L

i
I

e
e

P

QAN
;ﬁwﬁx&qﬂ“w

| i S
s .\mwxﬁammﬁ =
% s

KAZAKH INSTITUTE OF ONCOLOGY
AND RADIOLOGY

.99, 8 i :
: AV\'I;‘@» pt g >
: V‘%n"\%wﬁ\\ o %vw%\ =
=S S X0 xR
/vvw’wﬂw D / 5»@; W Xe VA%.\Q‘Q?/@ \\0000),&19
=S @ n@mm N //’Akﬂ.!@‘.‘b”’! _ HOA 0"‘&/‘,‘
: TN 40«@,%\. e =
- N 0»‘\.% SRS ]
i',' = s e 2

=
23

=,

5§ = A .,‘\WV“PO N
AW Ny Bk W
e fas TASSSel @y T2

N S N
PR SNy
SO

VA
X

W.&%
NN INEE
SR AR
ol o =g

ZAWRRS 24
i

2. %% I
'\\ N g

Y egw&évxﬁ\“ 4

RN/
MBS

%&

ONCOLOGY and
RADIOLOGY of
KAZAKHSTAN
No? (68) 2023



@ Kazakhstan
Can.Cer
SOClety ,

)(é‘&\n‘,ﬁ; ‘

- )
Sox




=2 kamnmsmmum or ancotocr amprastotor

ONCOLOGY AND RADIOLOGY
OF KAZAKHSTAN  Neg (68) 2623

DOI of the journal: 10.52532/2663-4864 DOI of the issue: 10.52532/2663-4864-2023-2-68-1-86

Academic and Research Journal of «Kazakh Institute of Oncology and Radiology» JSC

Editorial Council:

M. Dzhugashvilli, MD, Ph.D., Instituto Madrileno de Oncologia (Grupo Imo), Madrid (Spain)

M. Gultekin, MD, Instructor, Department of Radiation Oncology, Hacettepe University, Ankara (Turkey)

K. Narayan, MBBS, MD, Ph.D., FRANZCR, Assoc. Prof., Peter MacCallum Cancer Center (Australia)

M. Silbermann, MD, PhD, Prof., Executive Director of Middle East Cancer Consortium (Israel)

M.D. Aliev, MD, Prof., Member of the Russian Academy of Sciences, FSBINMRRC of the Ministry of Health of the Russian Federation (Russia)

L.B. Dzhansugurova, Candidate of Medicine, Assoc. Prof., Institute of General Genetics and Cytology (Kazakhstan)

E.N. Imyanitov, MD, Associate member of the Russian Academy of Sciences, N.N. Petrov National Medical Research Center
for Oncology (Russia)

A.D. Kaprin, MD, Prof., Member of the Russian Academy of Sciences, FSBI NMRRC of the Ministry of Health of the Russian Federation (Russia)

1. Kokhreidze, MD, Prof., Oncology clinic «Kironi», Thilisi State Medical University (Georgia)

S.A. Krasny, MD, Prof., Associate member of Belarus National Academy of Sciences, N.N. Alexandrov Republican Scientific and Practical
Center of Oncology and Medical Radiology (Belarus)

V.M. Moiseenko, MD, Prof., St. Petersburg City Clinical Oncology Center (Russia)

I.M. Omarova, MD, Prof., Karaganda Regional Cancer Dispensary (Kazakhstan)

T.Yu. Semiglazova, MD, Prof., N.N. Petrov National Medical Research Center for Oncology (Russia)

L.S. Stilidi, MD, Prof., Member of the Russian Academy of Sciences, N.N. Blokhin National Medical Research Center of Oncology (Russia)

E.A. Tilekov, MD, Prof., National Center of Oncology (Kyrgyzstan)

M.N. Tilliashaykhov, Republican Oncology Research Center of the Ministry of Health of the Republic of Uzbekistan (Uzbekistan)

Z.Kh. Huseinov, MD, Republican Cancer Research Center of the Ministry of Health and Social Protection of the Population
of the Republic of Tajikistan (Tajikistan)

Editorial Board:

Chief Editor - Editorial Board Members:
D.R. Kaidarova, MD, Member of the Kazakhstan National
Academy of Sciences, KazIOR, Almaty A.Zh. Abdrakhmanova, MD, KazIOR, Almaty

Deputy Editor in Chief - T.A. Adylkhanov, MD, Prof., Semey State Medical University, Semey
A.S. Shinbolatova, MPH, KazIOR, Almaty A.A. Baynazarova, MD, Prof., Sunkar Medical Center, Almaty
Administrative Editor - .

V.B. Kim, MD, KazIOR, Almaty T.G. Goncharova, Doctor of Biology, KazIOR, Almaty

Proofreader - T.V. Vasilieva, KazIOR, Almaty Zh.Zh. Zholdybay, MD, Prof., Kazakh National Medical University, Almaty
Translation editors — R.Z. Abdrakhmanov, Candidate of Medicine, KazIOR, Almaty

M.K. Sherimkulova (Kazakh), KazIOR, Almaty ) . »

T.V. Vasilieva (English), KazIOR, Almaty Z.D. Dushimova, Candidate of Medicine, KazIOR, Almaty

Printing layout - A.Zh. Zhylkaidarova, Candidate of Medicine, KazIOR, Almaty

A.A. Abdrashitov, Candidate of Biology, KazIOR, Almaty

Executive Secretary -
L.A. Malysheva, Candidate of Biology, KazIOR, Almaty

Web designer - Sisenaliyev Zh.A., KazIOR, Almaty O.V. Shatkovskaya, MBA, KazIOR, Almaty

E.l. Ishkinin, PhD, Almaty Cancer Center, Almaty
L.R. Khusainova, Candidate of Psychology, KazIOR, Almaty

The journal is in the List of official publications of the Committee for Quality Assurance in the Sphere of Education
and Science MES RK recommended for the publication of the main results of scientific activity. The journal is cited
in the RSCl database and has a non-zero impact factor. The journal has a non-zero impact factor in the Kazakhstani
citation base of the National Center for Scientific and Technical Information.

Abay Ave. 91, Office 905, Almaty 050022, CSCSTI: 76.29.49

the Republic of Kazakhstan, ISSN: 2663-4864 (English version — Online),

Kazakh Institute of Oncology and Radiology, JSC Linking ISSN (ISSN-L): 2663-4856.

Tel. (727) 292 6961, email: submit@oncojurnal.kz URL: http://oncojournal.kz/english_version/

ISSN 1684-937X (Print) Dates of publication: 2017-9999.

Registration Certificate No. 10248-X of 14.07.2009, Registered at ISSN International Center on 26.02.2019
No. 13574-X of 22.04.2013 Subscription index: 74684

ISSN 2521-6414 (Online), registered at ISSN International Center Publishing House: “Apple-print” Individual Entrepreneur
on 24.07.2017 Order No. 47. Circulation - 500 copies.

URL: http://oncojournal.kz/ The journal is published quarterly.

©KazIOR



@) KazlOR'

Contents

ORGANIZATION OF HEALTHCARE

T.Yu. Antropova, K.D. Datbaev, E.I. Ishkinin, B.G. Latypova,
O.K. Seitov, Zh.T. Khudaibergenov. Developing and |mplement|ng

the quality control program on a linear accelerator

N.A. Izbagambetov, D.R. Kaidarova, R.O. Bolatbekova,

A.S. Shinbolatova, T.E. Valieva, A.E. Aidarov, G.B. Bagatova,
A.l. Sarmenova, D.B. Zhaksylykova, A.S. Akkasova,

A.A. Yestaeva, A.R. Satanova. Cervical cancer incidence

and mortality in Almaty in 2005-2022.........

0.V. Shatkovskaya, D.R. Kaidarova, M.G. Orazgaliyeva, E.B. Satbayeva,
S.0. Ossikbayeva, A.B. Koishibaeva. Optimization of molecular

genetic diagnostics of patients with advanced non-small cell lung cancer
by introducing ROS1 testing in the Republic of Kazakhstan......

ORIGINAL INVESTIGATIONS

M. Bulegenova, A. Dunayeva, S. Saliyeva, A. Uskenbayeva.
DNA double-stranded breaks and repairs in acute leukemia......

G.A. Smagulova, M.A. Aitmagambetova, G.V. Veklenko,
N.M. Kereeva, A.N. Zheksenova, A. Amanzholkyzy,
A.B. Tulyaeva, G.B. Bakytzhanov. Quantification

of DNA double-strand breaks in benign and malignant breast diseases

DIAGNOSTICS

K.E. Karakoishin, Zh.Zh. Zholdybay, A.S. Aynakulova,
D.K. Toleshbaev, G.M. Muhit, Ye. Ayserbay.
DWI capacity in prostate cancer diagnosing

TREATMENT

L.N. Manzhuova, G.T. Tashenova, A.B. Tulebayeva, E.S. Sarsekbaev,
A.S. Zhailaubaeva, G.E. Omarova,|D.M. Yeginbergenova,

The role of clinical-hematological and cytogenetic characteristics

in the program therapy of B-cell leukemia in children

in the Republic of Kazakhstan

A.T. Omar, N.A. Kabildina, E.V. Kruk, A.M. Telmanov, Zh.K. Kablldm

Evaluation of the effectiveness of neoadjuvant chemotherapy in breast cancer...

S.Z. Safina, G.K. Mukhamed'yarova1, V.V. Dimitrieva.
Endocrine toxicity of immune checkpoint inhibitors in clinical practice

ORIGINAL INVESTIGATIONS

D.A. Abdussadyk, A.Zh. Beisenova. The prospects and challenges
of CRISPR/Cas9 gene editing in cancer therapy: A literature review

Ye.B. Kurakbayev, B.S. Turdaliyeva, L.N. Manzhuova, K.O. Omarova,
G.K. Abdilova, A.Z. Kusainov, S.S. Saparbayev, V.V. Schukin.
International experience in applying the system

of pediatric early warning signs of critical conditions

in oncological children: A literature review

T.S. Nasrytdinov. Prognostic value of liquid biopsy in CRC:

A TITEIATUIE TEVIEW et ssssssssssssssssssssssssssssassssssssassasassases

15

22

28

36

43

53

59

64

69

76

2 Oncology and Radiology of Kazakhstan, Ne2 (68) 2023



@

@) KazlOR EDITOR’S WORD

Dear readers!

Let's welcome mid-summer — and the next issue of the “Oncology and Radiology of
Kazakhstan” journal!

We are pleased to announce that due to the well-coordinated work of the editorial board
and reviewers and thanks to your publications, our Journal remains on the Committee for
Quality Assurance in the Sphere of Education and Science MES RK list. Your scientific findings,
clinical cases, and practical experience meet the MES RK requirements for improving the
quality of publications. One requirement we meet is an increased number of articles from
authors not affiliated with the editorial office. Several articles on this issue were prepared in
collaboration with our colleagues from regional cancer care institutions and neighboring
countries.

International experience in applying pediatric early warning signs (PEWS) for critical
conditions in oncological children will be of interest to pediatric oncologists.

Articles on the results of joint targeted programs on the study of genetic mutations in
benign and malignant breast diseases, double-stranded breaks and repairs in acute leukemia,
and the analysis of cervical cancer incidence and mortality in Almaty in 2005-2022, as a result
of screening programs introduction, are noteworthy.

The prognostic value of liquid biopsy in CRC is analyzed, and the effectiveness of
neoadjuvant chemotherapy in breast cancer is assessed.

The description of developing and implementing a quality control program on a linear
accelerator is relevant in the context of providing Kazakhstani regional dispensaries with new
high-tech equipment.

The prospects for improving the diagnostics of advanced non-small cell lung cancer by
introducing ROS1 testing in Kazakhstan and using DWI capacity in prostate cancer diagnosing
are encouraging.

We wish our readers and authors great success, new creative ideas, and inspiration for new
research!

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

Oncology and Radiology of Kazakhstan, Ne2 (68) 2023 3
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DEVELOPING AND IMPLEMENTING THE QUALITY
CONTROL PROGRAM ON A LINEAR ACCELERATOR

T.Yu. ANTROPOVA', K.D. DATBAEV'?, E.I. ISHKININ', B.G. LATYPOVAI,
O.K. SEITOV'?, Zh.T. KHUDAIBERGENOV'?

«Almaty Oncological Center» MSE on REM, Almaty, the Republic of Kazakhstan;
2«Kazakh Institute of Oncology and Radiology» JSC, Almaty, the Republic of Kazakhstan

DOI: 10.52532/2663-4864-2023-2-68-4-8

ABSTRACT

Relevance: The article deals with modern problems in the field of ensuring the quality of services provided on linear accelerators
from the point of view of the regulatory framework, as well as from the point of view of the frequency of control procedures. The
scientific novelty lies in elaborating a linear accelerator quality control program with detailed procedure descriptions and testing
frequency recommendations.

The study aimed to develop and test a set of simple methods for controlling the linear accelerator’s mechanical and dosimetric
parameters, which would meet the minimum requirements for high-tech radiation therapy following IAEA and AAPM international
recommendations.

Methods: In developing the quality control program for the TrueBeamSTx linear accelerator (Varian, USA) installed at the Almaty
Oncological Center (AOC, Kazakhstan), we relied on the recommendations of the International Atomic Energy Agency (IAEA) and the
American Association of Physicists in Medicine (AAPM), taking into account that intensity-modulated radiotherapy (IMRT, VMAT),
stereotactic radiosurgery and stereotactic radiotherapy (SRS, SRT), using image-guided radiation therapy (IGRT) will be performed on
the accelerator, which imposes more stringent requirements for control of both mechanical and dosimetry characteristics.

Results: Over three years of operation, the TrueBeamSTx accelerator shows good stability of mechanical and dosimetric character-
istics, verified using systematic tests according to the quality control program developed by the authors of this article. The IAEA/WHO
mail dose monitoring program using radiophotoluminescent detectors, implemented in 2019-2022, showed high dosimetric measure-
ments and calculations accuracy of 0.1-1.7%, at a tolerance of 5%.

Conclusion: A quality control program for a high-energy linear accelerator has been developed, the results obtained for all
characteristics correspond to the permissible values. The effective and safe use of radiotherapy requires the development of a quality
control program for all radiotherapy equipment specifically for each institution and independent verification of the implementation

of this program.

Keywords: radiation therapy, linear accelerator, quality control, dosimetric equipment.

Introduction: One of the most important components
of the radiotherapy quality assurance program is the con-
trol of the physical and technical parameters of the equip-
ment used. According to the generally accepted recom-
mendations of the International Commission on Radiation
Units and Measurements (ICRU) [1], in radiation therapy,
the dose delivered to the patient should be within + 5% of
the prescribed dose. Each stage of radiation therapy must
be performed with an error of less than 5%.

The dosimetric and mechanical characteristics of the
radiation device must ensure the accurate implemen-
tation of the calculated dosimetric plan for radiation
treatment for each patient. A quality control program
is required for each radiotherapy device to ensure peri-
odic monitoring of the mechanical and dosimetric char-
acteristics of the device that affect the accuracy of dose
delivery to the focus. There are many valid international
recommendations for periodic monitoring of radiation
therapy devices’ mechanical and dosimetric character-
istics, including linear accelerators [2, 3]. However, they
are just recommendations that must be adapted to the
specific device and institution that conducts radiation

therapy, the radiation treatment methods used, and the
available dosimetric and other auxiliary equipment. The
quality control program is based on the data obtained
during the beam apparatus acceptance and preparation
for clinical operation (commissioning). This data is spe-
cific for each type of apparatus and dosimetric planning
system. Developing a quality control program is among
the most important responsibilities of medical physi-
cists in a radiation therapy department.

Gaps in the existing regulatory framework of provid-
ing oncological care to patients in the Republic of Ka-
zakhstan were identified, and ways to correct them were
described in terms of ensuring the quality provision of
high-tech radiation therapy services at linear accelera-
tors. Effective and safe delivery of radiotherapy requires
the development of a quality control program for all
types of radiotherapy equipment specific to each insti-
tution and independent verification of the implementa-
tion of this program.

The study aimed to develop and test a set of sim-
ple methods for controlling the linear accelerator’s me-
chanical and dosimetric parameters, which would meet

4 Oncology and Radiology of Kazakhstan, Ne2 (68) 2023
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the minimum requirements for high-tech radiation
therapy following IAEA and AAPM international recom-
mendations.

Materials and methods: When developing a quality
control program for the TrueBeamSTx linear accelerator
(Varian, CA, USA) installed in the Almaty Cancer Center
(Kazakhstan), we relied on the recommendations of the
International Atomic Energy Agency (IAEA) [2] and the
American Society of Medical Physicists (American Associ-
ation of Medical Physicists). Physicists in Medicine, AAPM)
[3-5], taking into account that the accelerator will per-
form radiation therapy with intensity modulation (IMRT,
VMAT), stereotactic radiosurgery, and stereotactic radio-
therapy (SRS, SRT) using image guidance (IGRT), which
imposes more stringent requirements for the control of
both mechanical and dosimetric characteristics. Dosim-
etry equipment from IBA- Dosimetry ( Schwarzenbriick,
Germany), as well as phantoms and accessories supplied
with the accelerator and quality control plans embedded
in the accelerator software, allow performing many, but
not all, of the necessary tests, so some additional equip-
ment such as Iso-Align device (CIVCO, USA) and RTQA2
radiochromic film (Gafchromic, NJ, USA).

The protocols of all dosimetric and mechanical tests are
kept according to the quality control program developed
by the authors of this article and approved by the head of
the AOC. Statistics are kept of all measurements taken with
an analysis of deviations from the baseline data.

Results: In creating a quality control program, the
methods for performing some tests had to be developed
independently since sufficiently detailed information
was not always available in the literature. We set the fre-
quency of tests in such a way as to provide the necessary
control procedures in a short time due to the large ther-
apeutic load of the device, as well as taking into account
the available dosimetric equipment. So, it is necessary to
check several characteristics of the accelerator daily be-
fore the start of medical work, such as the accuracy of the
light field dimensions, the accuracy of lasers and the op-
tical rangefinder, the constancy of the radiation output of
each beam (the TrueBeamSTx accelerator has six photon
beams: 4,6, 10, 15 MV and beams 6 and 10 MV with high
dose rate without equalizing filter). The Machine Perfor-
mance Check (MPC) program included in the TrueBeam
accelerator software, using a special IsoCal phantom, al-
lows you to check the main geometric and radiation char-
acteristics in 30 minutes.

Over three years of operation, the TrueBeamSTx ac-
celerator shows good mechanical and dosimetric stabili-
ty, verified using systematic tests according to the quality
control program developed in the Radiation Therapy De-
partment of the AOC. Participation in the IAEA/WHO mail
dose monitoring program using radiophotoluminescent
detectors in 2019-2022. showed high dosimetric measure-
ments and calculations accuracy of 0.1 -1.7%, at a toler-
ance of 5% [6] (Table 1).

Table 1 - Results of daily monitoring of geometric and radiation characteristics according to the Machine Performance

Check (MPC) program for the period 2019-2022

Characteristic Tolerance for MRS Average actual value

Gantry position 0.3° 0.23
Collimator position 0.5° 0.13
The position of the petals of a multi-leaf collimator 0.5mm 0.25
Treatment table position

longitudinal 0.7mm 0.177mm

transverse 0.7mm 0.12mm

vertical 1.9 mm 0.07 mm

turn 0.4° 0.06°
Radiation output constancy 2% 0.65%
Beam uniformity 2% 0.35%
Isocenter position of MV imaging 0.5mm 0.19 mm
Position of the isocenter of KV imaging 0.5 mm 0.23 mm

After several months of daily MRS performance, we
were convinced of the stability of all controlled charac-
teristics and reduced the frequency of this test to three
times a week. However, since it is unacceptable to rely
on only one method of control, weekly, we check the
mechanical and dosimetric characteristics using the
StarTrack detector array, control the constancy of the
radiation output, energy, symmetry, and uniformity of
the beams, as well as the accuracy of lasers, rangefind-
er, light field dimensions.

We perform monthly verification of the radiation
yield of photon beams by taking measurements using
an ionization chamber in a water phantom according

to the IAEA dosimetric protocol TRS-398 [7]. The beam
is calibrated if the dose rate deviation at the maximum
depth exceeds 1% of the required value (1 cGy per
1 monitor unit).

Dose distributions and beam profiles are moni-
tored quarterly on a beam scanning system with a
large water phantom Blue Phantom 2. Quarterly, the
coincidence of the radiation and mechanical isocen-
ters of the accelerator is checked using radiochromic
film RTQA2, Ashland (Starshot test). The analysis is car-
ried out using the IsoCheck program. The discrepancy
is always less than T mm, which meets the stereotax-
is tolerance.

Oncology and Radiology of Kazakhstan, Ne2 (68) 2023 5
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The annual control also includes checking the sta-
bility of the dependence of the radiation output on
the field size ( output factors ), coefficients of all dy-
namic wedges, linearity, and constancy of output of

monitor units. Over three years of operation of the
TrueBeamSTx accelerator, our measurements have
shown the high stability of these characteristics
(Table 2).

Table 2 - Stability of dosimetric characteristics of photon beams of the TrueBeamSTx accelerator for 2019-2022

_— Dose at the reference Beam energy Radiation output Dynamic wedge
Characteristic point (quality index) coefficients coefficients
Discrepancy ) ) ) ’
with base data 0.1-0.9% 0.1-0.6% 0.1-0.8% 0-0.5%
Tolerance 1% 1% 2% 2%
Intensity-modulated radiation therapy requires and radiation fields created by the MLC is checked us-

high patient positioning accuracy, which is achieved
using the IGRT technique. The TrueBeamSTx accel-
erator has kilovolt X-ray (imaging, fluoroscopy, and
cone beam computed tomography) and megavolt-
age (portal imaging) imaging systems. Portal dosim-
etry using the EPID megavoltage imaging system
is also used to verify intensity-modulated dosimet-
ric treatment plans. Therefore, the accuracy of imag-
ing systems requires systematic monitoring. Varian ac-
celerators have calibration programs for all modes of
visualization systems (PVA Calibration). These calibra-
tions are performed monthly after the calibration of
the radiation output (absolute dosimetry). However,
because stereotaxic therapy requires higher accuracy,
we began to calibrate and verify the isocenter weekly
(i.e., checking if the imaging system isocenter matches
theacceleratorisocenteraccurately enough).The week-
ly discrepancy does not exceed 0.2 cm; after calibration
and verification, it does not exceed 0.02 cm. Since ste-
reotaxic radiosurgery requires alignment of the imag-
ing isocenters and the device within 1 mm, we perform
additional calibration and verification before each
SRS session.

The accuracy of the treatment table movement
through the images is checked weekly using a cubic
plastic phantom with a contrasting ball in the center (
Cubic Phantom). Positioning correction based on CBCT
images is performed with an accuracy of less than 1T mm.

Based on the recommendations of AARM [4], we de-
veloped tests to control megavoltage and kilovoltage
imaging systems using phantoms CatPhan 604, Las Ve-
gas phantom, and Leeds TOR 18FG, performed twice a
year. Controlled characteristics include scaling, spatial
resolution, contrast, image uniformity and noise, and
consistency of Hounsfield units for CBCT images.

The quality control program also includes tests for
the multileaf collimator (MLC). These are weekly checks
of petal positioning accuracy and position reproduc-
ibility in static mode (test plans are available in the ac-
celerator software), as well as tests to check the MLC in
dynamic mode, which are carried out according to the
plans and analysis methods developed by Varian for all
types of MLC. Once a year, the conformity of the light

ing radiochromic film RTQA2, and the dosimetric gap
and the transmittance of the MLC are measured.

Measurements of dosimetric characteristics are car-
ried out after performing checks on mechanical param-
eters. Most mechanical tests (checking the position of
the isocenter, the accuracy of the gantry, collimator,
and treatment table movements, the position of the
collimator shutters, optical rangefinder readings, etc.)
are conveniently and quickly performed using the Iso-
Align device, CIRS (multipurpose device for precise
alignment).

Since quarterly and yearly measurements take a
long time, we take them in the evenings and on week-
ends so as not to stop the patient’s treatment process.

Discussion: Systematic testing of the performance
of the radiotherapy machine is essential to ensure the
accuracy and effectiveness of radiotherapy. This is a
complex consisting of daily, weekly, monthly, quarter-
ly, and annual checks, and they should be carried out
by physicists and engineers of the radiation therapy de-
partment, as established by the “Standard for the Pro-
vision of Oncological Care to the Population of the Re-
public of Kazakhstan,” paragraph 2, p. 79 [8], which is
in line with international practice. This is a necessary
and obligatory aspect of the use of medical particle ac-
celerators, for which a license is issued by the Commit-
tee for Nuclear and Energy Supervision and Control of
the Republic of Kazakhstan (RK) (“Handling devices and
installations generating ionizing radiation”). Unfortu-
nately, at present, permission to conduct operations to
control the quality of the operation of sources of ioniz-
ing radiation, as well as instruments, equipment, and
installations containing such sources or generating
ionizing radiation, is issued by a license for the provi-
sion of services in the field of the use of atomic energy.
This is done by analogy with the control of operation-
al parameters of X-ray diagnostic devices, the annual
conduct of which is regulated by the “Sanitary and epi-
demiological requirements for radiation-hazardous ob-
jects” [9], without taking into account the difference in
quality control for X-ray diagnostic devices and medi-
cal accelerators. If it is sufficient for X-ray diagnostics to
monitor the performance once a year, this may not be

6 Oncology and Radiology of Kazakhstan, Ne2 (68) 2023
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enough for radiotherapy devices. Due to this approach,
the quality control program implemented by the phys-
icists and engineers of the clinic is not taken into ac-
count when issuing licenses. It is necessary to make ad-
justments to the regulations of the Ministry of Health of
the Republic of Kazakhstan and the Committee for Nu-
clear and Energy Supervision and Control of the Minis-
try of Energy of the Republic of Kazakhstan and include
the Quality Control Program in the set of documents
for issuing a license to handle devices and installations
that generate ionizing radiation. Unfortunately, not all
radiation therapy departments of medical institutions
of the Republic of Kazakhstan have and implement
quality control programs that include all the necessary
aspects and meet the current requirements. We believe
independent control could be carried out by an expert
group of qualified specialists, physicists, and engineers,
approved by the Ministry of Health of the Republic of
Kazakhstan. The experts included in this group would
systematically conduct such checks and assist hospital
professionals in establishing quality control programs
and developing test methods to improve radiothera-
py delivery accuracy. To ensure the quality and safety
of radiotherapy, it is very important to independently
control the performance of dosimetric measurements
and other procedures included in the quality control
program of the radiotherapy device [10].

Conclusion: We have developed a quality control
program for a high-energy linear accelerator, the re-
sults of which correspond to the permissible values in
all characteristics. For the effective and safe use of ra-
diotherapy, it is necessary to develop a quality control
program for all types of radiotherapy equipment spe-
cific to each institution and independently verify the
implementation of this program.
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AHJIATIIA

CBI3BIKTBIK YJIETKIIITIH CAITACBIH BAKBIJIAY BAFJIAPJIAMACBIH KYPY
KOHE OPBIHJIAY

T.FO. Aumponosa', K./I. /laméaee"?, E.H. Hwkunun', Bb.F. Jlamoinosa', O.K. Ceumos'?, JK.T. Xyoaiivepzernog'?

!«Anmatbl oHkonorus optanbifbly KK KMK, Anmarsi, Kasakcran Pecnybnmkachi;
2«Kasak OHKONOrsi XaHe paauonorust FulnbIMU-3epTTey MHCTUTYTHI» AK, Anmatel, KasakctaH PecnyGnmkack

Osexminizi: Maxanaoa kepceminemin Koizmemmepoiy canacbli KAMmMAamAacyls emy caidcblHodebl 3aManayu npooiemanap HopMamuemix-
KYKbIKMbIK 0430 MYpeblCblHAH KapacmblpblLieaH, COHOAN-AK Cbl3bIKMblK yoemKiumepoe-mexcepy npoyeodypalapulHbly dcuiniei 6oubiHua 6aKbl-
aay. Feueivu scayanvix npoyedypanapobly 03iH e2celi-meexceiini Cunammaimoli J#coHe ColHAKmapOobly dcuiniel OoubiHwa ycolnblcmapsl 6ap
JICENINIK YOemKIWmIy canacvii OAKbLiay 6a20apiamacuii 93ipieyoe dHcamolp.

3epmmeyoin maKcamol — KypulicblHblH MEXAHUKALbIK JHCOHE OOZUMEMPUSIbLK, napamemprepin 0aKsliayobly Kapanausim o0iCmepiniy KeueHin
o3ipJiey JicoHe CbiHay, OIpAK ONap XANbIKAPATLIK YCbIHBIMOAPRA COUKEC JICO2aApbl MEXHONOUANLIK COYIeNIK mepanused KoublamblH MUHUMATObL
mananmapea xcayan 6epeoi. Amom smepeusicol sHconinoeei xanvikapanvix, acenmmix (MAIATO) owcone Amepuranoblx MeQuyYuHAIbIK Gusuxmep

Kozamvi (AAPM).

Aoicmepi: Anmamuioazel onkono2usnbik opmanvikma (Kasaxcman) opnamuinean TrueBeamSTx coizvikmuix yoemxiwiniy (Varian, AKII) ca-
nacwin 6aksliay 6azoapramacein sxcacay keszinoe 6i3 MAI'ATO swcone AAPM ycoinvicmapbvina cyueHOix. Yoemxiue uHmencuemix MoOyisyusiianaan
coynenix mepanusnvt (IMRT, VMAT), cmepeomaxkmukansix paouoxupypeustvl 1coHe KecKinoi 6ackapamvii cmepeomakCukdanblk, Coyienix mepa-

nusinel (SRS, SRT) opvinoaiiow.
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Mexanuxanvix sHcone 003UMEMPUANBIK, CURAMMAMANapobl OaKbliayea Kamay maianmap Koublidobvl.

Homuocenep: Y scvinovig scymvic keseyinoe TrueBeamSTx yOemkiui Mexanuxanvix dHcote 003UMempUAIbIK, CUNAMMmMamaniapoblly HCaKcol
MYpaKmulibl2blH KOpcemeoi, 01 MAKAIA A8MOPAapbl 93IipJeceH xcylieli colHakmap apkwlivl mekcepinedi. Canacein 6axwinay 6azoapiamacsi 2019-
2022 eorc. paouopomontomunecyenmmi Oemexmopaaposl natoanana omoipuin, MAIATO/ONY nowma 0ozacein 6axviiay dbaz0apaamacvina Ka-
MbICY. O03UMEMPUSLTIBIK O1UeYTep MeH ecenmeyiepOin JHco2apsl 0ondicin kepcemmi: 0,1-1,7% pykcam eminzcen 5%.

Kopuvimuinowi: JKozapuvl sHepeusiivlk col3oiKkmulk yOemKiwKe canacvii 6aKwliay 6az0apiamacst 93ipieHoi; 0apivlk CUnammamanap OoubiHua
anvlHean HOmMudicesep pyKcam emineen MoHoepee colikec kenedi. Coyienik mepanusHsl MuiMoi JcoHe KAVinciz KoIOamy yulin coyienik mepanus
2HCAOOLIKMAPLIHLIY OAPILIK, MyPIEPItil Canacvli 6aKbliay Oaz0apiamaceii d3ipiey Kadjcem. opoip mexemeze moH, COHOAl-aK 0Cbl 6a20apaamManblly
OPbIHOANYbIH MAYEICI3 MeKcepy

Tyitin co30ep: coynenix mepanus, Col3bIKMbIK YOCMKIiUL, Canamnbl 6aKbLIAY, 003UMEMPUSIbIK JHCAOOLIKMAp.

AHHOTANMS

CO3JAHHUE U BBINNIOJIHEHHUE ITPOT'PAMMBbI KOHTPOJISA KAYECTBA
JUHEHHOI'O YCKOPUTEJIA

T.FO. Aumponosa', K. /1. laméaee"?, E.H. Hukunun', b.T'. lamoinosa', O.K. Ceumos'?, JK.T. Xyoaiibepzernos'?

KM Ha MXB «AnmatiHckuit OHkonorudeckwit LieHTpy, Anmatsl, Pecny6nnka Kasaxcrar
2AQ «Kasaxckuit Hay4Ho-1CCre0BaTENbCKMIA MHCTUTYT OHKOMOTAM 11 paguonoriny, Anmarsl, Pecnybnuka KasaxcTan

Axkmyansnocms: B cmamove paccmampusaomces cospemenivle npoodiembvl 8 001acmu 06ecneyenis Kaiecmaea npo8oOUMbIX YCye HA TUHEIHbIX
VCKOPUMENAX ¢ MOUKU 3PEHUsl HOPMAMUBHO-NPABOGOU OA3bl, A MAKJICe ¢ MOYKU 3PEHUs YACHOmbl NPoGedeHus npoyedyp Koumpons. Hayunas
HOBU3HA 3AKNIOUAEMCS 8 pa3padomKe npoepammvl KOHMPOJs. KAYeCmed IUHEIHO20 YCKOpUmens ¢ NOOPOOHbIM ONUCAHUEM CAMUX NPOYeoyp U ¢
PEKOMEHOayUAMU NO YACMOme NPOBeOeHUsl MeCMOB.

Lens uccnedosanusn — paspabomra u anpobayusi HA6OPA OOCMAMOYHO NPOCIBIX MEMOOUK KOHMPOJISl MEXAHUYECKUX U OO3UMEMPUYECKUX
napamempos annapama, Komopbuie, mem He MeHee, COOMEEmcmeo8anu Obl MUHUMATLHBIM MPEOOBAHUAM OISl NPOBEOCHUS 8blCOKOMEXHOIOSUYHOU
JIYHEB0I mepanuu CO2NACHO MENCOYHAPOOHbIM pekomendayuam Medcoynapoonozo acenmemesa no amomnou suepauu (MAIATO) u Amepukancrkozo
obwecmsa meOuyuHckux Qusuxos (AAPM).

Memoowr: Ilpu paspabomre npocpammvl KOHmMpoas Kawecmea 05 aunelinoz2o yckopumens TrueBeamSTx (Varian, CLIA), yemanogrennoeo
6 Anmamunckom owuxonocuueckom yewmpe (Kasaxcmawn), mol onupanuce Ha pexomendayuu MATATO u AAPM ¢ yuemom moeo, umo Ha
ycKkopumede Oyoem GblNOAHAMbCA Jyvesas mepanus ¢ mooyaayuei unmencusnocmu (IMRT, VMAT), cmepeomakcuueckas paouoxupypeus u
cmepeomaxcuyeckas ayuesas mepanusi (SRS, SRT) ¢ ucnonvzosanuem konmpoas no uzoopaxcenusm (IGRT), umo npedvsasnsiem bosee xcecmrue
mpe6osanusi K KOHMpPOIO KAk MeXaHU4eckux, max u 003UMempuiecKux Xapakmepucmux.

Pesynomamer: 3a mpexiemnuii nepuoo sxcnayamayuu yckopumensv TrueBeamSTx nokazvieaem xopowylo cmabuibHOCMb MeXaHUYeCKUX
U 003UMEMPUUECKUX XAPAKMEPUCTIUK, YMO NPOBEPACMC ¢ NOMOWbLIO CUCIEMAMUYECKUX Mecnmos No paspabomanHol asmopamiu cmamou
npoepamme KOHMpOJia Kavecmsd. Yuacmue 6 npoepamme noumogozo KoHmpois 003 MAI'ATI/BO3 ¢ nomowwbo paduohomonsroMuHecyeHmHubIx
Oemexmopog 6 2019-2022 zz. nokasano 8viCOKYI0 MOYHOCMb 003uMempuueckux usmepenuii u pacvemos. 0,1-1,7% npu oonycke 5%.

3axnrouenue: Bvina paspabomana npozpamma KOHMpPOa Kaiecmed OJis 6blCOKOIHEPLeMUUECKO20 NUHEUHO20 YCKOPUMENs, NOJY4eHHble
Pe3VIbmamysl no 8CeM XApaKmepucmuKam CoOmeemcmseyom OONYCmumMblM 3Havenusm. s d¢dexmuenoco u 6e30nacno2o UcCnoIb308anus
JIY4egoll mepanuu Heooxoouma paspabomKa npospammvl KOHMPOJiA Kavyecmed, 0iisi 6cex U008 000py00B8aHLsl Iy4e8ol mepanuu KOHKPemHo OJis
KadcO020 YUpedcOeHsl, a MaKice He3d8UCUMAsl NPOBEPKA BbINOJIHEHUSL JMOU NPOSPAMMBbL.

Kniouegvie cnosa: nyuesas mepanusi, IuHeinblil yCKOpumenb, KOHMPOLb KA4ecmed, 003umempuieckoe 060pyoosanue.
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ABSTRACT

Relevance: In Kazakhstan, the standardized incidence rate of cervical cancer for 2022 was 19 per 100,000 women, and the
mortality rate was 5.9 per 100,000 female population. The overall survival of cervical cancer in the Republic of Kazakhstan for
2022 was 59.6% (95% CI: 50.7-54.2). Since 2008, in Kazakhstan, there has been a National Screening Program for cervical cancer
Jfor women from 30 to 70 years old with an interval of 4 years. Almaty is the largest city in Kazakhstan, with a high incidence and
mortality from all types of cancer.

The study aimed to analyze the cervical cancer incidence and mortality in Almaty in 2005-2022.

Methods: Epidemiological analysis of cervical cancer incidence in Almaty for 2005-2022 was provided with analyzing reporting
forms of documentation. Statistical processing was carried out using the SPSS v. 23.0 software.

Results: Over the past 18 years (2005 to 2022), there has been an increase in the incidence rate from 16 to 18.3 per 100,000
female population and a consistently high mortality rate, which was 6.6 per 100,000 female population in 2022. In 2005, 108 women
with cervi-cal cancer were identified, of which 70% were patients with the first and second stages. In 2022, 198 cases of cervical
cancer were regis-tered, where the first stage accounts for 56.5%. In recent years, there has been an increase in the frequency of

registration of new cases of cervical cancer starting from 30-34 years old, with a noticeable increase up to 40-44 years old.
Conclusion: The results of this epidemiological study of cervical cancer incidence and mortality in Almaty indicate the need
to improve and intensify screening among women of reproductive age, and introduce a vaccination and screening program using

HPYV testing.
Keywords: cervical cancer, incidence, mortality, Almaty.

Introduction: To date, cervical cancer is among social-
ly significant problems worldwide and one of the leading
causes of mortality among socially active women aged
40-50 years in developing countries. According to Globo-
can 2020, malignant neoplasms (MNs) of the cervix rank
fourth among female cancer and seventh among all can-
cers. In 2020, 604,000 new cases of cervical cancer were
identified. More than 85% of cervical cancer cases are de-
tected in developing countries, and a third are diagnosed
at an advanced stage [1]. The existing primary prevention
methods impact the dynamics of cervical cancer develop-
ment; there is a global downward tendency, though some
countries still demonstrate increasing morbidity from cer-
vical MNs [1].

In Kazakhstan, cervical cancer is the most common ma-
lignant tumor, second oncological disease in women, and
fifth among all MNs. The National Cancer Registry reports
an increase in morbidity and consistently high mortality
from this pathology despite the implemented screening
program [2-5].

The National Screening Program for cervical cancer has
been implemented in Kazakhstan since 2008 under the
Order of the Minister of Health of the Republic of Kazakh-
stan (RK) No. 607, dated October 15, 2007, “On improving

preventive examinations of certain categories of the adult
population.” This screening program utilizes the Bethesda
system of detecting and evaluating cervical cytology in Pa-
panicolaou smears [5]. In 2008, women aged 35-60 years
were subject to screening. However, since 2011 the age
range was expanded from 30 to 60 years, and liquid cytol-
ogy was also introduced. Noteworthy, at the initial stage of
the cervical cancer screening program implementation, the
focus was on public coverage, not the screening quality.
Target coverage of cervical cancer screening in the regions
of Kazakhstan reached 72% [5]. According to the Order of
the Minister of Health of the RK dated January 10, 2014, No.
16 “On amendments and additions to the Order of the Min-
istry of Health of the RK dated August 12,2011, No. 540 “On
approval of the Regulations on the activities of healthcare
organizations providing oncological care to the population
of the Republic of Kazakhstan,” an average prognostic cov-
erage of the target group is to be at least 70%. However, ac-
cording to the Ministry of Health of the RK report for 2015,
the target coverage of cervical cancer screening in the RK
was about 50%. This indicated the lack of popularity of cer-
vical cancer screening among the population [6].
Considering this indicator, the Ministry of Health, to-
gether with “Kazakh Institute of Oncology and Radiology”
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JSC, initiated an audit of the existing screening program
by WHO Impact Mission experts. The review resulted in
updating the screening program to increase screening
coverage and treatment of precancerous pathologies [7].
The National Screening Program for Cervical Cancer in
the RK now provides for a free cytological examination
every four years of all women aged 30 to 70 [7, 8].

Despite an intensive implementation and improve-
ment of cervical cancer screening, early diagnostics of cer-
vical cancer remains an issue in the RK due to the concep-
tually outdated screening methods. Many countries have
proven the effectiveness of HPV tests as a screening tool
for cervical cancer.

Almaty is the biggest city in Kazakhstan, with a pop-
ulation of over 2 million. Women aged 30 to 60 accom-
plish more than 20% of the city population. As of 2023,
48 primary health care polyclinics carry out cervical can-
cer screening in Almaty. The “Almaty Oncological Cen-
ter” MSE on REM monitors the screening program im-
plementation.

The chosen screening strategy shall be medically, socially,
and economically efficient [9]. The screening program analy-
sis and assessment are the main tasks of public health to eval-
uate the screening effectiveness and the relevance of financial
investments and optimize the health care resource planning.

The study aimed to analyze the cervical cancer mor-
bidity and mortality in Almaty in 2005-2022.

Materials and Methods: The dynamics and structure
of morbidity and mortality from cervical cancer in Almaty
over the past 18 years (2005-2022) were analyzed using
the main accounting and reporting forms of documents.
The object of the study was 2,462 women first diagnosed
with cervical cancer in 2005-2022.

The materials for epidemiological analysis included:

1. International Classification of Diseases, revision 10
(ICD-10), by localization;

2. Updated official reports of regional oncological dis-
pensaries — “Report on MNs” (registration form No. 7) in
the RK territory in 2005-2022;

3. Medical records of patients first diagnosed with MNs
(registration form No. 090/U);

4. Data of the Bureau of National Statistics of the Agen-
cy for Strategic Planning and Reforms of the Republic of
Kazakhstan on the size, sex, and age composition of the
population by oblasts and regions of the RK for 2005-2022;

5. Form No. 030-6/U “Control card of dispensary obser-
vation”;

6. Data from the National Cancer Register (Electronic
Register of Cancer Patients) on MNs and cervical cancer;

7. Data from the National Center for Healthy Lifestyle
Formation reports on the results of screening surveys of
the RK population target groups in 2005-2022.

The epidemiological study of morbidity and mortality
from cervical cancer in the RK utilized the descriptive and
analytical methods of modern cancer epidemiology [10].
The cervical cancer morbidity and mortality indicators
were calculated using generally accepted sanitary statis-
tics methodology. The morbidity presented in absolute
figures shows the number of cases registered per 100,000
female population in a year. The population distribution
is standardized by the World Standard (World) to elimi-
nate age differences in the compared populations. The
IARC-recommended methodology [11] was used to cal-
culate standardized indicators.

Results: Crude intensive morbidity of cervical cancer
shows an increase in detecting this disease in 2005-2022
(Figure 1). The morbidity amounted to 16 per 100,000 fe-
males in 2005 vs. 18.3 per 100,000 females in 2022. A peak
morbidity of 28.7 per 100,000 females was registered in
2017. The National Cancer Register reported 198 cases of
cervical cancer in 2022 in Almaty.

A sharp increase in cervical cancer morbidity was asso-
ciated with increased detection due to the introduction of
screening.

The mortality from cervical cancerincreased in the an-
alyzed period from 42 deaths registered in 2005 (the mor-
tality rate — 5.5 per 100,000 females) to 72 deaths in 2022
(the mortality rate — 7.2 per 100,000 females) (Figure 1).
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Figure 1 - Trends in intensive morbidity and mortality from cervical neoplasms
per 100,000 females in 2005-2022

10

Oncology and Radiology of Kazakhstan, Ne2 (68) 2023




2
\S KAZAKH INSTITUTE OF ONEDLOGY AND RADIOLOGY

ORGANIZATION OF HEALTHCARE

Age-dependent indicators of new cervical cancer cas-
es showed that the number of cases registered at a young-
er age increased in 2022 vs. 2005 (Figure 2). The peak mor-

bidity shift towards cervical cancer rejuvenation confirms
the need to improve and strengthen screening among
young and middle-aged women.
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Figure 2 - New cervical cancer cases, by age, 2005 vs. 2022, abs.

Cervical cancer statistics by stage indicated an in-
crease in early detection from 2005 to 2022 (Figures
3, 4). Thus, out of 108 women registered with cervi-
cal cancer in 2005, 70% had stage I-Il of the disease.
In 2022, 85.4% of 198 new cases were registered at
stage I-Il.
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Figure 3 - Shares of stages I-Il, lll, and IV in new cervical cancer
cases registered in Almaty, 2005 (%)

Table 1 presents the main statistical indicators char-
acterizing the state of oncological care for cervical can-
cer neoplasms in Almaty. In 2022, the number of new
cases achieved 198, an increase of 54.4% vs. 2005. 93.2%
of cases were morphologically confirmed in 2022. Ac-
cording to the Cancer Register for 2022, 56.5% of cases
were detected at early stages, 81% - during preventive
examinations. Early detection of cervical cancer nota-

Table 1 - Main statistical indicators for cervical cancer

Noteworthy, till 2017, stages | and Il were accounted
together. Since 2017, they have been separated in the Na-
tional Cancer Registry. In 2022, stage | accounted for 56.5%
of identified cases. A notable fourfold decrease in stage IlI
cervical cancer detection was not accompanied by similar
dynamics in advanced stage IV cancer detection.

2022
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Figure 4 - Shares of stages I-IV in new cervical cancer cases
registered in Almaty, 2022 (%)

bly increased in 2022 compared to 2005 due to effective
screening. Nevertheless, one-year mortality remained
high, at 4.32% in 2022.

The percentage of patients who required radical treat-
ment was also high. In 2022, 93.2% of cases required rad-
ical treatment; one patient refused specialized treatment.

The number of patients on record increased in 2022 to
2,353; 68.7% were registered for five years and more.

Indicator 2005r. | 2022r.

Number of new cases 108.0 198.0
Morbidity per 100,000 population (crude intensive) 16.0 18.3
Early detection (stages | and Il), % of all registered cases 70.0 85.4
Early detection during preventive examinations (stages | and Il), % of all new cases 30.5 81.0
Less than one-year survival among those registered in the previous year (one-year mortality, %) 4.5 4.3

Radical treatment provided (% of all new cases) 62.6 65.8
Deaths from cancer 39.0 42.0
Mortality per 100,000 population (crude intensive) 6.2 6.6

Patients registered as of the year-end 971 2353
Of them, those registered for five years and more 597 1618
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Discussion: Globocan 2020 reports about 600,000
new cases of cervical cancer registered annually in
the world [1]. To date, mortality from this disease re-
mains relatively high despite the primary and second-
ary prevention programs and new approaches to cer-
vical cancer treatment and diagnostics.

Cervical cancer is a visually localized tumor pro-
cess with real opportunities for early diagnosis. Mor-
bidity and mortality from cervical cancer have fallen
by half in developed countries thanks to successfully
organized screening. Still, a more significant decrease
is expected when vaccination among girls against
HPV is included in the national immunization calen-
dar [12-15].

Increased cervical cancer morbidity in developing
countries, high mortality, and one-year mortality in-
dicate gaps in cervical cancer primary and secondary
prevention, including in Kazakhstan.

In Almaty, cervical cancer ranks third in female
cancer morbidity. Over the past 18 years (2005-2022),
3169 new cervical cancer cases were registered, and
984 women died from this disease. A significant share
of new cases affects women of reproductive age.

The increase in cervical cancer mortality in Almaty
and the RK is associated with better detection due to
the introduction of cervical cancer screening.

Despite the screening aimed at early detection,
the mortality from cervical cancer remains consis-
tently high. It amounted to 6.6% in 2020 vs. 6.2% in
2005. The morbidity and mortality rates were simi-
lar in developed countries with successful screening
programs before they introduced effective screening
[16,17].

In recent years, more new cervical cancer cases
have been registered in patients over 30-34 years,
with a noticeable increase to 40-44 years. In 2022,
peak cervical cancer morbidity shifted to 40-44 years
compared to 50-54 years in 2005.

The cervical cancer distribution analysis shows a
noticeable increase in early detection. A twofold in-
crease in this disease registration is due to the na-
tional screening program for cervical cancer. How-
ever, despite cytological tests during screening, late
detection of cervical cancer remains at the same lev-
el. High one-year mortality and low five-year surviv-
al of patients with cervical cancer indicate actual ne-
glect of the tumor process and imperfect actions on
early detection.

Conclusion: The conducted epidemiological study
of cervical cancer morbidity and mortality in Al-
maty evidences the need to improve and strengthen
screening activities among women of reproductive
age and introduce HPV vaccination and HPV tests at
screening.
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AHJATIIA

2005-2022 KBIIJTAPIAFBI AJIMATBI KAJTACBIHJIAFBI ’KATBIP MOWHBI OBLIPLIMEH
CBIPKATTAHYIIBIJIBIK ’KOHE OJIIM-XKITIM

H.A. H36azambemos', /1.P. Kaitoaposa?, P.O. Boraméekosa', A.C. Illunéonamosa’, T.3. Banuesa', A.E. Aitoapoé’,
I.B. Bazamosa', A.U. Capmenosa', J/I.b. Kaxcvinvikosa', A.C. Axkacosa', A.A. Ecmaesa', A.P. Camanosa®

«Anmatbl oHkonorus opTanbifbly LLXKK KMK, Anmarsl, KasakcTaH Pecny6nukac!;
2«Ka3aK OHKOMOrws eHe paanomnons FuinbiMU-3epTTey MHCTUTYTI» AK, Animarsl, KasakcTaH Pecny6nmkach

Oszexminizi: Kasaxcman Pecnyonuxaceinoa (KP) 2022 oxcvinea apranzan scamolip moiinvl oovipsinbiy (KK) cmanoapmmanzan coipkam-
manywwlavii kepcemkiwi 100 000 otience waxkkanoa 19-0vr Kypaowi, onim-scimin oeneeiii 100 000 otien xanvikka waxkanoa 5,9 6010bl.
2022 sicvinea Kasaxcman Pecnyonuxacvinoa scamolp MOUuHbL 00bIpbIHbIY Jdcainbl omip cypy oeneetii 59,6%-0vt kypaowl (95% CHU: 50,7-54,2).
2008 srcvinoan bacman Kasaxcman Pecnybnukaceinoa sdcamulp MotiHbl 00bipbiHbly ¥aimmblK cCKpuHUHemix 6a20apaamacsl #eymvic icmetioi, on
30 aoicacman 70 sicacka deilinei otiendep apacvinoa 4 Jcwln apanviknen gcypeisinedi. byeinei kynde Armamel kanacwl, Kazaxcman Pecnybnuxa-
cblHOazbl Kamepii ICIK aypybl MeH eJiM-Jcimim 0eneelli dco2apsl Kaia 60vin Kaia bepeoi.

3epmmeyodin maxkcamol — Anmamol Kanacwel 6otivinua 2005-2022 scorc. Hcamuip MOUHBL 0ObIPLIHAH CHIPKAMMAHYWBLABIK NeH ONIM-HCTMIM
OUHAMUKACHIH MALOAY.

Qoicmepi: Kyscammamanvly nezizei ecenke any jdcoHe ecenmilik Hbicanoapuln natoanana omeipuin, 2005-2020 scvinoap apanviebinoa
Anmamer Kanacel OOUbIHWLA JCAMBID MOUHBL OOLIPLIHAH CLIPKAMMAHYULLAGIK NEH OIM-JICIMIM OUHAMUKACHL MeH KYPbLIbIMbIHA MANOAY JHCYP-
2i3i10i. Cmamucmukanwik onoey SPSS23.0 komezimen dcyseee acvipbliadvl

Homuoicenepi: Coneor 18 sicornoa aypywanowix deneeiii 100 000 oiience waxkanoa 16-oan 18,3-xe Oetlin ocyi dcoHe oniM-dHCimiMHIY my-
paxmul scozapul Oeyeetii baiikanovl, on 2022 scwinet 100 000 oitence wakkanoa 6,6 kypaowl. 2005 srcvlavl dcamuvlp MOUHBL 0ObIPLIHA WUATObIKKAH
108 oiten anvikmanovl, onviy 70%-vl Oipinwi scone exinwi cameioaevt naykacmap. 2022 sxcvinwl scamoip molvinsl 06vipvinbiy 198 scazoaiivi
mipkenoi, onviy 6ipinwi camuicol 56,5% kypaiovl.Coyevl acvinoapel 30-34 socacman bacman aimapivikmail 6aAUKAIAMbIH HCAMBLP MOUHBL 00ObI-
PBIHbIH HCAHA HCA20AUNAPLIHBIY MIPKeNY dHcuiniziniy apmyvl oaikaniaosl. 40-44 xcacka oetlin ocedi. 2022 sncwlibl Hcambvlp MOUHBL 0ObIPLIHBIH
2005 sicviamen canvicmuipeanoa ey gcozapul 0eneetii «50-54 socacmany 40-44 dcac mobvina ayvicmoi.

Kopvimuinowi: Kazaxcmanoazol slcamoip MoliHbl 00bIPbIHAH OOIAMbBIH AYPYULAHOIK NEH ONIM-JICIMIM KOPCEMKIUMmMepiH dNUOCMUOTOSUSATbIK
3epmmey HOMuICenepi CKPUHUHSNT HCAKCAPMY, penpoOoyKmuemi sxcacmasvl alienoep apacvinoa onvl bencenoipy, conoati-ax HPV-2e mecmineyoi
KOIOAHA OMBIPBIN, 6AKYUHAYUS ICOHE CKPUHUNHSIMIK 6A20apamManbl eHeizy Kadcemminicin kopcemeoi.

Tyiinoi cesoep: scamoip MotiHbl 06bIPLL, AYPYUWAHOBIK, OXIM-dCImim, Anmamel.

AHHOTANUA

MOKA3ATEJIN 3ABOJIEBAEMOCTHU U CMEPTHOCTH OT PAKA IIEMKA MATKHA
B I'OPOJE AJIMATHBI 3A 2005-2022 rr.

H.A. H36azambemos’, /I.P. Kaiioaposda®, P.O. Bonaméexosa', A.C. llunbonamosa®, T.3. Banuesa', A.E. Aiioapos’,
I.B. Bazamosa', A.U. Capmenosa', /I.b. Kaxcoivikosa', A.C. Akkacosa', A.A. Ecmaesa', A.P. Camanosa*

'KI'TT Ha NMXB «AnmaTiHCKII OHKONOr4eckuii LieHTpy, Anmatel, Pecnybnuka Kasaxctak;
A0 «Kasaxckuit Hay4Ho-1CCrIe[0BATENbCKIA MHCTUTYT OHKOMOrMM 11 papmonorvny, Anmartel, Pecnybnnka Kasaxcta

Axmyansnocms: B Pecnyonuke Kazaxcman (PK) nokazamens cmandapmuszosantoii 3aboneeaemocmu pakom weiku mamku (PLLM) 3a 2022
2. cocmasun 19 na 100 000 sxcenwyun, nokazamens cmepmuocmu - 5,9 na 100 000 scernckozo nacenenus. Ilokazamens obwerl gvidcusaemocmu
PIIM 6 PK 3a 2022 2. coomeemcmeosan 59,6% (95% [[H:50,7-54,2). B PK ¢ 2008 2. cywecmeyem Hayuonanohas CKpUHuH206as npocpamma
PIIIM, xomopas oxeamweisaem dcenwun 6 ospacme 30-70 jem u nposooumcs ¢ unmepgaiom 6 4 2ooa. Ha cecoOnsiunuil denw 2. Anmamer ocma-
emcsi Kpyneuwum 20pooom PK ¢ evbicokum yposrem 3abonesaemocmu u cCMEpmHOCU OM 6cex 6U008 paKa.

Lens uccredosanusn — ananuz ounamuxu 3aboneeaemocmu u cmepmuocmu om PILUM 6 2. Anmamer 3a 2005-2022 ze.

Memoowi: Ananuz ounamuxu u cmpykmypol 3aboneeaemocmu u cmepmuocmu om PLIM 6 2. Aamamer ¢ 2005 no 2022 22. npogedeH ¢ ucnonv3o-
8aHUEM OCHOBHBIX (POPM YuemHO-omyuemHou Ookymenmayuu. bviiu npoanarusuposanvl cpasnumenviule oannvle. Cmamucmuyeckas 06pabomka
npogedena ¢ nomowbio npoepammnozo odecnevenus SPSS v. 23.0.

Pesynomameut: 3a nocieonue 18 iem 6 2. Anmamoi ommeyvaemcs pocm nokazameis sabonesaemocmu ¢ 16 0o 18,3 na 100 000 scenckoeo Hacere-
HUS U cmabUIbHO BbICOKUL NOKazamens cmepmuocmu, komopwiii 6 2022 2. cocmasun 6,6 na 100 000 scenckoeo Hacenerus. B 00cKkpunune060om ne-
puoode 6 2005 2. PLLIM 6vin o6napyscen 'y 131 scenyunvt, uz nux 70% cocmagunu nayuenmxu ¢ nepgotl u emopoii cmaoueii 3abonesanus. B 2022 e.
ovL10 3apecucmpuposano 198 ciyuaes PLLIM, npuuém na oono I-11 cmaouu npuwinoce 85,4%.
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3a nocreonue 20061 ommeuaemcs yseauienue 4acmomeol pecucmpayuu Hogulx cayuaes PLIM, nauunas c éospacma 30-34 rem, ¢ 3amemuvim
pocmom 00 40-44 nem. B 2022 2. nux sabonesaemocmu PILIM no cpasuenuto ¢ 2005 e. cmecmuncs ¢ 6ospacma 50-54 2o0a na eospacmmyio
epynny 40-44 200a.

3axnrouenue: [Iposedennoe snudemuonocuueckoe ucciedosanue 3abomesaemocmu u cmepmuocmu om PLIM 6 2. Anmamol ceudemenscmesy-
10M 0 HEOOXOOUMOCIIU COBEPULCHCMBOBANUS CKPUHUHRA, €20 AKMUGU3AYUL CPEOU JICCHIUN PenPOOYKIMUGHO20 803PACA, 4 MAKIICE GHEOPEHUs
NPOSPAMMbL BAKYUHAYUU U CKPUHUNSA € UCNONIb306aHUeM mecmuposanus Ha BITY.

Knroueswie cnosa: pax weiiku mamru (PLLIM), 3abonesaemocms, cmepmuocme, 2. Aimamel.
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ABSTRACT

Relevance: Currently, molecular diagnosis in NSCLC in Kazakhstan includes detection of EGFR, ALK driver mutations status, and
PD-LI-status, but not ROS1, what limits the access of patients with this driver mutation to vital therapy.

The study aimed to optimize the methods of molecular genetic diagnosis of patients with NSCLC by introducing ROSI testing in
the Republic of Kazakhstan.

Methods: The biopsy and surgical material of non-small cell lung cancer (NSCLC) fixed in 10% buffered formalin was studied. After the
initial morphological diagnosis of adenocarcinoma, EGFR, and ALK mutation status determination, EGFR and ALK-negative tumor assays
were sent for further determination of ROSI mutation status. First, we performed immunohistochemistry (IHC) using the Ventana BenchMark
Ultra platform using the ROS1 antibody (SP283) and the OptiView DAB Detection Kit imaging system. After that, samples with positive and
doubtful IHC results were sent for reverse transcriptase polymerase chain reaction (RT-PCR) to confirm the ROSI mutation status.

Results: A total of 99 tumor samples from patients with EGFR-negative and ALK-negative lung adenocarcinoma were studied by
THC from January 01 to September 30, 2022. The results of IHC staining were assessed as 0 (negative) — 59 samples, 1+ (negative) — 25
samples, 2+ (doubtful) — 12 samples, 3+ (positive) — 3 samples. Cases with >70% immunostaining were considered positive. Samples

with an IHC stain score of 2+ (doubtful), 3+ (positive), and a few samples of 1+ were sent for confirmation by PCR.
Overall, 22 samples were tested using RT-PCR, and results were considered as follows:1 (4%) — positive, 13 (59%) — negative, 8

(37%) — invalid.

Conclusion: A large proportion of positive and equivocal results were obtained when determining ROS1 mutation status using IHC,
and a large proportion of invalid results during subsequent RT-PCR testing. Choosing methods for nationwide ROSI implementation,
one should evaluate the economics of the methods to be implemented and compare them with a standard validated FISH method.

Keywords: ROS1 molecular genetic diagnostics, lung cancer (LC), non-small cell lung cancer (NSCLC), immunohistochemistry
(IHC), reverse transcriptase polymerase chain reaction (RT-PCR), fluorescence in situ hybridization (FISH).

Introduction: Lung cancer (LC) ranks second in in-
cidence after breast cancer and first in cancer mortali-
ty in both sexes in the Republic of Kazakhstan (RK) over
the past decades. LC incidence in men shares 20% of
all cancer cases, significantly higher than in women. In
2021, 3615 new trachea, bronchi, and lung cancer cas-
es were detected. The proportion of cases diagnosed
at stages I-Il was only 28%, while the proportion of ad-
vanced forms (stage IV) of trachea, bronchi, and lung
cancer was 27.1 %. The LC survival rate depends on the
stage of the disease at diagnosis and remains relative-
ly low. In 2021, one-year mortality from LC in the Re-
public of Kazakhstan was 43.3%. In Kazakhstan, in 2021,
2,086 men and women died from LC, more than from

breast, rectal, and prostate cancers combined [1]. Ac-
cording to Globocan estimates, in 2020 in the Repub-
lic of Kazakhstan, the primary incidence of LC was 21.8
per 100,000 population (4642 new cases), and the mor-
tality rate was 16.7 per 100,000 population, which cor-
responds to 17% of all deaths from cancer [2]. The liter-
ature reports that non-small cell lung cancer (NSCLC)
accounts for 80-90% of all cases of LC, while the inci-
dence of small cell lung cancer (SCLC) has been declin-
ing over the past two decades in many countries [3].
Depending on the histological structure, NSCLC is sub-
divided into adenocarcinoma (most common subtype,
40-50% of NSCLC), squamous cell carcinoma (25-40% of
NSCLC), large cell carcinoma (3-5% of NSCLC), adenos-
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quamous (2-3% of NSCLC), and sarcomatoid (2-3% NS-
CLQ) carcinomas [4, 5].

Fig. 1 shows the algorithm for testing patients with
advanced NSCLC adopted in Kazakhstan [6].

Lung cancer
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Figure 1 - Algorithm for testing patients with advanced NSCLC in Kazakhstan

Morphological diagnostics is followed by testing
for biomarkers. Cancer subtype identification based
on biomarker testing enables to identify patients with
a high or lower probability of response to therapy to
provide individualized treatment [7, 8]. Currently, the
US and most European countries do mandatory test-
ing for EGFR, ALK, and ROS1 translocation mutations,
including testing for EGFR T790M mutations in disease
relapse [9, 10]. Testing for ROS1 mutations was includ-
ed in the updated protocol for diagnosing and treating
LC in the Republic of Kazakhstan [6]. Molecular genet-
ic tests required by the Comprehensive Cancer Control
Plan for 2023-2025 in NSCLC include the detection of
EGFR, ALK mutations, and PD-L1 status [11]. The project
includes the determination of T790M in the progres-
sion of EGFR-positive NSCLC (liquid biopsy). Unfortu-
nately, ROS1 mutation testing was not included in the
current and previous comprehensive plans to combat
oncological diseases [11, 12]. According to the Center
for Morphological Studies of Kazakh Institute of Oncol-
ogy and Radiology JSC (KazIOR JSC), in 2020, 1658 out
of 3240 patients with newly diagnosed LC had NSCLC
(adenocarcinoma), and 1161 were sampled for testing.
In total, 932 patients were tested for EGFR mutation,
and 167 (17.9%) were positive; 753 were tested for ALK
(38 (5%) positive); 825 were tested for PD-L1 (320 (39%)
positive).

ROS1 (ROS Proto-Oncogene 1) is a tyrosine kinase
receptor. In NSCLC, ROS1 gene translocation leads to

the formation of several oncogenic ROS1 fusion pro-
teins with constitutive kinase activity, CD74-ROS1 the
most common. ROS1 translocations are rarely com-
bined with other oncogenic driver mutations, such as
ALK translocations and activating EGFR mutations in
NSCLC [13, 14]. The reported prevalence of ROS1-pos-
itive NSCLC is 1.6% in North America, about 2% in Eu-
rope, and 2.3% in Asia [15]. No data on the ROS1 mu-
tation prevalence is currently available in Kazakhstan.

International guidelines recommend testing all pa-
tients with advanced adenocarcinoma of the lung for
ROS1 mutation, regardless of the clinical symptoms
[9, 10, 16]. ROS1 translocations can be detected us-
ing several methods: fluorescence in situ hybridiza-
tion (FISH), RNA-based next-generation sequencing
(NGS), or reverse transcriptase polymerase chain reac-
tion (RT-PCR) [16].

FISH is a research-proven method to detect ROS1
gene translocations [9, 10, 16]. Immunohistochemistry
(IHC) screening for ROS1 translocation in NSCLC may
be preferable to FISH or molecular diagnostics under
certain conditions due to a relatively low incidence
of these mutations. However, interpreting ROS1 IHC
is challenging since about one-third of tumors with
no ROS1 mutation can present low-intensity spotted
staining [16].

IHC can be used for prescreening; FISH or PCR is re-
quired to confirm the diagnosis [10, 16]. NGS is becoming
an alternative molecular test for screening or confirming
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the presence of gene fusion [16]. However, today, in most
countries, NGS is not a routine practice due to its high
cost, the need to accumulate multiple samples in one cy-
cle, as well as the availability of sophisticated diagnostic
equipment and well-trained personnel [17].

In this study, the ROS1 status of adenocarcinoma
patients negative for EGFR, ALK mutations were deter-
mined using an alternative ROS1 diagnostic method -
IHC followed by RT-PCR - due to the unavailability of
FISH for ROS1 at KazIOR JSC during the project imple-
mentation.

The study aimed to optimize the methods of mo-
lecular genetic diagnosis of patients with NSCLC by in-
troducing ROS1 testing in the Republic of Kazakhstan.

Materials and Methods: The biopsy and surgical
samples of NSCLC fixed in 10% buffered formalin were
studied. The tissue pieces were subjected to standard
processing in a tissue processor and placed into paraf-
fin (FFPE blocks). After initial morphological diagnostics
of adenocarcinoma and testing for EGFR and ALK muta-
tions, tumor assays negative for EGFR and ALK mutations
were further tested for ROS1 mutations. Paraffin slices
3-4 um thick were prepared on adhesive glass. First, we
performed IHC analysis using the Ventana BenchMark
Ultra platform using the ROS1 antibody (SP283) and the
OptiView DAB Detection Kit imaging system. After that,
IHC-positive or doubtful samples were subjected to RT-
PCR to confirm ROS1 mutation status. RT-PCR utilized
an AmoyDx ROS1 gene fusion detection kit according
to the manufacturer’s instructions.

The ROS1 oncogene encodes an orphan receptor ty-
rosine kinase associated with anaplastic lymphoma ki-
nase (ALK) along with the insulin receptors. ALK and
ROS1 synthesize the related tyrosine kinases, whose
ATP-binding domains are 77% identical in amino acid
composition [18]. Translocation leads to the fusion of
the ROS1 part, including the entire tyrosine kinase do-
main, with 1 of 12 different partner proteins [19].

IHC detects known oncogenic mutations by muta-
tion-specific antibodies in a tissue sample. The antibod-
ies bind with an enzyme or fluorescent dye, which al-
lows to identify the mutation-positive samples with a
microscope [19].

To diagnose ROS1 translocations, we used VENTA-
NA ROS1 (SP384) Rabbit Monoclonal Primary Antibody
following the published recommendations [19]. IHC di-
agnostic assays to detect ROS1 utilized a BenchMark
Ultra (Ventana) platform with a monoclonal antibody
to ROS1 (SP284, Ventana) and the OptiView DAB De-
tection Kit. The assessments were made using a Leica
DM1000 optical microscope. The cytoplasmic staining
of type Il non-tumor pneumocytes served as an inter-

nal positive control. The intensity of cytoplasmic stain-
ing of tumor cells was assessed at a magnification of 4
(x4): 0 (negative), 1+ (negative), 2+ (doubtful), and 3+
(positive). The case was considered positive at inten-
sive staining of at least 70% of tumor cells.

RT-PCR was to confirm positive or equivocal ROS1
IHC results. This highly specific method detects the fu-
sion of tumor RNA genes and does not detect alterna-
tive fusion partners [19].

The study was performed on a Tanlong Real-time
PCR System amplifier with the following reagents in
accordance with the manufacturer’s instructions: Invi-
trogen, DNase |, and PureLinktm FEPE (Thermo Fish-
er Scientific, USA) - for RNA/DNA isolation, NanoDrop
2000 (Thermo Fisher Scientific, USA) - for checking the
RNA/cDNA concentration by spectrophotometry, ROS1
Gene Fusions Detection Kit (AmoyDx, China) - for am-
plification and detection of the results.

PCR results were interpreted according to the man-
ufacturer’s instructions for the FAM and HEX/VIC detec-
tion channels:

1) For NTC: the Ct FAM values of reaction mixture 1-4
and the Ct HEX/VIC values of reaction mixture four shall
be >31. If not, the results were considered invalid. Ac-
cording to the recommendation of the manufacturer,
the sample should be retested.

2) For positive control: the Ct FAM values of reaction
mixtures 1-4 and the Ct HEX/VIC values of reaction mix-
ture four should be <24. If not, the result is invalid. Ac-
cording to the recommendation of the manufacturer,
the sample should be retested.

3) Assay for the reference gene (HEX/VIC signal) in
reaction mixture 4 for each sample:

a) HEX / VIC 3HauyeHune Ct pomkHo 6biTb <20. The
HEX/VIC value of Ct should be <20.

b) If the HEX/VIC value of Ct is >20, it indicates the
RNA degradation or precision reaction of PCR inhibi-
tors. According to the manufacturer’s recommenda-
tion, the sample should be retested or re-extracted
RNA, as there could be false negative results.

4) Analysis for each sample: Ct FAM value of reaction
mixtures 1-4 for each sample was recorded:

a) If the Ct FAM value of the reaction mixture 1-4 is
>30, the sample was identified as negative (ROS1 fu-
sion not detected) or LOD (detection limit) of the set
below.

b) If any Ct FAM value of the reaction mixture 1-4 is
<30, the sample was identified as positive (ROS1 fusion
gene detected).

Fig. 2 shows a simplified algorithm for testing pa-
tients with NSCLC adenocarcinoma applied in this
study.
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Figure 2 - Algorithm for testing patients with NSCLC adenocarcinoma

Results: A total of 99 tumor samples from patients
with EGFR-negative and ALK-negative lung adenocarci-
noma were studied by IHC from January 01 to Septem-
ber 30, 2022. The results of IHC staining were assessed
as 0 (negative) — 59 samples, 1+ (negative) - 25 sam-
ples, 2+ (doubtful) — 12 samples, and 3+ (positive) — 3
samples. Cases with >70% immunostaining were con-
sidered positive. Samples with an IHC stain score of 2+
(doubtful), 3+ (positive), and a few samples of 1+ were
sent for confirmation by PCR.

Overall, 22 samples were tested using RT-PCR at Ka-
zIOR JSC Center for Molecular Genetic Studies, and the
results were considered as follows:1 (4%) - positive, 13
(59%) - negative, 8 (37%) -— invalid.

Discussion: In IHC, a large proportion of samples -
15 out of 99 samples (15%) - were found positive or
equivocal. The IHC results interpretation was problem-
atic due to many positive or equivocal results. This re-
quired additional consultations to interpret the ob-

tained data. In some cases, heterogeneous sample
staining required a FISH test to assess the tumor sites
with bright and moderate staining. The aim was to iden-
tify the tumor’s intrinsic heterogenicity or attribute the
result to the preliminary preparation of the material.

According to RT-PCR results, 1 (4%) of 22 samples
was positive, 13 (59%) — negative, and 8 (37%) were in-
valid. Unfortunately, a large share of invalid samples
(37%) suggested a low quality of RNA isolated from
FFPE blocks and inappropriate quality of the samples
for PCR. The obtained results require further research
for accurate conclusions.

N.I. Lindeman et al. report an IHC sensitivity of 96%
(95% Cl: 71-99%) and specificity of 94% (95% Cl: 89-
96%) compared to FISH when using D4D6 antibodies
with a staining intensity of at least 2+ (as determined by
studies). Due to poor IHC specificity (there is no unified
assessment of IHC results, and each laboratory selects
its limit for staining intensity), the authors also report
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difficulties interpreting the staining intensity. However,
due to IHC’s high sensitivity, the tumor samples with-
out ROS1 staining could be interpreted as negative for
ROS1 translocations [16].

In a similar study, 34 111 (30.6%) samples demon-
strated an immune reaction to ROS1 in IHC. However, a
later FISH test revealed only 5 ROS1-positive tumors out
of 34 [20]. Out of 60 samples studied by Shan L. et al,,
16 (26.7%), 13 (21.7%), and 20 (33.3%) cases were found
ROS1-positive by IHC, FISH, or RT-PCR, respectively [21].

In a study by T.A. Boyle et al., 33 samples were
IHC-assessed for ROS1 translocations, and only six sam-
ples had a high expression of ROS1 protein. Five of them
were also positive for ROS1 gene translocationina FISH
test. Twenty-seven lung cancer biopsy samples nega-
tive for ROS1 translocation in genetic testing had low or
absent ROS1 protein expression. The authors proposed
IHC as a practical and cost-effective ROS1 gene translo-
cations screening method in lung cancer [22].

Although ROS1 mutations are relatively rare and
found in 2-3% of lung adenocarcinomas [13-15], tu-
mors with structural translocations involving the ROS1
gene can be successfully treated with targeted drugs.
In phase | clinical trial involving 50 patients with NS-
CLC, a ROS1 translocation found by FISH or RT-PCR pre-
dicted a response to targeted inhibition with crizotinib
of 72% and a median progression-free survival of 19.2
months [23]. Based on this study, in 2016, FDA expand-
ed the use of crizotinib in NSCLC patients with ROS1
translocations. In a European multicenter retrospective
study, 32 NSCLC patients with ROS1 translocation treat-
ed with crizotinib demonstrated an ORR of 80% and a
median relapse-free survival of 9.1 months [24].

Conclusion: In this study, IHC delivered many positive
or equivocal results (15 out of 99) when determining ROS1
mutation status, and subsequent RT-PCR testing revealed
a large proportion of invalid results. Choosing a ROS1 de-
tection method for nationwide use shall consider the eco-
nomic component of proposed methods and compare the
results with a standard validated FISH method.

In Kazakhstan, patients with lung cancer have limited
access to vital molecular diagnostics to determine ROS1
mutations. Hence, it is necessary to introduce the ROS1
test based on a recommended, approved, and reliable
methodology to provide personalized, targeted therapy.
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KA3AKCTAH PECITY BJIMKACBIH/JIA ROS1 TECTIJIEYIH EHI'I3Y APKBIJIbI ¥YCAK
KACYHIAJIBI EMEC OKIIEHIH KATEPJII ICITT BAP HAYKACTAP/IbI
MOJIEK YJIAJBIK-TEHETUKAJBIK JIUATHOCTUKAJIAY S9AICTEPIH OHTAWMJIAH/IBIPY
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I«Kasak oHKomorus XeHe pagnonorus FuinbiMu-3epTTey MHCTUTYThI» AK, Anmarsl, KasakctaH Pecny6nukacs!;
2«AnmaTbl oHkonorust opTanbifbly LXK KMK, Anmarbl, KasakctaH PecnyGnukacs!

Oszexminizi: Kasipei yagsimma Kazaxcmanoa ycax scacywanst emec okneniy xamepai icieiniy (YKEOKI) monexkyniapivik OuacHocmukacol
EGFR, ALK-0azbi Opatiepnik mymayusiapoviy mopmebecit sicone PD-L1 mopmebecin, 6ipax ma ROSI emec, anvlkmayovl Kammuobl, 0 0Cbl
opatigeprik mymayusiea oy Homuoice 6epeen nayuenmmepoiy OMIpIiK MAKbL30bl MEPANUSHBL ALY MYMKIHOICIH ueKmetioi.

3epmmeyodin makcamot — Kasaxcman Pecnybnukaceinoa ROSI mecmineyin eneizy apxviivt YKEOKI 6ap naykacmapovly moaekynanvix-
2CHEMUKANBIK OUACHOCMUKACHIHBLY d0ICMEPIH OHMALLIAHObBIDY.

Aoicmepi: Y)KEOKI b6ap naykacmapoviy 10% Oygeprenzen hopmanunce canviHean OUONCUSANBIK HCOHE ONEPAYUSIbIK MaAmepud-
bl 3epmmendi. A0enokapyuHoManvly 6aCmanksl NAmMoL0UsIbLlK, oOuaznocmuxacvinan xeiirn, EGFR ocone ALK mymayuscoinwly Kyuin
anvikmazauuan ketiin, EGFR owcone ALK mepic mopmebeci b6ap icix yazinepi ROSI mymayusceinbiy mopmebecin opi Kapai anvlkmay
yutin ocibepindi. Onpedenenue cmamyca mymayuu ROSI mymayuscoinviy mopmebecin anvikmay exi ooicnen sucypeizindi: Bipinwi 90ic
— Ventana BenchMark Ultra nnamgpopmacvinoa ROS1 anmuoenecin (SP283) owcone OptiView DAB Detection Kit éusyanusayus scyiiecin
nanoaiana omulpoin, umMmynocucmoxumusiois maroay (MI'X). UI'X nomuoicenepi 6otivinwa oy dcone Kymonoi Homudicenepi b6ap yieiiep
ROSI mymayuscolnbly Mopmebecin pacmay cuskmsl eKiHuli 90ic YuliH Kepi mpancKkpunmaszacsl 6ap noaumepasovl mizoekmi peaxyusada
(KT-IITP) oicibepinoi.

Homuoicenepi: 01.01.2022 6acman 30.09.2022 oeiiin UT'X o0icimen EGFR-mepic sicone ALK-mepic exne adenoxkapyuromacel bap HayKac-
mapoan anvinean scainst 99 icix yreinepi sepmmendi. UI'X-60s1y nomuoicenepi oviraviuwia bazanranovi: 0 (mepic) — 59 ynei, 1+ (mepic) — 25 ynei,
24 (kymonoi) — 12 ynei, 3+ (oy) — 3 ynei. 270% ummyHObIK 6051ybl 6ap srcaz0aiiniap oy 0en cananowvl. 2+ (kymouoi), 3+ (oy) scone 1+ Gipnewe
yneinepi UI'X bosyvin 6azanayst 6ap yreinep IITP-mecmineymen pacmayea acioepinoi.

KT-IITP 6ouvinwa 6aprvieer 22 ynei mexcepindi, Homudiceci keaecioel bazananowl: 1 (4%) — on, 13 (59%) — mepic, 8 (37%) — coiixec emec.

Kopvoimuinowvr: UI'X apxvinvt ROSI mymayusicuiivly Mopme6becin anblkmay Konmeen oy Jcone KyMoHOi Homudiceiepee oKeaoi, ai Keuinei
KT-IITP mecmineyi kesinde colikec emec Homuoicenepoiy yaKen beonici opvin andsl. Opi Kapaii endik oeHeeude manoay xcypeizy yuin ROSI
anvlkmay o0icin manoaean Kezoe, eniziiemin o0icmepoiy IKOHOMUKANBIK, WbI2bIHObIK KypaMblH Oazanay kepek, condaii-ax FISH cmanoapm-
mbl ganUOAYUAIAH2AH dOICIEMEeMeH CATbICMbIPY KaAICem.

Tyiiinoi cozoep: ROSI Monexkynianvik-eeHemuKanbly OUA2HOCMUKACHL, OKNEHIH Kamepii iciei, yCak jcacyulansl emec okneniy kamepiai iciei
(Y2KEOK]I), ummynocucmoxumus (MI'X), kepi mpanckpunmasacwol 6ap noaumepasovt mizoexmi peakyusi (KT-IITP), in situ ¢payopecyenmmi
eubpuousayuscol (FISH).

AHHOTANUSA

ONTUMM3ALIAA METOJA0B MOJIEKYJISIPHO-TEHETUUECKOM TUATHOCTUKH
HAIOMEHTOB C PACIIPOCTPAHEHHBIM HEMEJIKOKJIETOYHBIM PAKOM JIEI'KOT'O
IIYTEM BHEJAPEHUSA TECTUPOBAHMUMSA ROS1 B PECITYBJIMKE KA3ZAXCTAH

O.B. Illamkosckaa', /I.P. Kaiioaposa', M.I'. Opaszanuesa', 3.b. Caméaesa'?, C.0. Ocuxoaesa', A.b. Koiiuvloaesa'

'AO «Ka3axckuit Hay4HO-MCCTIe0BATENbCKMIA MHCTUATYT OHKOMOTAM 1 paauonoruny, Anvatsl, Pecnybnuka KasaxcraH,
KM Ha MXB «AnmatuHckuit OHkonoruyeckuit LieHTp», Anmatsl, Pecry6nuka Kasaxcra

Axmyanvnocme: B nacmosiyee epems MOIGKYIApHAsS OUACHOCIUKA HEMEIKOKIeMouHo2o0 paka feekoeo (HMPJI) ¢ Kazaxcmane sxnouaem
onpeoesenue cmamyca opauigepuvix mymayuti EGFR, ALK u cmamyca PD-L1, no He ROSI, umo ocpanuuusaem 603MONCHOCMU NOJVYEHUs.
JHCUBHEHHO BAICHOU MEPANUU NAYUCHMAMU € NOJONCUMENLHLIM PE3YIbMAMO8 Ha SNy OPaiueepHyio Mymayuio.

Ilenv uccnedosanusa — onmumusayusi mMemoo08 MOJEKVIAPHO-eeHeMu4ecKkol ouazHocmuxku nayuenmos ¢ HMPJI nymem eHeOperus
mecmuposanust ROS1 ¢ Pecnyboiuxe Kazaxcman.

Memoowi: Hccredosancsi buoncuiinwiii u onepayuoruviil mamepuan nayuenmos ¢ HMPJI, ¢uxcuposannviii 6 10%-nom 3a6ygepernrom
popmanune. Ilocne nepeonauanvHoli MOpphoiocueckol OUa2HOCMUKU A0eHOKApYUHOMbL, onpeodeierus cmamyca mymayuti EGFR u ALK obpa3zywi
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onyxonu ¢ ompuyamenvroim cmamycom EGFR u ALK ombupanuce 0ns danvhetiuie2o sviasienus cmamyca mymayuu ROS1. Onpeodenenue cmamyca
mymayuu ROSI nposoounocs 06ymsa memooamu: nepsuiii memoo — ummynoaucmoxumudeckuii ananus (UI'X) na nnamgopme Ventana BenchMark
Ultra ¢ ucnonvzoeanuem anmumena ROSI (SP283) u cucmemsr eusyanuzayuu OptiView DAB Detection Kit. Ilo pesynemamam UI'X obpasywl ¢
NONOANCUMENLHLIMU U COMHUMETLHIMU PE3VIbIMAMAMU HANPAGIAIUC, HA NOTUMEPAZHYIO YenHyIo peakyuio ¢ oopammnot mpanckpunmasoi (OT-
I11[P), umobbl noomsepoume cmamyc mymayuu ROS1 — emopoii memoo.

Pesynomamor: C 01.01.2022 no 30.09.2022 2e. 6ceco memooom UI'X uccieoosarno 99 oopaszyos onyxozeii nayuenmog ¢ EGFR-ompuyamenvnot
u ALK-ompuyamenvroii adeHokapyurnomou jeekoeo. Pezynomamer UI'X-okpawueanus pacyenusanu kak: 0 (ompuyameinvro) — 59 obpasyos,
1+ (ompuyamenvno) — 25 o6pasyos, 2+ (comnumenvno) — 12 06pazyos, 3+ (noroxcumenvro) — 3 oopazya. Cnyuau ¢ >70% ummyHOOKpawuganus
cuumanuce nonoxcumensHoimu. Obpasywl ¢ oyenkoi okpawiueanus UI'X 2+ (comnumensro), 3+ (nonodcumenvro) u Heckoivko 0opaszyos 1+ ovliu
omnpasiensl Ha noomesepoicoenue [1L{P-mecmuposanuem.

Bcezo ¢ nomowgpro OT-I1L[P Ovi10 npomecmuposano 22 obpasya; pe3ynvmamsl pacyeHersvl cieoyiouum oopazom: 1 (4%) — nonoscumenvhoiil,
13 (59%) — ompuyamenvuwvii, 8 (37%) — neeanuonwiil.

Baknwuenue: Ilpu onpederenuu cmamyca mymayuu ROSI ¢ nomowwio UI'X Ovbino nonyueno 60avbuioe KOIUYECMBO NOLONCUMENLHBIX U
COMHUMENbHBIX pe3yIbmamos, a npu nocieoyiowem mecmuposanuu OT-IIL[P — 6onvuas 001 He8anuOHbIX pe3ynbmamos. B danvuetiuem npu
6bi00pe memoouku o6Hapyscenus ROSI 0ns npogedenus aHanu308 Ha CMpPaHOBOM YPOGHe HEOOX0OUMO OUEHUMb IKOHOMUUECKVIO 3AMPAMHYIO
COCMABNAIOWYIO 6HEOPAEMbIX MEMO008, d MAKIHCe CPABHUNb CO CIMANOAPMHOLU 8a1uOuposantoll memoouxoi FISH.

Knrouesvie cnosa: mornexynspro-cenemuueckas ouacnocmuxa ROSI, pax neexkoco (PJI), Hemenxoxiemounwii pax jeckoeo (HMPJI),
ummynozucmoxumus (UI'X), nonumepasuas yennasa peaxyus ¢ oopamuoii mpanckpunmasoti (OT-IILP), ¢ryopecyenmuas eubpuousayus in situ
(FISH).
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DNA DOUBLE-STRANDED BREAKS AND REPAIRS
IN ACUTE LEUKEMIA

M. BULEGENOVA', A. DUNAYEVA', S. SALIYEVA', A. USKENBAYEVA'
'«Scientific Center of Pediatrics and Pediatric Surgery» JSC, Aimaty, the Republic of Kazakhstan
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ABSTRACT

Relevance: Errors in the damage repair system, such as double-stranded DNA breaks, can lead to mutations that will be passed on
to subsequent generations of cells, and some of these mutations may have oncogenic potential.

The study aimed to evaluate the number of double-stranded breaks and DNA repairs of peripheral blood lymphocytes in a group of
conditionally healthy children and in patients diagnosed with acute leukemia (AL) to develop a method for predicting the outcome of the
disease and determining the effectiveness of therapy.

Methods: Peripheral blood lymphocytes were studied: a) 38 conditionally healthy children (control group); b) 100 patients diag-
nosed with acute leukemia (AL); ¢) 14 children with relapse of the disease. We examine double-stranded DNA breaks/repairs using the
Aklides system (MEDIPAN, Germany), consisting of a fluorescent analyzer and the AKLIDES Nuk software.

Results: In patients with T-lymphoblastic leukemia, both at admission and the end of Day 7 at the hospital, the number of 53BPI
repair foci was, on average, three times higher than the number of DNA damages. In most cases, the ratio of breaks/repairs indicators
during treatment did not change among patients with B-line leukemia. Double-stranded DNA breaks prevailed over repairs, with the
newly established disease on the 7th, 15th Day, and 3rd month of treatment.

Conclusion: The level of lymphocyte DNA damage in patients with B-ALL was higher than expected. In addition, the ratio of
double-strand breaks to repairs remained unchanged at all stages of therapy in patients with B-ALL. The changes we suggest in these
patients can be observed during and/or after maintenance therapy. Monitoring double-strand breaks/reparations was the initial step in
developing a method of predicting the disease outcome and determining the therapy efficacy. The results obtained are of direct interest

and require further research.

Keywords: double-stranded breaks, DNA repair, acute leukemia, lymphocytes, immunofluorescence.

Introduction: Among the main types of deoxyribonu-
cleic acid (DNA) damage, double-stranded breaks (DSB)
are the most severe form. The double-stranded breaks
(DSB) are formed either due to a direct rupture of two com-
plementary sites - so-called “direct” DSB, or formed from
other lesions, from single-stranded breaks, as a result of re-
pair disorders during the work of relevant repair enzymes.

Reparation is the body’s response to DNA damage.
Two following mechanisms can restore the double-strand-
ed breaks:

a) Non-homologous reunion of the DNA ends, in which
the damaged chain ends are connected directly;

b) Homologous recombination, in the presence of
the DNA fragment identically intact in the nucleotide se-
quence [1].

However, DNA repair may not be fully effective, and in
addition, in some cases, DNA damage repair leads to errors
and, as a result, to the occurrence of mutations.

The p53 transcription factor, also known as the “ge-
nome guardian,” plays a crucial role in ensuring the sta-
bility of the genetic apparatus [2]. The p53 protein marks
the sites of double-stranded breaks and activates the tran-
scription of genes responsible for repair mechanisms. In
turn, to start the DNA repair, the p53 protein binds with
the phosphorylated form of H2AX histone (denoted as
- YH2AX). A separate yH2AX focus represents each dou-

ble-stranded break. The presence of standard physiologi-
cal repair mechanisms leads to successful repair and a de-
crease in the yH2AX foci [3, 4].

The large amounts of double-stranded breaks and oth-
er types of DNA damage initiate an apoptosis program.
However, programmed cell death is an exceptional case
of maintaining homeostasis (the balance between newly
formed and dying cells) since the triggering of apoptosis
is possible only if the DNA damage in the nucleus is irre-
versible and cannot be corrected by the repair system [5].

Thus, the main pathway of the DNA repair system can
be presented as the DNA damage — p53 expression —
DNA repair/apoptosis (in a condition that threatens the cell
life) [6]. The quantitative determination of the DNA breaks
and repairs are carried out using flow cytometry, confo-
cal microscopy, and indirect immunofluorescence analy-
sis (IIF). We used the method of indirect immunofluores-
cence in the current study. The IIF method is based on the
detection of a) the H2AX protein, which is formed when
double-stranded DNA breaks appear in phosphorylated
form; b) the p53-binding protein 1, also known as 53BP1,
involved in signal transmission to repair the DNA dou-
ble-stranded break.

The study aimed to evaluate the number of dou-
ble-stranded breaks and DNA repairs of peripheral blood
lymphocytes in a group of conditionally healthy children
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and in patients diagnosed with acute leukemia (AL) to de-
velop a method for predicting the outcome of the disease
and determining the effectiveness of therapy.

Materials and methods: The peripheral blood lym-
phocytes were the material for the study. The following
groups of children have been studied:

Group 1 (n=38, median age - 9.7 years) — control (con-
ditionally healthy children);

Group 2 (n=100, median age - 8 years) — patients with
AL: acute lymphoblastic leukemia (ALL) = 82, acute my-
eloid leukemia (AML) = 17, AL of mixed linearity = 1.

Group 3 - (n=14, median age 9.7 years) — children with
AL relapse.

Inclusion criteria: children aged 0 to 18 with primary AL
and recurrent AL who were diagnosed and treated at the
Scientific Center for Pediatrics and Pediatric Surgery (Al-
maty, Kazakhstan).

Exclusion criteria: persons over 18 years old; children
with severe cytopenia.

The data collection period was from January 2022 to
March 2023. The inpatient stay was eight months with ALL
and 4-5 months with AML.

The study of double-stranded breaks/DNA repairs
was carried out with the application of the Aklides system
(MEDIPAN, Germany), consisting of a fluorescence analyz-
er and AKLIDES Nuk software. The quantitative determina-

tion of the double-stranded DNA breaks and repair of lym-
phocytes in patients with acute leukemia was performed
for the first time in Kazakhstan. The commercial AKLIDES
Nuk Human Lymphocyte Complete Combi kits were used
within the study frames. The method is based on binding
specific antibodies with the yH2AX protein component.
The second stage of the analysis was to bind the 53BPI-spe-
cific antibodies with the initially formed complex. A flu-
orescence signal displayed the focus of rupture and re-
pair. A green glow in the FITC channel was observed at the
rupture focus, and a red glow in the APC channel was ob-
served at the repair center (Figure 1a). The DAPI channel
based on autofocus and counterstaining was used to de-
tect the cell nuclei (Figure 1b). The Aklides system has se-
lected cells of the same morphology and typical rounded
shape. The calculation of double-stranded breaks/repairs
was carried out per 100 lymphocytes. The final result was
displayed as reports (Single Report). As stated, the Aklides
digital system has been fully standardized and support-
ed the analysis of objects of only specific shapes and siz-
es. However, the tumor cells are morphologically different
when compared with normal cells. In this regard, it is ad-
visable to introduce changes to the sample parameters for
subsequent studies of leukemic cells.

The statistical analysis was performed using SPSS Sta-
tistics software, version 23.0, for Windows.

a) Viewing the image in simultaneous FITC and APC modes
b) Automatic focus on cells in the DAPI channel
Figure 1 - An example of indirectimmunofluorescence assay for the quantitative de-
termination of phosphorylated yH2AX and 5ZBP1 protein in lymphocytes

Results: Table 1 presents the quantification of dou-
ble-stranded breaks and DNA repair in the control group.
The children in the control group’s age corresponded to
the studied patients’ age.

Based on data from Table 1, in the group of children
aged 0 to 5 years old, the number of cells with breaks pre-
vailed over the number of cells with repairs, while the to-

tal number of repairs was detected. The total number of
ruptures and reparations was approximately equal in the
age group of 5-10 years old. More double-stranded breaks
than repairs were found for the third group of children
over ten years old. The elevation of DNA damage with age
may be due to the influence of external environmental fac-
tors and various biochemical processes of the body.

Table 1 - Indicators of the ratios of breaks/repairs of ymphocyte DNA (LP) in patients of the control group (arithmetic mean M+m)

Age, years Cells with ruptures and repairs Total number of ruptures and Number of ruptures and
! of LP (FITC/APC) reparations of LP (FITC/APC) reparations per 1 cell
0-5 years old 43+5/38+4* 122+6/131+8* 11

5-10 years old 51+4/35+6 (p<0,05) 109+10/104+9* 1/1

Over 10 years old 48+5/34+6* 114+11/96+8% 11

Note: * - the result is unreliable
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Diagram 1 shows the distribution of the number of pa-
tients depending on the AL immunological variant.

66%

B-ALL

ET-ALL =AML =MPAL

Diagram 1 — Number of patients by AL variants

The distribution of AL variants was as follows: “Acute
B-lymphoblastic leukemia” (B-ALL) was identified in 66 pa-
tients, comprising 66% of the total number of patients.
Among patients with B-ALL, the pro-B1 variant was de-
tected in 9 children (14%), B2-38 (58%), B3-16 (24%), and
B4-3 (4%). The diagnosis of “acute myeloid leukemia” was
established in 17 patients (17%), including 11 (65%) - with
AML M1-M2, 3 (18%) - M3, 1 (6%) - M4-M5 and 2 (11%) - M7.
Besides, 16 people (16%) were admitted with acute T-lym-
phoblastic leukemia (T-ALL), ten children (62%) with the
T3-corticalimmunological variant, and 6 (38%) with T-non-
cortical leukemia. Besides, one case of mixed linearity AL
(B+myelo) classified as mixed-phenotype acute leukemia
(MPAL) has been revealed.

The distribution of patients by age and linear identity
of primary AL is presented in Table 2.

According to Table 2, B-ALL was more often detected in
children aged 5-10 years old, 45% (n=30). Among children
over 10 years old, AML was diagnosed in 42% (n=7).

Table 2 - Distribution of patients with AL by age and immunological variant of the disease

. Number of patients, abs., (%)
AL variant
0-5 years old 5-10 years old Over 10 years old
Acute lymphoblastic leukemia 19 (29%) 30 (45%) 17 (26%)
T-acute lymphoblastic leukemia 4 (25%) 7 (44%) 5(31%)
Acute myeloid leukemia 5 (29%) 5 (29%) 7 (42%)
Acute leukemia of mixed phenotype 1 (100%) - -

The number of breaks and DNA repairs of peripheral blood lymphocytes among patients with newly diagnosed AL

is presented in Table 3.

Table 3 - Indicators of double-stranded breaks/repairs in patients with primary AL (arithmetic mean M+m)

AL variant Cells with ruptures and repairs Total number of ruptures and Number of ruptures and
(FITC/APC) reparations of LP (FITC/APC) reparations per 1 cell
ALL B2 41+3/31+4 (p<0,05) 95+8/109+7* 1/1
ALL B1 7345/38+3 (p<0,01) 186+9/209+8 (p<0,05) 2/2
ALL B3 29+4/22+5% 52+5/38+4* (p<0,05) 11
ALL B4 20+3/17+3* 59+4/14+3 (p<0,01) 1/1
ALL T3-cortical 24+4/41+5 (p<0,05) 53+5/143+9 (p<0,01) 1/1
ALL T-non-cortical 25+2/44+4 (p<0,01) 55+7/194+11 (p<0,01) 1/2
AML M1-M2 34+5/24+4* 62+5/60+7* 1/1
AML M3 60+5/52+4* 153+6/117+8 (p<0,01) 1/1
AML M4-M5 67+6/2+1 (p<0,001) 165+10/2+1 (p<0,001) 2/1
AML M7 34+5/38+3* 76+4/91+6 (p<0,05) 1/1
MPAL (B+myelo) 84+7/12+3 (p=<0,01) 239+11/42+7 (p<0,001) 21

Note: * - the result is unreliable

According to Table 3, in the patient with biphenotyp-
ic acute leukemia, the repair has declined by 5.7 times. The
prognosis for biphenotypic leukemia is worse than acute
lymphoblastic or myeloid leukemia. However, the patient
tolerated the polychemotherapy relatively well, and follow-
ing the therapy, the child’s condition stabilized. The aver-
age number of ruptures in cortical (n=53) and non-cortical
(n=>55) variants is approximately equal for the group of pa-
tients with T-ALL. At the same time, the number of repairs in
patients with T3-cortical ALL (n=143) and T-non-cortical ALL

(n=194) was significantly more significant than the number
of ruptures themselves. Among patients with AML in M1-
M2, the minimum damage has been detected - 62 ruptures,
and the maximum in M4-M5 - 165 per 100 lymphocytes.
For the latter, it is worth highlighting that the reparation has
been reduced by 82 times. For the group of patients with
AML, the average number of reparations in M1-M2 com-
posed 60; in M3, it made a total of 117. Among AML, only in
M7 were more reparations (n=91) than ruptures (n=76). The
prognosis for AML M7 is highly unfavorable.

24
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In patients with B-linear AL, the average number of
double-stranded breaks in pro-B1 was the maximum of
-186, the minimum in pre-B3 - 52. The average number of
cell repair foci in patients with B-ALL has been distributed
in B1-209, B2 - 109, and B3 - 38. The level of repairs for B4-
ALL was the lowest compared to other B-ALL variants. At
the same time, the clinically mature cell B4-ALL was char-

acterized by a high proliferative index, which in turn was
reflected in a poor outcome.

The number of breaks and DNA repairs of peripher-
al blood lymphocytes among patients with recurrent AL
is presented in Table 4. In the “relapses” group, three pa-
tients had a recurrence of AL less than a year after the start
of treatment.

Table 4 - Indicators of double-stranded breaks/reparations in patients with recurrence of AL (arithmetic mean M+m)

. Number of ruptures
. Number of cells with ruptures | Total number of ruptures and g
Al el and repairs (FITC/APC) reparations of LP (FITC/APC) and rep1arcaet|||ons per
Recurrence of ALL B2 36+5/20+5 (p<0,05) 74+6/60+3 (p<0,05 11
Recurrence of ALL B4-mature cell type 45+7/0 (p<0,001) 45+4/0 (p<0,001) 1/0
Relapse of AML M1-M2 29+4/20+3* 50+5/30+3 (p<0,01) 1/1

Note: * - the result is unreliable

As seen from Table 4, among patients with recurrence
of the disease, regardless of the variant of AL, the dou-
ble-stranded breaks prevailed over repairs. Most patients
who relapsed the disease were with B2 standard (N = 11).
Recurrence of M1-M2 AML was detected in two children,
and B4-mature cell ALL was revealed in one child. The re-
pair was utterly absent in B4-ALL, and despite the therapy,
the patient died.

The results of counting the number of breaks and DNA
repairs of peripheral blood lymphocytes during treatment
are presented in Table 5. In patients with ALL, by the treat-
ment protocol at the induction stage, the first seven days
included taking glucocorticoid prednisolone. At the same
time, for AML, the course introduced the cytotoxic drugs
group. The following points for calculating the breaks/re-
pairs were Day 15 and 3 Month.

In some patients, starting from Day 15", severe cy-
topenia was noted due to chemotherapy. In blood sam-
ples with a leukocyte concentration of less than 2x10%/L,
the Aklides system did not count the breaks/repairs due
to a considerable distance between the cells recorded on
the carrier’s slot. In addition, the morphological chang-
es in cells, shape, and size have been revealed against the
background of taking cytotoxic drugs. It could stem from
the developed tumor lysis syndrome, primarily observed
in children with hyperleukocytosis. We assume that when
cells were isolated from peripheral blood in a specific den-
sity gradient, the blasts could be subsequently analyzed in
addition to lymphocytes.

According to Table 5, among patients with B-lym-
phoblastic leukemia, in most cases, the ratio of breaks/
repairs rates did not change during treatment. The dou-
ble-stranded DNA breaks prevailed over repairs at the
newly detected AL and on Day 7, 15" Day, and 3¢ month of
treatment. According to the observations of specialists [7],
the B-cell ALL is considered a more favorable option than
T-ALL in terms of prognosis. A curious fact is that a posi-
tive response to chemotherapy accompanied the reduced
repair of lymphocytes in patients with B-ALL. No chang-

es have been registered in patients with T-ALL on Day 7
of prophase. Also, more repairs (n=7) have been detect-
ed than ruptures (n=4). However, on the 15" Day of poly-
chemotherapy (n=6) and the 3 Month (n=3), more pa-
tients with ruptures were recorded than with repairs, n=3
and n=2, respectively. Among patients with AML, on Day
7 of therapy - the double-stranded breaks (n=8) prevailed,
while on the 15" Day (n=5) and on the 3 month - the re-
pairs were increased (n=4).

Table 5 - Dynamics of double-stranded breaks/repair ratios
during therapy

Day Number of patients (n)
of therapy AL variant b>r* r>b*
B-ALL 22 15
Day 7 T-ALL 4 7
AML 8 4
B-ALL 18 12
Day 15 T-ALL 6 3
AML 4 5
B-ALL 22 13
39 month T-ALL 3 2
AML 2 4

Note: b — double-stranded breaks; r - repair

Discussion: For many cases of leukemia, lymphoma,
or sarcoma, the first events of carcinogenesis are most of-
ten the translocations that activate or form the oncogene
[8]. Unrepaired damage increases due to inherited mu-
tations in DNA repair genes in replicating somatic cells
[9]. The patient with M4-M5 AML had 169 ruptures and
two repairs. FISH study revealed a rearrangement of the
mixed-lineage leukemia (MLL) gene. These results coin-
cide with published data. The lymphocyte repair in pa-
tients with T-ALL of pro-T1, pre-T2, and mature-T4 vari-
ants was 1.3 times higher than in patients with cortical
T3-ALL. The doctors reported no significant clinical dif-
ferences; however, patients with T-noncortical ALL vari-
ant initially had a worse response to chemotherapy than
patients with T-cortical ALL.
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Overall, patients with T-lymphoblastic leukemia had
fewer double-stranded breaks. At the same time, in almost
all patients with this immunological AL variant, both at the
time of admission and at the end of Day 7 of prophase, the
number of repair foci was, on average, three times higher
than the DNA damage. Thus, prednisolone did not play a
significant role in changing the nature of ratios of the dou-
ble-stranded breaks and DNA repair. The obtained results
corresponded with clinical signs of the relevant AL variant.
By the end of Day 7 of prophase, in most cases, no regres-
sion of hyperplastic syndrome was noted, and a high num-
ber of blasts in the complete blood count remained. At the
same time, cytotoxic drugs increased double-stranded DNA
damage and improved the disease’s clinical picture. The re-
sults of the reparative ability of lymphocytes in patients with
T-ALL are debatable. High repair rates could be one of the
reasons for poor response to chemotherapy. The repair shall
correct the DNA damage, reducing the likelihood of muta-
tions and, therefore, the emergence of the tumor substrate
[10, 11]. The results are consistent with the data published by
Trenner A. et al., who consider the repair mechanism one of
the main resistance factors to chemotherapy [12].

Only a few studies consider double-stranded breaks
and DNA repair in patients with acute leukemia. In the
available literature, the double-stranded DNA damage
and repair were investigated under “in vitro” conditions
[3, 13]. In our study, we monitored ruptures/repairs in pa-
tients with AL before and after exposure to several anti-
cancer drugs.

Conclusion: The level of lymphocyte DNA damage in
patients with B-ALL was higher than expected. In addition,
the ratio of double-strand breaks to repairs remained un-
changed at all stages of therapy in patients with B-ALL.
The changes we suggest in these patients can be observed
during and/or after maintenance therapy. Monitoring dou-
ble-strand breaks/reparations was the initial step in devel-
oping a method of predicting the disease outcome and
determining the therapy efficacy. The results obtained are
of direct interest and require further research.
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AHJIATIIA

KEJIEJ JIEMKO3 KE3IHAEI'T JHK KOCTI3BEKTI Y3IUJIICTEPI MEH PEITAPALIUSCHI
M.I. Bynezenosa', A. lynaesa', C.C. Canuesa', A.A. Ycxenoaesa'

I«Meauatpust xeHe Gananap xupyprusicsl FoinbiMu opTanbiFbl» AK, Anmarsl, KasakcTan Pecnybnukacs!

Oszexminizi: JIHK-nviy Koc mizbexmi y3inicmepi cuskmol 3aKbIMOAHYObl KAINbIHA KEMIPY JHCyUeciHoe2l Kameep Hcacyuanapobly Keuinei
ypnakmapuina bepiiemin Mymayusiapad oKeayi MyMKiH dHCoHe MyHOAall Mymayusanapovly Kelibipeyiepi OHKO2eHOIK nomeHyuanza ue 60aybl MyMKiH.

3epmmeyoin makcamer — wapmmor mypoe cay bananap mobwvinoazel dcote "snceden netikos" (JKJI) ouaznosvl Kouvlizan nayuenmmepoiy ne-
puepuanviy Kan aumpoyummepiniy Koc misbexmi ysinicmepi scone JHK penapayusicoinbily canbli CanblcmblpmMansl manioay JeoHe oHvl aypyobll
HOMUDICECiH DONNCAY MEeH eMHIK MUIMOLNIZIH AHbIKMAY SOICIH O3IpJiey YIliH KOIOAH).

doicmepi: mixenell emec umMmyHopayopecyenmmi manoay 90ici ¢payopecyenmmi ananuzamop men Aklides nuk 6azoapramanvix kamma-
macwolz emyoen mypamoin Aklides (Medipan, I'epmanus) scyiiecinoe emrizindi. Odic apKviivl nepugepusiivlk Kan aum@poyummepi 3epm-
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menoi: a)uwapmmuol mypoe cay 38 bana (baxwinay moowl); 6) sceden neixos (AKJI) ouacrnoswr Kotvinzan 100 naykac, ) aypyoviy Katimaiauysi
bap 14 naykac.

Homuoicenepi: T-numgpobracmuxansly ietiko30eH ayblpamuli HAyKACmapod eMHiH 0aAcbiHOA JCOHe aypyXaHa2a Hcamrbl3yobiy 7-uli KyHi 53BP1
penapayus owakmapuinsiy canvl JTHK 3axpimoany canvinan opma ecennen 3 ece scoeapul 6010bl. B-6azvimmoi neiiko30en ayblpamvii HayKacmap
apaceinoa ken dcazoavioa emoey keszinde JJHK kocmizbexmi y3inici/penapayuscel Kopcemkiuimepiniy apakamsiHacsl e3eepeer xHcok. JJHK-noiy
Kocmizbexmi y3inicmepi aypy aneauws anblKmanean comme, emoeyoiy 7-wii, 15-wi kyni, 3-wi ativinda da penapayusoan 6acsim 60a0bl.

Kopvimuinovi: B-ALL 6ap emoenywinepoe numpoyummepoiy JTHK 3axvimoarny Oeneetii kymineenten scozapol 6010bl. CoHbIMEH Kamap, exi
mizbexmi y3inicmepoin sicondeyee kamuvinacul B-ALL 6ap emoenywinepoe mepanusmviy 6apivli kezenoepinoe o3eepicciz Kanowl. byn emoenywinep-
0e 6i3 YCblHbIN OMblpean e3zepicmep oemeyui mepanus CAmvlCblHOA JHCoHe/Hemece OHbl AAKMA2AHHAH Kelin Oatikanyvl MymKiH. Exi kamapavl y3i-
sicmepoiy/penapayusnapobiyy MOHUMOPUHZE AYPYObll HOMUICECTH OONNCAY HCOHE MEPANUSLHBLY MUIMOLLIZIH AHBIKMAY d0ICiH 93ipey0iy 6acmaniul
Kaoamol 6010bl. AnbiHaan HomMudiCcenep miKesell Kbl3bl2yulbliblK myoblpadbl HCOHe KOCbIMUUA 3epmmeyiepol Kaxicem emeol.

Tyiinoi cozoep: JIHK kocmizoexmi yzinicmepi, /[THK penapayusicul, siceden setikos, iumpoyummep, uMMYHODIyOpecyeHyus.

AHHOTANMUSA

JABYHEIIOYEUYHBIE PA3PBIBbI U PEITAPAIIUU JHK IIPU OCTPBIX JIJEMKO3AX
M.T. Bynezenosa', A. /lynaesa’, C.C. Canuesa', A.A. Yckenoaesa'

'AO «HayuHblii LIEHTp neanaTpum u AeTcKoi xupyprimy, Anmarsl, Pecnybnuka Kasaxcran

Axkmyansnocms: OuwubKku 6 cucmeme penapayu, NOBPelCOeHUll, Mmakux Kaxk ogyyenoveunvie paspwiesl [JHK, mozym npusecmu k 603HuKHO-
BEHUIO Mymayuil, KOmopbwle nepeddadymcs nocieoyiowum noKoJeHusm Kiemok. Hexomopvie uz maxux mymayuii Mo2ym 00-1a0ams OHKO2EHHbIM
NOMENYUAnIOM.

Lenv uccneoosanus — ananus Koau4ecmed 08YYEenoueuHvlx paszpuleos u penapayuti JTHK mumpoyumos nepughepuueckoii kposu 6 epynne yc-
JI06HO 300p0O6bIX Oemell U y Nayuenmos ¢ ouaznozom «ocmpulii neiikosy (OJI) ona oyenxku cmenenu nospescoenus /JHK.

Memoowr: JTumpoyumol nepughepuueckoii Kposu owvLiu 63smol y: a) 38 yciosHo 300poswvix demell (KoHmpoavHas epynna); 6)100 nayuenmos
¢ duaenozom OJI; 8) 14 demeii ¢ peyuousom 3a00e6anus ObIIU UCCICO0BANBL MENMOOOM HENPAMO20 UMMYHOPIYopec-yenmuo2o anaiuza (HU®) u
uccneoosansvl ¢ nomowwto cucmemot Aklides (MEDIPAN, I'epmanus), cocmosiwyeti u3 uroopecyenmno-20 aHaiu3amopa u npocpammHozo obecne-
uenua AKLIDES Nuk.

Pesynomamor: YV nayuenmog ¢ T-mumghoonacmmvim ieiiko30M Kax Ha MOMEHN NOCMYNIEHUSA, MAK U HA KOHeY 7-20 OHA 20CHUMA-TU3ayuu Ko-
auvecmso penapayuonnslx ouazoe S3BP1 6 cpednem 6 3 paza npesviwano koauvecmeso nospexcoenuti JHK. Cpeou nayu-enmos ¢ B-nunetinvimu
JetKO3amMu 8 OONbUUHCIGE CIYHAe8 OMHOWEHUS NOKA3ameneli Pa3pbleos/penapayuili 6 xo0e JeueHus He u3-MeHUnuch. /lgyyenoveunvle paspolevl
JIHK npeobnadanu nao penapayusmu, Kaxk npu enepevle YCmaHo8eHHOM 3a00e6anuu, max u Ha 7-i, 15-ii Oenv, 3-1i mecsy neyeHus.

Baknouenue: Yposerv nospesicoenuil JJHK numepoyumos y nayuenmos ¢ B-OJIJT oxkasancs sviue odxcudaemozo. Kpome moeo, Ha écex smanax
mepanuu 6onvneix B-OJIJI omnowenue 08yyenoueunvlx paspbleos K penapayusm coxXpanunoce. llpeononrazaemvle Hamu UsMeHeHUs Y OAHHbIX
nayuenmos mMo2ym Habuoo0amsvcs na smane nooodepicusalowelt mepanuy u/unu nocie ee okonyanus. Monumo-pune 08yyenoueunvix paspuléos/
penapayuii A6IANCA NEPEOHAUANLHBIM IMANOM Ol PAPAOOMKU Memo0a NPOSHOZUPOSAHUS UCX00A 3a00e6anUs U onpedeneHus dhgexmusHocmu
mepanuu. Ilonyuennvle pe3yibmamol 8bI3b16aAI0ON HENOCPEOCMBEHHbLI UHMepec, U mpedyem OanbHEUUUX UCCIeO0B8AHUIL.

Kniouesvie cnosa: osyyenoueunvie paspuigoi, penapayus JJHK, ocmpuiil setikos (OJ1), mumgpoyumot, ummynopuioopecyenyus.
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ABSTRACT

Relevance: Double-strand DNA breaks are the most dangerous DNA damage. Analysis of foci of phosphorylated histone protein H2AX
(yH2AX) is currently the most sensitive method for detecting DNA double-strand breaks. This protein modification can become a biomarker
of cellular stress, especially in diagnosing and monitoring neoplastic diseases. In this study, we used novel pattern recognition algorithms on
the AKLIDES® platform to automatically analyze immunofluorescent images of yH2AX foci and compare the results with visual scores. The

yH2AX foci formation on peripheral blood mononuclear cells of women with breast cancer or benign breast tumors was studied.
The study aimed to quantify DNA double-strand breaks in peripheral blood lymphocytes in women with breast cancer and benign breast

masses to identify a possible biomarker.

Methods: y-H2AX foci in lymphocytes were analyzed using the automated AKLIDES system in patients with breast cancer (n=29) and

benign breast tumors (n=24).

Results: When comparing the parameters of the main and control groups in the channel of ruptures “FITC,” a statistically significant
difference was found in the parameters “Foci diameter” (p=0.0382), “Foci intensity means” (p=0.0166), “Colocalisation” (p=0.0486). In
the repair channel “APC,” significant differences were found in the parameters “Nuclei intensity” (p=0.0166) and “Foci intensity means”’

(p=0.0118).

Conclusion: The revealed changes of DNA double-strand breaks along the FITC break channels and APC repair between the main and

control groups can possibly serve as a breast cancer diagnostic marker.

Keywords: DNA double-strand breaks, H2AX histone protein, breast cancer.

Introduction: Breast cancer is the most commonly
diagnosed invasive cancer among women worldwide
and the number one cause of female cancer deaths [1].

H2AX histone undergoes phosphorylation in re-
sponse to DNA double-strand breaks (DSBs), which are
part of the oncogenic process. Eukaryotic cells have de-
veloped a set of complex signaling networks that detect
these DNA damages, organize cell cycle checkpoints, and
eventually lead to their repair to prevent the catastroph-
ic consequences of persistent DNA double-strand breaks.
Together, these signaling networks constitute a response
to DNA damage [2, 3]. Double-strand breaks are one of
the first procedures that occur during the formation and
progression of cancer due to endogenous and exoge-
nous factors. The H2AX histone variant is phosphorylat-
ed on serine 139 due to double-strand breaks, while gam-
ma-H2AX is formatted due to genome instability [4, 5].
There are two main DSB repair pathways, namely non-ho-
mologous end joining and homologous recombination;
the pathway choice is partially controlled by post-transla-
tional histone modifications, including ubiquitination [6,
71. Thus, activated components of the DNA damage and
repair pathway can be used as cancer biomarkers, with
H2AX being the most sensitive. Thus, measurements of
H2AX levels can help detect precancerous lesions or can-

cer at an early stage [8-10]. Immunofluorescent staining
with anti-yH2AX antibody provides visualization of these
nuclear foci that have been found and correlates with the
amount of DSB [11, 12].

Fluorescent microscopy allows for a rapid and stan-
dardized yH2AX assay and a quick assessment of DNA
damage in clinical practice. The platform, called AKLIDES
(Medipan, Germany), allows not only fully automated
screening evaluation of antinuclear immunofluorescent
antibodies [13] but also conducts a computational anal-
ysis of y-H2AX foci, which has now been successfully
validated by several independent study groups [14-18].

The study aimed to quantify DNA double-strand
breaks in peripheral blood lymphocytes in women with
breast cancer and benign breast masses to identify a
possible biomarker.

Materials and Methods: This prospective cohort
study involved two groups of female patients: the main
group of 29 patients with primary verified breast can-
cer and 24 controls with a histologically verified benign
breast tumor. The study was performed at the Medical
Center and Scientific-and-Practical Center of West Ka-
zakhstan Marat Ospanov Medical University (Aktobe,
the Republic of Kazakhstan). Each participant submitted
written informed consent. The project was approved by
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the local Commission on Bioethics (Minutes No. 57 of
Jan. 17, 2020).

In the main group (29 patients with breast can-
cer), the average age was 56.10+£12.23 years. By dis-
ease stage, 25 (86.2%) had stage Il disease, and four
(13.8%) had stage lll. By tumor immune histochemis-
try, 3 (10.3%) had Luminal type A, 21 (72.4%) had Lumi-
nal type B, four (13.8%) had a triple-negative tumor, and
one (3.4%) patient had a HER+ cancer.

In the controls, 24 patients had a verified «<Mamma-
ry Gland Benign Neoplasia» (BI-RADS M2); their average
age was 43.08 = 10.12 years.

The study object was peripheral venous blood in a
volume of 10 ml (EDTA tube) containing mononuclear
cells. y-H2AX foci in lymphocytes were analyzed using
the y-H2AX immunofluorescent staining kit (AKLIDES
Nuk Human Lymphocyte Complete, Medipan) following
the manufacturer’s instructions.

The AKLIDES system is based on a motorized inverse
fluorescence microscope combined with various hard-
ware and software modules to fully automate image
acquisition, analysis, and evaluation. In each sample,
we analyzed 80-100 cells at least. DNA double-strand
breaks in y-H2AX were assessed by 12 parameters in the
AKLIDES automated system tear channel (FITC) and the
repair channel (ARC):

1. Foci diameter;

2. Nuclei intensity;

3. Nuclei with foci;

4. Foci overall;

5. Foci intensity means%

6. Clusters;

7. Foci mean;

8. Foci mean + clusters;

9. Clusters positive cells;

10. Clusters of low intensity;

11. Damaged cells;

12. Colocalization.

Statistical analysis included comparisons of two
groups on numerical variables using the nonparamet-
ric Mann-Whitney method. The statistical significance of
group differences for binary and categorical parameters
was determined using Pearson’s Chi-square method.

The statistical significance level was fixed at 0.05.
Statistical data was processed using the Statistica 10
and SAS JMP 11 application packages.

Results: Analysis of the results of the AKLIDES auto-
mated system showed that the average number of cells
counted in the main group of patients with breast can-
cer (113) and in the control group (108) corresponded
to the minimum number (100) of cells required for the
study.

Tables 1-2 present the results of the analysis of foci
of y-H2AX in the control and main groups (stage 1) ac-
cording to the rupture channel (FITC) and the repair
channel (APC).

Table 1 - Comparison of parameters in the main (breast cancer) and control groups according to the FITC gap channel

(Average value *+ standard deviation)

Group
Parameter p-value
Breast cancer (n=29) Control (n=24)

Foci diameter 7.34+0.68 7.00+0.52 0.0382
Nuclei intensity 35.95+10.84 39.13+£10.25 0.1921
Nuclei with foci 55.66+37.00 58.25+31.50 0.5918
Foci overall 167.17+219.72 141.67+£119.92 0.7342
Foci intensity means 69.88+£17.97 81.83+19.28 0.0166
Clusters 0.24+0.79 0.12+0.45 0.5477
Foci mean 1.45+1.58 1.29+1.10 0.9005
Foci mean + clusters 1.46+1.59 1.30+1.10 0.8863
Clusters positive cells 51.13+29.87 53.22+27.89 0.8025
Clusters of low intensity 2.45+1.81 2.10+1.40 0.5554
Damaged cells 72.46+27.92 74.27+23.13 0.8442
Colocalization 18.62+19.12 9.71+£13.69 0.0486

It was found that three parameters differed statistically
significantly between the two compared groups in the FITC
discontinuity channel. A statistical difference was found for
the “Foci diameter” parameter, which in the main group was
higher than the control group parameter (p=0.0382), and
for the “Foci intensity means,” this parameter was lower in
the main group than in the control group (p=0.0166). The
parameter “Colocalization” in the main group was higher
than in the control group (p=0.0486) (Figures 1-3).

Two statistically significant parameters were iden-
tified when comparing the parameters in the main
and control groups on the APC repair channel. Thus,
significant differences were found for the parame-
ter “Nuclei intensity,” which in the main group was
lower than in the control group (p=0.0166), and the
parameter “Foci intensity means” in the main group
was lower than in the control group (p=0.0118)
(Figures 4-5).
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Figure 3 - Comparison of the parameter “Colocalization”
in the main and control groups

Table 2 - Comparison of parameters in the main (breast cancer) and control groups on the APC repair channel (Average value

+ standard deviation)

Group
Parameter p-value
Breast cancer (n=29) Control (n=24)

Nuclei intensity 455.23+286.58 738.93+512.67 0.0166
Nuclei with foci 76.79+25.57 76.04+20.51 0.7749
Foci overall 288.10+251.77 217.88+141.48 0.5494
Foci diameter 0.56+0.05 0.54+0.03 0.0830
Foci intensity means 302.94+81.62 369.91£109.65 0.0118
Clusters 49.34+80.94 46.50+100.59 0.9712
Foci mean 2.81+£2.96 2.00+£1.28 0.7750
Foci mean + clusters 8.05+13.26 6.68+11.43 0.9715
Clusters positive cells 70.38+23.74 69.99+17.44 0.6551
Clusters of low intensity 3.17+2.83 2.28+1.18 0.2918
Damaged cells 81.74+16.52 79.40+£10.93 0.1333

Next, we decided to identify significant factors
influencing the development of breast cancer. We
have obtained the results of statistical one-factor
forecasting of the target parameter of breast can-

cer development “BC (+)” for quantitative and bina-
ry factors.

Table 3 presents the TOP-12 list of risk factors for
the “BC(+)"” parameter.
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in the main and control groups

Table 3 - TOP-12 key factors influencing the risk of developing breast cancer

BC(+): frequency (risk, %) | Risk change, Relative risk

Factor Factor:No | Factor: Yes % (95% Cgl) (95% CI) prvalue
Age >48.0 years old 5 (23.8%) 24 (75.0%) |51.2(27.6;,74.8) | 3.15(1.43;6.95) | 0.0003
Foci intensity means (Stage 1) <341.6 8 (32.0%) 21(75.0%) |43.0(18.7;67.3) | 2.34(1.27,4.31) | 0.0017
Foci intensity means (Stage 1) <77.8 7 (31.8%) 22 (71.0%) |[39.1(14.0;64.3) | 2.23(1.16;4.28) | 0.0048
Nuclei intensity (Stage 1) <574.8 6 (30.0%) 23 (69.7%) |39.7(14.2;65.2) | 2.32(1.15;4.71) | 0.0049
Foci diameter (Stage 1) >0.5 21 (46.7%) 8(100.0%) |53.3(38.8;67.9)|2.14(1.57;2.93) | 0.0052
Nucleus diameter (Stage 1) >7.5 15 (41.7%) 14 (82.4%) |40.7 (16.4;64.9) | 1.98 (1.27;3.08) | 0.0055
Percentage of damaged cells (Stage 1) >89.3 19(45.2%) | 10(90.9%) |45.7 (23.0;68.4) | 2.01(1.37;2.94) | 0.0068
Colocalization (Stage 1) >9.0 11(39.3%) 18 (72.0%) | 32.7(7.5;58.0) | 1.83(1.09;3.09) | 0.0169
Foci diameter (Stage 1) >0.5 9 (37.5%) 20(69.0%) | 31.5(5.8;57.1) | 1.84(1.04;3.26) | 0.0220
Nuclei intensity (Stage 1) <35.6 12 (41.4%) 17 (70.8%) | 29.5(3.9;55.0) | 1.71(1.03;2.83) | 0.0320
'(Ds‘i';c;:ﬁa;gzes‘;g"“c'e' with fociin low-intensity clusters | 1544 105) | 14(73.7%) | 29.6 (3.7:55.5) | 1.67 (1.05;2.66) | 0.0381

Based on univariate forecasting, it can be concluded
that 12 factors have a statistical significance of influenc-
ing the risk of developing “BC +” with a range of risk levels
from 69.0% to 100.0%. The leading statistically significant
factors for the development of breast cancer with a risk of
75.0% to 81.0% are “Age >48.0 years old” and “Foci intensi-
ty means (Stage 1) <341.6". At the end of the list of statisti-
cally significant factors are “Percentage of nuclei with foci

in low-intensity clusters (Stage 1) >87.3", “Nuclei intensity
(Stage 1) <35.6,” and “Foci diameter (Stage 1) >0.5", which
increase the risk level from 69.0% to 73.7%.

Table 4 and Figure 6 present the results of the anal-
ysis performed by POC on the channels of FITC breaks
and APC repair of the target parameter “Foci intensity
means” to determine the sensitivity and specificity of
the technique.

Table 4 - Prognostic parameters for the target parameter “Foci intensity means” for the FITC break channel and the APC

repair channel

Value
Parameter through the FITC break through the APC repair

channel channel
Cutoff point 341.6 77.83
Area Under Receiver Operating Characteristic (AuROC) 0.70 0.69
Sensitivity 72.41% 75.86%
Specificity 70.83% 62.50%
Efficiency 71.62% 69.18%

Oncology and Radiology of Kazakhstan, Ne2 (68) 2023 31



ORIGINAL INVESTIGATIONS

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

100% A

60% -
40% A

Sensitivity, %

—
20% - |_

0%

breast cancer, "+"

80% - ——

0% 20%

40%

Focilnt mean < 341.63, Stage 1

80% 100%
1-Specificity, %
Focilnt mean < 341.63, Stage 1

60%

Figure 6 — Prognostic parameters for the target parameter “Foci intensity
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During the study, 2 out of 29 main group patients
died. In one patient, the cause of death was the pro-
gression of the tumor process, and the second died
of covid-associated pneumonia. One-year survival
was 93%.

In our study, when analyzing foci of y-H2AX in pa-
tients with breast cancer in the channel of FITC rup-
tures, the parameters “ Foci diameter ” and “ Colocal-
ization " turned out to be higher than in patients with
benign tumors, while the parameter “ Foci intensity
means ” was lower than in the control group. In the
APC repair channel, the parameters “Nuclei intensi-
ty” and “Foci intensity means” in patients with breast
cancer were lower than in patients with benign tu-
mors. The revealed changes in the parameters for the
FITC rupture channel and the APC repair channel sug-
gest that the main and control groups differ, which
may serve as a diagnostic marker for the detection of
breast cancer.

Discussion: DNA damage and genomic stability are
well-known factors associated with the transition of
normal tissues to precancerous and then to malignant
states. y-H2AX, a marker of genomic instability, may be
a marker of cancer formation and progression [19].

The most common method for analyzing DNA
double-strand break foci, visual assessment of immu-
nofluorescently labeled y-H2AX foci, is time-consum-
ing. In addition, it is not standardized and is charac-
terized by high intra- and inter-laboratory variability
in estimates [18].

We developed a pilot study design to test the pos-
sibility of detecting double-strand breaks represented
by y-H2AX foci in human blood using automated fluo-
rescence microscopy and the automated AKLIDES sys-
tem in patients with breast cancer. We analyzed yH2AX
foci on peripheral blood mononuclear cells (lympho-
cytes) in 29 patients with newly verified breast cancer
and 24 control women with a verified benign disease of
the mammary glands.

A study by B. Wang et al. reported a high positive
frequency of y-H2AX in tumor cells compared to normal
breast tissues in the same patients with breast cancer.
The significant difference in tumor and adjacent healthy
tissues demonstrates that y-H2AX can help improve the
efficiency of early diagnosis [20].

However, these studies were performed in tissues,
and in most cases, the collection of tumor samples is a
complex medical procedure, especially when repeat-
ed samples are required. Therefore, clinicians often
have to turn to safer and less invasive procedures that
can be routinely used in the clinic to assess response
to therapy, with the potential for reproducible results.
In this regard, we used a safer method for detecting
foci of y-H2AX in peripheral blood mononuclear cells
in patients with breast cancer using the automated AK-
LIDES system.

Our analysis of yH2AX foci showed a statistically
significant difference in the main and control groups.
Thus, in the channel of breaks “FITC,” the parameter
“Foci diameter” was slightly higher than in the control
group (p=0.0382). The parameter “Colocalisation” in
the main group was higher than in the control group
(p=0.0486). The parameter “Foci intensity means” was
lower in the breast cancer group (p=0.0166) (Table 1).
In the “APC" repair channel, the parameter “Nuclei in-
tensity” in the main group was lower than in the con-
trol group (p = 0.0166). The parameter “Foci intensity
means” in the channel of ruptures and repair was lower
in the main group than in the control group (p=0.0118)
(Table 2).

In the literature we studied, no study was found to
quantify DNA double-strand breaks in cancer patients
with benign neoplasms.

We found published studies on mobile phones’ po-
tential genotoxic radiofrequency effects on human pe-
ripheral blood mononuclear cells in vitro measured us-
ing the automated AKLIDES system [21].

Studies have also been conducted on the analysis
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of foci of y -H2AX on the automated AKLIDES system
in athletes during rest after exercise. The parameters
were the analysis of the diameter of y-H2AX foci and the
number of y-H2AX foci per affected cell [21].

There is experience in using the automated system
AKLIDES in Kazakhstan for the diagnosis of systemic au-
toimmune diseases, where antinuclear antibodies, cyto-
plasmic antineutrophil antibodies, and perinuclear an-
tineutrophil antibodies were studied in patients with
rheumatoid diseases [22].

As a pilot project, our study had some limitations
and limits, including:

1) the lack of a standard study methodology;

2) we have not conducted a study of long-term re-
sults;

3) the lack of standard reference parameters to inter-
pret the results and make conclusions.

DNA DSBs are a personalized response of the body
to certain risk factors so that they can vary individu-
ally, and this can create barriers to population-based
validation. Like any other biomarker, yH2AX has bi-
ological variability, which could be predictable and
cyclic [24].

The lack of experimental standardization of the
YH2AX assay leads to wide heterogeneity of the results
obtained and problems with their interpretation, mak-
ing it difficult to use yH2AX as a routine biomarker in
population studies. Further research is needed to stan-
dardize the results, with a strict organization of the re-
search and individual training of personnel [24].

Z. Zhang [26] states, “Laboratory medicine is aimed
at providing tests for clinical decision-making.” The re-
sult of using a predictive biomarker in this pilot study
will serve as the basis for a larger study using yH2AX le-
sions in breast cancer patients to develop methods for
the real-time detection of neoplasms.

Conclusion: An increase in the parameters “Foci di-
ameter” (p=0.0382), “Foci intensity means” (p = 0.0166),
and “Colocalisation” (p=0.0486) was found in the breast
cancer group in the “FITC" channel of ruptures. In the
“APC” repair channel, the parameters “Nuclei intensi-
ty” (p=0.0166) and “Foci intensity means” (p=0.0118) in
the breast cancer group were lower than in the con-
trol group.

The detected changes in the parameters of DNA
double-strand breaks along the “FITC" break and
“APC" repair channels between the main and control
groups can possibly serve as a breast cancer diagnos-
tic marker.
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AHJATIIA

CYT BE3IHIH KATEPCI3 5KOHE KATEPJII ICIK AYPYJIAPBIHJA JHK KOC TI3BEKTI
Y3LIICTEPIH CAHJbIK AHBIKTAY

I A. Cmazynosa', M.A. Aimmacamoemosa’, I'.B. Bexnenxo', H.M. Kepeesa', A.H. JKexcenosa',
A. Amansconkoizol'y, A.B. Tynseea', I.b. Baxkvimoicanog®

!«Mapat OcnaHoB aTbiHfarbl baTbic KasakcTan meanumHa yHusepenteTis KeAK, AkTebe, KasakctaH Pecnybnukacsi;
2«Kasak OHKONOrusi xaHe paauonorus FeinbIMi-3epTTey MHCTUTYTBI» AK, Anmatel, KasakctaH Pecnybnmkack

Osexminizi: JJHK 3axbimoanyvinsiy ey kayinmi mypi — JIHK koc miz6exmi y3inyi. @ocopranean cucmon axywizvinviyy H2AX (yH2AX) owax-
mapwvin manoay Kasipei yakeimma JJHK koc mizoexmi y3inicmepin anbikmayobiy ey cesimmain 90ici 6onvin mabwliaovl. Byn akyviz mooughukayusi-
Cbl ACACYULATBLK, CMPECCMIN JceKe OUuoMapKepine atnanybl MyMKiH, ocipece icik aypyaapuliblly OUa2HOCMUKACHL Meln MoHumopuneinoe. byn sepm-
meyoe 6i3 yH2AX owakmapuiivly umMmyHopryopecyenmmi KecKiHoepin asmomamnol mypoe maidday HeoHe HOmuicenepoi KOpHeKi YnaiapmeH
canvicmoipy yuiin AKLIDES® naamgpopmaceinoa scana yacini mary aneopummoepin Koroanowik. Cym Oesiniy kamepii iciei 6ap Haykacmap meH
cym 6e3iniy kamepcis icizi 6ap otiendepoiy uwiemxepei Kan MOHOHYKIeapavl xcacywanapvinoa yH2AX owaxmapeinviy my3inyi 3epmmenoi.

3epmmeyoin maxcamol: mymkin 6oramoin GuoMaprepoi aHbiKmay ywiin cym 6esi kamepii iciei scone cym 6e3iniy Kamepciz aypyvi oap otiei-
Odepoezi wemkepei Kan aumpoyummepinoeei JJHK koc misbexmi y3inicmepin canoblk mypoe anblkmay.

Aoicmepi: Cym 6esiniy Kamepnui iciei (n=29) ocone cym Oesinin Kamepcis icikmepi (n=24) bap naykacmapoa agmomammanoblpbli2aH
AKLIDES cytiecin Konoary apkwiisl aumgoyummepoe y-H2AX owakmapwin manoay.

Homuocenep: « FITCy y3iny apnacvinoaesl Hezizel scone 6aKpiiay monmapulivly Kopcemkiwimepin canvicmuipy kesinoe « Opmawa o3ex oua-
mempiy (p=0,0382), «Bapavik owakmap ywin opmawia KapksiHOwliblk MoHi» (p=0,0166), «Exi apradazvl Kabammacamsi ouakmapobly CAHbly)
(p=0,0486) kepcemxkiwimepinoe cmamucmuKaIblk Maybi30bl AlbIPMAUbLIbIK, aHbIKManosl. « APCy acenodey apracvinoa «JIromunecyenyus xap-
KbIHObLIbI2bL dco2apbl sioponapy (p=0,0166) scone «baprvik owaxmap ywin opmawia KapKbiHObLIblK MoHiy (p=0,0118) kepcemkiwkepde atimap-
JLIKMAll AUbIPMAUBLILIKMAD AHLIKMAObL.

Kopvimuinowi: Heeizei owcone 6axviiay monmapul apacvinoaesl FITC ysinic oicone « APCy orcondey apnanapor 6otivinwa JJHK Kkoc mizoexmi
Y3y AHCLLIOAMObI2bIHbIY AHBIKMAT2AH 032epicmepi cym 0e3i 00bIpbiH AHBIKMAY YUK OUASHOCMUKANLIK MAPKep peminoe Kol3Mem emyi MyMKiH.

Tyiuiinoi cezoep: /{HK xoc mizoexmi yzinyi, H2AX eucmon npomeuni, cym be3si kamepai iciei.

ABSTRACT

KOJIMYECTBEHHAS OLHEHKA JIBYHEINIOYEUYHBIX PA3PBIBOB /IHK ITPU
JTOBPOKAYECTBEHHBIX 1 3JIOKAYECTBEHHBIX 3ABOJIEBAHUSIX MOJJOYHOM KEJIE3bI

TI'.A. Cmazynosa', M.A. Aimmazaméemosa', I'.B. Bexnenko', H-M. Kepeesa', A.H. Kexcenosa',
A. Amansconkwizol', A.b. Tynsesa', I.b. Baxvimoicanos®

'HAO «3anagHo-KasaxcTaHckuit MeanumHckui yHuepcuteT um. Mapata OcnaHoBay, Aktobe, Pecnybnuka Kasaxcrar;
A0 «Kasaxckuit Hay4HO-MCCTIEOBATENBCKNIA UHCTUTYT OHKOMOTMK U paguonorny, Anmarsl, Pecrybnnka Kasaxcrat

Axmyanvnocmo: Haubonee onachvim munom noepedcoenuu JJHK sensiomces 0syyenoueunvie paspwievl JHK. Aunanusz ouazos
dochopunruposannoco eucmonosoco oeaka H2AX (yH2AX) 6 nacmosiyee epems signsemcs naubojee Uy8CMEUMENbHbIM Memo0oM
obnapyacenus 0gyyenoueunvlx paspwieos JHK (HILIP). Dma mooudpurxayus Oenxa moodcem cmamov UHOUBUOYAIbHBIM OUOMAPKEPOM
KIemouHo20 cmpeccd, 0COOeHHO Npu OUASHOCMUKE U MOHUMOPUHZe HEeONAdcmuveckux 3abonesanui. B omom uccredosanuu namu
ObLIU UCNONBLI0BAHBL HOBBLE ANCOPUMMbL PACNO3HABANU 00pa306 na naam@popme AKLIDES® ons agmomamuyeckoeo anaiuza ummy-
noghnyopecyenmuuix uzoopasxcenuit poxycos yH2AX u cpasnenus pe3yibmamos ¢ 6uzyanrbHulmMu oyenkamu. M3zyueno popmuposanue 0uazos
yH2AX na mononykieapnuvix Kiemxax nepughepuueckoli Kposu iHeHwun ¢ pakom monounoi xcenesvl (PMIK) u dobpoxaue-cmseennviymu
00paA308aAHUAMU MOLOYHBIX JiCee3.
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Henv uccnedosanus — nposecmu KoauuecmeeHnyio oyenky ogyyenodeunvix paspuleos [JHK 6 numpoyumax nepughepuueckoii kposu
Y JICEHWUH C PAKOM MOJOYHOU Jicene3bl U 00OPOKAUeCMBEHHbIMU 00PA308AHUSMU MOLOYHLIX Jicesie3 Ol ONPeOeeHUsl 803MOAIC-HO2O
buomaprepa.

Memoowt: IIposedenue ananuza ouazoe y-H2AX 6 numgpoyumax na aemomamusuposannou cucmeme AKLIDES y owcenwyun ¢ PMIK
(n=29) u dobporxauecmeeHHbIMU 0OPA308AHUAMU MOTOUHBIX Jicene3 (n=24).

Pesynomamur: Ilpu cpasnenuu nokaszameneti OCHOBHOU U KOHMPObHOU 2pynn 6 kanane paspwvigoe «FITCy obuapyscena cmamu-
cmuyecku 3nauumas pasuuya noxasameneti « Cpeonuii ouamemp sopay (p=0,0382), «Cpednee 3nauenue unmencusnocmu 01 6cex
ouazosy (p=0,0166), «Konuuecmeo nepexpvigarwuxcsa ouazos 6 08yx kauanax» (p=0,0486). B kanane penapayuu «APCy» sviagneHvl
docmosepHvle pasiudus nokazameneli «Aopa ¢ noswviwennol unmencusnocmoio ceeuenusy (p=0,0166) u «Cpeonee snauenue unmen-
cusHocmu 051 gcex ouazosy (p=0,0118).

3aknwuenue: Buvissiennvie usmenenus nokazamenei ogyyenodeynvlx paspwvieos JJHK no kananam paspwieos FITC u penapayuu APC
MedAHCOY OCHOBHOU U KOHMPOTILHOU 2PYNAAMU, BOZMOICHO, MOZYN CAYACUMD Ouomaprepom 0is evissienus PVMOK.

Knruesovie cnosa: osyyenoueunvie paspoievl JJTHK, eucmonosuwiii 6erox H2AX, pax monounou scenesvr (PMIK).
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DWI CAPACITY IN PROSTATE CANCER DIAGNOSING

K.E. KARAKOISHIN', Zh.Zh. ZHOLDYBAY', A.S. AYNAKULOVA',
D.K. TOLESHBAEV', G.M. MUHIT', YE. AYSERBAY"

'«Asfendiyarov Kazakh National Medical University» NCJSC, Almaty, the Republic of Kazakhstan

ABSTRACT

Relevance: Prostate cancer is one of the leading causes of cancer deaths in men worldwide. Transrectal ultrasound-
guided (TRUS) prostate biopsy is the most important diagnostic step, without which a definitive diagnosis cannot be made.
Despite this, TRUS-guided prostate biopsy has a high rate of false negatives and is often accompanied by various clinical
complications. Multiparametric MRI (mpMRI) is now widely used in routine urological and oncological practice. An element
of mpMRI is diffusion-weighted imaging (DWI), which is successfully used in detecting and localizing clinically significant
prostate cancer.

The study aimed to evaluate the DWI capacity in diagnosing prostate cancer.

Methods: 52 patients, 48-86 years old, with suspected prostate cancer, underwent mpMRI. DWI sequences obtained using
T2-weighted imaging (T2W1) were compared with each other and compared with the anatomical structure of the prostate.
Suspicious prostate cancer sites were marked as regions of interest, for which an apparent diffusion coefficient (ADC) was
calculated. A 12-point TRUS-guided biopsy confirmed the presence or absence of prostate cancer.

Results: When analyzing quantitative measurements, ADC showed low values for cancer in the cen-tral gland (transitional
zone and central zone) — 0.610+0.157x1073 mm?/s, p=0.0001, and for cancer in the peripheral zone — 0.651£0.228 <107 mm?/s,
p=0.0004, compared to normal tissue. It was found that the highest sensitivity value (87.5%) is typical for ADC central gland,
and the lower value for ADC peripheral zone is 75%. The highest specificity value (90.9%) was observed in ADC peripheral

zone, and a lower value in ADC central gland — was 84.1%.

Conclusion: DWI is an effective non-invasive method for detecting and localizing prostate cancer, providing a qualitative

(visual) and quantitative assessment of prostate cancer.

Keywords: prostate cancer, multiparametric magnetic resonance imaging (mpMRI), transrectal ultrasound (TRUS),

diffusion-weighted imaging (DWI).

Introduction: Prostate cancer has a high prevalence and is
one of the main causes of death of men from oncological dis-
eases worldwide [1]. The problem of early diagnosis of pros-
tate cancer is associated not only with the late treatment of
patients but also with the insufficient accuracy of traditional
diagnostic methods. The complexity of visualization of tumor
foci in the prostate gland (PG) remains an urgent task, despite
the modern development of prostate imaging methods. Ul-
trasound-guided transrectal biopsy of the prostate (TRUS) is
the most important diagnostic step, without which it is im-
possible to make a final diagnosis. Despite this, TRUS-guided
prostate biopsy has a high false-negative rate [2] and is often
accompanied by various clinical complications [3]. Multipara-
metric MRI (mpMRI) is widely used in everyday urological and
oncological practice. One of the elements of multiparametric
MRl is diffusion-weighted imaging (DWI) [4, 5], which is suc-
cessfully used in the detection and localization of clinically
significant prostate cancer [6].

Table 1 - Characteristics of the study patients

The study aimed to evaluate the DWI capacity in diagnos-
ing prostate cancer.

Materials and methods:

Patients. The study protocol was developed based on the
Sunkar Diagnostic and Treatment Center in Almaty, Kazakh-
stan. We selected 52 prostate cancer suspects aged 48-86
years. The inclusion criteria for the study were: an elevated
PSA level and the patient’s ability to give informed consent.
The exclusion criteria were: contraindications for MRl and in-
ability to decide and/or sign an informed consent sheet.

The mean age of the patients was 65.5 years (interquartile
interval: 60.0-71.75), the mean PSA level was 9.5 (interquar-
tile interval: 6.3-9.8 ng/mL), the mean prostate volume was 47,
5 (interquartile interval: 26.75-53.75). All patients underwent
TRUS-guided biopsy. Prostate cancer was diagnosed in 8 pa-
tients; of them, four (7.7%) had a Gleason score of 7, two (3.8%)
scored 8, one (1.9%) scored 6, and another one (1.9%) scored
9 (Table 1).

All (n=52) Healthy controls, n=44 P{)(;st?g;etsc’anrlcgr Significance
Age, average [ IQR] 65.5[60.0-71.75] 65.2 [58.25-71.0] 67.3[63.0-72.0] p=0.19
PSA (ng/ml), average [ IQR ] 9.5[6.3-9.8] 8.1[6.2-9.5] 17.2[8.0-17.5] p=0.08
Prostate volume on MRI (ml), average [IQR]  |47.5[26.75-53.75] 46.1 [25.25-61.0] 55.6 [37.75-53.75] p=0.23

36

Oncology and Radiology of Kazakhstan, Ne2 (68) 2023



) KazlO

= KAZAKH INSTITUTE OF ONCOLOGY AND RADIOLOGY

DIAGNOSTICS

Table 1 (continued)

Gleason score Value (%)
Gleason 6 (3 + 3) 1(12.5%)
Gleason7 (3 +4) 4 (50.0%)
Gleason7 (4 +3) 0
Gleason 8 (4 + 4) 2 (25.0%)
Gleason 9 (4 + 5) 1(12.5%)

Localization n (%)

Cancer in the peripheral zone 3(37.5%)
Cancer in the central gland 4 (50.0%)
Cancer in the central gland and peripheral zone 1(12.5%)

Notes: n — number, PSA - prostate-specific antigen, IQR - interquartile range

MRI study protocol. mpMRI was performed on a 3T
scanner (Signa Architect, GE, USA) with a surface coil.
The data collection protocol included the following se-
guences:

1. Axial T2-weighted turbo spin echo sequence with
fast relaxation T2WI frFSE (TR/TE - 4249/102.7 ms, slice
thickness — 4 mm, gap - 0.5 mm, matrix - 352x288 mm,
rotation angle (FLIP) — 111°, the number of averages
(NEX) - 1, scan time - 2:52 min);

2. Sagittal T2-weighted turbo spin echo sequence
with periodically rotated overlapping parallel lines
with improved T2WI Propeller reconstruction (TR/TE -
10490/86.0 ms, slice thickness - 4 mm, gap - 0.4 mm,
matrix — 320x320 mm, FLIP - 160°, NEX - 2.05, scan
time - 5:53 min);

3. Axial T1-weighted turbo spin echo sequence with
fat suppression TTWI FSEFS (TR / TE - 751/9.2 ms, slice
thickness — 4 mm, gap - 0.5 mm, matrix - 384x224 mm,
FLIP —111° NEX - 1, scan time - 3:59 min);

4. Coronal T2-weighted turbo spin echo sequence
with fast relaxation T2WI frFSE (TR/TE - 5253/102.0 ms,
slice thickness — 4 mm, gap - 0.5 mm, matrix — 412x320
mm, FLIP — 160°, NEX - 2, scan time - 4:55 min);

5. Coronal T1-weighted sequence of turbo spin
echo T2WI FSE (TR/TE - 693/8.5 ms, slice thickness - 4
mm, gap - 0.5 mm, matrix — 320x320 mm, FLIP - 111°,
NEX - 0.5, scan time - 1:55 min);

6. Diffusion-weighted sequence using a single DWI
echo-planar sequence (TR/TE - 5400/75.3 ms, slice
thickness —4 mm, gap - 0.5 mm, matrix - 120x120 mm,
3b-values - 50, 600, 1000 s/mm?, FLIP — 90°, NEX - 2,
scan time - 3:57 min).

ADC Quantitative Maps. The anatomical structure
of the prostate obtained using T2-weighted imaging
(T2WI) was compared with DWI data and a map of the
measured diffusion coefficient (apparent diffusion co-
efficient, ADC) obtained from DWI. Regions of interest
were manually marked corresponding to cancer-sus-
picious sites in the central gland (central/transitional
zones) and the peripheral zone of the prostate. The re-
maining sections of the prostate’s central/transition-
al and peripheral zones were considered healthy ar-
eas (Figure 1). The average diffusion coefficient on the
ADC was measured using the software Volume Vie-
wer (GE, USA) at the workstation (GE) in the regions of
interest.

Picture 1 - Education in the central gland prostate: a - T2, b - DWI, ¢ - ADC; white ellipsoid - prostate formation

Pathology. A TRUS-guided 12-point biopsy con-
firmed the presence or absence of prostate cancer.
Statistical analysis. Microsoft Excel and the
IBM SPSS Statistics package served as a tool for
the statistical processing of the obtained data.

We used Student’s t-test to evaluate differences
in clinical scores and ADC values between nor-
mal tissue and cancerous lesions. Combined data
on the results of diagnostic tests and data on the
presence of prostate cancer confirmed by biopsy
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and the results of association statistics: Fischer’s
Exact test and odds ratio were used. We calculat-
ed the ADC sensitivity and specificity in prostate
cancer diagnostics. ADC ROC curve analysis was
performed, and the area under the curve (AUCQC)
was calculated.

Results: When analyzing quantitative measurements,
ADC showed low values for cancer in the central gland
(transition zone and central zone) - 0.610+0.157 (mean
value + SD)x10° mm?/s, p=0.0001 and for cancer in the
peripheral zone - 0.651+0.228 (mean value = SD)x103
mm?/s, p=0.0004, compared with normal tissue (table 2).

Table 2 - DWI values: ADC in the peripheral zone and central gland (transitional/central zones)

Values (102 mm?/s) Normal tissue Prostate cancer Average difference Significance
Peripheral zone 1.279+0.457 0.651+0.228 -0.628 0.0004
Central gland 0.885+0.173 0.610+0.157 0.610 0.0001

Note: Data are presented as mean value + standard deviation

When the ADC value in the identified cases of pros-
tate cancer is correlated with the Gleason scale, lower
ADC values (0.375x103 mm?/s and 0.498x103 mm?/s)

correspond to the sum of Gleason scores of 9 and 8
(Table 3), which indicates a proportional relationship
between ADC values and tumor aggressiveness.

Table 3 - ADC correlation with the Gleason score in post-biopsy patients

ACDeC:n(ﬁrg_!} ?r:?n'}(/’s) XeDrCIp(?g:arL fn"z'/‘s Gleason score
0.685 0.692 7(3+4)
0.550 0.550 7(3+4)
0.570 0.590 7(3+4)
0.498 0.498 8(4+4)
0.912 0.935 7(3+4)
0.626 1.044 6(3+3)
0.665 0.525 8(4+4)
0.375 0.375 9(4+5)

Table 4 presents the combined data on the results
of diagnostic tests and data on biopsy-confirmed pros-
tate cancer, as well as the results of association statis-
tics: Fischer’s Exact test and odds ratio. Based on the
analysis results, a statistically significant relationship/

dependence was revealed between the diagnostic
ability of the ADC of the central gland and the periph-
eral zone to correctly determine the presence of pros-
tate cancer in patients. Fischer’s Exact test statistic was
considered significant at p<0.001.

Table 4 - Baseline test results vs. biopsy-confirmed prostate cancer and association statistics

prostate cancer
Diagnostic tests N Fischer's Exact test (FET) Odds ratio

Diagnosis of ADC (central gland)

Below 0.700x10°% mm?/s 7 7 FET=0.00018, 37.000

Over 0.700x10° mm?*/s 1 37 p<0.001 )
ADC diagnostics (peripheral zone)

Below 0.700x10 mm?/s 6 4 FET=0.00025, 30,000

Over 0.700x10° mm?/s 2 40 p<0.001 )

The obtained results indicate that the ADCs of the
central gland below the threshold of 0.700x10° mm?/s
increase the chance of clinical verification of prostate
cancer by 37 times, and the peripheral zone ADC val-
ues below 0.700x10° mm?/s increase the prostate
cancer probability 30 times.

Table 5 presents the ADC sensitivity and specificity in di-
agnosing prostate cancer. The highest sensitivity of 87.5%
was typical for the central gland’s ADC, and the peripher-
al zone's ADC had a lower sensitivity of 75%. ADC of the pe-
ripheral zone had the highest specificity of 90.9%, and the
ADC of the central gland had a lower specificity of 84.1%.

Table 5 - ADC sensitivity and specificity in prostate cancer diagnosing

Diagnostic tests Sensitivity Specificity
ADC (central and transitory zone) 0.875 0.841
ADC (peripheral zone) 0.750 0.909
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Along with determining sensitivity and specificity val-
ues, plots of sensitivity versus specificity were plotted. Fig-
ure 2 shows the ROC curves of the diagnostic ability of the
logistic regression model for adenocarcinoma verification.

The constructed curves for the central gland and
the peripheral zone ADCs mostly located in the upper
left corner of the graph, indicating acceptable diag-
nostic properties of the tests.
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Figure 2 - ROC curves of diagnostic ability of the logistic regression model of prostate cancer verification

At the final stage, the area under the ROC curves was estimated (Table 6).

Table 6 - Area under the ROC curve

Diagnostic tests Area [Cl] Asymptotic Significance
ADC (central gland) 0.889 [0.733+1.000] p=0.001
ADC (peripheral zone) 0.909 [0.820+0.998] p<0.001

In the study, ADC showed high diagnostic accuracy,
with an area of -0.909 for the peripheral zone and -0.889
for the central gland. Both tests are characterized by high
(excellent) quality predictive accuracy.

Discussion: Diffusion is a physiological process of ran-
dom thermal movement of water molecules in tissues.
Visualization of the DWI image is determined by the dif-
ference in the speed of movement of water molecules in
different biological tissues, and this movement is inverse-
ly proportional to the cellularity of the tissue and the in-
tegrity of the cell membrane. Therefore, diffusion capacity
is retained in normal tissue, resulting in low signal inten-
sity on DWI. Tumor formation destroys the normal tissue
structure and has a higher cell density than normal tissue.
Therefore, in the cancerous tissue, the movement of water
molecules is limited, resulting in high signal intensity on
DWI. In addition, using DWI, differences in the movement
of water molecules are qualitatively assessed by the rela-
tive intensity of the tissue signal but can also be assessed
quantitatively by calculating the ADC [7].

In everyday clinical practice, an MRI of the prostate is
performed using 1.5- or 3 T-tomographs using a multi-
channel surface coil for the trunk or endorectal coil. The
endorectal coil increases the signal-to-noise ratio (SNR) of

an MR image, but high examination cost, patient discom-
fort, and susceptibility artifacts limit its use [5]. DWI is usu-
ally performed in the axial plane using single or multiple
EPI planar echo imaging. In particular, single EPI is sensi-
tive to motion and susceptibility artifacts to any metal in-
serts in the body or air in the rectum. For DWI of the pros-
tate, B values from 50 to 1400 s/mm?on a 1.5 T tomograph
and from 1000 to 2000 s/mm?on a 3 T tomograph are com-
monly used [5]. In our study, we performed DWIona3 T
MRI using a single echo-planar sequence and a surface coil.

In earlier studies, using a 1.5 T tomograph, ADC val-
ues in normal prostate tissues were as follows: in the pe-
ripheral zone of the prostate - 1.0-1.9x10° mm?2/s; in
the central gland of the prostate (central and transient
zone) — 0.9-1.7x10° mm?/s. When using a 3.0 T tomo-
graph, the ADC values in normal tissues of the prostate
were as follows: in the peripheral zone of the prostate -
0.8-2.6x10° mm?/s; in the central gland of the pros-
tate (central and transient zone) — 0.8-2.2x10° mm?/s.
ADC values tended to be higher in the peripheral zone
than in the central gland and higher with the 3.0 T scanner
than the 1.5 T scanner [7].

The values of ADC in malignant lesions of the pros-
tate using a 1.5 T tomograph were as follows: in the pe-
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ripheral zone - 0.6-1.4x10°% mm?/s; in the central gland -
0.9-1.1x103 mm?/s; when using a 3.0 T tomograph: in the
peripheral zone - 0.6-1.6x10°mm?/s, in the central gland —
0.8-1.6x10° mm?/s. Therefore, the ADC values in the pe-
ripheral zone and the central gland were almost identical
but tended to increase when using a 3.0 T tomograph. In
addition, in all studies conducted, ADC values in malignant
lesions of the peripheral zone and central gland were low-
er than the normal prostate’s corresponding areas. More-
over, at higher b values, ADC values in normal and cancer-
ous tissues tended to decrease [7].

In our study using a 3.0 T tomograph, in normal tissues of
the prostate, there was also anincrease in the ADC value in the
peripheral zone (1.279+0.457x10° mm?/s, mean + SD) com-
pared with the central gland (0.885.25+0.173x10° mm?/s,
mean =+ SD). ADC values in cancer-suspicious areas were low-
er compared to normal prostate tissue both in the peripheral
zone (0.651+0.228x10°mm?/s, mean + SD) and in the central
gland (0.610+0.157%10°mm?/s, mean * SD).

However, ADC values can often be the same in nor-
mal and cancerous tissues. Some studies have report-
ed limitations in differentiating normal tissue from ma-
lignant lesions. In particular, the use of ADC threshold
values of 1.67x10° mm?/s for the peripheral zone and
1.61x10° mm?/s for the central gland on a 1.5 T tomo-
graph gives good results in detecting prostate cancer
with sensitivity and specificity of 94% and 91% for the
peripheral zone and 90% and 84% for the central gland.
The use of the ADC threshold value of 1.35x10° mm?/s
demonstrates the sensitivity and specificity of ADC in de-
tecting prostate cancer — 88% and 96%, respectively, both
in the peripheral zone and the central gland [7]. Therefore,
differences in magnetic field strength affect the accuracy
of prostate cancer diagnosis. In addition, ADC measure-
ment is particularly useful for improving the detection of
central cancer (central and transient zone), as there are sig-
nificant differences in ADC values in central cancer, stro-
mal hyperplasia, and glandular hyperplasia [5, 8].

In our study, we used ADC threshold values for the
peripheral zone and central gland - 0.700x10% mm?/s,
while the sensitivity and specificity of prostate cancer di-
agnosis for the peripheral zone were 75% and 90.9%, re-
spectively, and for the central gland - 87.5% and 84.1%,
respectively. The results obtained are comparatively lower
than previous studies, which is more likely due to the low
threshold value of ADC and the small number of patients.

In recent studies, prostate cancer detection sensitivity
on T2WI was 54-96%, with a specificity of 21-91%, but the
results varied between studies. The low specificity of T2WI
has also been reported. DWI has a relatively high specific-
ity, and when DWI is combined with T2WI, sensitivity and
area under the ROC curve increase [7, 8].

Our study compared T2WI and DWI, followed by the
ADC measurement in cancer-suspicious prostate areas,

and showed high diagnostic accuracy, with a ROC curve
area of 0.909 for the peripheral zone and 0.889 for the cen-
tral gland.

Compared to T2WI and DCE, DWI is the most effec-
tive and the only sequence for detecting prostate cancer
[5]. The combination of DWI and T2WI — biparametric MRI
(bpMRI) - increases the sensitivity of diagnosing prostate
cancer of both the central gland and the peripheral zone
[9-14]. However, bpMRI provides a lower prostate cancer
diagnosing accuracy compared to the combined use of
T2WI, DWI, and DCE (mpMRI) [10, 14].

Higher b-values may increase diffusion weighting,
contrast-to-noise ratio (CNR), and theoretically better prostate
cancer detection. The disadvantages are the frequent appear-
ance of motion and susceptibility artifacts and a reduced SNR
[7]. Koo et al. compared b=1000 s/mm?and b=2000 s/mm?
and reported that b=1000 s/mm? had a higher ADC sen-
sitivity in detecting prostate cancer, but the specificity at
b=1000 s/mm? was lower compared to b=2000 s/mm?
[15]. After qualitatively evaluating the DWI image, Rosen-
krantz et al. and Ueno et al. showed that b=2000 s/mm?
is preferable for diagnosing prostate cancer compared to
b=1000 s/mm?[16, 17]. When evaluating ADC maps in the di-
agnosis of prostate cancer, Rosenkrantz et al. found no signif-
icant difference between b=1000 s/mm? and b=2000 s/mm?
[16]. In a qualitative DWI image analysis, Manenti et al. report-
ed a higher sensitivity of b=2000 s/mm?than b=1000 s/mm?
in diagnosing prostate cancer for less and more experi-
enced radiologists. In their opinion, images with a value
of b=1000 s/mm? cannot suppress benign prostate tissue
and sometimes hide tumor lesions. Regarding the quan-
tification of ADC maps, a higher diagnostic accuracy was
obtained at b=2000 s/mm? compared to b=1000 s/mm?,
although this was not statistically significant [18].

In our study using a 3 T tomograph, we applied
b =50,600,and 1000 s/mm?and obtained a good SNR and
a few motion or susceptibility artifacts. At the same time,
the signal intensity in the cancerous areas on DWI was in-
creased, while in the surrounding normal areas, it de-
creased (Fig. 1).

Assessment of tumor aggressiveness with ADC is cur-
rently an area of clinical application of DWI that is attracting
much attention. According to some authors, ADC can serve
as a potential marker of PCa aggressiveness and a prognos-
tic indicator [7]. Several investigators have reported that
ADC can detect high-risk cancers with a Gleason score of >7
[19, 20]. While previous studies have shown the importance
of using ADC with a high b value for differentiating a non-
cancerous lesion from prostate cancer, in the study by Bar-
bieri et al., these parameters were found to provide little ad-
ditional information when correlating high and low grade
formation. They reported that ADC values differ between
high-grade and low-grade prostate cancer, but given the
large overlap in ADC values between high- and low-grade
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prostate cancer, non-invasive diagnosis of individual pa-
tients using DWI in clinical practice is not yet possible [21].

We correlated the ADC value in identified cases of pros-
tate cancer with the Gleason score and found that lower
ADC values (0.375x10°mm?/s and 0.498x103mm?/s) to the
Gleason scores of 9 and 8, indicating a proportional relation-
ship between the ADC value and the tumor aggressiveness.

Our study demonstrates high diagnostic accuracy
DWI using a 3.0 T tomograph, with b-values = 50, 600,
1000 s/mm?, ADC threshold for the peripheral zone and
central gland - 0.700x10° mm?/s in the diagnosis of
prostate cancer.

Conclusion: DWI is an effective non-invasive method
for diagnosing and localizing prostate cancer, providing
a qualitative (visual) and quantitative assessment of pros-
tate cancer.
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AHJATIIA
KYBIK ACTbI BE3IHIH KATEPJII ICITTH IUAT'HOCTUKAJIAY JAFbI
DWI-ne1ixn MYMKIHAIKTEPI

K.E. Kapaxoiuwun', JK.JK. Konovioai', A.C. Ainaxynosd', /I.K. Tonewmoaes', I.M. Myxum’, E. Aiicepoaii’
«C.[. Accheramsipo aTbiHaarbl Kasak ¥nttslk MeauumHa YHusepcuteTi» KEAK, Anvatel, KasakctaH PecnyGnmkach

O3exminizi: Kyvix acmui 6e3iniy kamepai iciei 6yKin osem 00tbIHIIA epep apacbiHiaabl Kamep.i iCik onimMiniy Hezizel cebenmepininy 6ipi 601bin
mabwvinaowl. Y3 owcemexwinicimen Kyvlx acmol Oe3iHiy mpaHcpekmaiobl OUONCUACHE OUAZHOCIMUKALLIK MAHbL30b1 KAOAM 001bIN MAObLIAObL, OHCbI3
COH2bl OUazHO030bl Kol MyMKiH emec. Ocviean Kapamacman, Y3 backapamuvin Kyvik acmel 0e3iniy OUONCUACHL Jco2apbl Jicanean-mepic Kopcem-
KilKe ue HcoHe AUl opmypii KIUHUKATBIK acKbinyiapmen oainansicmol. Konnapamempni MPT xasipei yakblmma KyHOemKmi ypoiousiiilk HCoHe
OHKONO2USLIBIK Madicipubede beicenoi mypoe Kondamnwvliaovl. Kennapamempni MPT siemenmmepiniy 6ipi npocmama Oe3iHiy KIUHUKALIK MAHbL3-
Obl 00BIPLIH AHBIKMAYOA HCOHE TOKATUZAYUANAYOA COMMI KONOAHbLI2aH OUPQy3usnvik onuenzen oetineney (DWI) bonvin mabwiiaosi.

3epmmeyoin markcamol — KyblK acmul Oe3iniy Kamepii iciein ouaznocmukanayoa DWI mymxindikmepin 6azanay.

Aoicmepi: 48-86 acac apanvizbinoazvl KyvlK acmel 6e3iHiy 00bipbina KyOikmi 52 nayuenmke xonnapamempuix MPT, conviy iwinoe DWI
orcypeizinoi. Anvinzan T2WI, DWI pemminiei 6ip-6ipimen coHe KyblK acmul O€3iHiH AHAMOMUSIbIK, KYPbLIBIMbIHA COUKEC CANbICMbIPbLIObL. KyblIK
acmul besiniy Kamepai icieiniy KyOikmi sceprepi Kbisvleyubliblk atimakmapel peminde (ROI) beneinenoi, onap ywin enwenemin ouggysus koagp-
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uyuenmi (ADC) ecenmenoi. Kyvix acmol 6e3iniy kamepii icieiniy 601ybl Hemece 60amMaybl YibmpaobloblcmsiK 6aksliayoassl 12 Hykmeni mpatc-
pekmanovl OUONCUANBIY KOMe2IMeH PACMANobl.

Homuoicenepi: canovix onuemoepoi manoay kesinoe, Kaivinmol minmen caivicmoipeanoa, ADC opmanvix 6ez0e2i kamepii icik (emnei aumak
JICOHE OpMANBIK, QUMAK) Yulin momen moHoepoi kopcemmi — 0,610+0,157 %107 mm’/c, p=0,0001 sncone nepugepusinbix aiumaxmazol iCik yuiin —
0,651£0,228 <107 mm’/c, p=0.0004. Cesimmandvikmoy ey srcoeapol moni (87,5%) ADC opmanvik 6e3 ywin, an momenei mon ADC nepuepusiivix
atimax, ywin 75% ooaramuinsl anvikmanowl. Ey scoeapul epexwenix moui (90,9%) ADC nepugepusnvix avimax, an momenei mon ADC opmanvik
ez — 84,1% 60.10b1.

Kopvimuinovi: DWI — Kyvix acmol Oe3iniy kamepai iciein aHbIKMay, 10KaIu3ayusiay, Kyblk acmel 6e3iniy kamepai iciciniy cananvlk (6usyai-
Obl) JicoHe CaHObIK DA2ANAYbIH KAMMAMACHL3 ememit natoaibl UHBA3UEMI eMeC d0IC.

Tyuinoi co3oep: myrvmunapamempiix MaZHUMmi-pe30HaAHCMbIK MOMOZPAUs, MPAHCPEKMANObl YIbmpaoblOblCmbIK, 3epmmey, Oupgysus-
vk enuenzen oetineney (DWI).

AHHOTANUA

BO3MOXHOCTH DWI B JIUATHOCTHUKE PAKA NMTPEJICTATEJIbHOM KEJIE3bI

K.E. Kapaxoiumun', JK.2K. Konovoai', A.C. Aiinaxynosa', /I.K. Torewmoaes', I .M. Myxum', E. Aiicepoair*
'HAO «Kasaxckuit HaumoHanbHbii MeguumHekuin Yrusepeutet umenm C.[. AcdeHamsiposay, Anmatbl, Pecnybnuka Kasaxcra

Axmyanvnocms: Pak npeocmamenvhotl srcenesvl (PIIDK) sensemcs 00HOU U3 21A6HbIX NPUYUH CMEPIMHOCMU MYHCUUH OM OHKOA0SUYECKUX
3aboneeéanuti 60 ecem mupe. Tpancpexmanvhas 6uoncus npeocmamenvHoll dcenesvl (IDK) noo xommponem yismpaszeyko8020 uccie008aHus
(TPY3HU) asnsemcs eadicHeiuum OUAZHOCMUYECKUM IMANOM, 0e3 KOMOpo2o HeGO3MOICHO NOCMABUMb OKOHYAmMeNbHblll Ouashos. Hecmomps
na smo, buoncusa IDK noo koumponem TPY3U umeem 6vicoxuil ypogeHb 10#CHO-OMPUYAMETLHBIX PE3YAbIMAMO8 U YACMO CONPOBOHCOAENICA
PA3NUYHBIMU  KAUHUYECKUMU OClodcHeHusimu. Myremunapamempuueckas MPT (mnMPT) 6 nacmosiwyee epemsi aKmueHO NPUMEHIEMCs 6
NOBCEOHEBHOU YPON02UHeCKOU U OHKOI02uYecKol npakmuke. OOHUM u3 sremenmos myromunapamempuveckou MPT sensemcs ouggysuonno-
636eutennas eusyanusayus (DWI), komopas ycnewno uchoab3yemcst 6 GulAGICHUU U TOKATUIAYUY KIUHUYecKy 3nadumo2o PIDK.

Lenw uccneoosanus — oyenums so3moxcnocmu DWI 6 duacnocmuke paka npedcmamenbHou dcee3ol.

Memoowi: 52 nayuenmam 6 sozpacme 48-86 srem ¢ nooospenuem na PIDK Ovina nposedena mnMPT. DWI nocredosamensrnocmu, nonyyerHbie
npu nomowgu T2-e36ewennou eusyanuzayuu (T2WI), 6viiu conocmagnenvl mexcoy codoil u cpasHeHvl ¢ aHamomudeckum cmpoeruem 1DK.
IHooospumenvhvie na pak yuacmku IDK 6viiu ommeuenst kak obracmu unmepecad, 0isi KOMOPHIX PACCHUMbIBANU USMepAeMbll KOdphuyuenm
oughpysuu (apparent diffusion coefficient, ADC). Hanuuue unu omcymemeue PIDK 6vi10 noomeepoicoeno nymem nposedenus 12-moueuroil
ouoncuu nood konmposem TPY3U.

Pesynemamaur: Ilpu ananusze xonuvecmeennvix usmepenuti ADC nokazana nuskue 3navenusi npu paxke 6 YeHmpaibHoll Jcenese (nepexoonast
30na u yenmpanvras 30ua) — 0,610+0,157 %107 mm’/c, p=0,0001 u npu paxe 6 nepughepuueckoii 3one — 0,651+0,228 %107 mm’/c, p=0,0004, no
CPABHEHUIO C HOPMATLHOU MKAHBIO. YCmanoeeno, umo Hauboavuiee sHaveHue yyecmeumensnocmu (87,5%) xapakmepno o1 ADC yenmpanvhou
grcenesvl, a menvutee 3navenue 01 ADC nepughepuueckoii sonvt — 75%. Haubonvuwee snauenue cneyuguunocmu (90,9%) nabooanocs y ADC
nepugepuueckou 30Hbl, a menvuiee sHavenue y ADC yenmpansrou scenezol — 84,1%.

3aknrwuenue: DWI — shpexmuenviii neuneasusHuvlii. memoo ouazHocmuxu u noxaruzayuu PIDK, obecneuusarowuii xkavecmeenHyio
(6uszyanvryio) u koauvecmeennyio oyenxy PIDK.

Knruesvie cnosa: pax npeocmamensroil dcenesvl (PIDK), myrvmunapamempuyeckas MazHUmno-pe30HancHas momoepaghus (mnMPT),
mpancpekmanvroe yabmpasgykosoe uccieoosanue (TPY3HU), oughpysuonno-e3eewennas eusyanuzayus (DWI).
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THE ROLE OF CLINICAL-HEMATOLOGICAL
AND CYTOGENETIC CHARACTERISTICS
IN THE PROGRAM THERAPY
OF B-CELL LEUKEMIA IN CHILDREN
IN THE REPUBLIC OF KAZAKHSTAN

L.N. MANZHUOVA', G.T. TASHENOVA*, A.B. TULEBAYEVA?* E.S. SARSEKBAEV",
A.S. ZHAILAUBAEVA', G.E. OMAROVA', IDM YEGINBERGENO VA1|

'«Scientific Center for Pediatrics and Pediatrics» JSC, Aimaty, the Republic of Kazakhstan;
2«Asfendiyarov Kazakh National Medical University» NCJSC, Aimaty, the Republic of Kazakhstan

ABSTRACT

Relevance: The study of immunological and molecular genetic characteristics of leukemia in children and the influence of bio-
logical features of the tumor population of acute B-cell lymphoblastic leukemia (B-ALL) on the effectiveness of therapy is particularly
relevant for the Republic of Kazakhstan.

The study aimed to evaluate the effectiveness of modern program chemotherapy in children depending on the biological character-
istics of B-cell leukemias.

Methods: The study analyzed the data of 154 children aged six months to 15 years with primary B-ALL on inpatient treatment at the
Scientific Center of Pediatrics and Pediatric Surgery JSC (Almaty, the Republic of Kazakhstan) in 2016-2018. When determining events,
we were guided by the criteria of the protocols of the ALL-BFM group.

Results: The age groups most exposed to B-ALL were 3-7 years old (43.5%), reflecting the so-called infant peak. In the clinical pic-
ture of this type of ALL, intoxication syndrome accompanying the period of manifestation was present in 75.3% of patients. The clinical
polymorphism of the debut period determined the most diverse list of diagnoses of “masks.” Damage to organs and systems, in the form
of liver failure, was detected in 41 (26.6%) children, with the development of respiratory failure in 12 (7.8%), cardiovascular failure in 5
patients (3.2%), acute kidney injury in 3 (1.9%), CNS damage in 5 (3.2%) patients. With B-ALL, the distribution of immunological variants
was determined as follows: Bl — 9 (5.8%), B2 — 123 (79.8%), B3 — 18 (11,7%), B4 — 4 (2,6%) and leukemia of B-cell ymphoma was noted in
one (0.6%) patient. From the group of quantitative anomalies, hyperploidy was detected in 12 (7.8%) cases. Among qualitative anomalies,
1(12;21) (p13;q22) was determined in 6 (3.9%) patients and was a favorable prognostic factor (remission was recorded). Trisomy of chromo-
some 21 with Down syndrome in 3 (1.9%) patients with combined anomalies (isochromosome 7, trisomy 4, 6, 15, 17, translocation t(9; 22)
(934,q11) was detected in 1.3%. Translocations t(1;19)(q23,p13.3) in 5.8% and del 9-chromosome defect in 3.2% of cases.

Conclusion: The response to therapy and long-term prognosis are largely determined by biological factors such as cytogenetic
features of the tumor, sensitivity to prednisone, as well as the degree of aggressiveness, which manifests itself in the form of pronounced
symptoms of lymphoproliferation and hyperleukocytosis. The research has shown the high efficiency of modern ALL-BFM program
therapy in children.

Keywords: children, acute B-cell lymphoblastic leukemia, blast cells, immunophenotyping, cytogenetic study.

Introduction: Acute lymphoblastic leukemia (ALL)
is the most common pediatric cancer [1]. ALL means a

The currently used classification system for hemoblas-
toses is based on a combined analysis of clinical and bi-

heterogeneous group of hematological malignancies
characterized by abnormal proliferation of immature
lymphoid cells. It is the most commonly diagnosed child-
hood cancer, with an almost 80% cure rate. Despite favor-
able survival rates in pediatric population, some patients
develop resistance to therapy, relapse of the disease, and
clonal evolution of cells, which determines a poor prog-
nosis of the disease.

Leukemia is caused by abnormal changes in the lym-
phoid lineage of blood cells that can affect the bone mar-
row, blood, and extramedullary sites, causing bone and
joint pain, fatigue and weakness, swollen lymph nodes,
pale skin, easy bleeding or bruising, fever, or infection.

ological data (cytology, immunophenotype, and cell cy-
togenetics) [2, 3]. ALL can be classified into acute B-cell
lymphoblastic leukemia (B-ALL) (85% of cases) and T-ALL
types. An oncological lineage of mature B cells indicates
a rapidly growing Burkitt's lymphoma or acute leukemia
from B cell progenitors [4].

Recent advances in molecular biology and new tech-
nologies resulted in a significantly better understand-
ing of ALL pathophysiology. In some patients, environ-
mental risk factors interacted with hereditary genetic
susceptibility. Chromosomal and genetic anomalies play
a significant role in the pathological differentiation and
proliferation of lymphoid precursor cells. New findings
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in molecular genetics, pharmacology, and related fields
shall change the B-ALL diagnostics and treatment [5].
The intensive development of next-generation sequenc-
ing in the last decade has expanded the study of genom-
ic changes. New technologies allowed detecting molec-
ular changes such as point mutations and characterizing
epigenetic or proteomic profiles. Newly researched sub-
types of this disease are characterized by genetic chang-
es, including changes in chromosomes, sequence muta-
tions, and changes in the number of DNA copies. These
genetic abnormalities are used as diagnostic, prognostic,
and predictive disease biomarkers.

Next-generation sequencing during leukemogenesis
has proven the B-ALL heterogeneity. This emphasizes the
diversity of the pathogenesis of a malignant clone, prede-
termines the nature of the clinical course of the tumor, dif-
ferences in susceptibility or resistance to chemotherapy,
and opens up prospects for targeted treatment [6].

Thus, the pronounced heterogeneity of the studied
pathology attaches great importance to diagnosing mo-
lecular genetic changes in patients for the prognosis of
the tumor process [7]. The analysis of these studies is im-
portant for understanding the theoretical foundations of
the development of leukemia, optimizing the results of
tumor pathology chemotherapy by establishing a linear
affiliation, the stage of cell maturity, accurately determin-
ing the variant of leukemia, and stratifying into program
risk groups [8, 9.

Materials and Methods: A retrospective analysis of the
case histories of 154 children aged six months to 15 years
with primary B-ALL who were hospitalized at the Scientif-
ic Center of Pediatrics and Pediatric Surgery JSC (Almaty,
Kazakhstan) in 2016-2018 was carried out. The analysis of
clinical and laboratory data and the dependence of the re-
sponse to therapy on the level of leukocytosis, lymphopro-

liferative syndrome (LPS), cytogenetic changes, and com-
pleteness of the response to the cytoreduction phase with
prednisolone was performed. The effectiveness of special-
ized therapy was measured by 5-year event-free surviv-
al (EFS) and overall survival (OS) calculated using the Ka-
plan-Meier method. The therapy results were assessed by
the number of patients who achieved complete remission
and are in complete long-term remission, as well as by the
number of induction deaths and deaths in remission. The
minimum follow-up period for the entire group of patients
with ALL was 23 months.

Results: The age and gender analysis of patients
showed the boys-to-girls ratio in the B-ALL group of 1.16:1
(53.8%, n=83: 46.1%, n=71). Most children with B-ALL were
3-7 years old (43.5%, n=67) or below three years (22.7%,
n=35). This corresponds to the so-called infant peak not-
ed by other researchers [10, 11]. Children of the older age
groups, 7-10 and 10-15 years old, accounted for 15.6%, re-
spectively. The nationality analysis revealed a significant
predominance of children of Kazakh nationality - 77.9%.
Representatives of Slavic peoples were second in terms of
incidence and accounted for 20.8% of cases.

Clinically, in 75.3% of patients with B-ALL, the intoxi-
cation syndrome during the period of manifestation was
manifested by weakness, lethargy, hypodynamia, asthe-
nia, fever from subfebrile to febrile values, sweating, and
weight loss. The disease manifestation was due to the
multiplication and accumulation of blast cells. Exceeding
the conditional threshold limit (more than 1000 billion) of
blast cells leads to the depletion of the body’s compensa-
tory capabilities depending on the degree of hematopoi-
esis suppression and the intensity of manifestations out-
side the bone marrow [10, 11]. This was confirmed by the
length of the period from the onset of the first symptoms
to the diagnosis (Figure 1).

Less than 2 weeks  2-4 weeks

37.7
3'9 I
| i .

42.2
I 16.2

1-3 mths. Over 3 mths.

Figure 1 - Duration of the disease before diagnosis in children
with B-ALL (%)
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Figure 2 - Anemia levels in children with B-ALL (%)

15%

36%

= Mild Normal
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Figure 3 - Thrombocytopenia levels in children with B-ALL (%)
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The severity of the anemic syndrome is shown in
Figure 2. In 75% of cases, hemorrhagic syndrome of varying
severity was observed due to thrombocytopenia (Figure 3).

The level of leukocytes in the blood was normal in 30 (5%)
cases; =14), leukocytosis over 100x10%I - in 4.5% (n=7), leuko-
penia —in 26.6% (n=41) of patients. Blastemia, regardless of the
total number of leukocytes, was observed in 87% of patients.

The analysis of EFS and OS in all five groups (Figures
4-8) showed high survival rates in children in groups

with leukocytosis up to 50 thousand cells per pl (OS -
85.6+5.5, EFS — 83.3+5.8), as well as with normal (OS -
74.5+6.3, EFS — 74.5+6.3) and low levels of leukocytes
(OS — 85.4+5.5, EFS - 82.1+6.2), and a significantly low-
er survival rate, especially EFS, in children with initial hy-
perleukocytosis (OS — 42.9+18.7, EFS — 28.6+17.1). At the
same time, this statistically unreliable indicator differ-
ence was most likely due to a statistically unrepresenta-
tive sample of patient groups.
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Figure 4 - EFS and OS of children with hyperleukocytosis (over 100,000/L)
(n=7,0S - 42.9+18.7%, EFS — 28.6+£17.1%)
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Figure 5 - EFS and OS of children with hyperleukocytosis (50-99,900/L)
(n=13,0S - 61.7+15.7%, EFS - 60.6+13.8%)
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Figure 6 — EFS and OS of children with leukocytosis (up to 49,9000/L)
(n=45, OS - 85.6+5.5%, EFS - 83.3+5.8%)
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Figure 7 - EFS and OS in children with normal leukocyte levels
(n=47,0S - 74.5+6.3%, EFS — 74.5+6.3%)
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Figure 8 - EFS and OS in children with leukopenia
(n=41, OS - 85.4+5.5%, EFS - 82.1+6.2%)

LPS, one of the typical symptoms of this disease in children,  showed a relatively worse survival prognosis in children with var-
was determined in 75.3% of cases. A comparison of survival rates  ious manifestations of hyperplastic syndrome (Fig. 9 & 10).

100 A~
920 1 .
80
70
g 60 -
Z
= 50
-§ 40
30
20
10 —
o T T T T T 1
o 1 2 3 4 5 6
Years
Figure 9 - EFS and OS in children without LPS
(n=37, 0S — 89.2+5.1%, EFS — 86.4+5.6%)
Various mask diagnoses manifested clinically in the de- The cytomorphological study revealed the following

but period (such as SARS, pneumonia, tonsillitis, otitis me-  B-ALL variants: L1 — 41 (26.7%), L1-L2 - two cases (1.3%), L2 —
dia, infectious mononucleosis, arthritis, mumps, lymphad- 107 (69.5%), and L3 — four cases (2.6%).

enitis, stomatitis, hepatitis, and cholecystitis) challenged In our study, in all cases of B-linear leukemia, blast
the diagnosis. cells expressed CD19 and/or CD79a and/or cytoplasmic
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CD22 and stem cell marker CD34, as well as differentiation
clusters CD33 and CDA41. In total, the B-ALL immunologi-
cal variants determined by a set of line-associated mark-
ers of the differentiation stage included B1 in nine cases
(5.8%), B2 — 123 (79.8%), B3 - 18 (11.7%), and B4 — in 3 cas-
es (1.9%). Leukemization of B-cell ymphoma was noted in
one (0.6%) patient.

At present, cytogenetic and molecular genetic studies
are widely used to diagnose blood cancers. The cytomet-

ric DNA index is a quantitative indicator of chromosom-
al anomalies in tumor cells. Chromosomal translocations
that determine ALL subvariants usually occur first, fol-
lowed by point mutations and deletions acquired due
to clonal evolution. A cytogenetic study of bone marrow
blast cells revealed chromosomal anomalies in 58 (37.6%)
patients. See Table 1 for cytogenetic test results and the
most common chromosomal anomalies detected in the
study participants.
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Figure 10 - EFS and OS in children with HFRS
(n=116, OS - 73.9+4.4%, EFS - 72.0+4.3%)

Table 1 - Chromosomal anomalies in patients with B-ALL

Anomalies Number of patients (abs. /%) Concomitant anomalies
Translocation t(12; 21)(p13; g22) 6/3.9% +ETV/RUNX1-4,+RTV/RUNX!-1
Hyperploid karyotype 12/7.8%
C-MYC 2/1.3% +t(8;14)(924,932) - 1
MLL 5/3.2%
Translocation t(1;19)(q23;p13) 9/5.8%
Translocation t(9;22)(q34;q11) 2/1.3% (+1(7;,12)(g36;p13), chromosome 12 monosomy — 1)
Trisomy of 21st chromosome 3/1.9% (+ additional isochromosome 7,
Deletion of chromosome 9 5/3.2% (+t(4;11)(921;923) t(5;12) (933; p13) - 1, +

monosomy of chromosome 20 - 1, + monosomy
of chromosome 7 - 1, +t(9;22) (q34;911) - 1)

Single cases of anomalies

+ concomitant anomalies

Translocation t(14;15)(q32;911)

Translocation t(9;17)(p13;p12)

Translocation t(1;19)(q23;p13)

isochromosome 9

Translocation t(2;11)(p21;q23)MDS trisomy 8

Trisomy of 7th chromosome

isochromosome 7

Karyotype 45, xx

monosomy on chromosome 20

Translocation t(4;11)(q21;923)

extra X chromosome

48 XY, + der (4)

Karyotype 45, XY
(p13;912)

Translocation t(12;13)

Karyotype 46, XY
(q13;p11.2)

Translocation t(12;20)

add (22 q) ETV 6/ RUNX 1

The (1;18)(q10;q10) translocation in 60% of cells

Translocation t(1;18;22) was detected in 10% of cells

Translocation t(3;6)(p21;q15).

Translocation t(8;11)(p11;p15)

Translocation (t(8;14), t(8;22),

Duplication of the g-arm of the 1st chromosome

Rob (14;14) (q10:q10)
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Among quantitative anomalies, hyperploidy (addi-
tional chromosomes 4,10,17) was detected in 12 (7.8%)
cases. All these patients showed an early response to
therapy and preserved remission to date; no relapses
were recorded.

Translocations mean the exchange of genetic material
between chromosomes [4, 10]. The most common exam-
ples of such translocations are t(12;21)(p13; q22) with the
TEL-AML hybrid gene and t(9;22) translocation with the
BCR-ABL chimeric gene. In B-ALL, chromosomal rearrange-
ments t(8;14)(q24.1;932) transfer the MYC oncogene under
the control of regulatory elements in the IGH locus [10].

The identified translocations from the group of qualita-
tive anomalies were distributed among patients inhomoge-
neously (Table 1). Thus, in our study, t(12;21) translocation
detected in 6 (3.9%) patients was a favorable prognostic fac-
tor. All six patients were in remission during treatment.

Three (1.9%) patients with a hereditary burden (Down’s
syndrome) had a trisomy of 21st chromosome with con-
comitant anomalies including an additional isochromo-
some 7 and trisomy 4, 6, 15, and 17.

The Philadelphia chromosome t(9;22)(q34;q11) was
found in two (1.3%) patients.

In our study, nine (5.8%) patients had a t(1;19)(q23;p13.3)
translocation. In children with ALL, this cytogenetic mark-
er is associated with a high risk of recurrence with CNS
damage. This group of patients achieved remission and
preserved it to the present. One patient died during con-
solidating therapy from infectious complications.

A deletion of chromosome 9 was registered in 5 (3.2%)
cases. One patient died from a relapse; another was con-
tinuing polychemotherapy at the time of the study. The
group of single random rearrangements, also presented
in Table 1, includes changes with no diagnostic value and
those requiring further study of their significance for treat-
ment and prognosis.

In recent decades, the introduction of chemothera-
py protocols for ALL in children resulted in a significantly
higher curability of many patients. Traditional chemother-
apy consists of four important phases: remission induction,

consolidation, reinduction (delayed intensification), and
continuation (maintenance). Steroids, vincristine, L-aspar-
aginase, cytarabine, methotrexate, and 6-mercaptopurine
are prescribed based on stratified risk classification. Multi-
drug pediatric chemotherapy for ALL is performed in vari-
ous combinations and sequences depending on the treat-
ment protocol. An analysis of the association between the
initial clinical and laboratory data and long-term treatment
outcomes brought the researchers to the idea of biologi-
cal heterogeneity of the disease and possible identifica-
tion of initial characteristics of the so-called risk groups of
patients characterized by different probabilities of remis-
sion against similar therapy. This induced the concept of
risk-adapted therapy when the therapy intensity and toxic-
ity should correspond to the risk group. In other words, pa-
tients with a favorable prognostic baseline should receive
the least toxic therapy and not be at risk of developing se-
vere complications due to high doses or a combination of
chemotherapy drugs. In contrast, patients with initially un-
favorable forms of the disease should receive high-dose
therapy, increasing the chances for recovery [2, 6].

The risk profiling of patients for different therapy pro-
tocols takes into account such initial parameters as ini-
tial leukocytosis, blast cell immunophenotype, and early
response to therapy. This grouping is also used to assess
complex parameters such as the specific genotype of leu-
kemic cells and the kinetics of the disappearance of the re-
sidual tumor population. Therefore, modern diagnostics
shall include cyto- and molecular-genetic testing [14].

In our study, the following risk groups were identified ac-
cording to the BFM group protocols [15]: standard risk — 140
(90.9%) children and high risk — 14 (9%) patients. Early response
to therapy was assessed on Day 8 of prednisolone monother-
apy by reducing blast cells in the peripheral blood. The abso-
lute number of blast cells was below 1,000 in 136 (88.3%), over
1,000 - in 12 (7.8%) patients, and unknown in 6 (3.9%) children.
Patients with less than 1,000 blasts/1 uL formed a group of
good response (prednisone good response, PGR) (Figure 11),
with more than 1,000 blasts/1 uL — a group of poor response (
prednisone poor response, PPR) (Figure 12).
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Figure 11 - EFS and OS in patients with a good response to prednisolone
(n=136, OS — 80.3+3.5%, EFS - 78.7+3.5%)
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Figure 12 - EFS and OS in patients with poor response to prednisone
(n=12,0S - 51.4+16.3%, EFS - 45.7+£15.5%)

In the protocols used, early response is assessed
by the number of blasts in the bone marrow on Days
15 and 33 of induction. On Day 15 of the protocol, 46
(29.9%) patients had an “empty” bone marrow on the
myelogram, 69 (44.8%) had a remission, 32 (20.8%) did
not achieve remission, and the result was unknown in
7 (4.5%) patients. On Day 33 of the protocol, remission
was achieved in 140 (90.9%) patients, not achieved in 11
(7.1%), and the result was unknown in 3 (1.9%) patients.
Regardless of the evaluation criteria, a good early re-
sponse (PGR or M1 status at Day 15) allows distinguish-
ing a group with a 5-year EFS >80% (Figure 13), while a
poor early response (PPR or M3 status at Day 15) defines
a group with a 5-year EFS around 40%.

Remission status after 4-6 weeks of therapy is also a
major prognostic factor. The probability of long-term EFS
in patients who have not achieved remission by this time
does not exceed 30% [6].

The analysis of treatment outcomes under the BFM
program in 154 patients showed death in induction in 2
(1.3%) patients and death from complications in remis-
sion in 15 (9.7%) patients. Relapses were the main cause
of therapy failure in 4 (2.6%) patients. Remission contin-
ues in 133 (86.4%) patients.

Discussion: In our study, as in other research [10, 11],
the age peak incidence of B-ALL was at 3 to 7 years.

The debut in most children has an acute onset and is
characterized by heterogeneous clinical symptoms [10].
Diagnosing is often difficult at the initial stages of the dis-
ease since the disease is manifested by blast infiltration
into internal organs and systems, with no characteristic
changes in blood tests [12].

In most children, B-ALL is manifested by vivid clinical
symptoms ahead of hemogram data, and this is one of
the most important reasons for the late diagnosis of this
malignant disease. Many sources emphasize the absence
of a single clinical sign characteristic of acute leukemia
and its subvariants [11, 12]. Consequently, this disease’s
polymorphic clinical picture requires oncological aware-
ness of the doctors of all specialties. They should study

the anamnestic and clinical data and the appropriate lab-
oratory tests and refer such patients to a pediatric hema-
tologist.

Immunophenotyping of lymphoblasts revealed the
prognostic significance of certain markers’ expression
in various ALL types. Thus, according to published data
[8], the CD34 expression on leukemic cells in the B vari-
ant had a favorable prognostic value. In contrast, in the T
variant, it was associated with a poor prognosis.

The described bone marrow cytogenetic and molecu-
lar genetic tests are necessary to classify pediatric hema-
tological malignancies. All children with leukemia shall
undergo a cytogenetic test before protocol treatment,
which reveals clonal chromosomal anomalies in 80-90%
of cases. Most common molecular genetic changes in
ALL include quantitative and structural anomalies, such
as translocations, inversions, deletions, duplications, and
point mutations [2, 10]. The most justified was the tar-
geted identification of quantitative anomalies represent-
ed by hyperploidy (7.8% of cases). Among the structural
chromosomal anomalies, the t(12; 21)(p13; q22) translo-
cation, a favorable prognostic factor, was the most fre-
quent. The detection of the Philadelphia chromosome
and trisomy of the 21st chromosome, as well as the t(1; 19)
(923; p13.3) translocation, is associated with an extremely
unfavorable course of ALL. This study’s results align with
the general trends [13, 14].

Modern pediatric polychemotherapy programs re-
sulted in the successful treatment of childhood B-ALL
[15]. In this study, remission was observed in 93.2% of
B-ALL patients.

The identification of new biomarkers, and therefore a
better understanding of the molecular basis of ALL, may
improve the monitoring of the course of this disease. An
in-depth identification of genetic aberrations in this neo-
plasm is crucial for assessing the prognosis of the disease
and introducing molecular targeted therapy to improve
response to treatment and better survival. A more accu-
rate prognosis calculation will allow more effective treat-
ment of all types with fewer side effects. A deep under-
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standing of the full spectrum of genetic defects opens
the door to the potential targeting of therapy and preci-
sion medicine in childhood.

Conclusion: This study confirmed the high efficien-
cy of modern program therapy for ALL children. An anal-
ysis of the results of program therapy for B-ALL in 154 pa-
tients showed remission in 93.2% of patients and five-year
event-free survival in 86.4% of patients.

At the same time, the response to therapy and long-
term prognosis is largely determined by such biological
factors as the cytogenetic features of the tumor, as well
as the degree of aggressiveness manifested in the form of
symptoms of lymphoproliferation and hyperleukocytosis.

Research continues to develop new monoclonal an-
tibodies and cellular immunotherapy, but at the mo-
ment, they are effective only in some patients. New
research is needed using targeted therapies to treat
first-line disease.
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AHJATIA

KA3AKCTAH PECITYBJIMKACBIHJIAFBI BAJIAJIAPJAFDBI B-)KACYIIAJBIK JIEMKO3JAP/IbIH,
BAFJIAPJIAMAJIBIK TEPAITUSICBIHAAFBI KTMHUKAJIBIK-TEMATOJIOT USLIBIK )KOHE
IATOTEHETUKAJBIK CUTIATTAMAJIAPABIH POJII

JLH.Manocyosa', I.T. Tawenosa®, A.B. Tyneéaesa®, E.C. Capcexéaes', A.C. Kaiinayoaeea', I'.E. Omapoea'|JT. M. Ezinéepzenosa'|

!«Meanatpust xaHe neguaTpus FoinbiMi opTansifbly AK, Anmatel, KasakctaH Pecny6nukace;
2C.[. ActheHansipoB aTbiHfars Kasak ynTThik MeauumrHa yHueepcuteTi» KEAK, Anmatel, KasakctaH PecnyGnmkach

Ozexminizi: bananrapoazel 1eiiko30apovily UMMYHOLOSUSIGIE JCOHE MOAEKYIANbIK-2eHEeMUKALbIE CUNAMMAMAIAPLIH JHCOHE Jicedel
6-CbI3bIKMbL IUMPOOIACMUKANBIK Netiko30bly (6-OJ11) icik nonynayusacoinbly OUOI02UANBIK epeKueNiKmepiniy mepanusanbly HoOmuicei-
nieine acepin sepmmey Kaszaxcman Pecnybnukacwl ywin aca e3ekmi 001b1n maowliaoul.

3epmmeydin makcamor — B-dcacywanst siceden neiiko30apoviy 6UONOLUALLIK CUNAMMAMACHIHG Dallianbicmbl O6aranapoazsl 3amd-
Hayu 6a20apramanvlk Xumuomepanuanvly muimoinicin bazanay.

Aoicmepi: 3epmmey 6apvicvinoa 2016-2018 scvinoapwr "lleduampus scone b6ananap xupypeuscol evlivimu opmanviesl” AK (Armamet,
Kaszaxcman Pecnybaukacet) cmayuonapavi emoeyoe 6onzan 6 atioawn 15 scacka detiinei 6acmankwsl B-OJIJ1 6ap 154 6ananeiy oepexmepi
Mmanoanob.

Homuocenepi: Ey xon 3apoan wiexken sicac monmapul 3-7 scacma (43,5%) 6010b1, Oyn nopecme wibiyvl den amanaovl. Baprvik mun-
meei KIUHUKANbIK KOPIHICme MaHuecmayus keseyimen bipee sHcypemin UHMOKCUKayus cuHopomuvl nayuenmmepoiy 75,3% - vinoa 60.10vl.
Jlebrommix Ke3eyHiH KIUHUKALLIK NOAumMopdusmi "mackanrap"ouaznozoapvinsiy opmypii mizimin aueikmaosl. bayelp ocemrkinikcizoiei
mypinoezi opeanoap mer sxcyienepoiy saxvimoanysl 41 (26,6%) 6anada, muinvic any sxcemrinikcizoiciniy oamyvimen 12 (7,8%), 5 nay-
Kacma scypex-Kanmamulp dcemrkinixcizoieimen (3,2%), 3 nayxacma OIIII (1,9%), 5 (3,2%) nayxacma OXKIK 3aKpimoanyl aneikmanobi.

Bapnvlk ummynonocusiielk HycKkaiapoviy mapaiysbl aHblKmaaosl mlHaoau mypoe: Bl — 9 (5,8%), B2 — 123 (79,8%), B3-18 (11,7%),
B4-3 (1,9%). Cyiiex kemicin yumoeenemuxanvik sepmmey kesinoe 12(7,8%) scazoaiioa cunepnioudus anvixmanowl, 6(3,9%) nayuenm-
mepoe t (12;21) (p13;q22) mpancrokayuscol AHbLKMAAO0bL JHCOHE KOAAULbL HONACAMObIK hakmop 6010vbl (pemuccus mipkenzer). Tpucomus
21 xpomocoma 3 (1,9%) naykacmapoa baiikanovl, banarapouviy 1,3% - Kocm cyiiex kemicin 3epmmey Ke3inoe Oipikmipinecen ayblmgyniap
anvikmanovi(uzoxpomocoma 7, mpucomus 4, 6, 15, 17, mpancroxayus 1(9; 22) (q34;q11), t(1;19)(q23;p13.3) mpanciroxayusiaper 5,8%, del
9p — 3,2% osrcazdaiioa 6010vl.

Kopvimuinovi: Tepanusea ocayan scone y3ax mep3imoi 6ondcam kobinece icikmiy yumo2eHemuKkaivly epekuienixmepi, npeoHu3o-
JIOH2A Ce3IMMAanobiK, COHOAl-aK AUMPonporupepayus men cunepietikoyumo30biy akvlH Oenziiepi peminoe KopiHemiHn azpeccusmiiixk
dopediceci CUsIKmol OUONOUSLIBIK pakmopiapmen anelkmanaovl. 3epmmey 6anarapoazel samanayu ALL-BFM 6azoapramanvik mepanusi-
CbIHbLH HCO2APbL MUIMOLLI2IH KOpcemmi.

Tyiinoi ce3oep: 6ananap, sxrceoen 6-dHcacyulanblk 1UMPOOIACMUKATBIK JeiUKeMUs, O1acm HaAcyumaiapvl, UMMYHODeHOmunmey, yu-
MO2EeHEeMUKANILIK 3epmmey.

AHHOTANUA

POJIb KNIMHUKO-TEMATOJIOI'MYECKUX U IUTOTEHETUYECKUX XAPAKTEPUCTUK
B TIPOI'PAMMHOM TEPAIIUU B-KJIETOUYHBIX JIEMKO30B Y JIETEN
B PECITYBJIUKE KA3AXCTAH

JLH. Mancyosa', I T. Tawmenoea®, A.B. Tysedaesd’, E.C. Capcexoaes', A.C. JKainaybaesa', I E. Omaposa'| /.M. Ecunbepzerosa’|

'AQ «HayuHbilli LieHTp neauaTpum 1 AeTCKoi xupyprimy, Anmarsl, Pecnybnuka Kasaxcras,
HAO «Kasaxckuit HaLyMoHanbHbI MeauumrHckuin yuuepenteT uM. C. [l. Accerausposay, Anmarsl, Pecnybnuka Kasaxcran

Axkmyanvnocms: H3zyuenue umMMyHONI02UUECKUX U MOTCKYIAPHO-2CHEMUYECKUX XAPAKMEPUCIUK JeUK0308 Y 0emell U GIUAHUA OUOIOSUYECKUX
ocobenHocmell Onyxoesoil RONYsAYUU 0Cmpo2o B-nuneiinoeo numpobracmuozo reiikosa (B-OJI/I) na pesynvmamug-nocms mepanuu npedcmasiisi-
emcst 0cobo akmyanvHvim 05t Pecnybnurku Kazaxcman.

Lenv uccneoosanus — oyenums 3¢hhekmueHOCb COBPEMEHHOU NPOSPAMMHOL XUMUOMEPAnuy y 0emeil 8 3a8UCUMOCMU OM OUO-T02UHECKOl
Xapaxkmepucmukuy B-nuHelnvIx etiko308.
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Memoowi: B xo0e uccieoosanus ObLIu npoaHaiuzuposarsl daruvie 154 demeil 6 sozpacme om 6 mecsyes 0o 15 nem ¢ nepsuu-uoimu B-OJ1I,
naxoousuiuxcst na cmayuonaprom gevenuu 6 AO «Hayunwiii yenmp neouampuu u demckoil xupypeuu» (Anmamor, Pecnyonuxa Kazaxcman) ¢ 2016-
2018 2e. Ilpu onpedenenuu cobbimutl pyko8oOCmMBE08aLUCy Kpumepusimu npomokonog pynnst ALL-BFM.

Pesynemamut: bonvwuncmeo nayuenmog ¢ B-OJIJI omuocunuce k 8o3pacmuoii epynne 3-7 gem (43,5%), umo ompasxcaem “mna-oenueckuti
nux’” coenacno npomoxonam BFM. Hnmoxcukayuonmwiii cunopom, conymemeosasuiuti nepuody manugecmayuu, npu-cymemeosany 75,3% o6ono-
HbIX. Knunuyeckuil noaumopghuzm 0e0iomuo2o nepuooa onpeoessi camblil pasHOOOPA3HbIlL NepeyeHb Oud-eH0306-«macoky. Tlopasicenue opeanos
u cucmem 6 gude neueHouHou Heoocmamounocmu ewisineno y 41 (26,6%) pebenra, ovixa-menvrou Hedocmamounocmu — y 12 (7,8%) oemeii,
cepoeuno-cocyoucmoti Heoocmamounocmu — y 5 oonvuuix (3,2%), OIII -y 3 (1,9%), nopascenue [JHC —y 5 (3,2%) 6onvnvix. Ipu ummynope-
HOMUNUPOBAHUU OIACMHBIX KIemOK onpedensnucs cieoyiowue sapuanmol. Bl — 9 (5,8%), B2 — 123 (79,9%), B3 — 18 (11,7%), B4 — 4 (2,6%).
Tpu yumozcenemuueckom ucciedosanuu Kocmnozo mosea 6 12 (7,8%) cayuasx ovina gviseiena unepnio-uous, mpanciokayus t(12;21)(p13;922)
onpeoenena y 6 (3,9%) nayuenmos u s61a1acb O1A2ONPUAIMHBIM NPOZHOCIMUYECKUM Pakmo-pom (3aghuxcuposana pemuccus). Tpucomus 21 xpomo-
comul nabniodanacs y 3 (1,9%) bonvnvix, y 1,3% 0emeil npu uccie008anuu KOCMHO20 MO32A GbIAGICHbL COYEMANHbLE AHOMANUU (U30XPOMOCOMA 7,
mpucomus 4, 6, 15, 17, mpancroxayus t(9; 22)(q34,q11). Tpancroxkayuu t(1,19)(q23;p13.3) umenuce 6 5,8%, del 9p — 6 3,2% ciyuaes.

3axnrouenue: Omeem na mepanuio u 00IOCPOUHBLIL NPOCHO3 B0 MHO20OM ONPEOCAIOMCS MAKUMU OUOLO2UYECKUMU (PAKMOPAMU, KAK YUMo-
2eHemuuecKue 0COOEHHOCU ONYXOJU, YYE8CMEUMENIbHOCHb K NPEOHUONO0HY, d MAKdICe Chenetb aspeccusHOC, KOMOopPds NPOosGIAemcs 6 6uoe
BLIPANCEHHBIX CUMNINOMO8 TUMPOnponugepayuu u cunepreikoyumosa. Ilposedentoe ucciedosanue nokazano 6blCoKyIo 3¢h@exmusHocms cospe-
Mmennou npoepammuol ALL-BFM mepanuu y demeil.

Knrwouesvie cnosa: oemu, ocmpulii B-kiemounuiii aumghobracmmuviil retikosz (B-OJ1J1), bnacmuvle kiemku, uMMyHODEHOMUNUposanue, yumoze-
Hemuueckoe Ucciedo8anue.
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ABSTRACT

Relevance: Breast cancer is the most common cancer among women. Modern treatment of locally advanced breast cancer requires a
multidisciplinary approach, including local treatment: surgical and radiotherapy, systemic treatment, and a wide range of medications.
The importance of systemic therapy is to improve relapse-free survival based on the control of micrometastases with the potential to spread
throughout the body.

Systemic therapy for operable breast cancer includes adjuvant therapy and neoadjuvant therapy. Hormone therapy, chemotherapy,
and targeted therapy represent systemic therapy, which can be prescribed individually or in combination.

For the most effective breast cancer treatment, tumors are classified into subtypes depending on the expression of biological markers.
The presence of expression of the estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor receptor 2 (HER2),
and the rate at which tumor cells divide are determined by determining the Ki67.

It is known that neoadjuvant chemotherapy (NCT) has clinical significance in locally advanced and inoperable breast cancer. NCT
increases the frequency of organ-preserving operations and the overall survival rate when a complete pathomorphological regression of
the tumor (pCR) is achieved.

The study aimed to conduct a literature review of previously published publications on the effectiveness and expediency of neoad-
Jju-vant chemotherapy for breast cancer.

Methods: The search and analysis of scientific publications were carried out in the databases Web of Science, Pubmed, and Scopus
for ten years, from 2013 to 2023. According to the search, about 3000 articles were found, and 39 sources were left during the selection
according to the inclusion and exclusion criteria

Results: Efficiency of NCT depending on different immunophenotypes in breast cancer patients was established. Tumor response was as-
sessed according to RECIST criteria. A complete pathological response was observed more often in more aggressive subtypes of breast cancer—
Her2-positive and triple-negative cancer. The relationship between pCR and long-term outcomes — OS and DFS have also been estab-lished.

Conclusion: Neoadjuvant chemotherapy is a systemic treatment of breast cancer, the main purpose of which is to reduce the size of the
tumor for the possibility of performing organ-preserving surgery, as well as to increase the overall and relapse-free survival rates. NCT
allows for evaluating the effectiveness of therapy in vivo and using alternative treatment regimens without tu-mor response to the therapy.

Keywords: breast cancer, neoadjuvant chemotherapy.

Introduction: Modern treatment for locally advanced
breast cancer (BC) requires a multidisciplinary approach which
includes local (surgery and radiotherapy) and systemic therapy
with a wide range of medications. Systemic therapy is import-
ant for improving relapse-free survival (RFS) by controlling mi-
cro metastases prone to spread throughout the body.

Systemic therapy for operable BC includes adjuvant
therapy after surgery and neoadjuvant therapy before sur-
gery. These treatment methods are equally effective in
improving RFS when similar drugs and evidence-based

regimens are based [1]. Systemic therapy might include
hormone therapy, chemotherapy, and targeted therapy,
which can be prescribed individually or in combination.

For the most effective BC treatment, tumors are classi-
fied into subtypes by the expression of biological markers,
such as the estrogen receptor (ER), progesterone receptor
(PR), human epidermal growth factor receptor 2 (HER2),
and Ki67, which is a tumor’s proliferation index. The pres-
ence or absence of these receptors identifies five immuno-
phenotypes of tumors, presented in Table 1.

Table 1 - Breast cancer (BC) classification by phenotype based on tumor biological features [2, 3]

BC classification by immunophenotype

Presence of receptor expression

Luminal A ER (+) and/or PR (+),
HER2 (-), Ki 67 <20%
Luminal B, ER (+) and/or PR (+),
HER2 negative HER2 (-), Ki 67 >20%,
Luminal B, ER (+) and/or PR (+),
HER2 positive HER2 (4), Ki 67 any

Triple-negative

ER (-), PR (-), HER2 (-)

HER2 positive (non-luminal)

ER (-), PR (), HER2 (+)
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Neoadjuvant chemotherapy (NCT) has a known clin-
ical significance in locally advanced and inoperable BC
[4]. NCT can transform an inoperable breast tumor with-
out distant metastases into an operable one, leading to a
slight increase (7% to 12%) in the share of organ-preserv-
ing operations [5-6]. Studies have shown that patients
who present complete pathomorphological regression of
the tumor (pCR) after NCT have more prolonged overall
survival (OS) and RFS, especially with triple-negative and
HER2-positive BC [7-9]. NCT aims to increase the share of
organ-preserving operations and support choosing ade-
quate adjuvant therapy in the future. The regimen choice
aims to achieve the maximum antitumor effect in accor-
dance with cancer etiopathogenesis.

The study aimed to conduct a literature review of
previously published publications on the effective-
ness and practicality of neoadjuvant chemotherapy for
breast cancer.

Materials and methods: The search and analysis of
scientific publications were carried out in the databas-
es Web of Science, Pubmed, and Scopus for ten years,
from 2013 to 2023. The keywords searched included
“breast cancer” and “neoadjuvant chemotherapy.” The
criteria for including the source in the literature review
were: reports on randomized and cohort studies con-
ducted on large populations, meta-analyses, system-
atic reviews, and full versions of articles. The analysis
should have included articles describing isolated cases,
reports from conferences, abstracts, and papers with-
out citations published in journals with dubious rep-
utations. According to the search, about 3000 articles
were found, and 39 sources were left during the selec-
tion according to the inclusion and exclusion criteria.
The agreement of the author’s opinions on the select-
ed articles was 98%.

Results:

Criteria of tumor response to therapy.

The modern criteria for the tumor response to ther-
apy are the RECIST criteria. These criteria are based on a
one-dimensional measurement of tumors, as described
in Schwartz L.H. et al. [10]. RECIST adopted a simplified
measurement method using the sum of the longest di-
ameters of the target lesions. In contrast, previous WHO
criteria used the sum of the two longest diameters mea-
sured perpendicular to each other. RECIST designers be-
lieve these criteria should be updated and adapted to
remain relevant [11]. In 2009, RECIST 1.1 was published,
according to which the complete response (CR) is the
disappearance of all target lesions and regression of any

pathological lymph nodes (both target and non-target)
to <10 mm. The partial answer (PR) is a reduction in the
sum of the diameters of the foci by at least 30%. Dis-
ease progression (PD) is an increase of 20% or more in
the sum of the diameters of the main foci (>5 mm), as
well as the appearance of one or more new foci; uncon-
ditional progression of non-target foci. Disease stabili-
zation (SD) means all other cases [12-13].

Modern clinical assessment methods include breast
physical examination and imaging using mammography
and ultrasound. Physical examination is often insufficient
to assess the localized BC response to NCT. Therefore,
such methods as two-dimensional and three-dimension-
al mammography, ultrasound, magnetic resonance im-
aging (MRI), and positron emission tomography (PET), as
well as their combinations (PET-CT, PET-MRI), are essen-
tial to assess the treatment efficacy [14-18].

Tumor microscopy is a key diagnostic tool for accu-
rately measuring tumor size. This method provides the
most objective assessment of the true sizes of a neo-
plasm. The tumor size is determined by carefully com-
paring clinical examination and microscopy results. If a
breast tumor is a distinct mass outside the point of or-
igin, its size can be easily estimated using visualization
and macroscopy. However, an accurate measurement
may be challenging at a tumor location in an ill-defined
area of genetic instability and with intra-tumor diffuse
fibrosis. In addition, the detection and precise measure-
ment of small malignancies detected by advanced im-
aging may pose a problem if they are not visible during
a general examination of the sample. This is because
a surgical sample submitted to a pathology laborato-
ry may differ greatly from the in vivo form observed by
the surgeon and radiologist due to the mammary gland
tissue elasticity [19, 20].

Several authors have earlier classified tumor re-
sponse to therapy by the generosity of changes in the
tumor. E.g., I.D. Miller and S. Payne (Miller-Payne clas-
sification) identified five grades of pathomorphism in
response to treatment; the grades are characterized in
Table 2. This classification assesses the cell structure
of postoperative material and compares the results
with the tumor structure before treatment. The assess-
ment of pathological response after NCT has recent-
ly become an important independent prognostic fac-
tor. A complete pathomorphological response (pCR)
is the endpoint of efficiency determination, character-
ized by a complete absence of tumor cells in postoper-
ative material [4].

Table 2 - Miller-Payne therapeutic pathomorphosis grading system [3]

Degree of
pathomorphosis

Characteristic changes in a tumor

| Subtle changes in individual tumor cells without reducing their number.

1l A slight reduction in cells (< 30% of the tumor)

1 Tumor cells lose 30 to 90% in number.

(>90% of cell losses)

v Marked disappearance of invasive cells. Only widely dispersed small nests of cells are detected

V(pCR)

No tumor cells in sectional cuts from the primary tumor location.
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The US Food and Drug Administration (FDA) estab-
lished a CTNeoBC working group tasked to analyze the
results of 12 combined randomized controlled trials of
NCT in BC [21-22]. The group concluded that the most
significant association between pCR and the long-term
outcome was observed in more aggressive BC sub-
types. pCR was defined as the absence of malignant
cells in the residual primary tumor or regional lymph
nodes. The best pCR of 50.3% was achieved in patients
with non-luminal HER2-positive BC against the back-
ground of treatment with a monoclonal antibody to
the HER2 receptor - trastuzumab. Without trastuzum-
ab, pCR with this type of tumor amounted to 30.2%.
In triple-negative BC, pCR after NCT was also frequent,
reaching 33.6%. In stage Il luminal HER2-negative BC,
pPCR was 16.2% [16]. With hormone-sensitive tumors,
pCR values were lower in luminal type A tumors (6.4%)
and higher in luminal type B tumors (11-22%) [23-28].

The results were similar in the I-SPY 2 study, where
stage Il or Il BC cases were randomized for different vari-
ants of standard neoadjuvant therapy. The pCR was low-
est in luminal HER2-negative BC (17.4%) and achieved
68% in a non-luminal HER2-positive tumor [29-31].

Three-year event-free survival achieved 95% in pa-
tients with pCR and 78% without pCR (95% confidence
interval (Cl): 0.12, 0.31). Similarly, 3-year RFS amoun-
ted to 95% in patients with pCR versus 81% without pCR
(C195%: 0,13, 0,34) [32-34].

A meta-analysis confirmed no differences in out-
comes between adjuvant and neoadjuvant therapy
when the same drugs are used [35]. Breast preservation
frequency after NCT is higher than after adjuvant ther-
apy. However, patients receiving NCT had a higher inci-
dence of local relapses [36]. NCT standard regimen in-
cludes anthracyclines followed by taxane [37]. Adding
carboplatin to the standard regimen may be effective
for patients with triple-negative RBC , especially with
the BRCA1/2 mutation [30, 38, 39].

Discussion: NCT is systemic therapy for BC per-
formed before the main surgical treatment. NCT tar-
gets to:

1. Reduce tumor volume: NCT can reduce the size of
the tumor focus and make surgical removal of the for-
mation possible.

2. Reduce the risk of relapse: NCT can reduce the
likelihood of BC recurrence after complex treatment.

3. Evaluate the treatment efficacy: NCT results can
indicate the efficacy of the selected chemotherapy by
assessing the tumor pathomorphosis.

NCT regimens for BC may vary depending on many
factors, including the tumor size, immunophenotype,
disease stage, hormonal status, the patient’s age, and
general health.

NCT can include a single drug or a combination of
chemotherapy drugs. Usually, drug combinations such
as anthracyclines (doxorubicin) and taxanes (paclitaxel
or docetaxel) are used for NCT. Other drugs, such as cy-
clophosphamide and fluorouracil, can also be included

in combination. NCT is performed for several months
before surgery. Usually, 3 to 8 courses are carried out,
depending on the patient’s response to treatment.

NCT has been proven effective depending on differ-
ent BCimmunophenotypes. The tumor response evalu-
ated according to RECIST criteria showed that pCR was
more frequent in more aggressive BC subtypes such as
Her-2+ and triple-negative. The relationship between
pCR and long-term outcomes such as OS and RFS has
also been established.

Conclusion: NCT is currently the routine treatment
for BC. The former main target of NCT was to reduce
the tumor size (also known as stage reduction) to allow
for breast-preserving surgery and possibly exclude ax-
illary dissection in patients who opposed extended sur-
gery. However, the current role of NCT has expanded to
include patients with early stages of operable BC, such
as stages Il and Il (T1-4NO-3MO0). NCT improves cosmet-
ic results and reduces postoperative complications,
such as secondary lymphocytosis of the upper extremi-
ties. Clinical trials evaluating neoadjuvant and adjuvant
chemotherapy showed no difference in BC treatment
long-term effects with either approach.

NCT allows for assessing the therapeutic efficacy
in vivo and applying alternative treatment regimens
for tumor resistance to therapy. The endpoint, the re-
sponse to chemotherapy, is a significant prognostic
risk factor for relapse, especially in triple-negative and
HER2-positive BC. The above advantages are the reason
for the widespread introduction of NCT.
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AHJATIIA

CYT BE3I KATEPJII ICITTHAE HEOAABIOBAHTTBI XUMHWOTEPAIIUAHBIH TUIMAIJIITTH
BAFAJIAY

O.T. OMAP', H.A. KABHJI/THHA', E.B. KPYK', A.M. TEJIbMAHOB', '

!«KaparaHabl MeauumHa yHusepcuteTi» KEAK, Kaparanabl, Kasakctan Pecnybnmkach

Ozexminizi: Cym 6esi kamepai iciei (CHKI) — otiendep apacvinoa ey ken mapanean kamepii icix. XKepeinikmi mapanean CBK iciein samanayu emi
KONCANAIbL, OHbIH OIPi — JICEPRiNiKmi sieHu XUpYPSUSILIK JCOHE CIVICNIK Mepanusinbl KOIOAHY apKblLibl 001cd, eKiHWICE 0opi-0opMeKmepOil Key CheKkm-
pin kammumoin scyieni em. Kyilenix mepanusnviy Manwi30viaviebl OyKin OeHeze mapaiy ofeyemi 6ap Mukpomemacmazoapobl OaKyliayaa Hezizoenzen

peyuousciz emip cypyoi sgcakcapmy 6016ln maowLiaobL.

JKytienix mepanus advioganmmul mepanisi MeH HeoaobIOBAHMMbL MEPANUAHbL KAMMUObL. [ OPMOHObIK Mepanusi, XUMUOMEPanus JcoHe mapeent-
mi mepanusi Jcytielik mepanusi peminoe KoJIOaHsLIAobL, 01apobl JceKereil Hemece backa soicmepmer bipee mazatiblHOayaa 601aobi.

CBKI muimoi emoey yuiin OUOIOUsIbIK MAPKePIepOil IKCNPECCUSICLIHA COlIKec ICIKmepOi Kiui mypiepae Jdcikmey KOIOAHbLIa-0bl. DCmpozeH
peyenmopuinviy (ER), npocecmepon peyenmopuinviy (PR), aoammuiy snudepmusinvli ocy pakmopwr peyenmopuinviy 2 (HER2) sxkcnpeccusicoinbiy
60yl drcone Ki67 uHOeKciH aHbIKmay apKblibl ICIK HCACYUANaAPbIHbIY OOIIHY HCHLIOAMObI2bl AHBIKMALA-O0bl.

Heoaovrosanmmul xumuomepanusmviy (HXT) orcepeinikmi Oamvlean dcore cym Oesi Kamepii icieiHiH 0manslk, emec mypiHoe KIUHUKATbIK Md-
Hbi3bl 6ap exeni Oencini. HXT azsanvl cakmay onepayusnapelnvly H#Cuilicin apmmulpadbl, COHbIMEH Kamap icikmiy moavlk, namomopg@honocusiivl

peepeccusicoina (pCR) srcemrende sHcannvt emip cypyoi apmmuipaobl.

3epmmeyoin, markcamol — cym 0Oesi Kamepii iCieiHil HeOAOBIOBAHMMbL XUMUOMEPANUACIHBIY MUIMOLNIZI MeH OPbIHOBLIbIZbL MY-PAibl OYpPbIH

JHrcapusnanean 6acbLILIMOapaa d90ebu WOy Heacay.

Qoicmepi: 2blIbIMU HCAPUATAHLIMOAPOYL 130ey dHcone manday web of Science, Pubmed, Scopus depexxopnapwinoa 10 scvin, senu 2013 scvinoan
b6acman acypeizindi. [30ey nomudicecinoe 3000-2a ncyvik Makaia Kammoliovl, COUKeC ipikmey Ke3inoe Kocy dcoHe anvin macmay kpumeputii 39 Oe-

PEKKO3 KALObIPHLILObL.

Homuoicenepi: Cym 6e3i 06bipsl bap Haykacmapoa opmypii ummyHopenomunmepee baiinanvicmol HXT Kondany muimoinici anvikmanoel. Icik

pearyusicol RECIST kpumepuiiiepi boviinuia dazananovl. Tlamono2usinsl monsik sgxcayan cym besi kamepii icieiniy azpeccuemi mypiepinoe, saHu
HER?2 o srcone ywmix Heeamusmi Kamepii icicinoe dcui 6aikaramoinbl anblkmanovl. pCR men y3ax mep3imOi Homuoicesep, OHblY [UIHOe JHCannbl
OMIPULIEHOIK NEH ACKIHYCbI3 OMIPUEHOLIIK apacblniazbl OAIAHbIC 6ap eKkeni pacmanobl.

Kopovimuinowvr: Heoaoviosanmmel xumuomepanusi — Oyn cym 6e3i obvipbin dcytieni emoey. OHvly He2i3el Makcamvl iCIKk MOIUeEPIH a3atmoin,
3AKbIMOAI2AH A23aHbI CAKMAMbIH ONEPAYUsIHbL OPLIHOAY MYMKIHOIRI, COHOAU-AK, MHCATNbL HCOHE ACKBIHYCbI3 OMID Cypy OeHeellin apmmulpy 60abin
mabviiadel. HXT apmuikusiaviebl- emuiy in vivo muiMoiniein dazanay dHcoHe colikecinuie icikmiy emee dayadvl boamazan xcaz0auod, emoeyoiy
banama pexcumoepin Koioamy.

Tyiiinoi co30ep: cym 6e3i kamepai iciel, HeOAOBIOBAHMIMbL XUMUOMEPANUSL.

AHHOTALIMS

OIIEHKA Y®®EKTUBHOCTH HEOAJTBIOBAHTHOM XUMUOTEPATINA
PU PAKE MOJIOYHOM KEJIE3bI

A.T. Omap', H.A. Kabunouna', E.B. Kpyx', A.M. Tenrvmanoé', K.K. Kabunoun'
'HAO «MeamumHckmit yHusepeuTeT Kaparaxabl», Kaparanga, Pecny6nuka Kasaxcta

Axmyanvnocmys: Pax monounoil scenesvl (PMIK) asnsemes camvim pacnpocmpaneHHblM OHKOI02UYECKUM 3a007e6aHUEM CPeOU JICEHUJUH.
Cospemennoe nevenue mecmuopacnpocmparenno2o PMIK mpedyem myaomuoucyuniunapno2o nooxooda, Komopoe 6Kkuouaent 6 ceos Mecmmyio, mo
ecmb Xupyp2uyuecKyio U JIy4eeyo mepanuio, a makodice CUCeMHoe JeveHue, 6Kuovaioujee WupoKuil CneKkmp JeKapCmeeHHbIX npenapamos. Basic-
HOCIb CUCIEMHOU mepanuu cocmoum 6 yuyduenuu despeyuousHoll gviicusaemocmu (bPB), ocnoéannoli Ha KOHmMpoie MUKPOMEmMAacmasos ¢
NOMEHYUANOM PACTPOCPAHEHUS NO 8CEMY OP2AHUIMY.

Cucmemnas mepanus. onepabenvrozo PMIK exniouarom advioanmuylo mepanuio u HeOA0vLIOSAHMHYI0 mepanuio. B kavecmee cucmemnoil
mepanui UCNOIb3YIoN 20PMOHANLHYIO MePanuio, XUMUOMepanuio u mapeemHylo mepanuio.

[ naubonee s¢ppexmusnozo nevenus PMIK ucnonvzyemes kraccugurayusi onyxosei Ha noomunsit, 8 COOMEENCmeuu ¢ 9KCnpeccuell
buonozuueckux mapxepos. Onpedensaromes Harudue skcnpeccuu peyenmopa scmpozena (ER), peyenmopa npoececmepona (PR), peyenmopa
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anudepmanbHozo pakmopa pocma yenosexa 2 (HER2) u ckopocms, ¢ Komopoii 0eisimcsi Onyxojegvle KiemKu, nocpeocmeom onpeoeeHus
unoexca Ki67.

Heoaowvosanmnas xumuomepanusi (HXT) umeem kiunuyeckoe 3nauenue npu MecmHopacnpo-cmpaneHHom u Heonepabenvrnom PMOK. HXT
yeenuyusaem yacmomy opearocoxparsiowux onepayui (OCO), a marxoice ysenuyusaem oouyio svidcusaemocms (OB) npu docmudicenuu noino2o
namomopgonozuuecrkozo peepecca onyxoiau (pCR).

L]env uccnedosanusn — oyenums QP HexmusHocms HeOAObIOBAHMHOU XUMUOMEPANUY PAKA MOTOYHOU HCEe3bl.

Memoowr: [Touck u ananus HayuHwvix nyonukayull npogeden 6 basax dannvix Web of Science, Pubmed, Scopus 6 nepuoo 10 sem, ¢ 2013 200a. B
pesyibmame noucka 6uL10 Hatioeno okono 3000 cmameil, 8 xo0e 0OMmOOPa co2nacHo Kpumepuil BKI0UeHUs. U UCKIIOYeHUs: 0CmagieHo 39 uc-mouHukos.

Pesynomamor: Yemanosnena s¢pghexmuenocmo npumenenus HXT 6 3asucumocmu om pasiuunozo ummyHnogpenomuna y nayuenmog PMIK.
Omeem onyxonu Ovin oyenen coenacno kpumepusim RECIST. Boisigreno, umo namono2uueckutl ROIHbll omeem uauje nabnooaics npu bonee azpec-
cueHvlx noomunax PMJK — Her2-nosumuenom u mpoinom Heeamuenom paxe. Taxoice ycmanosiena e3aumocssize medicdy pCR u omoasennoimu
ucxooamu — OB u bPB.

3aknouenue: HXM — smo cucmemnoe reuenue PMIK, 0cHOBHOIL yenbto KOMOpo2o A615emcst yMEeHbULeHIe pasMepa OnyXou 015t B03MONCHOCMU
evinonnenusi OCO, a maxace ysenuuenue nokaza-mesett OB u BPB. [peumywecmeom HXT signsiemes oyernka s¢hpexmusrocmu mepanuil in vivo u,
COOMBEMCMBEHHO, NPUMEHEHUE ANbIMEPHAMUBHBIX CXEM JeHeHUs. nPU OMCYMCmeul Omeema Onyxoiu Ha npogooOUMYI0 Mepanuio.

Knroueswvie cnosa: pax monounoii srcenezol (PMIK), Heoaoviosanmuas xumuomepanus (HXT).
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ENDOCRINE TOXICITY
OF IMMUNE CHECKPOINT INHIBITORS
IN CLINICAL PRACTICE

S.Z. SAFINA', G.K. MUKHAMED’YAROVA', V.V. DIMITRIEVA'

'«Republican Clinical Oncology Dispensary named after Prof. M.Z. Sigal,» Kazan, Russian Federation

ABSTRACT

Relevance: Immunological control points significantly changed cancer therapy worldwide after registering a new class of inhibitor
drugs. Based on clinical studies, this type of treatment was associated with better survival in sensitive patients than cytostatic therapy.
Checkpoint inhibitors exert their effect by regulating the immune response to malignant cells, blocking the usual inhibitory pathways of
T-cell regulation. The receptors of cytotoxic T-lymphocytic antigen-4 (CTLA-4) and programmed cell death protein (PD-1) or its associated
ligand (PD-L-1) are the target of inhibitors. CTLA-4 acts at an early stage of triggering an antigenic response, and PD-1 and PD-L-1 act
by modulating interaction with peripheral tissue

However, treatment with checkpoint inhibitors (ICT5s) is accompanied by a wide range of immune mediated adverse events associated
with the activation of the immune system. Despite the positive effect on survival, side effects with endocrine effects were noted in about
10% of patients.

The study aimed to assess the incidence of immune mediated adverse events from the thyroid gland in clinical practice in patients with
different localization of malignant tumors in the first and subsequent lines of therapy with checkpoint inhibitors.

Methods: The study utilized anamnestic, laboratory, and instrumental tests. Laboratory analysis included determining the blood levels
of TSH, T3, T4, ACTH, and cortisol. Data analysis was carried out using the Microsoft Excel program.

Results: The frequency of development of immune mediated thyroiditis against the background of therapy with blockers of control points
of the immune pathway in our observation was 29%. The debut of thyroid disorders was diagnosed in the first 12-16 weeks of therapy,
beginning with hyperthyroidism against the background of thyroid destruction, followed by a transition to persistent hypothyroidism after
1-3 months.

Conclusion: When analyzing the safety profile of ICTs in patients in our study, immune mediated adverse reactions did not differ in
frequency and spectrum from world practice. The spec-trum of toxicity did not depend on the localization of the tumor. Early diagnosis
of thyroid lesions necessary for optimal and effective treatment can be carried out using laboratory tests. Knowing the timing of the
development of adverse events during ICT therapy allows timely diagnosing and correcting complications from the thyroid to continue

effective therapy.

Keywords: immune mediated endocrinopathy, immunotherapy, checkpoint inhibitors (ICT5).

Introduction: The emergence of such highly effective
drugs as checkpoint target blockers has increased the dura-
tion of the recurrence-free period but posed new challenges
to oncologists and endocrinologists [1]. The thyroid gland is
most frequently affected by tumor therapy with drugs that
inhibit immune signal transduction checkpoints due to the
peculiarities of the immune status of this organ [1, 2]. It has
been confirmed that normal thyroid tissue expresses PD-L1
and PD-L2 proteins [3]. Immune checkpoint inhibitors (ICT)
can increase the level of pre-existing antibodies [2] and, in
addition, reduce immune tolerance even in normal thyroid
tissue, leading to the development of thyroiditis [3, 4]. Endo-
crine tissue does not regenerate and has a very small volume,
so immune destruction has great consequences for the se-
cretion of major hormones [5]. The development of clinically
significant immune mediated adverse reactions may require
discontinuing antitumor therapy and prescription of immu-
nosuppressants, so early diagnosis and timely therapy of
complications serve as important criteria for successful anti-
tumor therapy [6].

Registration of a new class of ICT inhibitor drugs has
significantly changed the approach to cancer therapy
worldwide. In clinical trials, the survival rate of patients
susceptible to this type of treatment increased compared
to cytostatic therapy.

ICTs regulate the immune response to malignant cells by
blocking regular inhibitory pathways of T-cell regulation [7].

The PD-1 glycoprotein was first identified in 1992 by a
group of Japanese researchers who subsequently recog-
nized its key role in T-cell activity regulation.

PD-L1 (B7-H1) was identified in 2000 by two indepen-
dent groups in lymphoid tissue, including T-cells, APCs,
dendritic cells, macrophages/monocytes, and B cells. PD-
L1 is also found in non-lymphoid cells such as vascular
endothelial cells, thyroid cells, muscle cells, hepatocytes,
placental cells, mesenchymal stem cells, and pancreatic
islet cells [8]. The following year PD-L2 was identified [9].

However, ICT treatment is accompanied by a wide
range of immune-mediated adverse events (imAE) associ-
ated with the activation of the immune system.
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Endocrine-mediated side effects occur in approximately
10% of patients [5]. These include hypophysitis, thyroid dys-
function, insulin deficiency, diabetes mellitus, and primary
adrenal insufficiency. Diabetes mellitus and primary adrenal
insufficiency are rare endocrine pathologies associated with
therapy with control point target blockers but can be fatal if
not detected and treated in time [10]. Hypophysitis leading
to central adrenal insufficiency is particularly associated with
anti-CTLA-4 therapy, whereas thyroid dysfunction is often as-
sociated with anti-PD-1 therapy [11].

Yamauchi et al. study [2] analyzed five consecutive cases
of thyroid dysfunction associated with Nivolumab therapy.
All patients developed thyrotoxicosis within four weeks of the
first Nivolumab administration and normalized within four
weeks of initiation in three of five patients. Two patients dis-
continued therapy with Nivolumab because of concomitant
adverse events.

Most endocrinopathies exhibit nonspecific symptoms,
which creates a diagnostic challenge. The most common
side effect of ICT is fatigue. Because of this, symptoms may
be overlooked or attributed to other causes. Diagnosis is
also complicated by the extensive use of corticosteroids,
antiemetics (together with ICT), and episodes of severe dis-
ease secondary to immunosuppression, which complicates
diagnostic testing [5].

Our study investigated the frequency of endocrinopa-
thies when using ICT in patients with different localization of
the malignant tumor and compared the incidence of thyroid
imAE in real clinical practice with research data and medical
statistics.

All data was obtained from the medical records of patients
who received Pembrolizumab and Nivolumab at the Republi-
can Clinical Oncology Dispensary named after Prof. M.Z. Sigal
of the Ministry of Health of Tajikistan from May 2019 to May
2021. Data are current as of March 1, 2022.

The study aimed to assess the incidence of immune-me-
diated adverse events from the thyroid gland in clinical prac-
tice in patients with different localization of malignant tumors
in the first and subsequent lines of therapy with checkpoint
inhibitors.

Materials and Methods: The study utilized anamnestic,
laboratory, and instrumental tests. Laboratory analysis includ-
ed determining the blood levels of TSH, T3, T4, ACTH, and cor-
tisol. Data analysis was carried out using the Microsoft Excel
program.

Before treatment, all patients underwent a comprehensive
examination, including collecting their complaints and anam-
nesis, objective examination, CT/MRI of the thorax and abdo-
men or whole-body PET-CT, ultrasound of the neck organs,
and endocrine system functionality assessment by blood se-
rum hormone indices. Other methods (ultrasound, scintig-
raphy, consultation with an Endocrinologist, etc.) were used
when examining patients with thyroid dysfunction.

The therapy efficacy was evaluated every six courses of
treatment or when clinical signs of progression appeared. The
maximum number of immunotherapy courses was 35 injec-
tions. Response to treatment was assessed using iRECIST 1.1
criteria.

Atotal of 55 patients aged 24 to 79 were enrolled (the mean
age was 55.9%); 13 (23.6%) were above 65. The men-women
ratio was close to one — 25 and 30 (45.4% and 54.6%, respec-
tively).

Distribution of patients by diagnosis was as follows: head
and neck squamous cell cancer - 11, urothelial cancer - 7,
clear cell renal adenocarcinoma - 2, squamous cell cervical
cancer - 4, melanoma - 14, small cell lung cancer - 1, ovarian
cancer (in the framework of the RCT) — 7, lung squamous cell
cancer (in the framework of the RCT) - 9.

ICT therapy was administered in a mono regimen to 36
patients; the other 19 received ICT with chemotherapy (ChT)
in the Etoposide + Cisplatin or Paclitaxel + Carboplatin regi-
mens. ChT was administered in cycles, 4 to 6 courses, as per
the clinical guidelines.

The median hospital stay was one day. The median fol-
low-up of patients was 13.5 months (1 to 27 months of fol-
low-up). The median follow-up period after imAE develop-
ment was 90 days.

Results: Sixteen (29%) patients in the study developed im-
mune-mediated endocrinopathies. Patients in the ICT + ChT
group had thyroid disorders, and one developed immune-me-
diated hypophysitis. The results are reflected in Table 1.

Table 1 - Development of endocrinopathies against the background of systemic antitumor therapy in the study

; ] ; Endocrine disorders | Endocrine disordersin | Endocrine dis-orders
imAE Eﬂgﬁé?g?g&?{gﬁra;’ in the ICT+ ChT group | the ICT group (3rd-4th | inthe ICT+ ChT group | Total
(all) (n) de-gree) (n) (3-4 de-grees) (n)
Hypothyroidism 7 6 0 0 13
Hyperthyroidism 2 0 0 0 2
Hypophysitis 0 1 0 1 1
Total 9 7 0 1 16

In two patients, a moderate degree of hyperthyroid-
ism developed at 12 weeks of ICT therapy, which required
medication correction. The clinical picture manifested as
tachycardia, unstable hemodynamics, and required thera-
py with B-blockers.

Secondary adrenal insufficiency in one case was
due to 3"-degree hypophysitis with a pronounced

clinical picture (hypotension, unstable hemody-
namics, electrolyte disturbances) combined with
2"-degree hypothyroidism. The patient required hos-
pitalization.
Hypothyroidism was noted in most cases (81.2%).
Patients mainly complained of weakness and fatigue in
the study (Table 2).
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Table 2 - Complaints against the background of ICT therapy in the study

Symptoms and Signs

Men

Headache

Fatigue or weakness

Vision impairment

Tachycardia

Total

In most patients, hypothyroidism was asymptomatic or
had manifestations of a mild degree and did not require
medical correction. A moderate degree of hypothyroidism
developed in 2 patients with a clinical picture in the form
of weakness and fatigue, and after consultation with an
Endocrinologist, the patients were prescribed L-thyroxine
replacement therapy.

When analyzing complications in patients treated
at the Republican Clinical Oncology Dispensary named
after Prof. M.Z. Sigal of the Ministry of Health of Tajiki-
stan, the median time to development of imAE was ap-
proximately the same - 12 weeks (Cl 95% 1-5), which
corresponds to the literature data [4]. The results are
reflected in Table 3.

Table 3 - Duration of immune-mediated endocrinopathies against the background of ICT therapy in comparison with

literature data [4]

The drug Number(%f) FEENE e i s b?V%LneTSg s s Time until the end of the imAE (weeks)
literature data own data literature data own data
Pembrolizumab 10 12-16 17 48 59
Nivolumab 6 12-16 12 38 28

The main difference was the time to resolve the
phenomenon: a short and rapid course was noted with
Nivolumab (average time — 38 vs. 48 weeks).

The average percentage of thyroid function abnor-
malities against anti-PD-1 monotherapy amounts to
10% [7] and does not affect the subsequent immuno-
therapy. No imAE registered in our patients required
cancellation of anti-PD-1 therapy.

Takeaways:

1. The frequency of immune-mediated thyroid-
itis against the background of therapy with immune
checkpoint blockers in our study was 29%.

2. The debut of thyroid disorders was diagnosed in
the first 12-16 weeks of therapy, beginning with hyper-
thyroidism against the background of thyroid destruc-
tion, followed by a transition to persistent hypothy-
roidism in 1-3 months.

3. Analysis of the ICT safety profile demonstrated
the expected spectrum of adverse reactions.

Discussion: Typically, hypothyroidism begins with a
transient phase, which may be asymptomatic or mani-
fested by nonspecific symptoms similar to those of the
underlying disease — weakness, weight loss, tachycardia,
changes in hair and nails [1, 12], followed by persistent
subclinical or overt hypothyroidism. On this basis, a spec-
trum of complaints was defined for subsequent analysis.

When interpreting the laboratory results, one
should consider the possibility of secondary thyroid
lesions due to hypophysitis [1, 4, 51.

Hypophysitis occurred infrequently in the study -
in 1.8% of cases, which correlates with the data of oth-

er authors: max frequency is from 1.2% to 0.9% [12].
A sensitive and specific indicator of hypophysitis is an
enlargement of the pituitary gland on radiographs,
which can precede the clinical diagnosis of hypophysi-
tis by several weeks.

A multidisciplinary team of physicians is recom-
mended to provide optimal treatment and maintain
quality of life. An endocrinologist will be of value to
this team.

Thyroid function should be monitored before and
during systemic antitumor therapy.

Regular laboratory screening of thyroid function
with tests is recommended at baseline, before each
dose of immunotherapy, every 6-12 weeks for the first
six months after completion of treatment. Expansion
of the examination scope is required if abnormalities
or an increase in symptoms are detected.

Treatment of endocrine disorders is independent of
the immune inhibitor that causes these events.

Conclusion: When analyzing the safety profile of
ICT in patients in our study, immune-mediated ad-
verse reactions did not differ in frequency and spec-
trum from world practice. The spectrum of toxicity
did not depend on the localization of the tumor. Early
diagnosis of thyroid lesions necessary for optimal and
effective treatment can be carried out using laborato-
ry tests.

Knowing the timing of the development of adverse
events during ICT therapy allows timely diagnosing
and correcting complications from the thyroid to con-
tinue effective therapy.
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AHJIATIIA

KIIMHUKAJIBIK TOKIPUBEJAE UMMYH/IbIK BAKBIJIAY HYKTECI UHI'MBUTOPJIAPBIHBIH
SHAOKPUHIIK YBITTBIJIBIFbI

C.3. Cagpuna', I.K. Myxameovsapos', B.B. lumumpuesa'
«Mpocheccop M.3. Curan atbiHaarsl PKOL» [ICM PT, Kasa, Peceit ®enepauusicsl

O3exkminizi: uHeUOUMOPILIK NPenapammapOobly JCAya KIACbIH mipKeyee OaIaHblCbl UMMYHOIOSUAILIK 6aKbliay HyKmenepi OyKil oiemoe
Kamepai icik mepanusacel aumapavikmat e3eepoi. Knunukanvix sepmmeyiepze cylieHe omuipuin, emoeyoiy ocbl mypine ce3imMman HayKacmapod yu-
MOCMAMUKANbIK, MEPANUAMEH CALbICIbIP2AHOA OMID CYPYOIH JCo2apbliaybl 0diel0eHOi. bakpiiay Hykmeciniy uHeubumopnapsl 630epiHiy ocepit
Kamepiii slcacyuanapaa uMMyHObIK peakyusnol pemmey, T-drcacywanapoin pemmeyoiy 90emmezi meaicey Jcondapoii OI0KMAy apKwlivl KOpcene-
0i. Llumomoxcukanvix, m-numepoyumapnoix anmueen-4 (CTLA-4) sicone 6az0apramananzan scacyua enimi akywizvinviy (PD-1) Hemece oHbimer
oaiinanvicmol aueanomoty, (PD-L-1) peyenmopaaper uneubumopnapowiy wvicamvt o6onvin mabwiiadvl. CTLA-4 anmueendik peakyusnel 6acmayobly
epme camvicbinoa opexem emeoi, an PD-1 owcone PD-L-1 nepughepusinvix minmen o3apa opexemmecyoi MOOYIAYUANAY APKbLIbL OpeKem emeoi.

Anaiioa, 6akpinay HyKmeciniy uHeuOUMopRapblmMen (akm) emoey UMMYHObIK JHCytenil 6enceHOIpinyine OAuIanbLCmbl UMMYHOBIEK JHCAHAMA JCa-
2bIMCbL3 KYObliblcmapobly (UOH) KeH cnekmpimer bipee acypedi. Omip cypyee oy ocep emKeHiHe Kapamacmat, nayuenmmepoiy wamvamer 10% -.
IHOOKPUHOIK dcepliepl bap dcanama ocepiep OaKaiobl.

3epmmeyoin maxcamol — baxvliay HyKmeciHiy uHeuOUmMopaapvimer emoeyoin OIpiHWi JHcoHe Kellinel Jceniepinoe Kamepii icikmepoiy spmyp-
2 IoKanuzayusicul oap emoenywiiepoe KIuHUKAaIslK modicipube scaz0aivinoa Karkanua 0e3iniy uMMyHObIK-0e10a10blK JHCA2bIMCbL3 KYObLIbICHd-
PbIHbIY 0aMy dcuiniein bazsanay.

oicmep: JKymvic anamne30ix, 3epmxanablk JHcoHe ACnanmolk 3epmmey d0icmepin Konoamy apkblibl OPbIHOANObL. 3ePMXAHANbIK, MAN0Ay KaH-
Oaevt TSH, T3, T4, ACTH, kopmu3zon deneeilin anvikmayost Kawmuowl. Manrimemmepoi manoay Microsoft Excel 6az0apramacet apkpiibl dcypeizinoi.

Homuoicenep: ummyHObIK JicON0bIY OAKbLIAY HYKMeNepin O10KAmopiapmen emoey ascblHoa UMMYHObIK Mupeouoummiy oamy dtcuinici 0iz0iy
bakpiaysimsizoa 29% kypaowl. Kankanwa be3iniy Oy3uLiybiHbly 0ebromi mepanusiHuly anzawiksl 12-16 anmaceinoa ouazno3 Koubliobl, KAIKaAHUA
6e3iniy OY36Laybl AACLIHOA CUNEPMUPEO30an OACMAnobl, cO0an Keiin 1-3 atidan Keilin mypakmol cunomupeo32a Koumi.

Kopvimuinowi: bizoiy 3epmmeyimizoe nayuenmmepoezi AKT kayincizoik npoguiin manday KeziHoe UMMYHObIK 9cep ememiH JHCazbLMCbl3 PedaK-
yusnap sHcuiniei men cnekmpi OotiviHua oneMoiK modcipubeden epexutenenbeol. Yolmmulnvlk Cnekmpi icikmiry T0Kanu3ayusACyIHd OaiIaHbICIbL eMec.
Oymaiinbl dcone Muimoi emoey Ywin Kankanuia 0e3iniy 3aKbiMOaHybii epme OUdSHOCIMUKANAY Kadicem, OHbl 3ePMXAHANbIK 3epmmeyiep apKblibl
arcyseee acvipyea 6onaovl. AKT mepanusicol ke3inoe KoIaucwl3 KyObLiblcmapoblly 0amy YaKslmuli 0Ly KaIKanua 0e3iniy mepanuscolHan 601amuli
ACKBIHYIApObL YAKMbLIbL OUASHOCIUKATIAY2A JHCOHE My3emyee MyMKIHOIK bepedi JcoHe muimoi mepanusiHbl JHcar2acmulpy2a MyMKIiHOIK Oepeol.

Tyitin co30ep: uMMyHObIK, SHOOKPUHONAMUS, UMMYHOMEPANnUs, 6aKbliay HyKmeciniy uHzubumopaapbsl (akm).

AHHOTANMUA

OHJOKPUHHASA TOKCUYHOCTDH HHI'MBUTOPOB UMMYHHbBIX KOHTPOJIBHBIX TOYEK
B KIMHUYECKOM MIPAKTUKE

C.3. Cagpuna', I.K. Myxameovaposa', B.B. Jumumpuesa’
'TAY3 «PKO[ nmenn npocpeccopa M.3. Curana» M3 PT, KasaHb, Poccuiickas Geaepauns

AKkmyansnocms: B ces3u ¢ pecucmpayueii H08020 Kiacca npenapamos-uneuoumopos UMmyHnuix konmponvnlx movex (MKT) cywecmeenno
U3MeHUIach mepanus paxka 6o ecem mupe. Ha ocnoee xnunuueckux ucciedoganuti 6uiio 0OKA3AHO YEeaudeHue SblHCUBAEMOCU NO CPAGHEHUIO
¢ yumocmamu4eckoll mepanuei y NayueHmos, 4yeCmeumenbHulxX K dmomy euoy jevenus. Mnaubumopsl KoHmponbHelX mouex nposeisaiom ceol
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aphexm, pecynupysi UMMYHHbITL OMBEM HA 3N0KAYECMBEHHbLE KIeMKU, OIOKUPYa 00bluHble mopMo3Hble nymu peeyiayuu T-kemok. Peyenmopul
yumomoxkcuyeckozo T-mumepoyumapnozo anmueena-4 (CTLA-4) u benxa 3anpoepammuposannoi eubenu kiemok (PD-1) unu cészannozo ¢ num
nueanoa (PD-L-1) siensiromes: muwenvio uneuoumopos. CTLA-4 delicmeyem Ha panHeil cmaduu 3anycka anmueeHnoz2o omeema, a PD-1 u PD-L-1
oeicmayiom, MOOYIUPYs 83auMOo0elicmaue ¢ nepugeputecKkoli mKaHsio

Oonako npumenenue UKT conposodicoaemes mupokum cnekmpom UMMYHO-ONOCPEOOBAHHBIX HEXCENAMENbHbIX AGTCHUIL, CEAZAHHBIX C AKMUBA-
yueil uMMyHHou cucmemvl. Hecmomps na nonoscumensroe 61usHue Ha 8bliCUBAEMOCHIb, ObLIU OMMeUeHbl NOOOUHbLE Ihpernbl ¢ IHOOKPUHHBIMU
agppexmamu npumepro y 10% nayuenmos.

Lens uccredosanus — oyeHums 4acmonty pazeumMus UMMYHHOONOCPEOOBAHHBIX HEICEIAMENbHBIX AGICHUL CO CIOPOHbL UWUMOBUOHOU JiCeie3bl
6 YCI0BUAX KIUHUYECKOU NPAKMUKU Y NAYUEHINOB C CO 3N0KAYECMBEHHLIMU ONYXOIAMY PA3IUYHOU TIOKAIUZAYUU 8 NEPEOU U NOCICOVIOUWUX TUHUAX
mepanuu UKT.

Memoowi: Paboma evinonnena ¢ ucnonb308anuem aHamMHeCmMu4ecKux, 1a00pamopHulx U UHCIMPYMEHMATbHIX MEemo008 uccie008anus. Jlabo-
pamopnblil ananus exniouan onpeoenenue yposnei TTI, T3,T4, AKTI u kopmuzona é kposu. Ananusz OaHHbIX BPOBOOULCS C NOMOWBIO NPOSPAMMDbL
Microsoft Excel.

Pesynvmamut: Yacmoma passumusi umMMyHOOnocpedosanio2o mupeouduma ua gpone mepanuu UKT 6 nawem nabniooenuu cocmasuna 29%.
Jlebrom Hapyuwienuil wumosuoHou JHeee3vl OUACHOCMUPOBALCs 8 nepsbie 12-16 nedenb mepanuil, HAUUHALCA C 2UNEPMUPEO3d HA (POHe OeCmpPyKYuUU
WUMOBUOHOUL Jiceie3bl € NOCCOVIOWUM NEePexo0oM 6 CIOUKULL sunomupeos uepes 1-3 mec.

3axnrouenue: Ilpu ananuze npopunsa 6ezonacnocmu UKT y nayuenmos 8 nawem uccie008anuy UMMyHOONOCPeOOBAHHbIE HedCeNamebHble
peaxyuu He OMAULATUCH NO YACMOME U CNeKmpy om Mupoeou npakmuxu. CRexmp moxkCuuHOCMuU He 3a8Uceil Om JOKAIU3AYUY ONYXOJIU.

s onmumansno2o u dghhexmusno2o nevenus Heoobxoouma panHais OUASHOCIMUKA NOPAdICEHUL WUMOBUOHOU JiCele3bl, KOMOPYIO B03MOICHO
npo8oOOUMb MEMOOM 1ADOPAMOPHOLO AHAU3A.

3uanue cpokos pazeumus nevceramenvubix asienuti 6o epems mepanuu UKT nossonsem ceoespemento ouazHocmuposams u KOppeKmuposams
OCTOJCHEHUSL CO CMOPOHBL WUTNOBUOHOUL Jicenie3bl U NPOOOIACAMb IPDEKMUGHYIO mepanuio.

Knrouesvle cnosa: ummynoonocpeoosantas 3H00KPUHORAMUS, UMMYHOMEPAns, UHeUOUMopbl KOHmMpoabHoix mouek (UKT).
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THE PROSPECTS AND CHALLENGES
OF CRISPR/CASY9 GENE EDITING IN CANCER THERAPY:
A LITERATURE REVIEW

D.A. ABDUSSADYK', A.Zh. BEISENOVA!
'«Asfendiyarov Kazakh National Medical University» NCJSC, Almaty, the Republic of Kazakhstan

ABSTRACT

Relevance: Cancer remains one of the leading causes of death in Kazakhstan, and CRISPR/Cas?9 offers possible solutions to treat it.
Clustered, regularly interspaced short palindromic repeats/CRISPR-associated protein 9 (CRISPR/Cas9) is a system bacteria use to cleave
foreign in-vaders. This system has been considered promising for cancer therapeutics by allowing researchers to edit cancer cell genes.

The system requires more trials, so it is essential to raise awareness of this technique for stu-dents and potential investors and highlight
the current challenges that could be research opportuni-ties for researchers.

The study aimed to analyze and provide up-to-date information from reputable scientific journals on the current use of the CRISPR/
Cas9 system in cancer therapeutics for medical students and researchers. This research paper also highlights the challenges associated
with implementing CRISPR/Cas9 in clinical settings for cancer therapeutics.

Methods: The scientific literature and databases (PubMed and the Nature Journal) were searched and analyzed using the CRISPR/

Cas9 system in cancer therapy.

Results: The results of this research indicate that scientists should focus on improving the types and structure of the Cas protein as
well as the delivery methods, including the non-viral deliv-ery methods (liposome-based particles, hybrid vectors, gold nanoparticles, and
extracellular vesicles) to contribute to improving the current status of cancer therapeutics.

Conclusion: CRISPR/Cas9 is an important technique that is still fraught with challenges and should be turned into research opportu-
nities. The current challenges include the form and structure of the Cas nuclease, the types of engineering (in vivo vs. ex vivo), and the va-
rieties of delivery methods. Each delivery method type has pros and cons and requires further research. In particular, future studies should
focus on non-viral vectors, such as liposome-based particles, extracellular vesi-cles, hybrid vesicles, and gold nanoparticles.

Keywords: CRISPR, Cas9, cancer, oncology, delivery vectors, nanoparticles.

Introduction: Clustered, regularly interspaced short
palindromic repeats/CRISPR-associated protein 9 (CRIS-
PR/Cas9) is a system used by bacteria to cleave foreign
invaders. The system has been considered promising for
cancer therapeutics by allowing researchers to edit can-
cer cell genes. The CRISPR/Cas9 gene editing system is es-
sential in current cancer research and therapy because it
offers possible cancer treatment solutions and is simple
and easy to design [1].

One of the goals of this research paper was to ana-
lyze and provide the current information from reputable
scientific journals about the current status of the use of
the CRISPR/Cas9 system in cancer therapeutics for med-
ical students, researchers, and everyone interested in the
current progress in the field of genetic engineering and
cancer treatment. This research paper also highlights the
challenges associated with implementing CRISPR/Cas9 in
clinical settings for cancer therapeutics. The results of this
literature review should offer an overview of the current
challenges that scientists could utilize for their future re-
search, meaning that this literature review aims to pro-
vide a concise review of the current challenges, prospec-
tive solutions, their advantages, and disadvantages, which
researchers could use to inform their future studies.

The CRISPR/Cas9 gene editing system is a cost-effec-
tive and efficient tool. Although there are areas for im-

provement, these challenges offer new avenues for stud-
ies for researchers who seek to discover novel cancer
therapy techniques, thereby making a significant contri-
bution to the field of genetic engineering and molecular
biology. This literature review highlights the most signif-
icant aspects that need further research and enhance-
ment to improve CRISPR/Cas9 system-based cancer ther-
apy. The results of this future research will significantly
contribute to cancer therapeutics. They may save lives, so
addressing the challenges of implementing the CRISPR/
Cas9 system for cancer treatment is essential.

The study aimed to analyze and provide information
from reputable scientific journals about the current sta-
tus of using the CRISPR/Cas9 system in cancer therapeu-
tics for medical students and researchers. This research
paper also highlights the challenges associated with im-
plementing CRISPR/Cas9 in clinical settings for cancer
therapeutics.

Materials and Methods: The scientific literature and
databases, including PubMed and the famous and reputa-
ble Nature Journal, were searched and analyzed using the
CRISPR/Cas9 system in cancer therapy. The articles’ refer-
ences were also examined for relevance and analyzed for
additional material. The criteria for choosing the scientif-
ic articles included relevance to the given research ques-
tions and topic as well as the time of publication. Based on
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the gathered literature, the articles were selected based
on their exigence, relevance to the topic under study, and
novelty. Finally, the articles were examined and utilized
to find new information to answer the research questions
posed in this article, namely, “To what extent and how suc-
cessfully can the CRISPR-Cas9 gene editing system be ap-
plied in cancer therapeutics? What challenges do scientists
face in the clinical application of CRISPR/Cas9 gene edit-
ing technology in cancer therapeutics that could be trans-
formed into research opportunities?”

Results:

The CRISPR/Cas9 gene editing in cancer therapy. The
CRISPR/Cas9 gene editing system has been utilized to
enhance T-cell therapy using two types of DNA repair:
nonhomologous end-joining repair and homologous re-
combination repair. The former has been employed to re-
move molecules, such as PD-1, which inhibit the function
of T cells in targeting cancer cells [1]. Furthermore, edit-
ing based on homologous recombination repair of DNA
has been used to insert a specialized CAR gene (chime-
ric antigen receptor) into the TCR alpha chain of T cells,
thereby increasing their efficiency [1]. This modified ver-
sion of T cells is reportedly more efficient than the T-cells
produced in the usual way [2]. Both types of engineering
require more trials and appear effective in therapy.

Furthermore, CRISPR/Cas9 has been used to improve
the side effects of chimeric antigen receptor (CAR) T cells
for treating solid cancer. Previously, chimeric antigen re-
ceptor T cells have been successfully utilized for blood
cancer treatment [3]. These T cells are genetically mod-
ified to recognize the antigens on target cancer cells.
Apart from being used in blood cancer research, they
have also been the subject of research as a possible treat-
ment for solid cancers. However, the treatment of solid
cancer cells with T cells has proved more difficult com-
pared with the treatment of blood cancer. The significant
challenges have been the heterogeneous nature or the
absence of a sufficient number of antigens on the solid
cancer cells, most of which are located within the cells,
making it hard for the T cells to recognize them [3]. These
challenges have been addressed using the CRISPR/Cas9
gene editing tool.

CRISPR/Cas9 has efficiently alleviated some aspects
of utilizing genetically engineered T cells in solid cancer
therapeutics by neutralizing the negative consequences
of cytokine release and rejecting graft T cells. Specifical-
ly, the system has been used to silence HLA-I and TCR of
graft T cells to minimize the organism’s rejection of such
cells [3]. It means that it has allowed the possibility of
utilizing graft T cells in cancer treatment without caus-
ing distress to the organism. In addition, CRISPR/Cas9 has
also been used to modify cytokine cells and prevent au-
toimmune reactions, which could hurdle cancer thera-
peutics [3]. Nevertheless, some aspects of the therapeu-
tics still need further research.

Apart from T cell therapy, the development of CRISPR/
Cas9 has prompted new genetic engineering approach-

es, including the regulation of transcription, editing of
single bases, and cleavage of messenger RNA [4]. For ex-
ample, DCas9, a modified version of Cas9, shows the po-
tential to regulate transcription [5]. This modified version
differs from the regular one in being more specific and
having less off-target effects. It regulates transcription
by loading activating, repressing domains or epigenetic
modification enzymes [6]. However, the process is com-
plicated and may result in errors, leading to multiple pro-
teins possibly being affected by the intervention. In this
regard, the specificity of the tool and the off-target ef-
fects require further research.

The challenges with the implementation of CRISPR/Cas9
in clinical settings. The two types of engineering include in
vivo and ex vivo, and in vivo, genetic engineering should
be prioritized over ex vivo engineering. One of the rea-
sons for this is that ex vivo genetic engineering of T cells
poses several challenges for researchers. First, genetical-
ly modified T cells are costly [1]. In addition, the process
involves complex procedures, making it challenging to
implement in practice [1]. While it could be wise to con-
tinue researching both types of engineering, researchers
should also focus on improving the methods of in vivo
genetic engineering. For example, experiments involving
mice have shown promise in modifying T cells in vivo us-
ing polymeric Nano carriers loaded with CAR genes [7].
Such experiments must be replicated since the in vivo
delivery method appears more advantageous in enhanc-
ing delivery efficiency.

Researchers should also focus on enhancing the
CRISPR/Cas9 system, including the forms it delivers.
One challenge concerns the CRISPR/Cas9 system’s bac-
terial nature and the presence of immunity against it in
some people [8, 9]. Some people have previously been
infected with the Cas protein derived from the bacteria.
As a result, these people have immunity against the nu-
clease derived from these bacteria. It would eliminate
the protease from their organisms and the inability to
introduce any changes to the organism’s genome [1].
Future studies could focus on alternative ways to deliv-
er the system, including its delivery in mRNA. However,
such delivery methods have yet to be researched and
carried out on a wide scale and remain a possible ave-
nue for future research [1].

There is a need to research the delivery methods
(and vectors) of genetically engineered T cells into can-
cer cells. Nanoparticles based on lipids or polymers, ad-
eno- and lentiviruses have been utilized to deliver CRIS-
PR-edited T cells into solid tumors; however, none of the
delivery methods have proven to target the tumor cells
specifically [10, 11]. In addition, although the methods
may deliver the cells into some parts of the tumor, it is
difficult to ensure a sufficient concentration of the cells
in the target tissues [3]. The delivery methods are said to
be one of the most significant challenges with applying
T cells engineered by CRISPR/Cas9 in solid cancer ther-
apeutics.
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Viruses are one of the delivery vectors, and viral deliv-
ery methods suffer from packaging problems. Scientists
note that new viral vectors with a low ability to produce
an immune response or non-viral vectors with higher
specificity are needed [1]. The viral method of delivery
may be unsafe for the host organism. Apart from safety
issues, the difficulty lies in packing the nuclease into the
virus [12]. Although shorter variants of the nuclease in-
troduced into several viral particles have been studied,
researchers could focus on further enhancing the safe-
ty and packaging of the material into viral particles in fu-
ture studies [12].

Furthermore, non-viral delivery methods are more
advantageous in several ways than viral methods. Firstly,
the viral vectors suffer from packaging problems in that
only short nucleases can be packaged into the viruses.
By contrast, the non-viral CRISPR delivery vectors do not
have packaging issues because the CRISPR/Cas9 systems
can be delivered in various forms in non-viral vectors
(these include mRNA, ribonucleoprotein (RNP), and plas-
mid DNA) [1]. In other words, non-viral vectors are not
limited in the number of particles that can be packaged
into them. Secondly, viruses are known to cause immune
reactions in the host organism. By contrast, the non-viral
vectors are supposed to cause less severe reactions from
the host. Researchers claim that non-viral vectors are
easy to design [1, 12]. Non-viral vector materials could in-
clude micelles, liposomes, and other nanoparticles [12].
Several studies have described the delivery targeting the
molecules that can enter the cell membrane, including
the cell-penetrating peptide and delivery to the cell’s nu-
cleus [12]. Nevertheless, scientists acknowledge that few
or an insufficient number of trials have been conducted
using non-viral vectors for CRISPR delivery.

Non-viral and hybrid vectors for the delivery of CRISPR/
Cas9. One of the encouraging methods of delivery is li-
posome-based nanoparticles. Liposome-based nanopar-
ticles comprise cholesterol, phospholipids, and other
components [13]. The method is particularly suitable for
the delivery of drugs to the liver because it is the lead-
ing site of lipid processing; however, the disadvantage of
this method is that the drugs accumulate in the liver and
may not reach other organs in the required amounts. In
addition, there have been concerns about the immuno-
genicity of such vectors. Although some of these vectors
could be prone to causing an immune reaction, scientists
have utilized peptides and introduced modifications into
non-viral vectors to avoid immune responses. As a result
of the addition of proteins on the surface of the non-vi-
ral vectors, the vectors could withstand or avoid the im-
mune system reaction of the host organism.

In addition, biofilms and extracellular vesicles, such as
exosomes, have been introduced into non-viral vectors
to avoid immune response. Extracellular vesicles, includ-
ing micro vesicles and exosomes, participate in cell sig-
naling, transporting the signaling molecules or genetic
material from inside the cell to other cells [14]. Exosomes

are membrane-bound vesicles arising from multivesicu-
lar bodies in organelles [15]. These vesicles transport bio-
molecules inside the cell and can transport almost any
substance within the cell. Such vesicles can deliver the
CRISPR/Cas9 system with high specificity. The method
seems effective since the vesicles retain the host organ-
ism’s proteins on their surfaces, minimizing the risk of
developing immune reactions [16]. Because the surface
of such vesicles closely resembles that of the host cells,
these cells will likely be recognized by the host as its cells,
thereby reducing the likelihood of rejection by the host
organism. In addition, the specificity of such vesicles can
be improved by adding particular molecules on their sur-
faces (aptamers or antibodies) [14]. For example, extra-
cellular vesicles covered with Chimeric antigen receptors
(CARs) have been used to target B cell cancer [17].

Furthermore, hybrids of different vectors could be uti-
lized to minimize each vector’s side effects and enhance
them. For example, exosomes hybridized with AAV (ad-
eno-associated virus) or liposomes could be used. The
presence of the exosome should protect the vector from
being recognized by the host's immune system [18]. Such
hybrid vectors have been used in experiments involving
mice with immunity against the introduced virus. The re-
sults indicated that the exosome-protected virus did not
cause immune reactions [19]. In addition, experiments
have involved the introduction of such vectors into var-
ious tissues, such as nerve cells, particularly those in the
inner ear [20, 21]. It means that the hybrid vectors can be
safely introduced into different types of tissue, and the
result is that they do not cause any severe immune reac-
tions. However, the vectors have yet to be widely applied
in CRISPR/Cas9 research, so this remains an opportunity
for future studies.

Gold nanoparticles also promise to deliver gene
drugs into tumor cells, though they should be further
researched. Gold nanoparticles are a suitable drug de-
livery method because they are non-toxic, do not cause
severe reactions, are stable, can inhibit bacteria, and
can be modified to deliver substances into the cells
[22]. Specifically, ligands can be added onto the gold
nanoparticles for better recognition of cancer cells. For
example, Wang et al. [23] have successfully introduced
the CRISPR/Cas9 system into skin cancer cells using
nanoparticles and liposomes. To deliver the plasmids
to the cancer cells, they coated the gold nanoparticles
with genetic material with positively charged liposomes
[23]. These particles enter cancer cells and can release
the drug when exposed to a laser; as a result of the in-
tervention, the target gene (Plk-1) is knocked out, and
the tumor is inhibited [23].

However, despite the successful experiment, scien-
tists still claim that the challenge with gold nanoparticles
lies in the accurate and efficient release of drugs at the
target site, which will require further research [22]. Apart
from previously discussed lasers, different stimuli have
been studied concerning triggering the release of drugs
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into the target cells. These have included internal and ex-
ternal stimuli [22]. However, the nanoparticles should be
further modified to allow for a more efficient release of
drugs into the target cells, which could be the focus of fu-
ture studies.

Discussion: Clustered, regularly interspaced short
palindromic repeats/CRISPR-associated protein 9 (CRIS-
PR/Cas9) gene editing tool is a promising technique for
cancer therapeutics. As many researchers have point-
ed out, its advantage lies in its efficiency and ease of de-
sign. It offers a possible solution to the treatment of can-
cer, which is why researchers in molecular biology need
to direct their attention to the study of the current chal-
lenges associated with the implementation of the tech-
nique in clinical settings. The challenges have included
the structure of the Cas protein and different ways of de-
livering it into cancerous cells. The research results show
that non-viral delivery methods have fewer disadvantag-
es, as they have greater packaging efficiency.

Furthermore, non-viral delivery vectors circumvent
the immune reactions that could result from introducing
viral vectors. Different modifications and ligands can be
introduced on the surface of non-viral vectors to improve
their recognition by the host and the specificity of some
non-viral vectors. The study also indicates a need for in-
vestments in gold nanoparticle experiments, which pos-
sess several benefits in delivering CRISPR into the cells,
including their high packaging efficiency and antimicro-
bial properties. However, the vector might be costly and
will require investments.

Conclusion: This research paper has examined and
highlighted several challenges, including the form and
structure of the Cas nuclease, the types of engineering
(in vivo vs. ex vivo), and the varieties of delivery meth-
ods. Different delivery methods appear efficient, includ-
ing non-viral vectors, such as liposome-based particles,
extracellular vesicles, hybrid vesicles, and gold nanopar-
ticles. The delivery methods outlined in this research pa-
per need further studies, and their side effects should be
mitigated. Therefore, the delivery methods should be the
focus of future studies.
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AHJIATIIA

KATEPJII ICIK TEPAITUACBIHJA CRISPR/CAS9 TEHAI OHJAEY TEXHOJIOTI'UACBIH
KOJJAHY IbIH ITIEPCIIEKTUBAJIAPBI MEH MOCEJIEJIEPI:
9/IEBUETKE IOJIY

J.A. Aboycaovik’, A.2K. Beiicenosa’
«Actheranspos aTbiHaarbl Kasak ¥NnTTblk MeauumHa yHusepenteTi» KEAK, Anmatsl, Kasakcran Pecnybnnkacs

Oszexminizi: Kamepii icik Kazaxcmanoazol onimuiy Hezizei cebenmepininy 0ipi 6onvin Kaia bepeoi scone CRISPR/Cas9 onbl emoeyoin vikmu-
man wewimoepin ycolnaowl. Knacmeprieneen, mypakmol unmepeanovl Kblcka naiunopomowlx Kaumananyaap/CRISPR-batinanvicmol npomeun 9
(CRISPR/Cas9) — 6620e 6acKpiHubLIapObl HCOoI0 YWiH natioaianamolt Jeyieni bakmepusiiap. by ocyiie sepmmeywinepee kamepii icixk sfcacyuia-
JapblHbIY 2eHOepiH oH0eyee MyMKIHOIK Gepy apKblibl Kamepi iciKk mepanusacsl yuin nepcnekmusansl 60bln CaHaiobl.

JKyile kebipex coltnakmapobl Kadcem emeoi, COHObIKMAH CMyOeHmmep MeH dJleyemmi UH8ecmopiap yuin ocbl 90icmeme mypaivl xabapoap
0601y MAHbI30bL, COHLIMEH Kamap 3epmmeyiuiizep Yuin sepmmey MyMKiHOIKmepi O01Ybl MyMKIH A2blMOa2bl KUbIHOBIKMAPObL aman omy Manbl30bi.

3epmmeyoin maxcamel — 3epmmey MeOUYUHALLIK, CMyOeHmmep MeH 3epmmeyuiiep yuwin kamepii icik mepanusicoinoa CRISPR/Cas9 sicytiecin
KONOAHYObIH a2bimoazvl Heaz0ativl mypaibl 6e0enodi 2bliblMu HCYPHATOAPOAH A2blMOd2bl AKNAPaAmmul Mandayad HeoHe YColHy2d 6a2blmmansa.
By sepmmey srcymvicol conoai-ax, Crispr/Cas9-0bl 0OHKOIOUAIBIK aypyiapObl emoeyee apHalean KIUHUKAIbIK JHCa20aliiapoa enizyee 6aiianbl-
Ccmbl KUbIHOLIKMApObl Kopcemeol.

Aoicmepi: FoLioimu o0ebuemmep men monimemmep Kopwvinan sepmmeyiep. (PubMed oepexkopul, Nature abiiviyvu scypHaibl).

Homuoicenepi: 6y sepmmey Homuorcenepi 2anvimoapobiy Cas npomeuHiniy mypiepi MeH KypbliblMblH, COHOAU-AK HCEMKIZY 90ICMepiH, COHbIH iuiHOe
BUPYCMBIK emec JHcemKizy d0icmepin (Iunocoma He2izinoezi benuexkmep, 2UOPUOMI 6eKmMOopap, AimbviH HAHOOOIUEKMEPI HCIHE HCACYUUAOAH MbLC) HCAK-
capmyea nazap ayoapyvl Kepexk eKeHin kopcemeoi. 6e3uKynanap) Kamepai icik mepanuscolHbly Ka3ipei Hca20atibli HCaKkcapmyed blKnan emy.

Kopoimoinovi: CRISPR/Cas9 - 6yn o11i 0e KublHObIKmapaa mo.ivt Manbl30bl 90IC, OHbL 3epmmey MyMKIHOIKmepiHe atHaiobipy Kepek. Azvimoazel
Kuvinovikmapea Cas HyKeazacelHbll HblCAHbL MEH KYPbLIbIMbL, UHIICEHepUs mypaepi (in VIvo dicone ex vivo) dcoHe dcemkizy ooicmepiniy copmma-
pbl Kipedi. JKemkizy o0iciniy op mypiHiy 63iHOIK apmulKWbLILIKMAPbL MeH KeMwiiikmepi 6ap dcone 00an opi 3epmmeyoi Kadxcem emeodi. Aman
aumKanoa, MUNnOCoMa He2izinoel bonueKmep, HedCywaoan molc KONIpuwixmep, UOPUOMI 8e3UKYIANAD HCOHE AMbIH HAHOOOIeKmepT CUAKNbI
BUPYCMbLK, emec 6eKmopap bonawar sepmmeyiepoiy Ha3apbiHOa 601Ybl Kepex.

Tyuinoi co30ep: CRISPR, Cas9, kamepai icik, OHKON02U, HCEMKI3Y 6eKMOPAApbl, HAHODOIUeKmep.

AHHOTANMS

INEPCHHEKTUBbI U ITPOBJIEMbBI PEJAKTUPOBAHUS 'TEHOB CRISPR/CAS9 B TEPAIIUU PAKA:
OB30P JIMTEPATYPBI

JI.A. Aboycaonixk', A.JK. Beiicenosa'
"HAO «Kasaxckuit HaumoHanbHblin MeauLmHekuii yHuBepcuTeT veHn AceransipoBay, Anmartsl, Pecnybnnka KasaxctaH

Axkmyanvnocme: Pax ocmaemcs 00Ol u3 gedyuux npuyun cmepmuocmu 6 Kasaxcmane, u CRISPR/Cas9 npednazaem 603modxcHble pelie-
Hus 0151 eeo Jewenus. Kiacmepusosanmvie, pe2yisipHo uepeoyiowuecs Kopomxue naaunopommsie nosmopul / CRISPR-accoyuuposannblii 6enok
9 (CRISPR/Cas9) — smo cucmema, komopyio 6akmepuu UCnoab3yiom s pACujenieHus. 4yxcepoonsix 3axeamuuxos. Cucmema Ovina npusHana
MHO2000ewaloujell 6 OMHOWEHUU Mepanu Paxd, NOCKOIbKY HO360IAem UCCICO08AMENAM PeOAKMUPOBANTb 2eHbl PAKOBLIX KICMOK.

Jannas cucmema mpebyem 0onOAHUMENbHBIX UCHBIMAHUI, NOIMOMY 6AXCHO NOBLICUMb 0CBEOOMICHHOCIL CIMYOEHIO8 U NOMEHYUATbHBIX UHBE-
CcMopos 06 IMoll MemoouKe, d MAKICce NPUGTEHb BHUMAHUE K MEKYWUM NPODIeMAM, KOMOpble MO2YM CIMANb UCCICO08AMENbCKUMU BO3MONCHOCHIAMU.

Lenb uccnedosanusn — npoanaruzuposams u nPeoOCmMAasUmMb aAKMYaibHyi0 UHPOPMAYUIO U3 AGIMOPUMEMHBIX HAVUHBIX JICYPHATIO8 O MeK)-
wem cmamyce ucnoavzoganusi cucmemvl CRISPR/Cas9 6 mepanuu paxka cmyoenmam-meouxam u ucciedosamensim. B amom ucciedosamein-
CKOM OOKYMeHme MAaKice 0Ceewarmes npooaemsl, cesasanuvie ¢ eneoperuem Crispr/Cas9 6 kiunuueckux yciogusax 0iis ieuenus paKa.

Memoowt: IIposedeno ucciedosanue no nayunou rumepamype u 6aszam oannvix (6aza oannvix PubMed, nayunwiii socypnan Nature).

Pesynomamer: [lonyuennvie pe3yrbmamol yKa3ul6aom, umo Y4eHblM Ciedyem coCpeoomodumbCs Ha YIAyHUeHuy munos u cmpykmypul 6eaka
Cas, a maxaice Memoo0s 00CmMagKu, BKII0UAsL HEBUPYCHbLE MEmMOoObl O0CMABKU (4ACMUYbL HA OCHOBE TUNOCOM, CUOPUOHBLE BEKMOPbL, HAHOUACUYbL
3010MaA U GHEKIeMOUHbIE 8E3UKYIIbL), YMODbL CNOCOOCMBOBAMb YIVHIUEHUIO MEKYWe20 COCMOAHU CPeOCME OJi JeUeHus paKd.

3axnrouenue: CRISPR / Cas9 — sadicnulii Memoo, Komopulii 6ce ewye COnpsidicel ¢ mpyoHOCMAMU, KOMopbie Cledyem npespamuntsd 8 603MOlC-
Hocmu 0na uccredosanuil. Texyuyue npodiemor exntovarom gopmy u cmpykmypy Cas-HyKieasvl, munvl UHdcenepuu (in vivo npomus ex vivo) u
pasnoobpasue menodos docmagku. Kacowiii 6ud cnocoba 00cmagku umeem c8ou NaChl U MUHYCbL U mpebdyem OanbHeliue2o uzyienus. B vacm-
HOCIMU, HeGUPYCHbIE BEKMOPbL, MAKUe KAK YaCmuybl HA OCHOBE TUNOCOM, GHEKIIMOYHbLE BE3UKY b, 2UOPUOHDLE BE3UKYIIbL U HAHOYACIUYLL 3010Md,
00712ICHbL ObIMD 8 YeHmpe OYOVWUX UCCIO0BAHUIL.

Kntoueswte cnosa: CRISPR, Cas9, pak, onkonoeus, 6eKmopuvl 00CmMagKu, HAHOYACIMUYbI.
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ABSTRACT

Relevance: Oncological diseases remain the main cause of death in children, increasing the need for intensive care. Hospitalized
children suffering from oncological diseases are at high risk for sudden deterioration of their condition, both for the underlying disease
and due to infectious complications and the toxic effects of medications. This review highlights information on the Pediatric Early
Warning Signs (PEWS) system in oncological patients to detect clinical deterioration promptly.

The study aimed to analyze international literature on using pediatric early warning signs (PEWS) for clinical deterioration in

pediatric oncology.

Methods: Current literature on using the PEWS of clinical deterioration in pediatric oncology was studied.

Results: The published data show the critical role of using the PEWS system in cancer patients for early detection of deterioration
of the condition with subsequent provision of emergency medical care.

Conclusion: The analysis of international experience has shown that using the PEWS system in children with oncological diseases
is an effective method of early recognition of signs of clinical deterioration, which, in turn, allows the timely initiation of complex

intensive therapy.

Keywords: oncology, hematology, PEWS, clinical deterioration, children, intensive care.

Introduction: Pediatric oncology studies tumors and
develops practical recommendations for prevention, di-
agnosis, and complex therapy. Approximately 10% of all
pediatric cancer patients have a genetic predisposition
to cancer [1].

Due to the opportunity of obtaining high-quality
medical services, more than 80% of pediatric cancer pa-
tients are cured in high-income countries. Pediatric can-
cer patients in low- and middle-income countries are
cured in less than 30% of cases [2]. A modern approach
to therapy in pediatric oncology is the creation of in-
terdisciplinary teams with the participation of pediat-
ric hematologists, oncologists, infection control special-
ists, anesthesiologists, resuscitators, transfusiologists,
pediatricians, pediatric surgeons, neurosurgeons, vas-
cular surgeons, neurologists, gynecologists, endocrinol-
ogists and other specialists necessary for patients at dif-
ferent stages of the path to recovery [3].

The global burden of pediatric oncology is dispro-
portionately shifting towards low- and middle-income
countries. Countries with limited resources account for

about 80% of childhood cancer morbidity and about
90% of cancer mortality in children [4]. Hospitalized
children suffering from oncological diseases are in a
high-risk group since frequent life-threatening compli-
cations can deteriorate their conditions. The most com-
mon childhood oncological diseases include leukemia,
malignant brain tumors, lymphomas, and solid tumors
such as neuroblastoma and nephroblastoma [5].
Timely early diagnosis of various complications
aimed at improving survival rates in oncological diseas-
es [6-8]. Medical personnel needs clear criteria and al-
gorithms to prevent critical conditions, allowing time-
ly identification and provision of necessary, complete,
and urgent care, which is particularly important in hos-
pitals with limited resources [9]. During inpatient treat-
ment, inadequate initial assessment of the general con-
dition, lack of constant monitoring of vital signs, and
inadequate therapy lead to undesirable results, partly
due to the lack of systems that detect clinical deterio-
ration in patients [10]. As a result, several severity as-
sessment systems have been developed and tested to
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improve the identification of patients in the pediatric
population with a higher risk who need complex inten-
sive care [11-13].

Pediatric Early Warning Signs (PEWS) system is a
tool for the clinical assessment of the patient’s condi-
tion, taking into account vital signs and symptoms of
the oncological patients to detect clinical deterioration
promptly [14]. The use and implementation of the PEWS
system in children’s hospitals showed a decrease in the
frequency of cardiopulmonary arrest outside the inten-
sive care unit (ICU), unscheduled transfers to the ICU,
and general hospital mortality [15].

The study aimed to analyze international literature
on using pediatric early warning signs (PEWS) for clini-
cal deterioration in pediatric oncology.

Materials and methods: We searched using key-
words like oncology, hematology, PEWS, clinical dete-
rioration, and children in the databases PubMed, MED-
LINE, EMBASE, Web of Science, and Cochrane Library. To
compile the review, we studied all publications on this
topic in open access, the search depth was ten years,
and the original language is English. The analysis in-
cluded the results of original clinical and comparative
studies in pediatric oncology hospitals, as well as case
studies in the field of pediatric oncology. The exclusion
criteria were abstracts not in English, summaries of ma-
terials, and personal messages that did not contain the
primary significance.

Results: This review includes 50 studies published
over the past ten years evaluating the results of the in-
troduction and impact of PEWS in clinical practice in
cancer patients. The parameters used in the PEWS sys-
tem include neurological problems, heart rate, capillary
filling time, respiratory rate, participation of auxiliary
muscles, oxygen therapy, and body temperature.

In recent decades, against the background of com-
plex therapy, there has been a noticeable increase in
the overall survival of children with hematological dis-
eases. However, some cancer patients need treatment
that includes hematopoietic stem cell transplantation,
and these patients still represent a group with a high-
er mortality risk. In addition, we have learned that ven-
tilation and cardiovascular support, along with renal re-
placement therapy, can benefit pediatric patients with
hematological diseases if these procedures are started
promptly [16].

In an international multicenter study, Parshuram C.S.
et al. conducted a case-control study in hospitalized
children with the participation of three clinics from Can-
ada and one from the UK (n=2074 patients). In the case
of clinical deterioration, patients experienced either im-
mediate referral to the intensive care unit or urgent hos-
pitalization in the ICU. No events were recorded in the
control patients. The overall scores on the Bedside PEWS
system were different; the assessment was carried out

24 hours before the event of clinical deterioration. The
median (interquartile range) of the leading indicators of
Bedside PEWS for 12 hours ending 1 hour before clinical
deterioration was 8 (from 5 to 12) in patients receiving
treatment and 2 (from 1 to 4) in patients of the control
group (P<0.0001). The Area Under Curve Receiver Oper-
ator Characteristic (AUCROC) curve (95% confidence in-
terval) was 0.87 (from 0.85 to 0.89). In patients who re-
ceived treatment, the average scores were 5.3 for 20-24
hours and 8.4 for 0-4 hours before the event (P<0.0001).
The AUCROC curve (95% Cl) of retrospective nurse eval-
uations was 0.83 (0.81 to 0.86). Assessment of Bedside
PEWS allows us to distinguish “sick” from “healthy” hos-
pitalized patients. These data suggest that the PEWS as-
sessment can help doctors identify children at risk of
immediate and actual cardiac arrest [17].

In the following retrospective study, before and af-
ter introducing the PEWS tool with an appropriate al-
gorithm for interdisciplinary actions in the department
of Hematology, it is reported that barriers between de-
partments that prevented the timely transfer of chil-
dren with clinical deterioration requiring urgent care
were eliminated. The introduction of the PEWS system
improved the interaction between multidisciplinary
teams, which helped ensure that the necessary assis-
tance was received in the right place and at the right
time [18]. Finally, the study mainly focuses on imple-
menting the system itself.

At Kamuzu Central Hospital, a large specialty hos-
pital in Lilongwe, Malawi, with over 15,000 hospitaliza-
tions of children per year, the introduction of the PEWS
system reduced the inpatient mortality rate in study
phases A, B, and C: from Phase A (9.3%) to Phases B
(5.7%) and C (6.9%) [19].

In an observational study by Sefton G. et al. be-
fore and after the introduction of the PEWS system in
a pediatric hospital, the median infant mortality in-
dex (PIM2) decreased from 0.60 to 0.44 (p < 0.001). For
fewer hospitalizations, invasive lung ventilation was
required — 62.7% versus 75.2% (p = 0.015); its aver-
age duration decreased from 4 to 2 days. The average
length of stay in the ICU decreased from 5 to 3 days
(p = 0.002). In addition, there was a slight decrease in
mortality (p= 0.47) [20].

The study by Agulnik A. et al., introducing the PEWS
system in the Pediatric Cancer Hospital in Guatemala
(Unidad Nacional de Oncologia Pediatrica), has reduced
unplanned ICU transfers. The results of a study pub-
lished in 2016 show that hospital investments in PEWS
can improve the quality of pediatric cancer care, opti-
mize the use of ICU and reduce costs [21].

A 2017 publication highlighting the results after the
successful implementation of PEWS in a children’s can-
cer hospital with limited resources in Guatemala report-
ed a significant reduction in unplanned transfers to the
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ICU, a decrease in the length of stay in the ICU and a de-
crease in the frequency of severe sepsis or septic shock
when transferring to the ICU [22].

The same author shows that the PEWS assessment
largely correlates with the need for unplanned transfer
to the ICU in patients with oncology after hematopoi-
etic stem cell transplantation. In addition, it is reported
that the PEWS system correctly identified most patients
who needed ICU care [23].

According to the St. Jude Research Hospital, pa-
tients after hematopoietic cell transplants have a wors-
ening condition requiring ICU transfer. As a rule, critical
deterioration is preceded by a long period of abnormal
vital signs, which makes it potentially preventable by
earlier recognition of the precursors of critical condi-
tions; PEWS appropriately identified hospitalized pa-
tients who needed to be transferred to a higher level
of treatment [24].

At Alder Hey Children’s Hospital, a top-level pediat-
ric facility in Liverpool, United Kingdom, parents of chil-
dren were invited to participate in semi-structured tele-
phone interviews. Recruitment was conducted in the
period from February 2020 to February 2021. There is
data on parents’ experience and perception of the ac-
ceptability of a hospital-wide active electronic system
for early warning of complications in children. Parents
reacted positively and welcomed the use of new tech-
nologies to support the care of their children [25].

Dylan G. et al . described the algorithmic approach
to care used in Guatemala and the United States, show-
ing that PEWS improves interdisciplinary communica-
tion, expanding the capabilities of medical profession-
als [26]. PEWS also improves communication between
attending physicians and families by enhancing interac-
tion, which once again demonstrates the importance of
PEWS for improving the quality of medical care in condi-
tions with both high and limited resources [27].

In turn, there are clinical and organizational risk
factors for mortality with deterioration among pa-
tients with pediatric oncology. Thus, in Latin America,
a multicenter prospective study involving 16 centers
registered 553 critical impairments in patients from
11,536 hospitalizations and 119,414 days of hospital
stay. Event mortality was 29% but varied greatly by the
center (11-79%). In addition, cases with organ dysfunc-
tion and high disease severity had higher mortality.
According to the researchers, early detection of com-
plications and timely transfer to the ICU can improve
the prognosis [28].

After introducing PEWS in 29 pediatric cancer cen-
ters in Latin America, an anonymous survey among
medical staff showed a high ability to maintain the
PEWS system [29].

A qualitative study involving five pediatric oncolo-
gy centers with limited resources in 4 Latin American

countries assessed barriers and factors contributing
to introducing an early warning system for complica-
tions. The survey involved 71 employees (70% women),
including 32 doctors (45%), 32 nurses (45%), and sev-
en administrators (10%). Many obstacles to implement-
ing PEWS have been identified, including insufficient re-
sources and staff resistance to change. In addition, the
survey participants highlighted barriers at the level of
clinical staff, hospital, and external factors. The survey
(research) result showed that many barriers are not un-
changeable and can be transformed into factors con-
tributing to the implementation process [30].

The Dutch Children’s Oncology Hospital conducted
a prospective cohort study, where all national pediatric
oncology care is centralized and which is directly con-
nected to a 22-bed general ICU, the results of which may
provide additional evidence of the benefits of using the
PEWS system in hospitalized patients with pediatric on-
cology or indicate that PEWS needs optimization (modi-
fication) in children with oncological diseases [31].

Discussion: Regular assessment, monitoring, and
registration of the vital signs of the child are critical
components of monitoring the patient’s condition, fun-
damental for early detection of clinical deterioration
and provision of high-quality medical care [32, 33]. Clin-
ical deterioration in a patient not recognized in time be-
comes a source of the critical condition [34]. It can lead
to extended hospitalization, unplanned hospitalization
in the ICU, cardiac arrest, or death [35, 36]. Many chil-
dren who die unexpectedly or whose condition worsens
in the hospital have noticeable signs before the sever-
ity of their condition is recognized [37]. Untimely rec-
ognition of clinical deterioration is an urgent patient
safety problem, necessitating the introduction of PEWS
systems in the care of children in the hospital [38]. Us-
ing PEWS to stratify the risk of clinically deteriorating
patients can also help solve the problem of the burden
on medical institutions that lack resources [39, 40]. The
assessment of the condition is calculated manually or
electronically, while each component is evaluated, tak-
ing into account its deviation from the norm [41-43].
The data indicate that electronic assessment has advan-
tages over paper assessment [44].

During the night shift, one doctor on duty serves all
departments. Given the potential burden of many pa-
tients for whom a doctor may be responsible, the PEWS
system can provide an objective triage tool to effec-
tively assess the risk of clinical deterioration, leading
to more efficient use of resources. However, we should
note that many patients do not require interventions af-
ter the PEWS assessment. Moreover, it could create an
unintended burden on the department’s medical staff.
There are also contradictory data on the effectiveness of
the PEWS system, reflecting the complexity of using and
evaluating measurement results [45].
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Hospitalized children suffering from oncological
diseases are at high risk for sudden deterioration of
their condition. However, as access to pediatric can-
cer therapy expands in resource-constrained settings,
there is a need for effective and inexpensive methods
to improve the care of cancer patients, as a lack of in-
frastructure and a shortage of staff can lead to late de-
tection of PEWS.

During the long therapy process, it is necessary to
maintain a dialogue between doctors, nursing staff, the
child, and his parents. It is paramount for optimizing the
care of children with complex diseases and changing
medical status. After all, the life of parents whose child
needs intensive care in an ICU is turned upside down;
many compare it to “riding a roller coaster” [46]. In ad-
dition, some parents of children with severe and long-
term illnesses become “experts” in vital indicators of
their child’s health status and can recognize changes in
their condition [47]. In addition, there is evidence that
parents are reliable partners in expanding care [48].

According to the analyzed publications, many posi-
tive results are reported, but there are also contradicto-
ry data on using PEWS. In this regard, it is necessary to
evaluate the effectiveness in the long term.

Conclusion: The lack of early diagnosis of compli-
cations, infections, erroneous interpretation of the ob-
served symptoms, and late referral to specialists - all
these factors are crucial concerning the outcome of
the disease [49]. Deterioration of the child’s condition
can develop at any stage of program polychemothera-
py [50]. Therefore, special qualification of medical staff
is required for timely recognition of early signs of clin-
ical deterioration and provision of comprehensive, in-
tensive care.

Implementing the PEWS assessment system in the
Department of Pediatric Hematology/Oncology is feasi-
ble. It can contribute to an adequate assessment of the
patient’s condition by increasing the frequency of col-
lecting vital signs in real time.

We want to emphasize the need for early diagnosis
of clinical deterioration before, during, and after pro-
gram therapy in children with oncological diseases to
promptly provide the necessary complex intensive ther-
apy. Thus, unified approaches to early precursors of crit-
ical conditions in children with oncological diseases are
necessary to prevent critical conditions and reduce ad-
verse disease outcomes.
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MEJAUATPUSUIBIK BEJTLIEPI )KYHECIH KOJJJAHY IBIH XAJBIKAPAJIBIK TOKIPUBECI:
OJIEBUETKE LIOJY

E.b. Kypaxoaes'?, b.C. Typoanuesa', JI. H. Manarcyosa’, K.O. Omaposd®, I.K. A6ounosa?,
A.3. Kycaunoé?, C.C. Canapéaes®, B.B. Ilyxun*

'«KasakcTaH MeauumMHa yHusepeuTeTi «Koramablk AeHcaynblk cakTay xoraprbl MekTebiny XKLLUC, Anmatsl, KasakctaH Pecnybnukacsl;
2«[Nenvatpus xeHe Gananap xvpyprisichl FoiribiMu opTanbifbiy AK, AnMatsl, Kasakctan Pecnybrukackl;
%«Mapart OcnaHos aTbiHaarsl baTbic KasakctaH MeauunHa yrusepeuteti» KeAK, Aktobe, KasakcTaH Pecnybnmkachi;
4«muTpuii Porayes aTbiHaarbl Gananap reMatonorusicl, OHKOMOTAS XaHe UMMYHONOMUs ¥NTTblk MeanLnMHanblk 3epTTey optanbirsly ®MBM, Mackey, Peceit ®efepaumsics

Oszexminizi: Onxonozusnvlk aypyiap icik bananap eniminiy bacmel cebebi bonvin Kana bepeoi, HomuiceciHoe KapKbiHObL Mepanus Hypeisy
Kaocemminiei apmyoa. OHKOLOZUATBIK, AYPYIAPMEH ayblpambli AyPyXandaaa Jeamiplzvliean daianap Heeizei aypy 60ublHma od, JHCyKnaibl dCKbl-
Hynapea dcoHe 0opiliK npenapammapobly yolmmul ocepine OQIaHbICMbl 0d HaA20AUObIH KeHemmeH Hauapiaysbl OOUbIHULA HCo2apbl moyeKeil
mobvina sHcamaodvl. Byn wonyoa KIuHUKAALIK HAUAPIAyObl YAKMbLIbL AHBIKMAY MAKCAMbIHOA OHKOIOSUSNLIK HAYKACMApOd epme eckepmyoin
neduampusnvix benzinepi (Pediatric Early Warning Signs, PEWS) acytieci mypanvl monimemmep Kammuli2aH.

3epmmeyoin maxcamol — 6a1a1ap OHKONO2UACLIHOARHI KIUHUKANIK, HAWAPIAYObLY epme aloblt anyObly NeOUampusiiblK, 6eneiiepi jcytecin
KOJIOaHy mypaivl 63eKkmi 90edu 0epexmepee uony.

Aoicmepi: onxonoeusnvix banarapoa PEWS scyiiecin Konoamny 6olbinuia unmepHem-pecypcmapoa deapusaiauaan 3epmmeyiepee uoiy iHa-
canovl.

Homuoicenepi: dcapusiianean depekmep 60UblHUA OHKON02UANbIK HayKacmapoa PEWS oicytiecin Konoamy mansiz0vl poi kepcemeoi, ol Kiuhu-
KabIK 4ca20aiobly HAWAPIAYbIH epme aHbIKMAY YULiH HCOHE YAKbIMbLIbL ULY2bll MeOUYUHATBIK KOMEK KOPCemy Yulin Kasicem.

Kopvimuinowi: Xanvikapanvix mocipubeee scypeiziieen mandday KopcemreHnoell OHKON0UsIbIK aypyrapel 6ap bararapoa PEWS cyiiecin Kon-
OaHY XANBIKAPANbIK, MOXNCIpUbede KIUHUKATbIK Haulapiay benziiepin epme manyobly muiMoi 90iCiH YCbiHAObL, Oy 63 Ke3e2iHOe KeleHOl KAPKbIHObI
mepanusHbl YaKmolivl KOCy2d MyMKIHOIK 6epeoi.

Tyitinoi co30ep: onKono2us, 2eMamonocus, pews, KIuHUKAIbIK Hawapiay, 6ananap, KapKblHobl mepants.

AHHOTALUS

MEXJIYHAPOJIHBIN OIBIT IPUMEHEHWS CUCTEMBI IEJUATPUUECKHUX ITPU3HAKOB
PAHHET'O NPEJYNPEXAEHUSI KPUTHUECKHUX COCTOSITHUM Y OHKOJIOTMYECKUX JETEM:
OB30P JINTEPATYPbI
E.B. Kypaxéaes'?, B.C. Typoanuesa', JI. H. Manowcyosa®, K.O. Omaposa’, I K. A6ounosa’,

A.3. Kycaunoé®, C.C. Canapéaeé®, B.B. lyxun*

TOO «KasaxctaHckuii MeguUMHCKUA yHuBepcuTeT «Bbiciuas wkona obLyecTBeHHOro 3apaBooxpaHeHus», Anmatel, Pecnybnuka Kasaxcrah;
2A0 «HayuHblil LEHTP Neauatpun u [ieTckoil Xupypruny, Anmatel, Pecnybnuka Kasaxcrah;
*HAO «3anaaHo-KasaxcTaHckuit MeauuUMHCKuiA yHuBepeuTeT uMenn Mapata OcnaHoay, AkTobe, Pecnybnnka KasaxcraH,
«HaumoHanbHbI MeAULIMHCKIIA UCCRIe[0BaTENbCKMIA LEHTP AETCKOM reMaTonori, OHKONOrM 1 MMyHonorum umeru Imutpust Porayesay, Mocksa, Poccuiickast Genepaums
‘OrBY «H P M P o]

Axmyansnocms: Onxonozuyeckie 3a0607168anus OCMAIONC OCHOBHON NPUYUHOLL CMepmuL Y Oemeli, 6 pe3yibmame nompedHOCHb 8 NPOGeOeH U
UHMeHCUBHOU mepanuu eospacmaem. I 0CHUMAnU3UPoOsantvle O0emu, cmpaoarijue OHKONLO2UYECKUMU 3A00Ne6aHUAMU, HAXOOAMCS 6 2pYnne
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BbICOKO20 PUCKA NO BHE3ANHOMY YXYOULCHUIO COCMOAHUSL, KAK NO OCHOGHOMY 3a001e6aHUI0, MAK U 6 C6A3U C UHPEKYUOHHBIMU OCIIONCHEHUAMU U
MOKCUYHBIMU OCLICMBUAMU JICKAPCMBEHHbIX Npenapamos. B amom 0630pe oceéewjaiomes céedenus no cucmeme neouampuyeckue npusHaK paHHe2o
npeoynpexcoenus (Pediatric Early Warning Signs, PEWS) y onKkoI02U4eCKUX nayuenmos, ¢ yeiblo C80e8PEMEHHO20 GblsICHUS KIUHUYECKO20
VXYOULeHUsI.

Henv uccnedosanus — usyuenue axmyanbHblX JTUMEPAMYPHLIX OAHHBIX O NPUMEHEHUU CUCIEMbl NeOUAMPUHECKUX NPUSHAKOS DAHHE2O
npeoynpedNcoOeHUst KIUHUYECKO20 YXYOUEeHUsl 8 OeMCKOU OHKOIOSUU.

Memoowt: boin nposeden 0630p 0nyonuUKO8AHHBIX UCCICO08AHULL NO NpUMeHeHUuto cucmemsvl PEWS'y onkonocuueckux demeil.

Pesynomamor: OnyOiukosannvie OaHHbIE NOKA3LIEAION GAJICHYIO POJb Ucnoabsosanus PEWS y ounkonocuueckux nayuenmos 015 paHne2o
BbIAGIEHUSL YXYOULCHUS COCIMOAHUS C NOCTEOVIOUWUM OKA3AHUEM UHIMEHCUBHOU NOMOUYU.

3akntouenue: Ilposedennviii ananusz mexcOynapoOHo20 Onvlma nokasan ymo npumenenue cucmemvi PEWS y demeii ¢ onkonoeuueckumu
3a001e6aHUAMU ABNACMCA IPHEKMUBHLIM MEMOOOM PAHHE20 PACNO3HABAHUA NPUSHAKOS KIUHUHECKO20 YXYOUIEHUs, 4MO, 8 CB0I0 ouepeob,
N03B0SIEM CB0CEPEMEHHO NOOKIIOYUMb KOMNICKCHYIO UHMEHCUBHYIO MEPANUIO.

Knrouesvie cnosa: onxonozus, cemamono2usi, neouampuieckue npusHaKu panuezo npeoynpesxcoenus (Pediatric Early Warning Signs, PEWS),
KIUHUYecKoe yxyoulenue, oeni.
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PROGNOSTIC VALUE OF LIQUID BIOPSY IN CRC:
A LITERATURE REVIEW

T.S. NASRYTDINOW!
'«Kazakh Institute of Oncology and Radiology», JSC, Almaty, the Republic of Kazakhstan

ABSTRACT

Relevance: Liquid biopsy is a modern, quite appropriate, and promising method for diagnosing malignant neoplasms for oncology.
The method allows us to determine the level of freely circulating tumor cells — micrometastases, tumor DNA, microRNA, and exosomes
in blood plasma- and detect various genetic changes. A literature review of current scientific publications on liquid biopsy techniques,
indexed in Medline, PubMed, and Medscape, was carried out as part of the work.

The study aimed to review is to assess the prognostic significance of liquid biopsy, to determine the place of the method in current
recommendations, and its expediency from the point of view of the practice.

Methods: The information search was conducted in the Medline, PubMed, and Medscape databases, with a search depth of 8 years.
Data from randomized controlled trials, clinical trials, reviews, systematic reviews, and meta-analyses were analyzed. The review
includes full-fledged articles in the public domain and abstracts to obtain complete information on the problem.

Results: Liquid biopsy surpasses tissue biopsy in simplicity and speed of research, easy repeatability, and minimal invasiveness,
as well as the possibility of dynamic monitoring of progression — the overall clonal transformation of the tumor and the emergence of

resistance to treatment.

The disadvantages of this method are low sensitivity, difficulty in correctly interpreting biomarkers and determining their specificity,
and high risk of false positive and false negative results due to dormant tumor cells.

Conclusion: At present, the Liquid biopsy method is relevant and in demand, but it needs to be tested on a validated sample of the
main population, and in order to achieve effective clinical use, significant work needs to be done to standardize both pre-analytical and
analytical procedures and generalize them for all components of liquid biopsy.

Keywords: Liquid biopsy, colorectal cancer, metastatic colorectal cancer, the validity of methods, tissue biopsy, the value of methods,

micrometastases.

Introduction: Approaches to cancer treatment have
improved due to the increased specialists’ knowledge
about molecular disorders that stimulate tumors, which
has led to even more effective targeted therapy devel-
opment. Due to these achievements, testing molecu-
lar biomarkers for the stratification of cancer patients
has become mandatory. First, a biopsy is performed -
puncture of material from primary tumors for diagno-
sis pathomorphological confirmation. This approach is
convenient for diagnostic purposes but excludes pa-
tient monitoring during the disease progression and
possible relapse [1].

This approach has some advantages and limitations.
The liquid biopsy method allows us to determine the
level of freely circulating tumor cells - micrometas-
tases, tumor DNA, microRNA, and exosomes in blood
plasma- and detect various genetic changes [2]. All of
the above allows us to study the literature and accu-
mulated data on the liquid biopsy method as a diag-
nostic method from the point of view of prognostic
significance, the place of the method in current recom-
mendations, and practical expediency.

The study aimed to review is to assess the prog-
nostic significance of liquid biopsy, to determine the

place of the method in current recommendations,
and its expediency from the point of view of the
practice.

Materials and methods: Medline, PubMed, and
Medscape databases were used to search for informa-
tion. The search depth is eight years (2015-2022). Key-
words used for selecting publications: liquid biopsy,
colorectal cancer, metastatic colorectal cancer (mCRP),
the validity of methods, tissue biopsy, the value of
methods, micrometastases.

Type of articles for analysis: randomized controlled
trials, clinical trials, reviews, systematic reviews, and
meta-analyses. Full-fledged articles in the public do-
main and abstracts were selected to obtain complete
information on the problem.

Information was collected according to the PRISMA
2020 scheme (Figure 1):

As a result of a keyword literature search, 78 sources
were found. At the first stage of the analysis, 19 sources
were eliminated, some were duplicated, and some did
not correspond to the therapeutic area. Of the remain-
ing 59 sources, 42 more were excluded, as they needed
to reflect the purpose of the study entirely. As a result,
17 sources were used for this review article.
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Figure 1 - Collecting information for a literature review

Results: Evaluation of the mutational profile of can-
cer is usually carried out using a fragment of a prima-
ry tumor or metastasis [1]. Obtaining a tissue biopsy re-
quires surgical intervention, which significantly limits
the possibility of taking a biopsy. Depending on the tu-
mor’s location, tumor tissue’s availability may be prob-
lematic.

Moreover, heterogeneity within the tumor, espe-
cially spatial heterogeneity, can lead to unreliable bio-
marker detection results, especially when testing a sin-
gle biopsy area [3-5]. In addition, multiple tumor foci
complicate the characterization of the patient’s can-
cer. The availability of tumor samples during long-term
treatment of patients may be difficult, and, in addition,
testing of archived tumor samples may be suboptimal
due to the evolution of the tumor. Since it is necessary
to conduct serial monitoring of tumor progression and
development in patients, repeated use of tissue biopsy
is only sometimes possible.

There is an urgent need to use more accessible ma-
terials implying non-invasive or minimally invasive pro-
cedures that allow systematic and real-time monitoring
of molecular changes in the patient’s cancer, including
colorectal cancer.

There is some data in the literature studying the
inclusion of RAS/BRAF liquid biopsy and the determi-

nation of circulating DNA (cDNA) in the work of can-
cer centers. So, Van't Erve |. et al.. studied liquid biop-
sies taken from 100 MCC patients to compare digital
PCR analysis of cDNA with conventional RAS/BRAF mu-
tation profiling of tumor tissue. The results of a liquid
biopsy of tissue DNA and cDNA showed a 93% match,
which underlines the potential clinical usefulness of a
liquid biopsy for detecting primary resistance to an-
ti-EGFR [6].

Pastor B. et al. found that circulating extracellular
DNA (ecDNA) contains circulating tumor cDNA, which
can be obtained from serial fluid biopsies, allowing tu-
mor genome analysis throughout treatment. The au-
thors have investigated that ecDNA and mutant cDNA
can be potential biomarkers to predict the best treat-
ment outcomes for MCC patients. The authors analyzed
longitudinally collected plasma ecDNA from 43 MCC
patients, prospectively included in the TEXCAN phase
Il study, using an advanced real-time IntPlex PCR meth-
od based on critical observations of a specific structure
and size of the ecDNA. Qualitative mutations (KRAS,
NRAS, BRAFV600E) and quantitative (total ecDNA con-
centration, mutant cDNA concentration, mutant cDNA
fraction) parameters correlated with overall surviv-
al (OS) and progression-free survival (PFS), and shows
that the levels of ecDNA before treatment and mutant
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cDNA levels can identify MCC patients who need one or
another targeted treatment [7].

In the Poseidon study, published in October 2021,
the authors conducted a prospective direct compar-
ison of liquid and standard tissue biopsy (STB) in the
exact center. This study was because some patients
may have different results from standard molecular tis-
sue studies during the first visit. A liquid biopsy can
help circumvent these obstacles. The authors, in natu-
ral conditions, included in the study MCC patients with
unknown RAS/BRAF status at the time of the first visit.
The inclusion criteria were the presence of tumor tissue
in the archive and the absence of previous anti-EGFR
treatment. At the first visit, a plasma sample was tak-
en from the patients for liquid biopsy and STB. The pri-
mary endpoint was comparing the time to the liquid bi-
opsy results (T1) and STB (T2) using the Mann-Whitney
U-test. The secondary endpoints were the correspon-
dence between the methods, defined as a total per-

centage match, and the accuracy of the liquid biopsy in
terms of specificity, sensitivity, and positive and nega-
tive prognostic value. As a result, the average value of
T1 and T2 was 7 and 22 days, respectively (p < 0.00001),
and the overall percentage correspondence between
the liquid biopsy results and STB was 83%. The spec-
ificity and sensitivity of liquid biopsy compared with
STB were 90% and 80%, respectively, with a positive
prognostic value of 94% and a negative 69% for lig-
uid biopsy. The obtained results allowed the authors
to conclude that faster execution time, high consisten-
¢y, and accuracy are the three critical points for intro-
ducing liquid biopsy into the routine management of
MCC, mainly when the decision on first-line therapy is
urgent. The request for biomaterial from the archive of
external centers may take a long time [8].

A liquid biopsy is an ideal procedure, primarily con-
firmed by the impressive developments we have wit-
nessed in recent years (Table 1).

Table 1 - Comparative characteristics of standard tissue and liquid biopsy methods

Standard tissue biopsy

Liquid biopsy

The Gold Standard

High interest among researchers

Availability for histological analysis and stag-ing

Limited ability to perform histological analysis

May be unavailable

Easily available
It takes a shorter time to get the result
Risk of false results (+/-)

Invasive method
Patient dis-comfort (risk of clinical complications)

Minimal invasiveness

Depending on the collection and storage pro-cedures,
preserved tissues can represent high-ly variable DNA of
different qualities.

New DNA, not modified with preservatives, must follow a strict
procedure for collecting, processing, and storing the material to
avoid DNA degradation.

High DNA yield, risk of DNA degradation, cross-linking, and the
amount of DNA varies depending on sampling methods.

The quantity and quality of DNA depend on the pre-analytical
and analytical processes.

The localized analysis does not allow us to characterize the
intra- and inter-tumor hetero-geneity (metastasis) characteristic
of most tu-mors, especially in the late stages and with multiple
tumor localization.

Allows, in principle (if it is possible to isolate and analyze a
sufficient amount of DNA to identify both intra- and inter-tumor
heterogene-ity and multiplicity of tumor sites.

Not applicable to sequential monitoring.

Applicable to sequential monitoring

Fixed time to get the result.

Sampling of the material can be performed at any time during
therapy or observation of the patient.

Dynamic observation of the molecular chang-es of the tumor is
impossible.

Dynamic observation of tumor evolution (sig-nificant for the
short half-life of circulating tu-mor DNA).

Many authors discuss intra-tumor heterogeneity and
its significance in CC. For example, F. Fabbri et al. demon-
strated for the first time the possibility of analyzing pure
circulating tumor cells (CTC) at the molecular level and
avoiding mixing with lymphocytes using the DEPArray
platform (Menarini Silicon Biosystem, USA) based on di-
electrophoresis as well as the KRAS mismatch between
CTCand primary tumor tissue after 100% extraction of un-
infected cells and sequencing. In a cohort of 40 patients
with metastatic CC, 21 patients had more than three CTCin
a 7.5 ml blood sample. An additional analysis of KRAS in 16
patients showed only a 50% correspondence between the
assessment of primary tumor tissue and CTC [9].

The RAS CC study using the OncoBEAM™ system
(Sysmex Inostics, Germany) showed that the overall
consistency of standard and liquid biopsies results
was 96.4%. Of 55 patients with a positive RAS mutation
in tumor tissue, 53 also had a RAS mutation in ecDNA
[10]. With the same analysis, an additional study with
a cohort of 236 patients with mCRP showed an 89%
correlation of the RAS mutation between tumor biop-
sy and ecDNA [11]. Another study evaluating the clin-
ical usefulness of ecDNA involving 140 MCC patients
showed slightly different results. Only a moderate
correspondence (accuracy 72-87%) was observed be-
tween plasma samples and tumor tissue, possibly due
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to the higher frequency of KRAS mutation in plasma
samples [12].

Discussion: Liquid biopsy may be of great practical
importance for treating patients. Accurate and contin-
uous molecular characterization of CC is crucial for the
correct and timely use of molecular-targeted therapies.

KRAS and NRAS mutations differ significantly be-
tween sporadic CC lesions, and the status of these mu-
tations in tumor metastases is unpredictable [13].

Liquid biopsy can detect KRAS mutations in ecDNA
in cases where the mutation has not been determined
by biopsy of the primary tumor. It may be a funda-
mental step in choosing therapy since tumor cells with
KRAS mutation resist treatment with monoclonal an-
tibodies against EGFR [13]. Achieving effective clinical
use of liquid biopsy requires significant efforts to stan-
dardize and generalize pre-analytical and analytical
procedures for all components of liquid biopsy. Much
has already been done in this area. The need for stan-
dardization of pre-analytical procedures includes the
selection of blood collection tubes, the time between
blood collection and plasma treatment, and proce-
dures for extraction/isolation of liquid biopsy compo-
nents. Standard procedures should be approved ac-
cordingly for their characterization and quantification.
Moreover, standardization should maximize the yield
of liquid biopsy markers.

The liquid biopsy technique can provide a critical
clinical understanding of the molecular subtypes of the
tumor, especially when the discrepancy of KRAS muta-
tions between primary and recurrent or metastatic tu-
mors after resection can reach about 20% [14].

As mentioned above, the method of liquid biopsies
can determine the exact characteristics of cancer het-
erogeneity (tumors and metastatic sites) and its evo-
lution. In this process, a necessary step is to accumu-
late data from extensive clinically validated studies to
evaluate and demonstrate the effectiveness of several
markers detected during liquid biopsy (including exo-
somes, cDNA) in clinical settings and positive results of
choosing therapy options in patients [15]. In addition,
the complementarity of several components of liquid
biopsy, potentially originating from different popula-
tions of tumor cells, has yet to be studied.

In 2020, efforts were made to standardize pre-ana-
lytical workflows for liquid biopsy in the context of the
Horizon 2020 SPIDIA4P consortium project of the Euro-
pean Union, indicating the existing demand and prov-
en workflow [16].

Conclusion: Morbidity, mortality, age of diagnosis,
nonspecific symptoms, and intra-tumor heterogeneity
in CC demonstrate that there are still opportunities to
improve clinical management and treatment outcomes

of patients. A liquid biopsy can be a tool that adds a
new perspective to clinical routine and confidence in
clinical decision-making.

A standard tissue biopsy is crucial for the patholog-
ical evaluation of a tumor during a tumor biopsy and
displays the current pathological status of a particular
lesion. Liquid biopsy is ideal for the longitudinal mon-
itoring of a common disease by molecular characteri-
zation with the additional possibility of understanding
the spatial and temporal heterogeneity of the CC [17].

A liquid biopsy can improve diagnosis, prognosis,
and treatment response by providing valuable infor-
mation about a patient’s disease to aid clinical deci-
sion-making.

The great potential of liquid biopsy in oncology is
just beginning to be effectively studied in research. In
recent years, impressive data have begun to appear in
the literature, highlighting the potential clinical use of
liquid biopsy. It tends to develop since many current
clinical studies include serial blood collection as a bio-
material for tumor research, determining prognosis,
and therapy options. Moreover, the constant improve-
ments in precise and susceptible technologies we have
observed in recent years will open up even more op-
portunities to study several components secreted by
tumors simultaneously.

The use of DNA and CTC can offer new methods
of diagnosis, prediction, and subsequent response to
treatment, and, most importantly, liquid biopsy plat-
forms are aimed at providing the necessary informa-
tion to improve patient outcomes. However, issues
such as pre-analytical variables, the rarity of CTC and
c¢DNA in samples, analytical validity, clinical validation,
cost-effectiveness, and regulatory approval must be
addressed before clinical use.

Summing up the above, liquid biopsy is an easily re-
peatable and minimally invasive method that can and
should be used to detect early metastases and relapses
and determine the characteristics of the tumor pheno-
type, its heterogeneity, and minimal residual disease.
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AHJIATIIA

KOJIOPEKTAJIB/IBI KATEPJII ICIK KE3IH/IETT CYMBIKTBIKTHI BUOTICUSTHBIH
BOJKAM/IBIK MAHBI3BI:
OJIEBUETKE LIOJTY

T.C. Hacpvimounog'

"«Ka3ak oHKoNorust eHe pavororus FuinbIMU-3epTTey MHCTUTYThI» AK, Anmatel, KasakcTaH Pecny6nukacs!

Ozexminici: Cyiivix buoncus (FB) onkonozus ywin kamepai icikmepoi OuazHOCMUKanayObly 3aMaHaylu, ome 03eKmi H#coHe nepcneKmusas 90ici 60-
Jbin mabwvLiaosl. by o0ic Kan niasmacelHOazbl epKin alHAIbIMOA2bL ICIK HCACYUANAPBIHBIE — MUKpoMemacmazoapowly, icik JJHK-woiy, mukpoPHK-HbiH
JHCOHE IKZ0COMANAPObIY OEH2EUiH AHbIKMAYad, COHOAl-aK pmypii 2eHeMUKAblK e32epicmepoi aHvlkmayaa MymKiHOIK bepeoi. Kymvic wenbepinoe
Medline, PubMed, Medscape unoexcmeneen cyiivik 6uoncus soicmemesepine apHai2an 63eKmi ablbIMU ACAPUSTIAHBIMOAP2A 90eOU UOILY HCYPI3LIOL.

3epmmeyoin maxcamut — cyiivlk OUONCUAHBIY DOTHCAMObL MAHBIZOBLIbIZLIH Oa2anay, d0icmiy Kas3ipei yColHbICmapoazbl OPHbIH, NPAKMUKA MYpebl-

CbIHAH OPbIHOBLIbIZbIH AHLIKMAY DOIbIN MAOBLIAOL.

Mamepuanoap men adicmepi: Axnapammut i30ey yuin 8 scoinovik mepey mapuxel bap Medline, PubMed, Medscape oepexxoprapul natioanansli-
Obl. Panoomusayusinanaan OakplianamoiH 3epmmeyepoit, KIUHUKALbIK 3epmmeyiepoiH, Woyaapoblt, JHCYUeii WOy iapobll JHCoHe MEema-manoayiapobiy
Odepexmepi manoanowl. Lllonyea epkin Kon scemimoi monvik makananap 0a, mocese OOUbIHUIA MOAbIK AKNAPAm aiy YuliH 0epeKcis Makaianap od Kipoi.

Axnapammul enoey ywin Excel kecmeci natidanansiiovl, onwbly iwinoe Ketlinei manoay yulin aknapam o6ap.

Homuoicenepi: CE kapanaiiblMObLibl2bl MeH 3epMmImey HCbLI0AMObI2bl, HCEHI KAUMANAHybl HCOHe MOMeH UHBA3USMINIZI, COHOAU-AK NPOZPeCcCUsHbl
OUHAMUKATBIK, OAKBLIAY MYMKIHOII ICIKMIH HCAINbL KIOHObIK, MPAHCHOPMAYUSICHL HCOHe emoeyee MO3IMOUIIKMIK naioa 6071ybl 60ubIHWA MIHOIK OUONCU-

SA0aH acein myceoi.

byn s0icminy kemwinikmepi momen ce3immanobix, Guomapkepiepoi Oypulc myCiHOIPYOIH JHcoHe 01apObIH ePeKUeiciH AHbIKMAYOblH Kypoeinizi, 0op-
MAHmMmbl iCIK HCACYUANAPLIHLIY DOTYbIHA OAUNAHBICINbL HCAT2AH OH HCOHE HCANRAH MEPIC HOMUNCETEPOIH Hco2apbl Kayni 606N CaHAnaobl.

Kopvimuinowt: kazipei yakpimma CB o0ici 03ekmi dcoHe Cypamnvicka ue, Oipak oMbl Heizel nonyiayusaa meKkcepiicen yizioe colHay Kajicem, dil
MUIMOT KTUHUKATBIK KOTOAHY2a KOJL HCEeMKIZY YULH AHATUMUKATIbIK HCOHE AHATUMUKAIBIK NPOYeOypanapobl CaHOapmmaymeH oaapobl Cyiiblk, OUoncus-
HblH OaPAbIK KOMNOHEHIMMEDPT YUl JHCATNBLIAY YULTH MAHBI30bL HCYMBIC JHCACATYbI KEPEX.

Tyitinoi co3dep: cyiivlk 6uoncus, KOI0pPeKmanbobl Kamepii iCik, MemacmamuKanibik, KOI0peKmanbobl Kamepii icik, 90icmepoiy iHcapamoblivlebl,

MIHOIK Ouoncusi, 90icmepoin KyYHObLIbI2bl, MUKPOMEMACMA30ap.

AHHOTALNUA

HMPOTHOCTUYECKAS 3HAYUMOCTD )KUJIKOCTHOM BMOIICUU ITPU KPP:
OB30P JIMTEPATYPbI

T.C. HACPBIT/THHOB'

AO «Kasaxckuit Hay4HO-1CCreAoBaTENbCKI MHCTUTYT OHKONOMMW 1 paavonorny, Anmarsl, Pecnybnnka Kasaxcta

Axkmyansnocmo: JKuokocmuasi 6uoncusi aeisiemcsi cO8PeMeHHbiM, OOCHAMOYHO AKMYAIbHBIM U NEPCHeKMUBHBIM MEeMo0oM OUAZHOCIUKU
BNOKAYECMBEHHBIX HOBO0OPAZ0GANUIL 015 OHKOLO2ULL. JIAHHBIT MEMOO 8 KA4ECMEe OUAZHOCIUYECKOU KOHYENn YU NO360JAem Onpeoeisinb YUPKYIupyioujue
haxmopol, NPOUZEOOHBIX ONYXOIU, KOMOPHIE 8 NOCICOCMEUL NO3BOISIN ONPEOCTUMb NPOSHO3 ONYXOJIU, U ONPEOETUMb MAKMUKY 6e0CHUSL.
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Henv uccnedosanun — oyenums npocHOCMUYECKYIO 3HAUUMOCHL HCUOKOCMHOU OUONCUU, ONpedenums Mecmo Memood 8 COBPEeMEHHbIX
PEKOMEHOAYUAX, YeTecO0OPA3HOCMYb ¢ MOUKU 3PEHUA NPAKMUKU.

Memoowr: Buvin nposeden nouck unpopmayuu 6 6asax oaunvix Medline, PubMed, Medscape. bviiu npoananusuposarvl OarHble
PAHOOMUBUPOBAHHBIX KOHMPOIUPYEMBIX UCCTeO08AHUL, KIUHUYECKUX UCCIe008aHUL, 0030P08, CUCTNEMAMUYECKUX 0030P08, U MeMa-aHaAIU308.
B 0630p 6ownu kax noinogecHvie Cmamv 6 C60O00HOM docmyne, makx u abcmpaxkmol, 0 603MONACHOCIU NOJYUEHUs NOJ-HOU UHPOPMAYUU NO
npobreme.

Pezynvmamui: JKuokocmuas 6uoncus npesocxooum mramegylo OUONCUI0 NO MUHUMATLHOU UHBAZUBHOCU, A COOMBEMCMEEHHO bo.iee
HU3KOM PUCKe OCIOXHCHEHULL O nPpoyedyp 3a00pa Mamepuand, B03MOICHOCU 8bIAGTCHUA KAK BHYMPU — MAK U MEHCONYX 080l 2enepo2enHoCTU
U MHOJICECMBEHHOCIb YYACMKO8 ONYXOAU, YMO NO03601Aem HAONI00amsb 3a ONYX0bl0 8 OUHAMUKE U MOHUMOPUPOBAMb O0OWYIO KIOHANLHYIO
Mpanchopmayuio ONYXonu 1 803MONCHYIO Pe3UCTHEHMHOCTb K JIeUEeHUIO.

Heoocmamxamu Oannoeo memooa RpuHAmMO CHUMAMb HUZKVIO 4YBCMBUMENbHOCHb, CLOJICHOCHb NPAGUILHOU UHMepnpemayuu
buomapkepos u onpeoeneHus Ux CneyuGuUHOCMY, BbICOKUL PUCK TOHCHONONONCUNENLHBIX U JIOHCHOOMPUYAMENbHBIX Pe3YIbMAamos u3-3a
NPUCYmMcmeus OOPMaHmMHbIX ONYXOIEGbIX KIEeNOK.

3axnwouenue: B mexywee epema memoo dHcuokocmuou Ouoncuu akmyaien, eocmpebosan, MO e20 mpedyemcs anpoouposamv Ha
8ANIUOUPOBAHNOU BbIOOPKE K OCHOBHOU NONYAAYUYU, A 0151 OOCMUNICEHUA IPPHEKMUBHO20 KIUHULECKO20 UCNOIb30BANHUS NPEOCMOUM 6bINOIHUNMD
8ADICHYIO pabOmMy No cmMaHOapmMu3ayuy Kax npeanarumuyeckux, max u auaiumuieckux npoyeoyp u 0600uums ux 0l 6cex KOMHOHEHNO8
JrcuoOKoCcmuou buoncuu.

Kniouesvie cnosa: scuoxocmuas O6uoncus, KoIOpeKmMaubHwlll pak, Memacmamudeckuti xoaopekmanvuwili pak (MKPP), earuonocmo
Memo0os, mKaHeaas OUONCUSL, YEHHOCMb MEMO008, MUKPOMEMACMA3bL.
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KOFAMAbIK KOPbI + PUBLIC FUND + OBLLECTBEHHbIN ®OHA

Payment purpose code
for sponsorship transfers - 119
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