; no sensory disturbances were observed.
The patient was discharged with recommendations:

given the histotype of the tumor, it is required to consult a
radiologist to decide on the possibility of a postoperative
course of radiation therapy (Figure 4).
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Figure 4 - The state of the wound in patient S. on the 7th day after surgery, at the
time of discharge

Discussion: Surgical treatment of skin cancer at stages
[I-IV usually requires the use of general anesthesia because
the surgeries at these stages can be more complex and ex-
tensive. Various plastic surgery methods are required to
close surgical defects and restore functionality and aes-
thetics. However, the patient had contraindications to
general anesthesia from the cardiovascular system, and
they made its use unsafe in this clinical case. Therefore, it
was decided to operate under local infiltration anesthesia.

The surgery involved closing the defect using a rota-
tional skin-fat flap taken from the parotid region and the
lateral surface of the neck on the left. Although this meth-
od is usually performed under general anesthesia, we have
successfully performed the intervention under local anes-
thesia. Rotational skin-fat flap is a widely used technique
in oncological practice, providing high functional and aes-
thetic results.

Conclusion: Surgical treatment of stage Ill skin cancer
under local anesthesia in a patient with severe concomi-
tant diseases made it possible to radically remove the tu-
mor, relieving pain and bleeding, especially in situations
when radiation therapy is impossible. Using a rotational

skin-fat flap ensured complete defect closure with a good
cosmetic result. This case demonstrates that local anesthe-
sia can be a safe and effective alternative to general an-
esthesia, especially in patients with contraindications, and
can serve as a guide for oncologists when choosing treat-
ment methods in clinical practice.

This case demonstrates the possibility of performing
operations for stage lI-1ll skin cancer with complete closure
of the defect under local anesthesia. It can be an alterna-
tive to general anesthesia in patients with comorbidities
and a high risk of complications. The method can be used
without tumor growth into the bone, avoiding the difficul-
ties associated with general anesthesia.
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BET TEPICIHIH KATEPJII ICIT'THIH, I1I CATBICBIH XUPYPI'UAJIBIK
EMAEYAIH INYFbIJI HOTUXKEJIEPI:
KJIWHUKAJBIK JKAFIAN

J.A. Tyneyosa', HM. Mondaxanosa', A.M. Enexoaes', I'A. Corovikosa’
1«Ka3ak OHKONOrIs aHe paanonorus fFeinbiM1-3epTTey MHCTUTYThI» AK, Anmatel, KasakcTan Pecnybnukace

AubikTama: Tepi kamepii icieiniy kenwiniei Ascmpanus men JKana 3enanous cusikmol NONYIsAyusCcyl AKubll mepici 6acolym JHcoHe Yibmpa-
KyA2iH coynenenyOiy sco2apul Oeneelli bap konmunenmmepoe key mapanzan. Bykin onemoe cusikmel Kazaxcmanoa 0a mepi icicimen colpgam-
MmanywuLiblKmely ocy ypoici oaixanast. 2023 scviuvt 6yn aypyowiy 4 481 scana srcazoaiivl mipkenoi, onviy 85% 0a3anv0vl Jcacyuanvli Kap-
yunoma Kazak oHKon02Us dHCOHe paouono2us vliviMu-sepmmey uncmumymul (Aamamet, Kazaxcman) opmypai odicmepoi Kon0anaovl, oHblY
iwinoe Hezizei emoey 90ici 6onvbin Kania bepedi, COHbIMeH Kamap coyieniK mepanus, 31eKmpoXuMUoOmepaniisi ¥oHe Kpuomepanusi.

3epmmeydin maKcamol — KIUHUKATBIK KAH KEMYMEH HCOHE AYbIPCbIHYMEH JHCYPemiH COl HCaKmazvl 3Uu20MamuKaiblk auMakmoly 6a3aibobl
arcacywansl mepi 0owipul 111 cambicbl 6ap HayKacmol sHcepinikmi anecmesusmen Xupypeusiiblk eMoey Jca2oaiblHbly CUnammamacyl.

Aoicmepi: Maxanaoa mepi iciein dcepiniikmi UHGUILMPAYUSTBIK AHECME3USMEH XUPYP2USIbIK eMOeY JHCa20aiibl CUNAMMATI2AH.

Homuxcenepi: Onepayusaoan xetiinei kesey acKblHycols ommi. Kocmemukanvlx Homuosice Kanazammanapasly den bazanranovl. Hayxacma
bem KumblLi0apvl KUbIHOA2AaH JHCOK, CEHCOPNbIK Oy3blabicmap baukanean sicok. Ilayuenm ycolnvicmapmen yiice wbleapbliobl. iCIKmiy eucmo-
Munin eckepe OMuIPLIN, COVIENIK MepanusHvly Onepayusoan Ketinei Kypeolt Heypeizy MyMKIHOI2IH weuly yin paouonioenet Kenecy Kaxjcem.

Kopovtmuinowi: byn swcazoail scepeinikmi anecmesusmeH aKayobl moavik sxcady apkwlivt [-111 camvioazsl mepi icicine onepayusnap sxcacay mym-
Kinoizin kopcemeoi. byn kamap acypemin aypynapor 6ap scone ackbliy Kayni sco2apbl HAYKACMapod Jcainsl anecmesusiaa 6aiama 00xybl MyMKiH.
byn o0ic arcannvl anecmesusiza 6auranbicmvl KUbIHObIKMAPObL OONOLIPMALIMBIH CYleKKe ICIK UH8A3UACHI DOIMA2AH Ke30€e KONOAHBLLYbl MYMKIH.

Tyiinoi ceszoep: Ckamo30bi dHcacyulaivik KAPYUHOMA, KIUHUKATIBIK HCaA20atl, XUPYpIUsLiblK eMoe).

AHHOTALIUSA

HEIIOCPEJICTBEHHBIE PE3YJIBTATBI XUPYPITHUYECKOI'O JIEYUEHUSI PAKA KOXKHU
JINLIA 111 CTAJUU 3ABOJIEBAHUA:
KJINHUYECKUM CIYUYAN

/.A. Tyneyosa', HM. Mondaxanosa', A.M. Enexéaes', I'A. Corovikosa’
'AQO «Ka3saxckuii Hay4HO-UCCNEA0BATENBCKMA MHCTUTYT OHKONOTUK U paguonorimy, Anmarsl, Pecny6nuka KasaxcraH

Axmyansnocme: Bonvuuncmeo ciyuaes paka Kodcu WUPOKO PACNPOCMPAHEeHbl HA KOHMUHEHmMAx, 20e npeobiaodaem ceemioKodicee
HaceneHue u HabIOarMEs 8blCOKUE YPOBHU B030€UCMBUs YIbMPADUONEeMO8020 UsLyyeHus, Hanpumep, 6 Aecmparuu u Hosou 3eranouu. B
Kaszaxcmane, kax u 60 écem mupe, nabuooaemcs meHoenyus Kk pocmy 3abonesaemocmu pakom kodcu. B 2023 200y ovino 3apecucmpuposano
4481 noevix cryuaes smoeo sabonesanus, us komopwvix 85% cocmasuna 6asanvHokiemounas kapyuroma 6 AO «Kaszaxckuil HayuHo-
UCCIEO08AMENbCKUTL UHCIUMYM OHKOO2UU U paduonocuuy (Armamul, Kazaxcman) npumensiomcs pasnvie Memoobsl, GKII0YAS XUPYPSULECKOe
ucceyenue, KOmopoe ocmaémes OCHOBHbIM CROCOOOM NeYeHUsl, d MAKIICE IYUeBYI0 MEePAnuio, dNeKmpOXUMUOMEPANUIO U KPUOMEPANUIo.

Henv uccnedosanusn — onucanue ciyuas Xupypeuueckoeo ieueHus nayuenma noo Mecmnou anecmesueti ¢ 0a3a1bHOKICMOUYHbIM PAKOM
Kodicu ckynosotl oonacmu caega Il cmaoduetl, conpogodicoaioueiicsi KIUHUKOU Kpogomedenust u 601e6blM CUHOPOMOM.

Memoowi: B cmamvbe onucan ciyuail Xupypeuieckoeo ne4eHus paKa Koxcu noo MecmHoll UHGUIbMPAYUOHHOU aHecme3uell.

Pesyromameot: [locieonepayuonnulii nepuoo npomekai 6e3 ociodcHerutl. Kocmemuyeckuil pe3yiomam oyenéH Kax y00eiemeopumeibHblll.
THayuenm ne ucnvlmuiéan mpyoOHocmeti ¢ 08UNICEHUEM TUYA, HAPYUIEHUS YYECMEUMENbHOCmU He Habaodarucs. [layuenm evinucan 0omotil ¢
PEKOMEHOQYUAMU. YHUMbBLEAS 2UCTOMUN ONYXOIU HEOOXOOUMO KOHCYIbMAYUU PAOUON02A Ol5 PEUeHUS BONPOCA O BO3MOICHOCMU NPOBEOCHUS.
NOCIeONEPAYUOHHO20 KYPCA IVHeBOU mepanuiu.

3aknwuenue: [Jannvli cayuail 0emMoHCmMpupyem G03MOJICHOCHb BbINOIHeHUS onepayull npu paxe kodxcu II-1II cmaouu ¢ noanvim
3akpvimuem 0eghexma noo Mecmuoll anecmesueti. Imo Moducem cmame albmepHAMuUEoll oowell anecmesuu y NAYUeHMos8 ¢ CONYMCMEYIOWUMU
3a001€6aHUAMU U BLICOKUM PUCKOM OCN0dICHeHUU. Memoo modicem Oblmb npuMenén npu omcymcmeuu npopacmanus Onyxoau 8 KOCmb, 4mo
noseonsem uzoedxncams cloACHOCmell, C6A3aHHLIX ¢ 00well anecmesuell.

Knrouesvte cnosa: niockokiemounas KapyuHoMd, KIUHUYECKUl CAYYatl, Xupypeuieckoe iedeHue.
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AHHOTALIUA

Relevance: Gastric cancer is a heterogeneous disease whose development is associated with both genetic and acquired somatic
mutations. Identifying optimal diagnostic markers for gastric cancer with high sensitivity and specificity can significantly improve
patient survival rates and contribute to the advancement of personalized medicine. By integrating clinical data and comprehensive
genomic analysis, the identification of biomarkers can dramatically enhance the accuracy of diagnosis, dis-ease progression prediction,
recurrence risk assessment, and treatment response. This work discusses promising biological markers that may be used to diagnose
gastric cancer early and predict the effec-tiveness of various treatment methods, potentially revolutionizing patient care.

The study aimed to analyze current scientific literature to identify new and recently developed bi-omarkers for diagnostic and
prognostic value concerning malignant stomach tumors.

Methods: In this review, we comprehensively searched electronic medical literature in the PubMed and Google Scholar databases.
The search utilized keywords: “biomarker,” “gastric cancer,” “early detection,” “diagnosis,” and “prognosis.” We included full-text
publications in English and Russian, which are available for open access. We focused on the role of biomarkers in early diagnosis
and prognosis of gastric cancer, published in the last ten years. We excluded case reports, correspond-ence, letters, and studies not
conducted on humans from the review, as these did not meet our criteria for inclusion.

Results: The analysis revealed an insufficient accuracy of existing biomarkers for gastric cancer di-agnosis and prognosis. Within
the modern approach to disease classification framework, a new mo-lecular type was proposed: tumors infected with the Epstein-Barr

virus, tumors with microsatellite instability, genomically stable tumors, and chromosomally unstable tumors.
Conclusion: Current research on gastric cancer focuses on identifying and validating new non-invasive biomarkers. Further studies
are necessary to enhance sensitivity and broaden the application of these biomarkers for early diagnosis and predicting treatment

efficacy.

Keywords: Biomarker, gastric cancer, early detection, diagnosis, prognosis.

Introduction: Despite advances in medicine, food
preservation techniques, and Helicobacter pylori treat-
ment, gastric cancer remains the fifth most common can-
cer and the fourth leading cause of cancer deaths world-
wide as of 2020 [1]. The prevalence of gastric cancer
shows significant geographic variations, with men be-
ing twice as likely to be affected as women. According to
recent data, the highest incidence rates are observed in
East Asia and Central and Eastern Europe, where 87% of
all new cases worldwide are concentrated. At the same
time, Africa and North America have a significantly lower
prevalence of gastric cancer [2].

One approach to reducing the burden of gastric cancer
is early diagnosis. Although upper gastrointestinal endos-
copy is recognized as the “gold standard” for screening,
early tumor detection requires methods with higher ac-
curacy, sensitivity, and specificity. Since many patients are
asymptomatic at the initial stages of the disease and there
are currently no effective screening methods for the early
detection of gastric cancer, the diagnosis is often made at

a late stage, which leads to a poor prognosis and low sur-
vival [3].

A more accessible and cost-effective method shall be
developed to implement a large-scale screening program
for gastric cancer in a healthy population.

In recent decades, serological tumor markers have tra-
ditionally been used to diagnose cancer in specific patient
groups, as well as to monitor cancer progression.

Oncological biomarkers, also known as tumor mark-
ers, are specific molecules whose presence indicates the
presence and development of malignant neoplasms.
These biomarkers play a crucial role in cancer diagnos-
tics, allowing physicians to detect the disease at an ear-
ly stage and in planning personalized therapy, which in-
creases the effectiveness of treatment [4]. In short, we
are talking about objectively measurable characteristics
used as indicators of normal body functioning, patholog-
ical processes, or response to therapy. Their use is steadi-
ly expanding due to genetic analysis and molecular ther-

apy progress.
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There are no biomarkers with sufficient accuracy and
specificity for diagnosing gastric cancer in clinical practice.
Such markers are relevant at all stages of the disease to op-
timize its course. This paper summarizes current achieve-
ments and approaches to developing gastric cancer bio-
markers that can potentially be used for early diagnosis,
accurate prediction of treatment effectiveness, and mo-
lecular classification of the tumor.

The study aimed to analyze current scientific litera-
ture to identify new and recently developed biomarkers
for diagnostic and prognostic value concerning malignant
stomach tumors.

Materials and Methods: In this review, we compre-
hensively searched electronic medical literature in the
PubMed and Google Scholar databases. The search
utilized keywords: “biomarker,” “gastric cancer,” “ear-
ly detection,” “diagnosis,” and “prognosis.” We includ-
ed full-text publications in English and Russian, which
are available for open access. We focused on the role
of biomarkers in early diagnosis and prognosis of gas-
tric cancer, published in the last ten years. We exclud-
ed case reports, correspondence, letters, and studies not
conducted on humans from the review, as these did not
meet our criteria for inclusion.

Results: Modern medicine increasingly relies on
non-invasive biomarkers to diagnose malignant neo-
plasms promptly and monitor their progression. In clini-
cal practice, tumor markers are commonly employed for
the early detection of gastric cancer. The most widely used
markers include carcinoembryonic antigen (CEA), carbo-
hydrate antigens such as CA19-9, CA72-4, CA125, CA24-2,
and CA50, along with pepsinogen and a-fetoprotein (AFP)
[5]. However, these serological biomarkers often exhibit
low specificity and sensitivity, and none serve as a specif-
ic or personalized marker for gastric cancer diagnosis [6].
This issue will be revisited later.

T. Li highlights the potential of ‘liquid biopsy’ as an
innovative diagnostic approach for gastric cancer. This
method involves detecting circulating tumor cells, tu-
mor DNA or RNA fragments, exosomes, and atypical
platelets in biological fluids like blood and urine, ena-
bling early disease detection [7]. Despite its promise,
the American Society of Clinical Oncology (ASCO), in a
recent review, concluded that current evidence is insuf-
ficient to establish its clinical relevance and efficacy for
gastric cancer diagnosis [8]. Similarly, guidelines from
the European Society for Medical Oncology (ESMO) and
the US National Comprehensive Cancer Network (NCCN)
recommend liquid biopsy only when tumor tissue sam-
pling is unfeasible or the available material is inade-
quate for analysis [9].

Advancements in high-throughput technologies have
significantly improved the understanding of the molecu-
lar mechanisms underlying gastric adenocarcinoma. This

progress has resulted in a molecular classification system
that distinguishes four subtypes based on distinct genom-
ic characteristics.

The Cancer Genome Atlas (TCGA) project has refined
this classification, stratifying gastric cancer based on ge-
netic and epigenetic alterations. This molecular stratifica-
tion enhances understanding of the disease progression
mechanisms and is a foundation for developing targeted
therapies [10].

- Epstein-Barr virus-infected tumors: These tumors
are characterized by the presence of a viral agent, the Ep-
stein-Barr virus, in the tumor cells, which may affect the
immune response and disease progression.

- Tumors with microsatellite instability (MSI): These
tumors show a high frequency of mutations in short repet-
itive DNA sequences called microsatellites. Microsatellite
instability is associated with certain cancers and may serve
as a marker for immunotherapy.

- Genomically stable (GS) tumors: This group in-
cludes tumors with no microsatellite instability (MSI) or
chromosomal instability (CIN). The diverse molecular char-
acteristics of these tumors make their classification par-
ticularly challenging.

— Chromosomally unstable (CIN) tumors are charac-
terized by instability in the number and structure of chro-
mosomes, resulting in aneuploidy and other genetic ab-
normalities. CIN may be associated with an aggressive
disease course and poor survival rates.

The Asian Cancer Research Group (ACRG) classifies gas-
tric cancer based on MSI (microsatellite instability) and
MSS (microsatellite stable) markers. Tumors exhibiting mi-
crosatellite mutations are categorized as MSI, while MSS
tumors are further divided into three subtypes:

* MSS/EMT: Tumours demonstrating epithelial-mesen-
chymal transition.

* MSS/TP53+: Tumours with an active TP53 gene mu-
tation.

* MSS/TP53-: Tumours with absence of TP53 gene ac-
tivity [11, 12].

This new classification has provided the foundation
for several clinical trials to identify effective therapeu-
tic strategies that combine immune checkpoint inhib-
itors with molecularly targeted therapies. Early results
from these studies are highly promising [13]. Neverthe-
less, early disease detection remains critical, underscor-
ing the importance of ongoing research to discover novel
biological markers or genetic signatures associated with
the pathology.

According to a systematic review by H.Shimada, al-
though some circulating tumor antigens have long been
used in routine clinical practice, their efficacy in the ear-
ly diagnosis of gastric cancer remains questionable due to
the high frequency of false-positive and false-negative re-
sults [14, 15]. CEA, CA19-9, and CA72-4 are widely used as
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standard markers in diagnostics, disease prognosis deter-
mination, treatment efficacy monitoring, and gastric can-
cer recurrence detection [16]. In cancer diagnostics, both
CEA and CA 19-9 levels can serve as valuable prognostic
markers to assess the extent of the tumor process and the
presence of distant metastases [17]. Despite particular pos-
sibilities, these methods do not have sufficient accuracy
and selectivity for screening programs for the early detec-
tion of gastric cancer [18].

According to T. Matsuoka and M. Yashiro, the CA72-4
indicator has greater sensitivity and accuracy than CEA.
However, the number of studies evaluating its effective-
ness in screening tests for gastric cancer is limited [4].

F. Feng et al. have found that tumor markers such as
AFP and CA125 have low sensitivity in the early diagnosis
of gastric cancer [19]. In addition, CA50 has limited diag-
nostic value [20].

In their search for ways to enhance the accuracy of
gastric cancer diagnosis through the combined analysis
of several serological tumor markers, S.Ning et al. demon-
strated that simultaneous detection of CEA, CA19-9, and
CA72-4 along with thymidine kinase 1 (TK1) —a biomark-
er of cell proliferation — markedly improves the sensitiv-
ity and specificity of gastric cancer detection compared
to the utilization of individual biomarkers [21].

A recent study by Li J. proposed a diagnostic model
for early detection of gastric cancer. The model is based
on the levels of CEA, CA72-4, and three inflammatory cy-
tokines: tumor necrosis factor (TNF)-a, interleukin (IL)-
6, and IL-8. In a validation study, the model demonstrat-
ed high performance in differentiating between healthy
subjects, individuals with atypical gastric mucosal hyper-
plasia, patients with early-stage GC, and patients with ad-
vanced-stage GC [22].

In a study of gastric cancer in 2015, M. Kanda and
Y. Kodera discovered an elevated expression of sever-
al genes, including xpg, interferon-induced transmem-
brane protein 1 (iftim1), matrix metalloproteinase-9
(mmp-9), pituitary tumor transforming gene-1 (pttgl),
and stcl1. These genes show potential as biomarkers for
early disease detection [23].

This review also emphasizes promising directions for
searching gastric cancer biomarkers based on different
molecular genetic characteristics (Table 1). These biomark-
ers have been classified depending on their roles in early
disease diagnosis, recurrence prediction, and chemother-
apy efficacy assessment.

Kazakhstani scientists have also studied DNA dou-
ble-strand breaks with repair activity, such as y-H2AX and
53BP1, as biomarkers in gastric cancer [46]. These markers
have clinical significance and can be used as diagnostic
tools in personalized medicine.

Gastric cancer biomarkers play an important role in
personalized treatment, allowing for a more accurate ther-

apy selection and prediction of outcomes. However, many
of them are in the clinical trial stage. In the future, biomark-
ers may be integrated into clinical practice, helping doc-
tors improve treatment outcomes and choose the most ef-
fective therapies while minimizing side effects.

Biomarker-based prognosis will help identify patients
at high risk of recurrence and tailor individualized thera-
peutic efficacy, which is of great importance in determin-
ing survival and quality of life for patients with gastric can-
cer. A study by D. Wu et al. found increased serum levels
of IFNGR1, TNFRSF19L, GHR, SLAMF8, FR-beta, and inte-
grin alpha 5 proteins in patients with gastric cancer. This
discovery indicates the prospect of using these proteins as
novel biomarkers for early detection and prediction of the
disease course of gastric cancer [47].

According to W. Hou et al., the level of CD44 protein
expression can serve as an independent prognostic mark-
er for gastric cancer. This protein correlates with immune
infiltration in tumor tissue and shows increased activity in
patients with this disease [48].

Prof X. Zhou et al. found that the presence of piR-
1245 in gastric juice could serve as a promising biologi-
cal marker for diagnosing and prognosis of gastric can-
cer [49].

A study by J. Ji et al. demonstrated increased expres-
sion of KK-LC-1 in gastric cancer patient tissues compared
to normal tissues. In addition, a correlation between
higher KK-LC-1 expression and more prolonged survival
of gastric cancer patients was established. These results
indicate the potential value of KK-LC-1 as a biomarker to
predict favorable outcomes in patients with gastric can-
cer [50].

CircERBB2 concentrations in preoperative plasma sam-
ples can be considered a non-invasive prognostic bio-
marker for gastric cancer. In addition, monitoring postop-
erative circERBB2 plasma concentrations may help detect
gastric cancer recurrence [51].

Recent studies in China have shown a strong correla-
tion between high levels of COMMD10 gene expression
and unfavorable prognosis for gastrointestinal cancer pa-
tients. The functional activity of COMMD10 is associat-
ed with the modification of N6-methylamino adenosine
(m6A) mRNA and plays a vital role in gastric cancer’s im-
mune tumor infiltration processes [52].

The study by W. Gu et al. found a correlation between
the level of ITGB1 gene expression and the activity of the
Whnt/B-catenin signaling pathway in gastric cancer. Data
analysis from TCGA-STAD/ACRG/GSE15459 cohorts showed
a positive association between ITGB1 expression and fac-
tors inhibiting the immune response and a negative asso-
ciation with factors activating the immune response. Thus,
ITGB1 affects the prognosis of patients with gastric can-
cer and plays a crucial role in suppressing the immune re-
sponse [53].
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Table 1 - Topical issues of molecular markers application in diagnostics, prognosis of the course, and response to therapy of

gastric cancer (adapted from the article [4])

Biological marker Change Clinical goal Detection method E‘%fgé
Genes associated with metastasis
Growth factors
HER?2 - Gene encoding a receptor associated Overexpression Diagnostic / prognostic | Tissue [24]
with cell growth.
FGFR — Fibroblast growth factor involved in cell [25]
proliferation and differentiation.
PI3K/Akt/mTOR (PIK3CA) - Gene encoding a [26]
subunit involved in a signal transduction pathway
that promotes cell growth.
MET - Gene encoding a receptor associated with [27]
growth and metastasis.
VEGF (VEGF-2) - Vasoendothelial growth factor [28]
involved in angiogenesis.
VEGF-D) - Vasoendothelial growth factor [29]
involved in angiogenesis.
Cell cycle regulation
TP53 - Gene encoding a protein involved in cell  |Mutation Diagnostic Tissue [30]
cycle control.
Adhesion molecule
E-cadherin (CDH1) - Adhesion molecule Mutation/epigenetic Diagnostic / prognostic | Tissue/Blood [31]
involved in intercellular communication. alteration
Immune checkpoint
PD-L1 - An immune checkpoint that regulates Mutation Prognostic / therapeutic | Tissue [32]
the immune response.
Epigenetic alterations
CDH1, CHFR, DAPK, GSTP1, p15, p16, RARB, | Hypermethylation Diagnostics Tissue [33]
RASSF1A, RUNX3, TFPI2 - Groups of gene
methylation changes associated with cancer.
Genetic polymorphism
IL1-B, IL-1RN, CD44 SNP Prognostic Tissue [34]
TP53, SYNE1, CSMD3, LRP1B, CDH1, Copy number variations/ Diagnostic/prognostic/ | Tissue [35]
PIK3CA, ARID1A, PKHD, KRAS, JAK2, CD274, | mutations therapeutic
PDCD1LG2 - Variations in DNA affecting
disease susceptibility.
Circulating tumor cells
CD44, N-cadherin, vimentin - Cells released into | Overexpression Diagnostic/therapeutic | Blood [36]
the blood from the tumor.
pan-CK, E-cadherin Reduced expression EMT process Blood [37]
EE2 - Estrogen, which can influence tumor Overexpression Therapeutic Blood [38]
growth.
Gastrin specific biomarker
ADAM23, GDNF, MINT25, MLF1, PRDMS5, Hypermethylation Diagnostic Gastric lavage [39]
RORA - Genes associated with gastric cancer.
BARHL2 - Genes associated with gastric cancer. | Hypermethylation Diagnostic/therapeutic | Gastric lavage/juice [40]
PVT1 Regulated Diagnostic / prognostic | Gastric juice [41]
miR-421, miR-21, miR-106a, miR-129 - Regulated Diagnostic Gastric juice [42]
MicroRNAs involved in gene regulation.
KagA Regulated Diagnostic Tissue [43]
VAK Regulated Diagnostic Tissue [44]
Gastrokin 1 - Protein associated with the Deactivation Prognostic Tissue [45]
regulation of digestive processes.

Discussion: The current review discusses the most
commonly used cancer markers, including CEA and CA,
such as CA19-9, CA72-4, CA125, CA24-2, CA50, pepsinogen,
and AFP. According to ASCO, ESMO, and NCCN guidelines,
liquid biopsy is acceptable only when tumor tissue sam-
pling is impossible, or the obtained sample is insufficient
for analysis.

It should be noted that modern scientific literature of-
fers a classification of gastric cancer based on the TCGA
project, which is based on the analysis of genetic and epi-
genetic alterations.

Although several researchers have confirmed the ef-
fectiveness of standard serological methods of oncomark-
er diagnosis in detecting and assessing the risk of gastric
cancer recurrence, the limited specificity and sensitivity of
these molecular markers do not allow their use for early di-
agnosis of the disease.

This review article presents promising research di-
rections for gastric cancer biomarkers based on dif-
ferent molecular genetic characteristics. A classifica-
tion of these biomarkers according to their function
in early diagnosis of the disease, prediction of recur-
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rence, and evaluation of chemotherapy efficacy is
performed.

Biomarkers of gastric cancer play an essential role in di-
agnostics, predicting the outcome of the disease, monitor-
ing its course, and developing more effective treatment
methods. Due to the often asymptomatic course of gas-
tric cancer in its early stages, its diagnostics are a signifi-
cant challenge. Biomarkers offer new opportunities to im-
prove the accuracy of diagnostics and timely detection of
this disease.

In the future, new molecular markers may significant-
ly change the approach to treating and monitoring gas-
tric cancer, providing more personalized treatment strat-
egies.

Conclusion: Gastric cancer remains one of the lead-
ing causes of mortality from malignant neoplasms world-
wide, primarily due to late diagnosis when therapeutic op-
tions are limited. Current biomarkers used for diagnosis
and prognosis exhibit inadequate sensitivity and specifici-
ty. Diagnosis often relies solely on invasive procedures like
upper gastrointestinal endoscopy. Consequently, ongoing
research in gastric cancer is directed toward identifying
and validating non-invasive biomarkers secreted by tumor
tissues into body fluids. However, many of these biomark-
ers are detected only in advanced stages of the disease,
rendering them unsuitable for early diagnosis. Further
studies are necessary to enhance sensitivity and broaden
the application of these biomarkers for early diagnosis and
predicting treatment efficacy.
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AHJIATIIA

ACKA3AH OBbIPBIHA TEPAIIEBTIK TOCUIAEPAI EPTE AHBIKTAY
MEH BOJI'KAYFA APHAJIFAH ' KAHA BUOMAPKEPJIEP:
9/JIEBUETKE IIOJY

M.A. Aimmazamoemosa', A.b. Tynsnesa', HM. Kepeesa', C.JK. Axmemosa', A.K. Kotimvioaes', I. JK. Eccynmanosa’

!«Mapat OcnaHoB aTbiHarsl baTbic KasakcTan MeauumHa yHusepeuteTi» KeAK, Aktebe, Kasakctan Pecnybrnkacs!

O3zexkminizi: Ackazan 00vipvl cemepozenoi aypy 60abln madbliadbl, OHbIY OAMYbL 2EHEMUKAIbIK HCOHE ACype Nanoa Oonrean cCOMAmuKaiblK
MYMAayuanapovly ocepimen 6alianbiCbl.

Ackaszan 00vbipbinaG apHaean dco2apul ce3iMmandvlebl MeH epexweniei 6ap oymaiiivl OUA2HOCMUKATLIK MapKepaepol 6oy nayuenmmepoiy
eMip cypy KepcemKiwimepin apmmblpy2a MyMKIHOIK Oepedi dcoHe depbec MeOUyUHAHbIY OAMYbIHA bIKNAL ememin 6onaovl. KnuHukanvy
OepexmepOi OIpIKMIpy sHcoHe 2eHOMObl KeuweHOl manoday Hezizinoe buomapkepaepoi colikecmenoipy OUaZHOCMUKAHBIY HAKMbLIbI2bIH, AYPYOblH
azblMblH OOANCAYOL, KAUMALAHY KAYRIH JCOHE MEePanusiaa peakyusibl aiumapivlKmail JeaKcapmysbl MymKin. Byn gcymvicma ackasan oouipbin
epme OUAZHOCMUKANAY JcoHe dpmypai emoey odicmepiniy muimoiniein 6012cay yulin nauoaianbliysl MyMKiH nepcnekmueansvlk, OuoI02UsLIbIK
mapkepiaep Kapacmoipolidobl.

3epmmeydiny maKcamol — acKa3anHuly Kamepii iCikmepine Kamvlcmvl OUASHOCMUKAIbIK HCOHE DONHCAMObIK KYHOBLIbI2bL 0ap JCAHA HCOHE
masyoa o3ipieHzen buomapkepaepoi AHblKMay MaKcamvlHOA KaA3ipei 3aMaH2bl 2blIbLMU 90ebuemre maioay sHypeisy.

Aoicmepi: Ocvi wonyoa PubMed owcone Google Scholar odepexxoprapvin naiioanama omwvipvin, MeOUyuHaivlx odebuemme
INEKMPOHObIK [30€y natidananvliovl. I30ecmipy «ouomapkepy, «ackasan o0vipvly, «epne aHLIKMAY», «OUAZHOCIUKAY, «D0dCAM» 0eceH
nezizei cozdep botivinuia ducypeizindi. [llonyea azvinwbin dcone opvic minindeei aublk KOIHCEMiMOL, acKa3an 00bipbl A2blMbll epme
JuazHocmukanay men 60ndcayoa buomaprepiepoiy poiin 3epmmey2e apHaI2aH MoiblK MOMIHOIL dcapusianvimoap eneizindi. Onap coyeael
OH JACLINOA ACAPUANAHObL. Adamoapoa dicypeizinmezen dceke OAKbIIAYIAP, XAM AIMACY, Xammap MeH 3epmmeyiep mypaivl ecenmep
WoLy2a eHei3iNMe2eH.

Homuoswcenepi: )Kypeizineen sepmmeynep 6apvicbinOa AcKasan 00bIpbl A2biMblH OUAZHOCIIUKANAY JHCOHe 06oaxcay ywin Koada oap
buomapxepnepoiy icemkinikciz 0ondiei bap exeni aHelKkmanovl. Aypyosl dcikmeyoiy Kazipei 3amanabl mocini uieybepinoe dHeaya MoAeKyIaIblK
myp ycwinvlaowl: dnmumein-Bapp (EBV) eupycoin sgcykmuipean icikmep, MUKpocyiie myparkcol3ovlesl bap icikmep (MSI), cenomowik mypaxmel
icikmep (GS) arcone xpomocomowix mypaxcwiz icikmep (CIN).

Kopuimuinovi: Ackasan o06wipoin 3epmmey dlcaya uHea3uemi emec Ouomaprepnepoi izoeyee odicone mexcepyee 0a2blmman2a.
Cezimmanovlkmsl apmmblpy H#coHe OuomapkepiepOi KOIOAHY CANACHIH KeHeumy Yulih epme OUAZHOCMUKANAY JHCoHe eMoey MUIMOLNIeiH
OondHCay MaAKCAmvlHOA KOCLIMULA 3epmmeynep Kalicen.

Tyitinoi co3oep: 6uomapkep, ackasam oobIpbl, epne anbIKMay, OUAZHOCIUKA, OOIXHCAM.

AHHOTAIUA

HOBBIE BUOMAPKEPBI U151 PAHHEI'O BBISABJIEHUSA U ITPOT'HO3UPOBAHUSA
TEPAIIEBTUYECKUX ITIOAXOA0B K PAKY KEJIYIKA:
OB30P JIMTEPATYPBI

M.A. Aimmazambemosa', A.b. Tyrsesa', HM. Kepeesa', C.JK. Axmemosa', A.K. Koiwvioaes', I'. K. Eccynmanosa’

'HAO «3anaaHo-KasaxcTaHckuii MeanuMHCKuiA yHuBepeuTeT uM. Mapata OcnaHosa, 1. Aktobe, Pecnybnuka Kasaxcra

Axmyansnocmo: Pax dicenyoka npeocmasisem coboll eemepozceHtoe 3a001e8anue, pas3gumiue KOmopo2o C8sA3aHO ¢ 8030eUCmueM KaK
2EHEeMUYeCKUX, MAK U NPUOOPEMeHHbIX COMAMUYECKUX MYyMAayuil.

Bvidenenue onmumanbHblX OUAZHOCMUYECKUX MAPKepO8 OJisl PAKA HCeAYOKA C BbICOKOU YYBCMEUMETbHOCHbIO U CReYUDUUHOCTbIO
N0360UM NOBBICUMb NOKA3AMENU BbIHCUBACMOCU NAYUEHMO8 U Oydem Cnoco6cmeosams pa3eumulo nepcoHaAIU3UPOBAHHOU MeOUYUHDL.
Hoenmudghuxayus 6uomaprepos na ocHoge unmeepayuu KAUHUYECKUX OAHHBIX U KOMNJIEKCHO2O AHANU3A 2EHOMA MOJICEM CYUeCmEeHHO
VAYUUWUMb MOYHOCMb OUAZHOCIUKU, NPOSHO3UPOBAHUS MeueHUsl 3a001e8aHUsl, PUCKA peyudusd U peakyuu Ha mepanuto. B dannoti pabome
PACCMAMPUBAIOMCS NePCNEKMUBHbLE OUOTI02UYECKUE MAPKEPbL, KOMOPble MO2YM OblNb UCHOLb3068AHbI OJIsl PAHHEl OUACHOCMUKU PAKA JHCELYOKd
U npeocKazanus 3hHexmusHoCmu pasiuiHbLx Memooos leyeHus..

Llens uccnedosanusn — npogecmu aHAIU3 COBPEMEHHOU HAVUHOU AUMEPAMYPbL C YeNbl0 GblAGNIeHUs HOBbIX U HeOABHO pa3padOmaHHbIX
ouomapxepos, 061a0arOWUxX OUASHOCMUYECKOU U NPOSHOCTNUYECKOU YEeHHOCIMbIO 8 OMHOWEHUU 37I0KA4eCMBEHHbIX HO8000PA306AHULL HCeTYOKd.

Memoowvr: B nacmosiuyem 0630pe Obll UCNONB308AH INEKMPOHHBLIL NOUCK 6 MEOUYUHCKOU Jumepamype ¢ UCnoIb308anuem 6a3 OaHHbIX
PubMedu Google Scholar. Ilouck ocyuecmensiics no KAoueblm CL08AM: «DUOMAPKEPY, KPAK HCELYOKA»,  PAHHEE BbIABIEHUE», (OUACHOCMUKAY,
«npocHo3y. B 0630p Obliu 6KIOYEHBI NOIHOMEKCMOGbLE NYOIUKAYUU HA AHSTULCKOM U PYCCKOM 33bIKAX, OOCMYNHble 8 OMKPbIMOM 00Cmyne,
NnocssieHHble UCCIe008AHUI0 PO BUOMAPKEPOS8 6 PaHHell OUAZHOCIUKE U NPOSHO3UPOSAHUY medeHUs paka dxcenyoka. OnyoaiukoeaHsl oHu
obLIU 30 nocedHue decsamy aem. Omyemvl 0 eOUHUYHBIX HAOTIOOCHUSAX, NEPENUCKA, NUCLMA U UCCIe008AHUS, He NPOBOOUBUIUECS HA TH005IX, 8
0030p He 6KNI0UANUCH.
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Pesynvmamui: Bxode nposedeHHbIX ucc1e008aHUT ObLIO 8bIABIEHO, YN0 CYYeCMEYIowue GUOMAPKePbl O OUASHOCIMUKU U NPOSHO3UPOBAHUS
meueHus paxka xHceayoka 001adawm HeOOCMAmoyHOU MOoYHOCmbio. B pamkax cospemennoco nooxooa Kk Kiaccugpuxkayuu 3a001e6anus
ObLL NPeONodCcen HOBbIU MOLEKVIAPHLIL MUNn: ONYXOau, uHpuyuposannvie eupycom dnwmenna-bappa, onyxonu ¢ HecmabuibHOCHbIO
MUKPOCHYMHUKOS, 2eHOMHO-CMAOUIbHbLE ONYXO0IU U XPOMOCOMHO-HECAOUIbHbIE ONYXOIUL.

3axnrouenue: Cospementoie UCCIEO08AHUSL PAKA JHCETYOKA HANPABIEHbL HA NOUCK U NPOBEPKY HOBLIX HEUHBAZUBHLIX OUOMAPKePO8. Jlis
NOGbIUECHUS YYECMEUMETbHOCIU U PACUUPEHUs 001ACmU NPUMEHEeHUs. OUOMAPKePOs8 6 Yelsx PaHHel OUACHOCIMUKU U NPOSHO3UPOBAHUS
aghpexmusHocmu reyeHus HeoOX0OUMbI OONOIHUMENbHbIE UCCTIE008AHUSL.

Knrouesvie crnosa: 6uomapkep, pax sxcenyoxa, panHee gulseieHue, OUAZHOCMUKA, NPOSHO3.
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THE ROLE OF MONOCLONAL B-CELL
LYMPHOCYTOSIS IN PREDICTING
LYMPHOPROLIFERATIVE DISEASES:
A LITERATURE REVIEW
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ABSTRACT

Relevance: Monoclonal B-cell ymphocytosis (MBL), introduced by the World Health Organization in 2017 to classify certain types
of blood diseases, opens up new perspectives in classification but also raises issues that require further study. MBCL studies are
essential for improving diagnosis and monitoring, which can contribute to the early detection and prevention of chronic lymphocytic
leukemia (CLL).

The study aimed to evaluate the immunophenotypic aspects of monoclonal B-cell lymphocytosis and the risk of progression to
chronic lymphocytic leukemia.

Methods: A review of scientific publications examined the causes of MBL and its association with CLL, emphasizing
immunophenotypic aspects of these conditions. The literature survey provided information on factors associated with the progression
of MBL to CLL, including biomarkers and clinical characteristics, allowing a more comprehensive assessment of the risk of leukemia
in patients with MBL.

Results: Numerous studies regarding the association between MBL and CLL were analyzed. The analysis showed that MBL often
precedes the development of CLL, with MBL clones being detectable years before clinical diagnosis. This supports the hypothesis that
MBL may be an early biomarker for detecting developmental risk.

Various studies emphasize significant ethnic and geographic differences in the prevalence and progression of MBL and CLL.
These differences may be related to epigenetic factors, immunoglobulin rearrangements, and other genetic features. Understanding
these differences is essential for more accurate diagnostic and prognostic approaches that consider individual and patient population

characteristics.

Conclusion: The analysis shows that further investigation of the association between MBL and CLL and the introduction of screening
programs for early detection of MBL can significantly improve the prognosis and health of patients in Kazakhstan.

The review results emphasize the importance of early diagnosis and an individualized approach to treatment. This will help prevent
MBL progression to CLL and improve our country’s medical care quality.

Keywords: monoclonal B-cell lymphocytosis (MBL), chronic lymphocytic leukemia, immunophenotype, risk of development, flow

cytometry.

Introduction: In recent years, the widespread use of 10
color (multicolor) blood cell measurement panels, thanks
to advances in flow cytometry, has made it possible to de-
tect in healthy individuals deficient levels of monoclonal
B-lymphocytes in the blood that are immunophenotypi-
cally similar to chronic lymphocytic leukemia cells. As a
result, general practitioners and even specialists who do
not specialize in hematology may encounter patients who
have a slight increase in the number of lymphocytes in the
blood consisting of abnormal B-cell clones but who lack
the diagnostic criteria for chronic lymphocytic leukemia
(CLL) 1, 2].

The term ‘monoclonal B-cell lymphocytosis (MBL)
was introduced by the World Health Organisation in 2017
to describe certain conditions in the field of oncohema-

tology. It has improved understanding chronic lympho-
cytic leukemia (CLL) and raised new unanswered ques-
tions [3].

MBL is defined by peripheral blood monoclonal B-cell
concentration of less than 5x109/L without evidence of
lymphoproliferative diseases such as lymphadenopathy,
organomegaly, or extramedullary lesions [4].

In approximately 75% of cases, the immunopheno-
typic profile of clonal B-cell expansion overlaps with
the immunophenotypic profile of CLL with co-expres-
sion of CD19, CD5, CD23, and low levels (dim) of CD20
and surface immunoglobulins with light chain restric-
tion (‘CLL-like"). Other cases may co-express CD19 and
CD5 but with bright CD20 and no CD23 (‘atypical CLL-
type’), while others are CD5-negative, with moderate

Oncology and Radiology of Kazakhstan, Ne4 (74) 2024 77



LITERATURE REVIEWS

@) KazlOR'

to bright expression of surface immunoglobulins (‘non-
CLL-type’) [2-4].

In addition to the immunophenotypic profile, a
key distinction is based on B-cell count, which fur-
ther stratifies the category of MBL into low count
(<0.5x10°L) or high count (=0.5x10°/L) MBL. Data
from a meta-analysis collecting information from MBL
series worldwide clearly documented a bimodal dis-
tribution of MBL cases based on absolute B-cell count
[5]. In cases detected in population-based screening
studies, the number of clonal B cells ranged from 0.1
to 10 B cells per uL (with a median of 1 cell per pL),
while in cases of MBL detected by routine examina-
tion for lymphocytosis, the mean number of B cells
was 2.9x10%L and ranged from 0.5 to 5.0x10%/L. Very
few cases were intermediate, maintaining the thresh-
old currently accepted.

This distinction is not trivial, given that the clinical and
biological features and risk of progression to full-blown
CLL significantly differ between the two conditions.

In general, MBL occurs more frequently with age. It was
insignificant before age 40 and present in about 10% of
all individuals over this age, reaching a maximum of >50%
among those over 90 [6-8].

Therefore, these findings support the importance
of studying MBL, as its prevalence increases with age
and may indicate a pre-existing stage of serious dis-
eases such as CLL. A more in-depth analysis of MBL can
improve diagnostic and monitoring methods, leading
to earlier detection and potential prevention of dis-
ease development. Also, a detailed study of the im-
munophenotypic characteristics of MBCL will give he-
matologists additional tools to effectively monitor
patients’ conditions, increasing the likelihood of accu-
rate prediction and the development of targeted ther-
apies.

The study aimed to evaluate the immunophenotypic
aspects of monoclonal B-cell lymphocytosis and the risk of
progression to chronic lymphocytic leukemia.

Materials and Methods: A review of scientific publica-
tions examined the causes of MBL and its association with
CLL, emphasizing immunophenotypic aspects of these
conditions. The review covered actual studies published in
peer-reviewed scientific journals since 2010.

The review compared Immunophenotypic profiles of
monoclonal B cells identified in patients with MBL and CLL
using data from large meta-analyses and review studies
conducted in different regions worldwide.

The literature survey provided information on factors
associated with the progression of MBL to CLL, including
biomarkers and clinical characteristics, allowing a more
comprehensive assessment of the risk of leukemia in pa-
tients with MBL.

Source inclusion criteria:

- Publications containing empirical data on MBL
and CLL.

— Articles published in peer-reviewed scientific journals
since 2010.

- Work performed on hematological samples.

Source exclusion criteria:

— Research is based only on specific evidence or case
reports without statistical analysis.

— Publications without access to the full text or pub-
lished in journals without scientific peer review.

— Articles that are not in clinical medicine, immunolo-
gy, or hematology.

Results: High-grade MBL has the highest prevalence
among first-degree relatives of CLL patients and, unlike
low-grade MBL, has IGHV mutations with a repertoire
similar to CLL, indicating a biological link. However, in
both types of MBL, cytogenetic changes associated with
CLL are noted, including del (13q), +12, and del (17p), al-
though at lower levels, suggesting that these changes
occur early in clonal evolution and are not prognosti-
cally significant in the absence of B-cell lymphocytosis
[9, 10]. We know that almost all clinical cases of CLL are
preceded by the MBL phase. High-grade MBL progress-
es to CLL at a rate of 1-2% per year, with the number
of clonal B-cells at presentation being the most signifi-
cant risk factor. This is in contrast to MBL with low lym-
phocyte counts, which proceeds without overt lym-
phocytosis and does not require clinical monitoring of
progression. In addition, there are cases of MBL with a
different phenotype from CLL that are thought to be as-
sociated with marginal zone lymphoma. Given that CLL-
like cells can be found in patients without lymph node
enlargement (<1.5 cm) who have undergone lymphad-
enectomy for reasons not related to lymphoprolifer-
ative diseases, a third category has been proposed to
describe this phenomenon - the ‘nodal equivalent of
MBL," which is different from full-fledged small cystic
lymphoma [11, 12].

Flow cytometry is the primary method to detect the
MBL because it accurately identifies and differentiates
phenotypes. MBL is classified into three phenotypes -
CLL/SLL, atypical CLL/SLL, and non-CLL/SLL - based on
specific markers on the surface of the cells. These markers
include CD5, CD19, CD20, and CD23, as well as immuno-
globulins, either light chains or complete chains (consist-
ing of light and heavy chains). The distinction between
these phenotypes is crucial since each can be associat-
ed with developing different types of malignant lympho-
cyte neoplasms [12-15].

Table 1 presents the markers for the three MBL phe-
notypes. Marker expression is indicated as follows: (+) for
the presence of expression (weak, moderate, or bright), (-)
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for its absence, and ‘not allowed’ for cases where the data
are not applicable. Fluorescent probes determine expres-
sion by binding to marker proteins on cells. Flow cytome-

detect this binding by analyzing about 5 million cells from
the patient’s blood. The table also shows the percentage
of cases of each MBL phenotype that can progress to ma-

try, preferably using 6-8 different fluorescent probes, can  lignancies [4].

Table 1 - Markers of three MBL phenotypes on flow cytometry [4, 12-15]

Percentage : ;
MBL phenotype | CD5 | CD19 | CD20 | CD23 |Immunoglobulin light chains with Potential malignant
phenotype complication
CLL / SLL MLB + + + (dim) + Ig with a light chain, either +, 68-75% CLL/ SLL
+ (dim), or -
Atypical CLL / SLL + + + (bright) | -or+ | Fulllg, either + (moderate), ~15% Mantle cell lymphoma, follicular
MLB or + (bright) lymphoma
Not- CLL/ SLL or-or+ + + N/A Light chain Ig, ei-ther + ~14% Lymphoma of the mar-ginal
MLB (dim) (moderate) or + (bright) zone of the spleen, lymphoma
of the spleen/leukemia
unclassified

Cases of non-CLL/SLL MBL where monoclonal
B-cells do not express CD5, CD23, CD10, or CD103 but
show high expression of CD79b and immunoglobulin
light chains are generally classified as marginal zone
monoclonal B-cell lymphocytosis (CBL-MZ). This desig-
nation applies because normal B cells in this area also
express these markers. People with CBL-MZ often have
very high levels of B-cells in their blood (>4.0x10°/L,
usually 3.0x10%/L to 37.1x10°/L) [13]. These cases con-
stitute a significant proportion among non-CLL/non-

SML MBL. These patients are also often found to have
monoclonal IgM gammopathy, which means high lev-
els of one type of IgM antibody. It is similar to Walden-
strom’s macroglobulinemia and IgM monoclonal gam-
mopathy, which are of uncertain significance. Such
patients are more likely to develop malignant diseases,
such as B-cell ymphomas of the marginal spleen zone,
indeterminate lymphomas/leukemias of the spleen,
hairy cell leukemia, and, possibly, Waldenstrom’s mac-
roglobulinemia [4, 12-15].
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Figure 1 - Reproducible diagnosis of chronic lymphocytic leukemia using flow cytometry: European Research Initiative on CLL (ERIC)
and European Society for Clinical Cell Analysis (ESCCA) Harmonization Project [19]
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In 34 cases, the clinical, cytological, immunological,
and genetic features of non-CLL MBL were described.
As previously reported, the current cases have immu-
nological and genetic similarities with marginal zone
lymphoma (MZL). They may be associated with a new
suspected condition, marginal zone clonal B-cell lym-
phocytosis (CBL-MZ). In addition, in some cases, similar-
ities have been observed with diffuse lymphoma of the
red pulp of the spleen (DLRPS). As a result, according
to the literature, non-CLL MBL (associated with CBL-MZ)
may be a precancerous condition leading to MZL and
DLRPS [16, 17].

MBL is defined by fewer than 5x9 clonal B-cells in the
peripheral blood in the absence of lymphadenopathy,
enlarged spleen or liver, and symptoms of B-CCL. These
symptoms include unintentional weight loss, fatigue with
a score of 2 or higher on the Eastern Cooperative Oncolo-
gy Group (ECOG) scale, prolonged fever, and night sweats
with no signs of infection. In contrast, CLL, the most com-
mon lymphoid malignant tumor, is diagnosed at a B-cell
count greater than 5x10°/L [18].

Table 1 shows that MBL can be classified into three
types based on the immunophenotypic characteristics of
abnormal peripheral lymphoid cells: CLL, atypical CLL, and

non-CLL type. Advances in flow cytometry have made it
possible to detect deficient levels of clonal B-cells, espe-
cially in healthy older adults.

For a more detailed understanding and clarification
of the differences between these conditions, it is essen-
tial to consider the immunophenotypic characteristics of
abnormal peripheral lymphoid cells for different types
of MBL with specific biomarkers that will aid in diagnos-
tics in clinical and diagnostic laboratories. CLL with im-
munophenotype CD19+, CD5+, CD23+, CD20dim (low
expression), kappa or lambda surface immunoglobulins
usually (+) (slg), white blood cell count: marked elevation:
>5%10°%L. CLL is a heterogeneous disease, and its course
can range from long-term survival to rapid progression.
This disease is associated with a pronounced clonic B-cell
expansion [18].

Atypical CLL with immunophenotype CD19+, CD5+,
CD23-/dim (low), CD20+ (bright expression), kappa or
lambda surface immunoglobulins usually (moderate to
bright expression), white blood cell count: significant in-
crease, may range from 5 x 10°/L to higher values. Atypical
CLL shows altered immunophenotypic profiles compared
to classic CLL, including bright CD20 expression and mod-
erate to bright slg expression [19].

| CD23 (FL1) /CD38 (FL2) |

10

1 |
0.0% 0.1%

Atypical B-CLL |1¢*
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Figure 2 - Immunophenotypic assay for CD5, CD23, CD38 expression, and CD20 histogram in atypical (A) B-CLL and (B) MBL. Patients
with MBL were found to have high expression of the CD5 marker, although patients with atypical B-CLL had lower levels of this mark-
er. In patients with atypical B-CLL, CD23 expression was lower, but in patients with MBL, this marker was rarely expressed. In almost
all patients with atypical B-CLL and MBL, CD38 expression was negative and positive, respectively. Both groups expressed CD20 with-
out significant differences [20]
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Non-CLL type with immunophenotype CD19+, CD5+,
CD23-/dim (low), CD20+ (bright expression), kappa or
lambda surface immunoglobulins (moderate to bright
expression), white blood cell count may be normal or
slightly elevated depending on the specific type of lym-
phoma or leukemia that is not CLL. This type includes var-
ious forms of lymphoma or leukemia that do not meet the
criteria for CLL and may exhibit different immunopheno-
typic profiles [21].

In 2019, a team of scientists investigated the presence
of CLL clones decades before a diagnostics of CLL, using
the Copenhagen City Heart Study (CCHS) and the Copen-
hagen General Population Study (CGPS) to analyze pre-di-
agnostic peripheral blood samples obtained during vis-
its between 1992 and 2014 from healthy individuals who
were subsequently diagnosed with CLL between 2001 and
2019. They assessed clonal CLL DNA by minimal residual
disease (MRD) analysis according to EuroMRD guidelines.4.
A total of 247 individuals diagnosed with CLL, registered
after participation in CCHS or CGPS between 1992 and
2014, were identified. A total of 22 of these patients under-
went immunoglobulin heavy chain variable region (IGHV)
mutational status analysis performed at the Department
of Haematology at Rigshospitalet (Copenhagen, Denmark)
from 2001 to 2017 at the time of CLL diagnosis and had a
>5-year latency period from participation in CCHS or CGPS
to CLL diagnostics. The study was manually supplement-
ed with eight cases of individuals who either had an IGHV
mutational status established at Rigshospitalet and a <5-
year latency period (two cases) or IGHV mutational status
established at Rigshospitalet in 2018 and 2019 and a >10-
year latency period (six cases). A total of 10 patients were
excluded either due to a lack of sufficient complete blood
DNA material in the biobanks or due to misdiagnosis of
CLL (patients with small lymphocytic lymphoma). In addi-
tion, three patients were excluded due to technically insuf-
ficient analysis. The final cohort consisted of samples from
17 patients [22, 23].

In another randomized trial, patients with CLL were di-
vided into three epigenetic subtypes (epitypes) with high
prognostic significance. These studies have shown that
the intermediate epitype is particularly common in pa-
tients with rearrangements 3-21 and high-risk immuno-
globulin lambdas variable (IGLVs), which affects their out-
comes. This study used a combined strategy to create an
epigenetic and light chain immunoglobulin (ELCLV3-21)
signature to classify 219 individuals with MBL. The high-
risk signature of ELCLV3-21 made it possible to identify
individuals with MBL who had a high probability of dis-
ease progression (39.9% at 5 years and 71.1% at 10 years).
ELCLV3-21 improved the accuracy of predicting time to
treatment in patients with MBL compared to other estab-
lished prognostic measures, including the International
Prognostic Index for CLL (c-statistic 0.767 vs. 0.668). A com-
parison of ELCLV3-21 risk groups among patients with MBL

and a cohort of 226 CLL patients showed that high-risk
individuals with ELCLV3-21 and MBL had a significant re-
duction in time to treatment (P = 0.003) and a decrease in
overall survival (P = 0.03) compared to low-risk ELCLV3-21
and CLL patients. These results highlight the effectiveness
of the ELCLV3-21 approach in identifying patients with a
high likelihood of an adverse clinical outcome. They may
provide a more accurate classification of individuals with
small B-cell clones [24].

In a cross-sectional study, A.C. Rawstron et al. studied
individuals at least 45 years of age who were HIV-1 seron-
egative from an established cohort of Ugandan popula-
tions from whom whole blood samples were taken. Also,
in the UK, blood samples were collected from people of
the same age and sex who did not have cancer and had av-
erage blood test results. Flow cytometry was used to de-
termine the presence of MBL in the specimens, according
to standard diagnostic criteria. Comparisons were made
between the proportion of cases with an MBL phenotype
characteristic of CLL and CD5-negative MBL and differenc-
es in the absolute number of monoclonal B-cells between
the two cohorts. Between January 15 and December 18,
2012, samples were collected from 302 volunteers from
Uganda and 302 from the United Kingdom, matching age
and gender. The overall prevalence of MBL was higher in
participants from Uganda (42 cases, 14%) than in the UK
cohort (25 cases, 8%; p=0.038). The CLL MBL phenotype
was identified in three (1%) participants from Uganda and
21 (7%) participants from the United Kingdom (p=0.00021).
All three participants from Uganda had absolute monoclo-
nal B-cell counts below one cell per pL. In comparison, 21
participants from the UK had an average absolute num-
ber of circulating tumor cells of 4.6 (interquartile range 2 -
12) cells per pL. The prevalence of CD5-negative MBL was
higher in the Ugandan cohort (41 cases (14%), of which two
(5%) also had the MBL phenotype, CLL) than in the UK co-
hort (six cases (2%), of which two (33%) also had the MBL
phenotype, CLL; p<0.0001). However, the median abso-
lute number of B-cells was similar (227 cells per pL (inter-
quartile range 152-345) in the Ugandan cohort versus 135
cells per pL (interquartile range 105-177) in the UK cohort;
p=0.13) [25].

CLL is much less common in Asians than in Cauca-
sians. In the previous stage of CLL development, known
as the MBL phenotype CLL (CLL-like MBL), the likelihood
of progression to CLL is low. MBL is classified as high or
low based on the number of clonal B-cells in the peripher-
al blood. Patients with high levels of MBL have a higher risk
of progression to CLL than patients with low MBL.

Unlike Caucasian populations, in which MBL is quite
common, Asian populations, including Japanese, have
a lower incidence of MBL. The exact reasons for the eth-
nic differences in the prevalence of CLL and MBL remain
unknown but may be related to the lower incidence of
MBL and the slower progression of CLL-like MBL in Asians.
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Therefore, studying the prevalence of MBL among Asian
populations may help to understand these ethnic differ-
ences and the mechanisms of CLL development.

This study was conducted among descendants of Jap-
anese immigrants living abroad, including the city of Séo
Paulo in Brazil. It involved 258 healthy Japanese adults
over 40, mostly without racial mixing. The study used
highly sensitive multiparametric flow cytometry (MFC) to
analyze clonal B-cells in peripheral blood. The study found
a low incidence of MBL, which precedes CLL, among the
descendants of Japanese immigrants living abroad. Pa-
tients with high MBL levels were rare; low MBL levels were
more common, but the risk of progression to CLL was low.
This supports the assumption of a lower incidence of MBL
and a slow progression to CLL in the descendants of Japa-
nese immigrants living abroad. These results may help to
understand better ethnic differences in the development
of CLL and its previous conditions, as well as shed light on
the mechanisms of the development of this type of leu-
kemia [26].

This review considers research on MBL and its relation-
ship to CLL. Studies conducted in different populations
have shown significant differences in the prevalence and
progression of MBL and chronic lymphocytic leukemia
(CLL). These differences are revealed not only between eth-
nic groups but also between patients with different epige-
netic profiles. In particular, a combined strategy to create
an epigenetic and light chain immunoglobulin (ELCLV3-21)
signature has demonstrated high prognostic significance.
It allows you to identify people with MBL who have a high
probability of disease progression, which improves the ac-
curacy of predicting the time to therapy compared to oth-
er prognostic indicators.

A study in Uganda and the United Kingdom found sig-
nificant differences in the prevalence of MBL between the
two populations. These results highlight the importance
of considering ethnic and geographic factors when stud-
ying MBL and CLL, as they can significantly influence the
prevalence and phenotypic characteristics of the disease.

Discussion:

This review examines modern approaches to diagnos-
tics and classification of MBL in detail, emphasizing the im-
portance of flow cytometry in identifying and differentiat-
ing its phenotypes.

Studies of MBL and its progression to CLL and other
lymphoproliferative diseases suggest that different bio-
markers and phenotypes play a crucial role in predicting
risk. The review presents data from the MBL, demonstrat-
ing heterogeneity with different profiles. The number of
clonal B-cells in the peripheral blood is one of the most
significant risk factors. A low MBL level, at which the
number of clonal B-cells is less than 0.5 x 10°/L, can re-
main stable for a long time. At the same time, high-grade
(HC) CLL type MBL (>0.5 x 10°/L clonal B-cells) can pro-
gress from a precancerous state to true CLL [11]. The pre-

diction of lymphoproliferative diseases such as CLL is
based on analyzing these clonal populations and their
characteristics. MBL is defined as a circulating popula-
tion of monoclonal B-cells below 5x10%/L (5,000/uL) per-
sisting for at least three months in otherwise asympto-
matic individuals [9, 10].

MBL phenotypes, as determined by flow cytometry,
also play an essential role in predicting the risk of pro-
gression to CLL and other lymphoproliferative diseases.
There are three types of MBCL: CLL-type, atypical CLL-
type and non-CLL-type. Each of these types has its own
unique immunological and clinical characteristics. The
expression of the CD5, CD19, CD20, and CD23 markers
characterizes the CLL-like phenotype. This phenotype
has the most significant risk of progression to CLL, an
atypical CLL-like phenotype expressing CD5, CD19, and
CD20 markers but not CD23. The risk of progression to
CLL is lower than that of the CLL-like phenotype but high-
er than that of the non-CLL phenotype; the non-CLL phe-
notype does not express the CD5 marker but expresses
CD19 and CD20. Associated with marginal zone lympho-
ma and has the lowest risk of progression to CLL. Deter-
mination of immunoglobulin light and heavy chains on
the surface of B-cells may help in predicting the risk of
progression. Kappa and lambda light chains and their ra-
tio and expression level may indicate clonality and possi-
ble disease progression [13-15, 18-21].

Mutations in the Immunoglobulin Heavy Variable
(IGHV) genes are an essential prognostic factor in MBL.
The presence of mutated or unmutated IGHV genes may
indicate a different risk of progression to CLL. Unmutated
IGHV genes are associated with a more aggressive course
of the disease and a higher risk of progression [18, 19].

Cytogenetic changes such as del(13q), +12, and del(17p)
are often found in patients with MBL and may be signifi-
cant for prognosis. The detection of del(13q) is usually as-
sociated with a favorable prognosis, del+12 may be associ-
ated with an intermediate prognosis, del(17p) is associated
with a more aggressive course of the disease and a worse
prognosis and is often found in patients with CLL [9, 11].

Conclusion: The present study confirms the impor-
tance of different types of MBL differentiation for accurate
diagnostics and prognosis. High-grade MBL, which has a
higher probability of progression to CLL, requires closer
monitoring. The detection of cytogenetic alterations such
as del(13q), +12, del(11q), and del(17p) early in clonal evolu-
tion emphasizes the need for early detection and surveil-
lance.

In contrast, MBL with low lymphocyte content pro-
ceeds more benignly and does not require as intensive
monitoring as MBL with high content. Differences in the
expression of surface markers between MBL phenotypes,
such as CD5, CD23, CD10, CD103, CD79b, and immuno-
globulin light chains, are critical to their classification and
determination of progression risk.
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The next stage of our study will be to examine archi-
val material from the last 15 years. We plan to determine
the number of patients with CLL, identify cases of genetic
predisposition and MBL, and estimate clonality. Our expe-
rience will also show how many patients with CLL had MBL
and what types of clonality were found.

Further studies are needed to understand better the
molecular mechanisms underlying the progression of MBL
to CLL and to develop better strategies to predict and pre-
vent this progression. Clinicians must be aware of the dif-
ferences between types of MBL and utilize appropriate di-
agnostic and monitoring techniques to ensure the best
patient outcomes.
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AHJATIIA

JIMUMOOIIPOJIMP®EPATUBTI AYPYJIAPJIBI BOJI’KAY JAFbI MOHOKJIOHAJIIbI
B /KACYHIAJIBI IUM®OLUTO3/1bIH POJII:
9/IEBUETKE IOJIY

A.T. Aybaxuposa'?, C.T. F'ab6acosa’, H.A. Ileposa®, K.T. Anumeazuesa®, A.b. Caméanduesa’

1«A.H. Cbi3raHoB aTblHgafbl ¥NTTbIK XMPYpPrus foinbiMu opTanbifbiy AK, Anmatel, KasakctaH Pecnybnmkachr;
2«Ka3ak OHKONOrust aHe pavonorus FuiNbIM-3epTTey MHCTUTYThI» AK, Anmatel, KasakctaH Pecny6nukacs!;
3«Ne7 Kananblk knuHukanblk aypyxaHay LXK KMK ICB, Anmartbl k., KasakcTaH PecnyGnukach

Oszexminizi: [ynuedxcysinix oencaynvix cakmay yuvimvl 2017 dcvinvl Kan aypyrapeinubly KeuOip myprepin dcikmey yulin eHeizeen
MOHOKIIOHANObL 8-dicacyuiansl aumpoyumos (MBKII) scikmeyoiy scana nepcnekmuganapoii auidaobvl, COHbIMEH Kamap KOCblMuld 3epmmeyoi
Kaolcem ememin mocenenepoi komepeoi. MBKJI sepmmeynepi ouaenocmura men 6aKbliayObl IcaKcapmy yuwin ome Manybl30bl, Oy cO3bLAMAbL
aumepoyumapnvik netikemusnst (XJ1JI) epme anvikmayza sicone anobiH any2a KOMeKmeceol.

3epmmeydiny, makcamul: MOHOKIOHANObL B dwcacywanst aumgoyumosoviy uUMMYHOGEHOMUNmiK acnekmiiepin JHcoHe CO3blLIMANb]
aumoyumapvl nelikozea auHaly Kaynin 6azanay.

AQoicmepi: Foinvimu scapusnanvimoapost manoay bapvicvinoa MBL cebenmepi scone onviy cll-men Oaiinanvicol Kapacmuipulivii, OCbl
2HCca20auAAPObIY UMMYHOGEHOMUNMIK acnekmiiepine nazap ayoapuliovl. O0eou depexmepoi sepmmey MBL-0iy CLL-2e omyine 6atiianvicmol
axmopaap, conviy iwinoe buomapkepiep Men kiuHuKkaivlk cunammamaiap mypaivl aknapam oepoi, 6yr MBL 6ap naykacmapoa nieiiko30biy
oamy Kaynin moavlk bazanay2a MymKiHOIKk 6epoi.

Homuoicenepi: MBL men CLL apacwinOazbl OauianbicKa Kamsicmsl KenmezeH sepmmeyiep maidanosl. Tanoay kepcemxendeu, MBL
kebinece CLL oamyvinan 6ypuin natioa 6onaovt, MBL kionOapsl KiuHukaivlk OuazHo30an oipueuie xcoll OypulH aHblkmanyvl Mymxin. byn MBL
oamy Kaynin anvlkmay yuiin epme duomapkep 001a aiavl 0e2er 2unome3sansl Koi0aiob.

Op mypai zepmmeyrep MBL oicone CLL mapanysl men Oamyvinoazvl aumapiblKmail dMHUKALLIK JHCOHE  2e02PaAPUsLbIK
AUBIPMAWBLILIKMAPObL Kopcemeoi. Byn ailblpMaubliblKmap dnueeHemuKaivly pakmopiapad, umMMyHo2100yaunniy e32epyine dcone 6acka
2EHEMUKANbIK epeKutenikmepee OAuIaHbICmbl 60LYbl MYMKIH. Byn allblpmawtblielkmaposl myciny nayuenmmepoiy dceke HcoHe NONYIAYUSLIbIK
epeKuenikmepin eckepemin 0d1ipex OUAZHOCMUKAIbIK HCOHE O0NANCAMObL MACIN0epOi a3Ipiey Yulin MAHbI30bL.

Kopvimuinowi: Kypeisineen manoay MBL men CL apacvinoazul 6atinanvicmul 0o0an opi 3epoeney, conoaii-axk MBL epme anvikmay yuwin
CcKpununemik bazoapramanaposl enzizy Kasaxcmarnoaael nayuenmmepOoiy 0012#cambl MeH 0eHCAYNbl2blH AUMAPAbIKIMA HCAKCaAPMa aiamulHbIH
Kopcemeoi.

Llony nomuoicenepi epme OUAZHOCMUKAHBIH JCOHE eMOey2e JHCeKe KOZKAPACMbIH MAHbL30bLIbI2bIH Kopcemeoi. Byn MBL-0iy CLL-2e emyine
J1coa bepmendi dcoHe 6i30iH endezi OeHCaynblK Cakmay Candcult JHeaKcapmaosi.

Tyiiin co30ep: MoHOKIOHANObBL 8 HCACYWATbL TUMPOYUMO3, COBLAMALbL TUMPOYUMAPTLIK TelKeMus, UMMYHOGeHomun, 0amy Kayni,
A2bIHObLK YUMOMEMPUSL.

AHHOTANUS

POJIb MOHOKJIOHAJIBHOTI'O B-KJIETOYHOT' O IMM®OLUTO3A
B ITIPOI'HO3UPOBAHUHN JIUM®OITPOJIUPEPATUBHBIX 3AB0JIEBAHU:
OB30P JIMTEPATYPbI

A.T. Aybaxuposa'?, C.T. F'ab6acosa’, H.A. Ileposa®, K.T. Anumeaszuesa’, A.b. Caméanouesa®

'AQO «HauuoHanbHbIl HayuHbIi LieHTp xupyprin M. A.H.CbI3TAHOBAY, Anmarsl, Pecnybnuka Kasaxcrak,
A0 «Kasaxckuit IHCTUTYT OHKONOMMM W pagvonoruny, AnMatsl, Pecnybnka Kasaxcran,
KM Ha MXB «opoackas knuHuyeckas GonbHuua Ne7» YO3 ANIMATbI, Anmartel, Pecnybnuka Kasaxcta

Axmyansnocmy: Monoxionanonviii B-knemounwiii aumpoyumos (MEKJI), ssedennviti Bcemupnoii opeanuszayueii 30pasooxpanenus
6 2017 200y 0na kiaccuurayuu HeKOmMopuvlX U006 3a00Ne8AHUL KPOBU, OMKDPbIGAEM HO8ble NePCneKmussbl 6 Kidccugurayuu, HO
maxaice noOHuMaem 6Onpocel, mpebdyrowue oanrvretiuieeo usyuenus. Mceneoosanus MBKJI umerom sascnoe 3navenue 0ns yayuueHus
OUASHOCUKY U MOHUMOPUH2A, YMO MOJCem CROCOOCMEO8AMb DAHHEMY BbIAGICHUIO U NPeOOMBPAUeHUI0 PA3GUMUSL XPOHUUECKO20
aumgoyumapnozo neiikosza (XJ1JI).

Llenv uccnedosanus — oyenumv UMMYHODeEHOMUNUYECKUE ACNeKMbl MOHOKIOHAIbHO20 B-kiemounoco aum@oyumosza u puck
npozpeccuposanius @ XpoHu4eckutl IUuM@Poyumapubvlil 1etKos.

Memoowr: B xooe ananuza Hayunwvix nyoiukayuil Obliu paccmompensvt npudunsl 603HukHogenuss MBEKJI u ezo ceésszo ¢ XJII, akyenmupys
BHUMAHUE HA UMMYHODEHOMUNULECKUX ACneKmax Oaunblx cocmosanuti. Hccinedogsanue aumepamypHulx OAHHbIX NPeOOCMABULO
ungopmayuio o pakmopax, ceszannwvix ¢ npoepeccuposanuem MBKJI ¢ XJIJI, éxniouas dbuomapkepsl u KIuHuvecKue Xapakmepucmuxu,
umo no380aun0 Gonee NOIHO OYeHUMb PUCK passumus nelkoza y nayuenmos ¢ MBKJI.

Pezynomamel: Buliu npoananuzuposanbl. MHO2OUUCIEHHbIE UCCIe008aHUs, Kacaowuecs ceazu medxncoy MBKJI u XV Ananusz
nokaszan, umo MBKJI wacmo npedwecmeyem pazsumuio XJIJI, npuuem knonvt MBEKJI mocym 6vime 0Onapysicensvl 3a 2006l 00 KIUHUYECKO20
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ouaenosza. dmo noomeepaicoaem cunomesy o mom, ymo MEKJI modcem cuysicumes pannum buomaprepom 0is 6blsi81eHUS PUCKA PA3GUMUSL.
Pasznuunvie ucciedoganus noouepKugaiom 3Havyumenbuble dMHUYECKUEe U 2eoepaguyeckue paziudus 6 pacnpocmpaneHHocmu u
npoepeccuposanuu MBKJI u XJI/I. Dmu pasnuuus moeym Ovimb C643aHbI € INUSEHEMUYECKUMU (YAKMOPAMU, UMMYHOLTOOYIUHOBLIMU
nepecmpoukamu u opyeumu eHemudeckumu ocobennocmamu. onumanue smux pasauquil 8axcHo 0as paspabomku Oonee mMouUHbIX
OUAZHOCIUYECKUX U NPOSHOCIMUYECKUX H00X0008, KOMOpble YHUmvleaion UHOUSUOYANbHbIEe U NONYIAYUOHHBIE 0CODEHHOCMU NAYUEHMO08.
Baknwuenue: IIposedennvlil anaius noxkaszvigaem, umo odalvHeliuee uzydenue cesizu medxcoy MBKJI u XJIJI, a maxoce enedperue
npozpamm ckpununea ois panneeo gviasienus MBKJI moeym cywecmeenno ynyuwums npoeho3 u 300posve nayuenmos ¢ Kazaxcmane.
Peszynomamul 0030pa nodueprkuearom 6adCHOCMb paHHell OUAZHOCIMUKU U UHOUBUOYAAbHOZO N00X00d K JeYeHUun. Dmo nomoxcem
npedomepamume npoepeccuposanue MBKJI ¢ XJIJI u nogvicums kauecmeo MeOuyuncko2o o0Cciyicueanus 6 nauiel cmpane.
Kntouesvie cnosa: MoHokaonanbholll B-kiemounutii iumMgpoyumos, Xxponuueckuii IuM@Boyumapuslil 1etiko3, UMMYHOGeHomun, puck
pazeumus, NPOMOYHAA YUTNOMEMPUS.
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PERSPECTIVES OF USING THE EXTRACELLULAR
NEUTROPHIL TRAP LEVELS IN COLORECTAL CANCER:
A LITERATURE REVIEW
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ABSTRACT

Relevance: This literature review evaluates an alternative type of neutrophil immune response — the ability for NETosis or forming
neutrophil extracellular traps (NETs). NETs influence the processes of carcinogenesis and cancer metastasis and play a role in the
formation of tumor microenvironment and tumor-associated inflammation. The study of netosis has provided a deeper understanding of
the mechanisms of intercellular interactions of the tumor microenvironment. NETs can also potentially become prognostic markers and
predictors of complications of antitumor treatment of various cancers, including colorectal cancer (CRC).

The study aimed to summarize and systematize the current information on NETs and the impact of this phenomenon on the course
of CRC and metastasis, as well as identify potential clinical points for using this marker in oncological practice.

Methods: The articles were searched and selected in Pubmed, Web of Science, Scopus, and RSCI databases by keywords among
articles published in the past 10 years.

Results: NETs play an important role in the immune response to tumor niches and the metastasis of various solid tumors. There
are data on the possibility of using NETs as a prognostic marker in various oncologic diseases. Experimental and clinical studies
showed a potential relationship between NET levels and chemotherapy resistance and the impact of chemotherapy on the incidence of
various complications. Chemotherapy with 5-Fluorouracil, according to the results of experimental studies, significantly increases the
formation of NETs. The influence on the mechanism of NET release showed limited clinical efficacy of chemotherapy in CRC patients

with PIK3CA mutation.

The phenomenon of NETSs is still poorly understood, and more studies are needed to widely implement this indicator into routine
practice; however, research in this direction has the potential to have broad prospects for clinical application.

Conclusion: Advances in immunology and the discovery of the netosis process have led to a deeper understanding of the mechanisms
of interactions in the tumor microenvironment. Studying this process may make it possible to control or predict cancer progression and

complications of antitumor treatment.

Keywords: neutrophil extracellular traps (NETS), netosis, colorectal cancer (CRC), oncology, immunology, biomarkers.

Introduction: Colorectal cancer (CRC) is among the
leading nosologies in the structure of cancer incidence
worldwide and in Kazakhstan. CRC ranks 3-4™ in prev-
alence, counting for 10% of all detected malignant ne-
oplasms, and 2" in mortality worldwide (ceding only to
breast cancer and lung cancer in these indicators) [1, 2].

In metastasis, tumor cells exhibit certain characteris-
tics, including increased expression of cell adhesion mol-
ecules, chemokine receptors, and strengthening of cy-
toskeletal changes that promote migration in response to
chemotactic signals to distant organs [3].

According to the literature, up to 25% of all tumors
could result from chronic inflammation, likely to generate
chemoattractants that promote tumor cell proliferation,
adhesion, and migration. Neutrophils play a key role in the
immune response process and, according to some stud-
ies, accumulate in the pre-metastatic organs in increased
numbers [4, 5].

Apart from the well-known phagocytosis mechanism,
neutrophils can form sticky, web-like structures from
decondensed chromatin filaments, containing an abun-
dance of histones and proteins from neutrophil granules

called the neutrophil extracellular traps (NETs). Studies
suggest that NETs play a role in carcinogenesis and can-
cer metastasis [6].

Forexample, D. Lin et al. showed a connection between
the formation of NETs in the vessels of the microcirculato-
ry bed under the influence of systemic inflammation with
the subsequent capture of cancer cells in the process of
netosis in both the liver and lungs [7]. Intravascular neutro-
phil extracellular traps can increase vascular permeability,
promoting the extravasation of immune and tumor cells
from blood vessels to organs, thus providing the basis for
hematogenous metastasis.

Some studies have also shown that body stress due to
surgical treatment can contribute to cancer spread, possi-
bly associated with an inflammatory process [8].

In addition, staining of tissue samples from patients
with CRC using immunohistochemical methods revealed
the presence of NETs in both the primary tumor and re-
gional affected lymph nodes [9].

Based on these data, it can be assumed that NETs po-
tentially play a role in the provision of proliferative signals
and may be involved in colon cancer metastasis.
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The study aimed to summarize and systematize the
current information on NETs and the impact of this phe-
nomenon on the course of CRC and metastasis, as well as
identify potential clinical points for using this marker in
oncological practice.

Materials and methods: We searched and selected ar-
ticles published in the past 10 years using keywords in Pu-
bmed, Web of Science, Scopus, and RSCI databases. We
selected and analyzed 50 articles and generalized the rel-
evant data in a review.

Results:

Molecular mechanisms of formation of neutrophil extra-
cellular traps.

The process of NETs formation is known as netosis. In-
itially, netosis was called a new type of protective neutro-
phil death, but later, it was found that pathogenic stimu-
lation can also cause viable and rapid production of NETs
without affecting neutrophil viability [10].

In a further study of the mechanisms of netosis in order
to clarify the mechanism of NETs formation, M. Ravindran
et al. suggested two ways of netosis formation:

1) NADPH-oxidase (NOX)-dependent and lytic forma-
tion of NETSs;

2) NADPH-oxidase (NOX)-independent nonlytic forma-
tion of NETSs [11].

The first NOX-dependent lytic mechanism of netosis
begins with recognizing pathogens or activating various
receptors, including Toll-like receptors (TLRs), antibody
fragment receptors, complement receptors, and others.
Activation of these receptors eventually leads to the for-
mation of reactive oxygen species that can stimulate the
PAD4 enzyme, which leads to the decondensation of nu-
clear chromatin. Besides, the neutrophil granule protein
myeloperoxidase promotes the translocation of neutro-
phil elastase into the nucleus, which promotes chroma-
tin decondensation, nuclear membrane destruction, and
chromatin release into the cytosol, where cytosol and
granule proteins are attached to the DNA. Ultimately, NETs
are released with the membrane destruction followed by
neutrophil death [12].

Several studies found that the formation of NETs can
occur independently of cell death, which was later speci-
fied as the vital or nonlytic mechanism of netosis. As a rule,
this mechanism is characterized by the lack of participa-
tion in the NOX pathway and does not lead to oxidant for-
mation (reactive oxygen species, ROS) [13].

The main difference between the lytic and nonlytic
mechanisms of netosis is that nonlytic netosis occurs with-
in minutes of stimulation without forming reactive oxygen
species, while lytic netosis requires several hours of stim-
ulation and ROS formation. The netosis nonlytic mecha-
nism is activated by bacteria, platelet bacterial products,
or complement proteins [10].

In both mechanisms of netosis, the chromatin decon-
densation and translocation of neutrophil granule elastase
occur similarly. However, chromatin “encrusted” by bacte-
ricidal proteins is released by rupture of the nuclear enve-
lope rather than by apparent destruction of the nuclear
membrane. Nuclear membrane rupture and vesicle-medi-
ated extracellular transport of NETs occur independently

of plasma membrane disintegration [14, 15].

Scientists have connected the NETs formation with
the pathogenesis of many gastrointestinal tract diseases,
including inflammatory bowel disease, liver disease, and
acute pancreatitis [16, 17]. Over the years, NETs have been
associated with various types of cancer, suspecting their
involvement in tumor growth or destruction, depending
on the type of cancer, the state of the immune system, or
the tumor microenvironment [18-20].

Consequently, NETs and their role in the immune re-
sponse are also the object of active study in a wide range
of nosologies, including cancer diseases.

The role of NETs in the microtumor microenvironment.

The tumor microenvironment is a complex environ-
ment that includes an extracellular matrix, microcircula-
tion vessels, inflammatory factors, and immune cells, in
which tumor cells proliferate and gain the ability for met-
astatic growth [21].

One microenvironment component is tumor-infiltrat-
ing immune cells such as neutrophils, which are involved
in various stages of tumor genesis and can be divided into
N1/N2 subtypes according to different functions and phe-
notypes. In light of the rapid growth of tumors and subse-
quent local necrosis caused by insufficient blood supply
or treatment, a large number of inflammatory factors and
damaging molecular patterns are discharged [22]. Neutro-
phils are mobilized into the tumor microenvironment un-
der the influence of various pro-inflammatory factors, such
as the cytokines CXCL1, IL-8/CXCL8, and CXCL12, comple-
ment proteins C3a and C5a, and lipid metabolism metab-
olites LTB4 [23-24]. These pro-inflammatory factors induce
the formation of NETSs to a certain extent. Besides, damag-
ing molecular factors produced by necrotic cells in the mi-
crotumor environment induce TLR activation-dependent
netosis. Clinical methods of treatment, such as radiothera-
py and chemotherapy, can directly or indirectly induce ne-
tosis, which contributes to resistance to therapy [25-26].

NETs networks can promote tumor progression by in-
hibiting the proliferation, activation, and function of CD8+
T cells and NK cells. In addition, NETs can carry the pro-
grammed cell death ligand-1 (PD-L1) from the neutro-
phils surface, which is involved in immune regulation as
an inhibitory component in the immune microenviron-
ment. Based on this, inhibition of netosis can be an addi-
tion to immunotherapy. Besides, NETs can promote tumor
growth, change the metabolism of tumor cells, and pro-
mote tumor metastasis by capturing cancer cells or direct-
ly binding to nucleic acid receptors on the tumor cell sur-
face [27, 28].

Summarizing all aforesaid information, NETs play an
important role in carcinogenesis and forming the tumor
microenvironment, potentially impacting the clinical as-
pects, such as immunotherapy of malignant tumors.

The role of NETs in the pathogenesis of various types of
cancer.

Elevated NETs levels in blood plasma have been ob-
served in patients with various types of cancer, including
lung, pancreatic, and bladder cancer [17-20, 29].

According to experimental studies, it was assumed
that cancer cells can independently induce the NETs for-
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mation, which in turn promotes further adhesion and
growth of cancer cells in breast cancer metastases to the
lungs. A higher level of netosis was also revealed in breast
cancer metastases to the liver, and NETs level in blood se-
rum showed the prognostic value of this indicator as a
risk factor for liver metastases in patients with early stag-
es of breast cancer. It was also found that the CCDC25
transmembrane protein of breast cancer cells can recog-
nize distant NETs and attract the tumor cells in response
to this [28].

In vitro experiments have shown that NETs can induce
invasion and migration of breast cancer cells and subse-
quent digestion of NETs by DNase I-coated nanoparticles,
as well as reduce metastasis of breast cancer cells to the
lungs in mice [30].

The NETs formation is observed in pneumonia caused
by exposure to smoke or nasal instillation of lipopolysac-
charide in animal models. The NETs-related proteases,
neutrophil elastase, and matrix metalloproteinase 9 can
break down basal laminin and thus promote the growth of
“dormant” cancer cells by activating alpha-3 beta-1 inte-
grin signals. NETs can act as a trap to capture the circulat-
ing cancer cells in the microcirculatory bed of organs dis-
tant from the primary tumor focus. In a mouse model of
sepsis, circulating lung carcinoma cells have been report-
ed to be retained by NETSs in liver microcirculation vessels
and cause metastatic lesions following injection of tu-
mor cells. Besides, treatment with DNase or a neutrophil
elastase inhibitor showed a trend towards a reduced risk
of cancer metastases spread. The neutrophil subpopula-
tion with high CD16 counts and low CD62 counts has a
higher ability to produce NETs, and in patients with squa-
mous cell carcinoma of the head and neck, this subpopula-
tion shows better survival. Another study showed that tu-
mors can release granulocytic colony-stimulating factors
into the bloodstream and promote the accumulation of in-
tra-tumoral NETs and tumor growth, stimulating the circu-
lating neutrophils [31].

The blood samples analysis revealed elevated levels of
NETs in patients with gastric cancer (GC). The results indi-
cate a higher diagnostic value of NETs compared to such
tumor markers as carcinoembryonic antigen (CEA) and
carbohydrate antigen 19-9 (CA 19-9).

These data indicate the key role of NETs in the GC car-
cinogenesis. Another study reported that low-density neu-
trophils (LDNs) from postoperative lavage generate huge
NETs in vitro culture. Moreover, the co-transfer of perito-
neal LDNs with human GC cells enhances the peritoneal
metastatic spread in vivo [32].

Indicatively, detecting NETs levels at an early stage of
tumor development or premetastatic stage can help pre-
dict the severity of disease progression, and targeting the
impact on NETs with specific inhibitors could potentially
help to control the tumor growth and synergized with oth-
er antitumor treatments [27, 28, 33, 34].

The role of DNase and PAD4 inhibition on NETs levels in
various cancer types.

Given the role of NETs in cancer progression and me-
tastasis, the possibilities of blocking the process of netosis
have been studied. The most convenient target for that is

the extracellular part of DNA. The use of DNase enzymes
led to a decrease in netosis. There is also data on the re-
duction of lung metastases in mouse models using these
drugs [29].

Currently, DNases are applied in a fairly limited number
of cases; for example, inhaled forms of DNases are used for
cystic fibrosis and help reduce sputum viscosity through
NET destruction. The DNase preparations are not recom-
mended for systemic use due to marked toxicity during
parenteral use [35].

The potential use of DNase preparations is limited due
to a small amount of available data. But despite this, there
are studies on the use of DNase in thrombosis associat-
ed with cancer [36, 37], and there are data on the success-
ful local use of DNase in cancer, in particular, based on the
data obtained by researchers from Spain who used this
drug on urothelial bladder cancer cells in vitro [38].

Inhibition of PAD4 in experimental models also demon-
strated the interruption of the netosis process. For exam-
ple, prostaglandin E2 and chlorine inhibit tumor-induced
netosis, reducing cancer patients’ blood clots [39].

It is worth noting that no drugs would have a selective
effect on NETs without affecting the immune system in the
form of excessive immunosuppression orimmune stimula-
tion, and the issue of developing such drugs remains open.

Involvement of NETs in CRC progression and metastat-
ic spread.

Several studies have confirmed that patients with CRC
can excrete elevated levels of NETs in vivo and in vitro,
which are mainly scattered in the primary tumor foci and
along the CRC tumor margin [9, 40].

Despite the widespread use of chemoradiothera-
py and screening programs for early detection of CRC,
about half of patients who undergo therapeutic resolu-
tion resection develop metastatic disease. Accumulated
data suggest that preoperative systemic inflammation
may be involved in CRC recurrence after the surgical re-
section. In addition, several mouse models and human
observational studies have demonstrated the potential
prognostic value and association of NETs with the pro-
gression of CRC. Recurrence and metastasis may be as-
sociated with NETs production due to perioperative sys-
temic inflammation, such as sepsis or NETs production in
a surgical wound [41].

Several mechanisms have been proposed that can trig-
ger the formation of NETs in the CRC microenvironment.
For example, polyphosphate (polyP) expressed by CD68+
mast cells has been shown to stimulate neutrophils to
form NETs in CRC ex vivo. Activation of the mutated KRAS
gene regulates the oncogenic malignant transformation
followed by the proliferation of cancer cells through ac-
tivation of the RAS/MAPK signaling pathway, which oc-
curs in 40-50% of CRC cases. Malignant cells can secrete
exosomes to control the cellular microenvironment, and
studies have shown that CRC cells with the KRAS mutation
can transfer this mutation to neutrophils via exosomes,
which induces neutrophil mobilization and subsequent
formation of NETs by increasing interleukin-8 (IL-8) levels
both in vivo and in vitro. The production of elevated levels
of IL.-8 and the formation of NETs may stimulate CRC cell
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proliferation and ultimately worsen the course and prog-
nosis in that category of patients [40, 42].

Effect of IL-8 and the microtumor environment on ne-
tosis in CRC.

It is known that IL-8, through its CXCR1 and CXCR2 re-
ceptors, attracts neutrophils and other myeloid leukocytes
to the site of infection. IL-8 acts as a multifaceted chemot-
actic stimulus used by the tumor to simultaneously induce
transmigration and angiogenesis. IL-8 released by tumor
cells can also promote their survival and proliferation by
activating the autocrine system, promoting the angiogen-
esis and tumor infiltration of neutrophils.

In some studies, IL-8 has been shown to promote angi-
ogenesis and cancer metastasis by directly stimulating the
formation of NETs through activation of the Src, ERK, and
p38 signaling pathways. NETs can directly stimulate the
TLR9 pathways, affecting cancer progression. The mye-
loid suppressor cells expressing CXCR1 and CXCR2 are also
stimulated by IL-8. This increases the NET levels, which, in
turn, can capture the tumor cells [43].

R.F. Rayes et al. found that serum levels of IL-8 and its
receptor CXCR2 have been significantly elevated at differ-
ent stages of CRC compared to normal samples. Secret-
ed IL-8 significantly stimulates proliferation, penetration,
and migration and enhances the angiogenesis around the
tumor. Moreover, IL-8-stimulated neutrophils secreted by
NETs contribute to further invasion and proliferation of
CRC [44].

It has been established that the formation of NETs not
only enhances the proliferation of CRC cells but also stim-
ulates the process of metastatic spread. NETs promote the
adhesion of circulating tumor cells to the hepatic or pul-
monary endothelial surface and thus enhance the migra-
tion of CRC cells to major vital organs and prognostically
significant areas of the body, such as the liver, lungs, and
peritoneal cavity. According to population studies, about
25-30% of patients with colon cancer develop concomi-
tant liver metastases, and most of them have a significant
elevation of NETs formation [45-49].

NETS are not cytotoxic for CRC cells captured in the liv-
er. However, they can increase their malignant potential by
stimulating the tumor production of IL-8, which, in turn,
stimulates the formation of even more NETSs, creating a vi-
cious cycle provoking the progression of liver metastases
[45]. In addition, the NETs-associated cell adhesion mole-
cule 1 (CEACAM1), bound to carcinoembryonic antigen
(CEA), has been shown to stimulate the movement of CRC
cells to the liver both in vitro and in vivo [46].

Alongside the anatomical and above-mentioned im-
munological prerequisites for CRC metastasis to the liver,
dysregulation of the intestinal microbiota also plays an im-
portant role in the progression process. Numerous stud-
ies have found a relationship between certain strains of in-
testinal bacteria (e.g., pks + E. coli and Bacteroides fragilis)
and the occurrence of CRC, and intestinal bacteria trans-
location is commonly observed during the CRC progres-
sion. The intestinal microbiota forms the tumor microen-
vironment through direct contact with immune cells or
through its functional metabolites. However, the question
of how the intestinal microbiota contributes to CRC me-

tastasis remains controversial. Meanwhile, recent studies
have revealed the spread of bacteria from the intestinal lu-
men to the liver, suggesting intestinal microbiota’s role in
forming tumor niches. Protumor pre-metastatic niches in
the liver are characterized by infiltration of immunosup-
pressive cells and reinforcement of pro-inflammatory im-
mune responses [47].

Discussion: The study of NETs is one of the promis-
ing areas of oncology and immunology, which pushes us
to look for clinical points of application for the phenom-
enon of netosis and the regulation of the activity of this
process. Given their role in carcinogenesis and metastasis,
NETs may play a role in personalizing treatment based on
NETs levels and influence the course of systemic therapy
for CRC.

According to the results of experimental studies con-
ducted by L. Basyreva et al. [48], during prolonged incu-
bation of whole blood with free 5-fluorouracil (5-FU) at
certain concentrations, the chemotherapy drug has con-
tributed to a significant NETs release (the maximum num-
ber of NETs was formed at a concentration of free 5-FU of
0.1 pg/ml during incubation from 2 to 3 hours). The au-
thors considered an increase in the number of NETs com-
bined with an unchanged total number of leukocytes to
be a manifestation of vital netosis. The authors suggest
that the release of mitochondrial DNA forms NETs, and
neutrophils retain the nucleus and remain alive. It is re-
ported that about 3% of the cells could generate more
than one NETs from a single cell. In this experimental work,
it was also demonstrated that the application of 5-FU coat-
ed with composite polymer nanoparticles significantly re-
duces netosis.

In the studies of Mousset et al. [25, 50], the follow-
ing hypothesis has been expressed: strategic exposure
to NETs is a promising direction for identifying combi-
nation therapies that can help counter resistance or in-
crease the effectiveness of chemotherapy, as well as lim-
it the complications caused by that type of treatment. In
this experimental work on mouse models, the elevation of
renal parameters levels, such as creatinine and urea, was
noted during treatment with cisplatin, which may suggest
the development of acute kidney injury. In the course of
the experimental work, the studied mice showed an in-
crease of the neutrophils levels that form NETs in the kid-
neys of mice treated with cisplatin, and that NETs targeting
not only restored the sensitivity of cancer cells to chemo-
therapy but also significantly improved the kidney func-
tion. According to the authors, these findings are consist-
ent with the results of similar studies and may confirm that
the side effects of chemotherapy in the form of acute kid-
ney injury are partially mediated by NETs generated in re-
sponse to treatment.

In the work of Li Y. et al., the role of NETs in the course
of chemotherapy for CRC was studied. These researchers
studied treatment using a glutaminase inhibitor (CB-839),
which inhibits the NETs formation, and 5-FU chemother-
apy in CRC with PIK3CA mutation, which is found in 30%
of patients. The researchers chose this molecular type of
tumor because, in previous experimental work, the infil-
tration of the tumor with NETs was significantly lower [49].
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The combination of NETs inhibitors and 5-FU induces
IL-8 expression in tumor cells, which attracts neutrophils to
the tumor niche. This combination also increases the level
of reactive oxygen species in neutrophils, inducing the for-
mation of NETs. The NETS-bound cathepsin G (CG) enters
the cancer cells via the receptor for advanced glycation
end (RAGE), after which CG can break down the seques-
tration protein 14-3-3¢, releasing the active Bcl-2-associat-
ed protein X (Bax), which in turn activates the apoptosis
pathway.

Thus, in the context of CRC, NETs have shown a syner-
gizing role in conjunction with antitumor chemotherapy.
Thus, A. Mousset et al. mentioned the previous phase 2
clinical trials using this drug regimen, which did not have
positive results [51] since the study sample did not have
objective answers, despite the positive relationship be-
tween the NETs level elevation and prolongation of pro-
gression-free survival in tumor biopsies after conducted
treatment.

Accordingly, the complexities of converting promising
pre-clinical results into successful clinical outcomes high-
light the need to consider factors such as patient hetero-
geneity, tumor-specific characteristics, and sample size.

One of the other clinically relevant treatment-limiting
side effects of chemotherapy is chemotherapy-induced
peripheral neuropathy. In the course of research conduct-
ed by C.Y. Wang et al., mice treated with oxaliplatin chemo-
therapy have been shown to have NETs accumulation in
the dorsal radicular ganglia and extremities, which dis-
rupts the microcirculation. In turn, inhibition of NETs for-
mation successfully counteracted the chemotherapeutic
hyperalgesia and restored the peripheral microcirculation
[52].

A. Mousset et al. concluded that a combination of con-
trol of NETs levels and a targeted effect on their formation
in the blood can potentially:

1. Reduce the serious side effects of anticancer therapy
in the conditions, such as acute kidney injury, chemother-
apy-induced neuropathy, and potentially gastrointestinal
complications, all of which may be a reason for discontinu-
ation of systemic therapy;

2. Predict the development of chemoresistance;

3. Reduce the time spent on chemotherapy and influ-
ence the effectiveness of treatment [25, 51].

In summary, it should be highlighted that despite the
relevance of netosis, this phenomenon is still poorly un-
derstood. In order to extend our understanding of the role
of NET formation, more experimental studies are neces-
sary. The number and quality of clinical studies of this phe-
nomenon in malignant neoplasms at the moment may
not be enough for the widespread introduction of NETs as
a marker for the prognosis of the course of cancer or its
treatment. However, considering the promising results of
the existing work, research in this direction could poten-
tially have broad prospects for clinical application.

Conclusion: The development of immunology and the
discovery of the process of netosis made it possible to bet-
ter understand the mechanisms of intercellular interac-
tions of the tumor microenvironment. A thorough study
of each step of this process can help to find the leverag-

es and targets to control and prevent tumor progression.
Also, the NETs levels can potentially become the markers
for prognosis of the course of cancer and perhaps even be
a predictor of complications of antitumor treatment. The
future outlook and lack of studies on this phenomenon are
considered topical issues in immunology and oncology.
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AHJIATIIA

KOJIOPEKTAJIBJIbI KATEPJII ICIKKE )KACYIIAJAH ThIC HEUTPO®WIBLI TY3AK
JEHTEMJIEPIH KOJIJIAHY KEJEIIETT:
OJIEBUETKE LIOJY

II.C. Hypanw', K.T. Illakees', E.M. Typzvinos', O.A. Ilonomapesa', H.A. Kabunouna', H.M. Omaposa’, A.B. Ozuzbaesa’

I«KaparaHabl MeguumHanelk yHueepeuteTi» KEAK, Kaparatgpl, Kasakcta Pecnybnmkacsl;
2«Kaparanbl k. Ne3 kencanans! aypyxaHax, Kaparanpel, KasakctaH Pecnybnmkack

Couikecmik: Byn scymvicma Hetlmpoghunoepoiny uMMYHObIK peaKyuscelibly Oaiama mypi-nemo3s2a Kabiniemminik Hemece HedcyuadaH mulc
«mysakmapowiyy naioa oonyein (KTT) 6azanayea bazeimmanzan 3epmmey ycvinvinean. K1T xamepni icik kanyepoeenesi men memacmas
npoyecine ocep emeoi, iCik MUKPOOPMACHIHbIY HCOHe ICIKNEeH DAUIaHbICIbl KaDLIHYObIY KATLINMACYbIHOA poni amKkapaosl. Hemos npoyeciniy
3epmmenyi iCik MUKPOOPMACHIHbIH JCACYULAAPATbIK 03aPd SPeKemmecy Mexanusmoepin mepenipek mycinyee mymxinoix 6epoi. KTT convimen
Kamap apmypii OHKOIO2UALBIK, AYPYLAPOblY, COHOAU-AK ocipece KOIOPeKManbObl Kamepai icikmiy 601xcamobl benzinepi 001yl MyMKiH, minmi
icikke Kapcol emOeyOil aACKbIHYAAPbIHbIY DONCAYULLICHL OOTYbl MYMKIH.

3epmmeydin maxcamot — Oy 90ebuem wony KTT botivina akmyanbObl MOTIMem HCyleney2e HOHe HCAANbLIAY2d, HCIHE OCbl (PeHOMEHHbIH
MoK dicone mik iuek 00vipbl azviMbina ocep emyine apnanean. Ocvl MapKkepOin OHKONO2UANBIK NPAKMUKAOA NOMEHYUANObIK KIUHUKATLIK
KONOAHYbll AHLIKMAY YULIH JHCACATbIHEAH.

Aoicmepi: Pubmed, Web of Science, Scopus, PUHI] 6aszanapeinbiy iuiinen myiiin ce30ep O0ubIHUA [30€]1y HCOHe MAL0AY HCACANbIHObL, OCbL
a0ebuem wionviHa Keuinzi 10 Hcbli0bIH KONeMIHOe Kip2eH HCYyMbLCImAp ATbIHObL.

Homuocenepi: JKTT icikmix oublKua UMMYHObIK PEAKYUSHbL KATLINMACMBIPYOd JHCOHe dpmypii coauomi icikmepoiy memacmas oepy
npoyecinoe mayvi30bl pon amkapaos. KT THvl opmypai OHKOI02UANBIK AypYLapOa 60AHCAMObL MAPKep peminoe Nauoaiany MyMKiHOieli mypanvl
odepexmep bap. Conoaii-ax, IKCHePUMEHMMIK JCOHe KIUHUKANbIK 3epmmeynep dcypeizindi, onap KTT Oeneeiinepiniy vikmuman 6aiianbiCobiH
JHCOHe XuMuomepanusaa me3iMOLIIKmiy KaiblnmacyvlH, COHOAU-AK XUMUOMEPANUAHbIY OPMYPILi ACKbIHYIAPbIHbIY MHCULTI2IHe dCepiH Kopcemmi.
Drenepumenmmix dHcymvicmapoviy Homudicenepi bouviHwa S-¢pmopypayuimen xumuomepanuscel JKTT mysinyin edoyip apmmuoipaosi. XTT
6ocamy mexanusmine ocepi PIK3CA mymayusicer 6ap xonopekmanvbOsi 00vip Oap nayueHmmepoe Xumuomepanus xicypeizyoe uiekmeyiui
KIUHUKATILLK, MUIMOLTIKME Kopcemmi.

JKTT henomeni oni Oe dcaxcol 3epmmenmeze Hcone Oy KOPCemKiumi KyHOeaikmi moxcipubeze eneisy yulin kobipek sepmmeynep Hcypeizy
Kaolcem, 0eceHMeH, 0cbl bazvimmasel 3epmmeyiep KIUHUKAbIK KOLOAHY YUWIH KeleweKkme YiKeH Homudiceaepae ue 60xybl MyMKIH.

Kopoimuinowvr: Hymmynonocuanvly 0amybvl Jcone Hemo3s npoyeciniy aubliysl icik MUKPOOPMACbIHOA2blL 03A4PaA dPEeKemmecy Mexanusmoepin
mepenipex mycinyee MymKiHOik 6epoi. byn npoyeccmi 3epmmey OHKOLO2USLIBIK AYPYLapOblH OAMYbIH HCOHE ICIKKe KApCbl eMOeyOil ACKbIHYIAPbIH
baxwvlrayza nemece 60HCaAy2a MyMKIHOIK bepeoi.

Tyuiinoi cozoep: dcacywadan meic HeUMpo@Puiboi my3aKmap, Hemo3s, KOIOPeKmAanbObl Kamepii iCiK, OHKONO2US, UMMYHOLO2UI,
buomapkepep.

AHHOTANUSA

NEPCHEKTUBBI IPUMEHEHMS YPOBHEN BHEKJIE-TOYHBIX HEUTPO®HWUJIBHBIX
JIOBYHIEK ITPU KOJIOPEKTAJIBHOM PAKE:
OB30P JIMTEPATYPbI

HI.C. Hypanw', K.T. llaxees', E.M. Typeynos', O.A. Honomapesa', H.A. Kaounouna', .M. Omaposa’, A.B. Ozuzbaesa’

'HAO «KaparaHauHcknit MeauumHekuii YHuBepcuteTy, Kaparasaa, Pecnybnvka KasaxcraH,
KM Ha NXB «MHoronpocunbHas GonbHuua Ne3 r. Kaparanabl», Kaparanaa, Pecnybnvka KasaxcraH

Axmyanvnocme: B oannoil pabome npedcmasiena oyeHka 603MONCHOCIU AlbMEPHAMUBHO20 8UOA UMMYHHO20 OMEema Helumpopuios —
cnocobHocmu K Hemo3y, Ui e 00pa306aHuIo «eHeKaemoynbix nosgyuieky (BHJI). BHJI okasvieaiom 6nusiHue HA Npoyecchl KAHYepoeHesa u
Memacmasuposanus pakd, ueparom poib 8 hPOPMUPOSAHUL ONYXOIEE020 MUKPOOKPYICEHUSL U ONYXOLb-ACCOYUUPOBAHHO20 8ocnanenus. H3yuenue
Hemo3a no360aUNI0 yoIHce NOHAMb MEXAHUZMbL MENHCKIEMOYHBIX 63AUMOOCICMEUL ONYX0E8020 MUKPOOKPYHceHus. BHI makoice nomenyuanbHo
MO2ym cmamb MApKepamu NPOSHO3A MeUeHUs U NPeouKmopam OCLONCHEHUL NPOMUBOONYX0NEE020 NIeUEHUs PA3IUUHBLX OHKOLOSUYECKUX
3abonesanull, 8 Mom yucie koropekmaavHo2o paxa (KPP).

Lenv uccnedosanusn — 0606wenue u cucmemMamusayus AKMYarbHol UHGOPMAYUU NO BHEKIENMOUHbIM HEUMPODUILHbIM TOGYUKAM, UX
BIUAHUIO HA MeYeHUe U NPOYecc Memacmasupo8aniis KOIOPEeKMAalbHO20 PAKA U 03MONCHOCIU NPUMEHEHUS. 8 KIUHUYECKOU NPAKMUKe.

Memoowr: Ilpousseden nouck u ombop cmameil 6 bazax Ooanuvix Pubmed, Web of Science, Scopus, PUHL] no kiwouegvim cirogam
uccnedosanus; 6 0030p ObLIU GKIIOUEHbL cCMambl 0agHocmulo He bonee 10 nem.

Pesynvmamur: BHJI uzparom 8ajxcuyio poib 8 UMMYHHOM OMEeme HA ONyX01e6ble HUWIU U NPOYecc Memacmasupo8anus PA3IudHbIX
conuonwlx onyxoneil. Umeromes dannvie 0 803MOdCHOMCMU ucnonv3oéanus BHII 6 kauecmee npocHOCMuUYecko2o Mapkepa npu pasiuyHblx
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OHKONIO2UHECKUX 3a0071e6aHUAX. DKCNepUMenmanbhble U KIUHUYECKUe UCCIe006aHUs NOKA3ANU NOMEHYUANbHYI0 63AUMOCEA3b YPOGHEell
BHJI u opmuposanus pesucmenmuocmu K Xumuomepanuu, a maxice GAUAHUS XUMUOMEPANUU HA YACTNONY DA3TUYHBIX OCIOHCHEHUI.
Xumuomepanus 5-Pmopypayuiom, no pe3yibmamam 3KCnepuMeHmaibHulX pabom evlpasdcenHo nogviwaem obpaszosanue BHJI. Bruanue na
Mexanusm 6vic6000coenuss BHII noxkasano oepanuienyio kKaunuueckyio sQpghekmusnocms npu npogedenuy XuMuomepanuu y Nayuenmos ¢
KPP ¢ mymayueii PIK3CA.

@enomen BHII sce ewe nedocmamouno usyueH, u HeoOX00uMo nposedenue O0nbulec0 KOAUYeCmEd UCCAeO08aHUL OISl UWUPOKO2O
8HEOpeHUA 31020 NOKA3AMEN 8 DYMUHHYIO NPAKMUKY, 0OHAKO UCCIe008AHUS 6 OAHHOM HANPABIEHUY NOMEHYUANLHO MO2YN UMEMb WUPOKLE
nepcnexmuebl 0 KIUHUYECKO20 NPUMEHeHUS.

3axnwouenue: Pazsumue uMMyHOIO2UU U OMKPbIMUE NPOYECCd HEMO3d NO360NUNO 27yDdce NOHAMb MEXAHUSMbL 63AUMOOeCMEUll 6
onyxonesom MuKpooKpyscenuu. Uszyuenue smozo npoyecca moxcem no3601uns KOHMpOIUposams aub0 npoeHo3uposamy npocpeccuposaniie
OHKONI02UHECKUX 3A001€6AHULL U OCILONHCHEHUTI NPOMUBOONYX 018020 IeHeHUs.

Knwuesvte cnosa: snexiemounvie neumpoghunvhvie nogywru (BHJI), nemos, xonopexmanvnuiii pax (KPP), onkonoeus, ummynonrocus,
buomaprepeoi.
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DIAGNOSTIC AND PROGNOSTIC SIGNIFICANCE
OF EPSTEIN-BARR VIRUS
AND HUMAN PAPILLOMAVIRUS ASSOCIATED
WITH THROAT CANCER:
A LITERATURE REVIEW

N.V. SLONEVA', G.B. ADILBAYEV", E.B. KISMAYEV", O.B. YESHNIYAZOV', G.ZH. KYDYRBAYEVA'
'Kazakh Institute on Oncology and Radiology, Almaty, the Republic of Kazakhstan

ABSTRACT

Relevance: Pharyngeal cancer (PC) is a malignant neoplasm in the oropharynx and nasopharynx associated with Epstein-Barr
viruses (EBV) and human papillomavirus (HPV). Both viruses have oncogenic potential, affecting the pathogenesis of PC.

EBV, which infects more than 90% of the population, can cause various benign and malignant diseases. HPV, especially types 16 and
18, is the main oncogenic factor of oropharyngeal cancer (OPC). The E6 and E7 proteins produced by HPV disrupt the action of tumor
suppressors p53 and Rb, which leads to uncontrolled cell proliferation.

EBV activates latent proteins and regulates the immune response, whereas HPV affects cell cycle control by inactivating p53 and Rb.
HPV-induced PC has a better prognosis compared to EBV-associated cancer due to higher sensitivity to treatment.

The study aimed to systematize literature data on assessing the diagnostic and prognostic significance of EBV and HPV associated
with PC and improve programs for early diagnosis and primary prevention of head and neck tumors.

Methods: Since 2015, a literature review has been conducted on the study’s keywords in the PubMed and MedLine databases.

Results: Studies show that EBV and HPV are important in the diagnosis and prognosis of PC. The EBV presence in tumor cells
can mark a more aggressive course of the disease. However, in some cases, it is associated with better treatment results. Patients with
HPV-positive tumors have better prognoses and a more favorable response to treatment compared to HPV-negative cases. Both viruses
play an important role in the pathogenesis of PC, and their diagnosis and characterization can significantly affect treatment tactics and
prognosis of the outcome of the disease.

Conclusion: EBV and HPV play key roles in the pathogenesis of RG, but their mechanisms of action and clinical outcomes differ.
EBV is more often associated with nasopharyngeal cancer, and HPV is associated with OPC. The latter is more common in Western
countries and has a more favorable prognosis. Future research should focus on developing more effective prevention, diagnosis, and

treatment methods for these viruses.

Keywords: Epstein-Barr virus (EBV), human papillomavirus (HPV), pharyngeal cancer, diagnostics.

Introduction: Pharyngeal cancer (PC) applies to malig-
nant neoplasms (MNO) in the oropharynx and nasophar-
ynx. Epstein-Barr virus (EBV) and human papillomavirus
(HPV) are the main infectious agents associated with de-
veloping these tumors. EBV, a member of the family of her-
pesviruses, and HPV, a member of the family of papilloma-
viruses, have different effects on the pathogenesis of PC,
but both have a significant oncogenic potential.

These viruses are the most common cause of infectious
oncological diseases. HPV and EBV are associated with 38%
of all virus-associated STDs [1]. The majority of virus-asso-
ciated types of cancer develop after a long latent period,
which can take from 15 to 40 years [2].

The preferred way of transmission of VEB is airborne.
Today, it has become known that organ transplantation
and blood transfusion can also contribute to the spread of
EBV [2,3].

According to data for 2019, HPV caused 620,000 cas-
es of cancer among women and 70,000 among men. Cer-

vical diseases account for 93% of all HPV-associated STDs
in women. In 2022, cervical cancer was the fourth leading
cause of cancer and death among women, with 660,000
new cases and approximately 350,000 deaths worldwide
[4]. HPV is associated with more than 90% of cases of cervi-
cal cancer and about 70% of cases of oropharyngeal can-
cer (OPQ).

According to estimates from the International Agency
for Research on Cancer (IARC), 10% of cancer cases world-
wide are caused by viral infections [5].

EBV and HPV have been classified as high-risk group
1 (certainly established) human carcinogens. EBV is etio-
logically associated with Burkitt's lymphoma, extranodal
NK/T-cell lymphoma (i.e., nasal type), Hodgkin’s lympho-
ma, nasopharyngeal carcinoma (NA), and lymphoepitheli-
oma-like carcinoma [6].

EBV, first identified in 1964, is associated with several
NCDs, including nasopharyngeal carcinoma (NPC). RNG
is one of the most common head and neck tumors, espe-
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cially in endemic areas such as China, Southeast Asia, and
North Africa. EBV causes the transformation of epithelial
cells of the nasopharynx through the activation of latent
proteins, such as latent membrane protein-1 (latent mem-
brane protein 1, LMP1), which acts as an oncogene, acti-
vating the NF-kB and JAK/STAT signaling pathways. These
molecular processes lead to a decrease in apoptosis and
an increase in cell proliferation and cell migration.

The study aimed to systematize literature data on as-
sessing the diagnostic and prognostic significance of EBV
and HPV associated with PC and improve programs for
early diagnostics and primary prevention of head and
neck tumors.

Materials and methods: A literature review of scientif-
ic and clinical studies from PubMed and MedLine databas-
es was conducted under the main keywords and phrases:
“Epstein-Barr virus associated with PC,” “human papillo-
mavirus associated with PC,” “diagnostic and prognostic
significance of Epstein-Barr virus and human papillomavi-
rus.” Filters were used in the search procedure: publication
date from 2015 to the present.

Results: Presumably, a specific combination of the EBV
variant and a specific person exists. A eucocyte antigen
allows the proliferating epithelial cells to evade immune
control [7]. The histological subtypes of nasopharynge-
al squamous cell carcinoma (NPC) and the suspected eti-
ological factors vary by geographic region. According to
the WHO classification of head and neck tumors, NPCs are
classified into 3 main types: keratinizing squamous cell
carcinoma (KC), non-keratinizing carcinoma (NKC), and ba-
saloid squamous cell carcinoma. NPC can be divided into
differentiated and undifferentiated forms. In endemic are-
as with high incidence, up to 99.6% of NPC tumors belong
to the KC subtype. It is more strongly associated with EBV
positivity than other subtypes. In non-endemic areas with
low incidence, the prevalence of the NKC subtype is signif-
icantly lower, while the prevalence of KC is higher than in
endemic regions. [8].

In comparison, in non-endemic areas with low inci-
dence, the prevalence of subtypes (NKC) is significantly
lower, whereas the prevalence (KC) is higher than in en-
demic areas.

High-risk HPV infection is thought to be one of the eti-
ological factors causing NPC in Caucasian people. In one
of the studies, patients with HPV-positive and EBV-positive
tumors had a significantly higher overall survival rate than
patients with EBV/HPV-negative tumors [9, 10].

Previous studies of viral infections in NPCs have
mainly reported small and heterogeneous groups of pa-
tients treated at 1 or 2 facilities. Thus, data on the pre-
dictive value of EBV and HPV in NPCs are limited. This
retrospective population-based study aimed to de-
scribe the status of EBV and HPV in cases of Finnish NPC
and to link them to histopathological subtypes of NPC
and patient survival.

There is evidence of a relationship between HPV and
oral cavity cancer. According to the results of the study,
“Prevalence of HPV-induced oral cavity and OPC in Ka-
zakhstan and its prognostic significance,” conducted at
Kazakh Research Institute of Oncology and Radiology
JSC (Almaty, Kazakhstan), the analysis of HPV incidence
among patients with malignant neoplasms of the oral
cavity and oropharynx in the Republic of Kazakhstan is of
great clinical importance, since the HPV presence in the
tumor is a favorable prognostic sign of the course of the
disease. The highest survival rates in patients with oro-
pharyngeal and oral malignancies associated with HPV
(93%) are explained by a higher response to chemother-
apy and radiation therapy compared to patients without
HPV (82%). The presence of a high level of p16 protein
proliferative activity in oropharyngeal and oral cavi-
ty tumors is also associated with HPV infection and can
be used as a marker for the diagnostics of HPV-associat-
ed tumors at these locations. These results will develop
methods for early diagnostics and improve methods for
primary prevention of laryngeal cancer.

Discussion: Why does the virus cause cancer? Viral in-
fections are one of the most common causes of infectious
cancers, accounting for 12-15% of all cases. HPV and EBV
are associated with 38% of all virus-associated malignan-
cies. Most types of cancer associated with viruses devel-
op after a long latency period that can last from 15 to 40
years [2, 11, 12].

Oncogenic viruses include various groups of DNA and
RNA viruses, which are important but not always suffi-
cient for the occurrence of all types of malignant tumors
[2]. A common feature is that cancer develops only in a few
people infected with viruses for a long time and only after
many years of chronic infection [4, 13].

Both viruses have different mechanisms of influence on
cellular processes. EBV mainly acts through the activation
of latent membrane proteins and the regulation of the im-
mune response, whereas HPV alters the control of the cell
cycle through the inactivation of p53 and Rb. Studies show
that HPV-induced OPC has a better prognosis than cancers
associated with EBV or classic risk factors. This is due to the
higher sensitivity of HPV-positive tumors to treatment (es-
pecially to chemoradiotherapy).

Currently, the main confirmation of the viral nature
of tumors is the detection of the virus or its components
in tumor cells using monoclonal analysis. This method
allows for the confirmation of a chronic infection that
precedes malignant transformation and the detection of
viral oncogenes that contribute to the start of the tumor
process.

Viral carcinogenesis is divided into two main types:
direct and indirect. The direct mechanism is that once
infected, the virus persists in the cell as an independent
genetic element, either as an eposome (as it occurs in
herpes viruses) or integrates into the host genome (e.g.,
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in retroviruses or hepatitis B virus). It can lead to inacti-
vation of the p53 and pRB genes, genomic instability,
increased mutations, changes in telomere length, dis-
ruption of cellular polarity, and the formation of miRNA.
An indirect mechanism involves chronic inflammation
and oxidative stress in normal cells caused by the pro-
duction of pro-inflammatory cytokines by infected cells
(e.g., in hepatitis C virus), resulting in prolonged anti-
genic stimulation. Viruses can also induce immunosup-
pression in surrounding tissues by destroying or impair-
ing the function of CD8+ lymphocytes (e.g., in HIV, EBV,
or KSHV) [13-15].

HPV belongs to the Papillomaviridae family. To date,
more than 100 types of these viruses are known to be in-
volved in the development of various diseases. They are
divided into two groups: low and high-risk ones. Low-risk
subtypes 6 and 11 cause cutaneous and anogenital warts
and upper respiratory tract papillomatosis, rarely leading
to malignancy. Subtypes 16 and 18 are at high risk and
are more likely to be associated with the development of
malignant tumors. Type 16 is mainly associated with OPC
(up to 95%) and invasive cervical cancer (up to 70%), and
type 18 is associated with squamous cell carcinoma of var-
ious sites. HPV is transmitted through contact and sexual
routes. A characteristic feature of this virus is its ability to
persist in the body for a long time without obvious clini-
cal signs.

Antibodies to HPV can be found in 50-60% of infected
people. The natural process of HPV-associated tumors usu-
ally takes 10 to 30 years from the time of initial infection.
The pathogenesis of tumor progression against the back-
ground of HPV infection includes changes in the expres-
sion of viral oncogenes at different stages of the disease
and the accumulation of mutations in the host genome.
Clinically, this is manifested by such epithelial changes as
CIN-1, CIN-2, and CIN-3. The main oncoproteins are E6 and
E7. They must maintain a malignant state as they inacti-
vate the retinoblastoma and p53 genes. This is important
because such inactivation increases p16INK4A (cyclin-de-
pendent kinase 2A inhibitor/tumor suppressor 1), a marker
of oncogenic HPV infection [13, 16].

A literature review shows significant fluctuations in the
HPV incidence in the oral cavity and pharyngeal diseases,
which range from 0 to 100% in different studies. For exam-
ple, a comprehensive analysis of 60 studies conducted in
different regions of the world showed that more than 25%
of malignant head and neck tumors are associated with
HPV infection [16, 17].

EBV associated with RNG (???) is diagnosed by detect-
ing specific antibodies to EBV, such as EBNA1 and VCA. PCR
to detect EBV DNA in tumor tissue is also a standard diag-
nostic method. For HPV associated with laryngeal cancer,
PCR detects HPV DNA, and immunohistochemical meth-
ods are used to find E6 and E7 proteins [18].

One of the main methods to combat HPV-related dis-

eases is primary prevention in the form of vaccination
against this virus.

A nine-valent vaccine was approved in 2014. It cov-
ers five additional HPV types (31, 33, 45, 52, and 58). In
June 2020, the FDA expanded the indications for the use
of this vaccine to allow its use for the prevention of OPC
and other head and neck tumors. These indications were
approved under an accelerated procedure based on the
proven efficacy of the vaccine in preventing anogenital
diseases associated with HPV. The vaccine is recommend-
ed for women and men aged 9 to 45 years. The World
Health Organization states that modern HPV vaccines
(types 16/18) can prevent more than 90% of HPV-induced
OPC cases[2, 16, 19].

Traditional treatments for head and neck cancer in-
clude surgery, radiotherapy, and chemotherapy. Howev-
er, new approaches have been developed for virus-asso-
ciated tumors. HPV, including its types 16 and 18, is one
of the main causes of cervical, oropharyngeal, anal, vag-
inal, labia, and penile cancers. The most effective meth-
od to reduce morbidity and mortality from these tumors
is vaccination. The bivalent Cervarix vaccine, designed to
protect against types 16 and 18, and the quadrivalent Gar-
dasil vaccine, which protects against types 16, 18, 6, and 11,
are used in medical practice. The main goal of vaccination
was to prevent precancerous and cancerous changes in
the cervix caused by HPV. In countries where vaccination
of adolescent girls was introduced 5-10 years ago (for ex-
ample, Australia and Denmark), there is a 90% decrease in
HPV infection among vaccinated people, as well as a 90%
decrease in genital warts and an 85% decrease in the de-
tection rate of CIN2-3. It will take longer for vaccination to
reduce the incidence of cervical cancer since the risk of de-
veloping this cancer increases 15-20 years after the onset
of viral carriage. Nevertheless, the already available data
confirm the high efficiency of vaccine prophylaxis [19].

The importance of HPV vaccination for our country can
hardly be overestimated. Reduction of the incidence and,
accordingly, mortality from such widespread tumors as
cervical cancer and OPC is impossible without the use of
preventive measures, one of which is vaccination. In the
absence of screening programs and early diagnostics of
malignant tumors associated with HPV, vaccination is an
economically viable method to prevent these diseases in
the Republic of Kazakhstan. Oncologists shall make every
effort to include the HPV vaccine in the national vaccina-
tion schedule.

Conclusion: EBV and HPV play key roles in the patho-
genesis of RG, but their mechanisms of action and clini-
cal outcomes differ. EBV is more often associated with na-
sopharyngeal cancer, and HPV is associated with OPC.
The latter is more common in Western countries and has
a more favorable prognosis. Future research should focus
on developing more effective prevention, diagnosis, and
treatment methods for these viruses.
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AHJATIIA

SMIITENH-BAPP BHUPYCBIHBIH ) KOHE ) KYTKBIHIIAK KATEPJII ICIKITEH BAMJIAHBICTHI
AJAM MATITMJIJIOMABUPYCBIHBIH ITUATHOCTUKAJIBIK ) KOHE BOJIZKAM/bIK MAHBI3bI:
I9JIEBUETKE IOJIY
H.B. Cnonesa', F.B. Ooinéaes', E.B. Kucmaes', O.5. Ewinusnzos', I 2K. Kvlovipoaesa®

1«Kasak oHKONOrus eHe paamonorus fFulnbiMu-3epTTey MHCTUTY Tl AK, Anmartel, Kasakctan Pecnybnukacs!

Coutkecmik: bByn Ozexminiei: Kymxvinwagmuiy xkamepai iciei (ZKKI) — Onwumeiin-Bapp (ObB) swcone adam nanunioma eupycmapsimen
(AIIB) bauinanbicmol ayvl3-JICYyMKbIHUAK NEH MYPbIH-JICYMKbIHWAK atiMazbinoazel Kamepii icikmep (MJKKI). Exi eupycmoiy 0a oHKoeeHOIK

nomenyuanvl oap, onap JKKI namoeenesine ocep emeoi.

Xanvikmuiy 90% — acmamein IB5B dcykmuipean dcone 01 opmypai Kamepcis sicone Kamepai aypyrapovl myovipysl mymkin. AIIB, ocipece 16
orcone 18 munmepi, ayviz-ocymyvinwax Kamepai iciciniy (AXKKI) nezisei onkozeenoik ¢paxmopul 6onvin mabdwinaowl. AIIB endipemin E6 xcone
E7 axyviz0aper p33 sicone Rb icik cynpeccopnapuitely ocepin Oy3advl, Oy scacymanaposiy 6aKuliaycsl3 keberwine oxeneoi.

ObB drcacvipuin agysl30apost bencendipedi dcorne UMMYHOBIK dcayanmol pemmeinoi, anr AIIB p53 scone Rb unakmueayuscol apkulisl dcacyula
yukin backapyea ocep emeodi. DbB baiinanvicmor AJKKI kapasanoa AIIB mywvinoazan AXKKI scakcor bonxcamea emoeyee ce3immanovlasl

JHc02apbl 6012aAHObIKMAH Ue OONbIN CANANAObL.

3epmmeydin maxcamol — 6ac dicone MOUbIH iCIKmMepIiHiy epme OUA2HOCIMUKACHL MeH DACMankbl al0biH a1y 6a20apaaManiapblt HCaKcapny
yutin OBB ocone AIIB baiinanvicmol JKKI ouaznocmukanviy scone 601x4camobik Maybl30bliblebli Oazandy yutin o0eduem oepekmepin Jcylieney.
Aoicmepi: 2015 xcvindan 6acman PubMed owcone MedLine Oepexkopiapwinoa zepmmeyoiy Hezizei ce30epi 6oublHuia 50ebu ulony

2HCYP2i3IN0L.

Homuocenepi: 3epmmeynep ObB osicone AIIB JKKI ouacnocmuracsl MeH 6012cayblHOa Manbl30bl eKeHin kopcemeoi. Icik sicacywanapviHoa

ObB 6onyvl aypyouvly azpeccugmi aebimbinblly Oenzici bona anaodvl, Oipak Keubip dcazoaunrapoa emoeyoiy dCakcvbl Homudceaepimen oe
batinanvicmol. Emoenywinepoezi AIIB oy icikmepi men AIIB mepic icikmepi srcazoaiiiapmen caivblcmulp2anoa ox icikmepi scakcol boncamoap
Jrcone emoeyee Koaaunel ycayan bepeodi. Exi eupyc ma JKKI namozenesinoe manybi30bl poi amkapaosl jHcone 01apobll, OUaHOCMUKACLL MeH
cunammamacel emoey makmuKacblHA JHCoHe aypYOblH HOMUdICECTH DONdIcayea atlmapiblKmail ocep emyi MyMKiH.

Oncology and Radiology of Kazakhstan, Ne4 (74) 2024 97



LITERATURE REVIEWS

Kopvimotnowt: ObB owcone AIIB JKKI namozenesinde wewyui poi amgapaost, 6ipax oiaposiy ocep emy Mexanusmoepi MeH KIUHUKAAbIK
nomuorcenepi opmypai. IbB kebinece M)KKI — men, an AIIB AJKKI-men Oaiinanvicmel, conebicel 6amopic endepinoe dcui Kezoecedi Hcone
Koaatiisl 6ondcamowl kepcemedi. borawar sepmmeyinep ocvl supycmapOovly aidbli-any, OUASHOCIMUKALAY HCOHE eMOeyOi muimoi 90icmepin
Jrcacayea 6a2blmmanybsl Kepex.

Tyiinoi cesoep: dnwumein-Bapp supycol (OBB), adam nanuniomasupycet (AIIB), scymgvinuar kamepii iciei, OuazHOCmMuKa.

AHHOTAIUSA

JIMATHOCTUYECKAS 1 MIPOTHOCTUYECKAS 3HAYUMOCTD BUPYCA SIIITEHHA-BAPP
N BUPYCA ITAITMJIVIOMBI HEJIOBEKA, ACCOHMNPOBAHHBIX C PAKOM I'VJIOTKMU:
OB30P JIMTEPATYPbBI

H.B. Cnonesad', I.B. Aounvéoaes', E.b. Kucmaes', O.b. Ewnusnsos', I.7K. Kviovipoaesa'
AQ «Kasaxckuit Hay4Ho-MccrieoBaTENbCKMIA MHCTUTYT OHKONOTAM U paguonorvy, Anmarsl, Pecnybnuka Kasaxcra

Axkmyanvnocme: Pax enomxu (PI)) npedcmasnsiem cob6oil 3n0kavecmsennvie HOB00OPA308aHUsL 8 0OIACMU POMOTOMKU U HOCO2NLOMKU,
Komopule umerom cés3b ¢ supycamu dnumetina-bapp (BOb) u nanunniomel uenosexa (BI14). Oba éupyca 061a0arom oHKO2eHHbIM NOMEHYUATIOM,
eaussa na namozernes Pl

BOB, komopuim unpuyuposarno bonee 90% Hacenenus, modcem Gul3bl86amb pasiudHbie 00OPOKAYECMBEHHbIE U 3/10KAYECMBEHHbLE
sabonesanusi. BITY, ocobenno munvt 16 u 18, sensemcs ocnogubim oHkoeeHHbIM hakmopom paxa pomoziomru (PPI). Beaxu E6 u E7,
npooyyupyemvie BITY, napywarom deticmsue cynpeccopoe onyxoneti p53 u Rb, umo npugooum xk 6eckoHmpobHOU npoaughepayuu Kiemox.

BOF axmususupyem namenmmuvle 6eaku u pezyaupyem uMMyHHblL omeem, moeda kax BIIY eénusem na KOHMpOnb Kiemounozo yukida
uepes unakmusayuro p53 u Rb. PPl evi36annviii BITY, umeem nyywiuii npoeHo3 no Cpa6HeHUo ¢ pakom, accoyuuposanuvim ¢ BOF, uz-3a bonee
BbLCOKOU YYBCMBUMENLHOCIIU K IeUEHUTO.

Henv uccneoosanun — cucmemamusayus, OAHHLIX TUMepPamypol 0Jisl OYeHKU OUASHOCMUYECKOU U npoeHocmuyeckoll 3nauumocmu BOB u
BI1Y, ceasannvix ¢ PI, Ons ynyuwenus npoepamm panuei Oud2HOCmuKY U nepeutHoll npoguiakmuxu onyxoiet 20106bl U uiell.

Memoowi: IIposeden numepamypHulii 0030p NO KAKOUEBbIM CLO8AM UCCAe008aHUs 8 bazax danHbix PubMed u MedLine ¢ 2015 2o0a.

Pesynomamur: Hccneooganus nokaswiearom, ymo BOB u BIIY umeiom eadcnoe snauenue ouaznocmuxe u 6 npocnozuposanuu Pl
Hanuuue BOB 6 onyxonegeix Kiemkax Mojicem CIylCUmb Mapkepom Oonee azpeccugnozo medeHus 601e3Hu, 0OHAKO 8 HeKOMOPbIX CLYYAAX
accoyuupyemcsi ¢ ayvwumu pesyrsmamamu nedenust. Hayuenmor ¢ BITY-nonoscumensublmu ONyXousimu umeiom ayuuue npocHo3sl u ooiee
Onazonpusamuwlil omeem Ha aevenue no cpasuenuio ¢ BIIY-ompuyamenvnvimu cayuasmu. Oba supyca uepaiom 8axdCHyl0 poib 8 NamozeHese
PI u ux ouaenocmuxa u xapaxmepucmura Moeym Cyuecmeenio noGausms Ha Makmuxy Je4eHus: U npocHO3UPOBanUe UcX00d 3a001e6aHUS.

3aknouenue: BOb u BIIY ueparom knwouegyio porv 6 namoceneze PI, oomaxo ux mexanuzmvl Oelicmeus u KIUHUYECKUE UCXOObl
paznuyaiomes. BOb uawe accoyuupyemes ¢ PHI, a BII4 — ¢ PPI, npuuem nociednuili uauje ecmpeyaemcs 8 3andOHbIX CMpPAHax u
OoemoHcmpupyem 6onee 61azonpusmmublil npocHo3. byoyuue ucciedosanus 00adcHbL ObiMb HANPABIEHbL HA pa3pabomky 6onee ghpexkmusHbix
Memo008 nPoPUIAKMUKU, OUASHOCTIUKY U IeYEHUsl IMUX GUPYCOB.

Knrueswie cnosa: supyc Snmumetiina-bapp (BIb), eupyc nanunnomsl yenosexa (BI14), pax enomxu, ouazHocmuxa.
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