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PE3IOME

AxTyanbHicTb. B cy4acHOMy CBiTi 4acTOTa OHKOMOrYHNX 3aXBOPIOBAHb CTPIMKO 3pOCTae
i € Apyroto 3a NOLUMPEHICTIO NPUYMHOI cMepTi. Lle 3yMoBneHo K KinbKiCHUM 3pOCTaHHAM
HaCeneHHs CTapLloro Ta MOXWIOro BiKy, Tak i 3pOCTAHHSAM OCHOBHMX (DAKTOPIB PU3MKY
paky, WO MOB’A3aHO 3 couianbHO-eKOHOMIYHUM PO3BUTKOM CycninbcTBa. bnunsbko
NOMOBMHN BUMAAKIB OHKO3aXBOPIOBaHb NMoTpebytoTb npomeHeBoi Tepanii (MT) sk ckna-
[0BOI MYNbLTUMOAANBHOMO NiKyBaHHSA, TOMY i YAOCKOHANeHHs, a caMe BMNpPOBaKEHHS
rinodpakuUiiHnX PeXuMiB OMPOMIHEHHSI PO3rMAAAETbCA CbOTOAHI SK OAMH 3 HambinbLu
eEeKTUBHNX HaNpPsiMKiB 30iNbLUEHHA 4OCTYNHOCTI OHKOMOrYHOI 4OMOMOrM Ta onTuMisauii
BVIKOPUCTaHHSA PECYpCiB CUCTEMU OXOPOHN 340POB’S.

Meta pobotm — 3'AcyBaTv KNiHiYHI Ta MepuKo-couianbHi nepesary rinodgpakuiiHoro
nigxoady B pajiauinHii OHKOMNOrii 3 METOK ONTMMI3aLii PYHKUIOHYBaHHSI CUCTEMU OXOPOHU
300pOB’A LWMAXOM 306inMbLUeHHA AOCTYMHOCTI MNiKyBaHHA OHKOMOTYHMX XBOpUX. Buceitntu
3HaveHHs rinodppakuiviHoi MT B pospisi AoKa30BOi MeaANUMHN ANS HaWbinbLL NOLUMPEHOT
OHKOMOriYHOI nmatonorii Ta B HeWpooHkonorii. [pogemMoHCTpyBaTu BMMMB NaHAeMil
COVID-19 wHa BnpoBamkeHHs rinodpakuiviHoi [MT. [MpeseHTyBaTn BRacHuin Jocsid
BVIKOPUCTAHHSA rinodpakLinHUX peXxnmiB ONPOMIHEHHS y XBOpWX Ha rriobnactomy (I'B).
Marepianu Ta meToau. 3 METOK MOLWYKY AaHMX Yy NiTepatypi BUkopuctoByBanu 6asu
MEDLINE (Pubmed), EMBASE (Ovid), Web of Science (Web of Knowledge). Mowyk
BMKOHYBaBCSl Cepej aHINOMOBHOI JiTepaTypy 3a TakuMW  KITHOYOBMMW  CrOBaMMU:
«Radiation», «Hypofractionation radiotherapy», «Hypofractionated radiotherapy»,
«Hypofractionated irradiation»; «Breast cancer»; «Prostate cancer»; «Lung cancery;
«Glioblastoma», COVID-19. CuctemHi ornsgv, meTa-aHaniau, paHOOMi30BaHi KOHTPO-
NbOBaHi  OOCNIMKEHHA Ta PETPOCMEKTMBHI  KMiHIYHI  OOCMIMKEeHHS  po3rnsiganunch
B NoBHOMY 06csa3i. Bynn 3pobneHi 3BOpOTHI MOcCuNaHHA Ha nepliogxepena Ans BUSB-
NEeHHSA AOAATKOBMX peneBaHTHMX AOCMIAXKEHb, O CTOCYIOTbCS rinogpakuUiiHnX pexnmis
npomeHeBoro nikyBaHHsA. OcTaHHA aaTta nowyky 25.05.2023 poky.

BnacHun pocsig rinodpakuiiHoro nigxogy B a4’toBAHTHOMY MPOMEHEBOMY IiKyBaHHI
xBopux Ha B npeactaBneHun ctucno, Sk BiAOOpaXkeHHA peneBaHTHOCTI NPaKTUYHOrO
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AAA UUTYBAHHS:

[OCBidy aBTOpIB 40 NOMOXeHb HAapaTUBHOTIO OrMsAy, 3a pesynsTatamMmy PETPOCTIEKTUBHOIO
O[HOLIEHTPOBOrO HEpaHAOMI30BaHOrO [AOCHiMKEHHs, npoBeaeHoro B Y  «lHcTUTYT
Henpoxipyprii iMm. akag. A.[l. PomogaHoBa HauioHanbHOi akagemii MeauyHuMX Hayk
YkpaiHu» y 2014-2020 poku. 3ictaBneHi oHkomnoriyHi pesynstatn 110 (69,2%) xBopux
rpynu rinogppakuiviHoi MT (15 dpakuin, pasosa BorHuwesa pfosa (PBO) 3,5 [Ip,
cymapHa BorHuweBa fosa (CBO) 52,5 p) i 49 (30,8%) xBopux rpynu craHgapTHOI
MT (30 dpakuin, PBA 2,0 I'p, CBA 60,0 p). MNT npoBogmnack Ha MiHINHOMY NPUCKOPIO-
Bayi «Trilogy» (CLUA) (6 MeV) i3 3actocyBaHHsIM METOAMKM OMPOMIHEHHS 3 MoZento-
BaHHAM  iHTeHcuBHocTi  (IMRT). [lpoaHanizoBaHo 3aranbHy BuXMBaHiCTb  (3B)
i 6e3peunauBHy BxuBaHicTb (BPB) y rpynax.

Pesynbratv Ta ix obGroBopeHHs. [inodpakuinHi nigxogn, siki [O3BONSAOTb CYTTEBO
CKOPOTUTU TEepMiH NPOMEHEBOro JliKyBaHHS, MaloTb KMiHIYHI Ta MeAuKo-couianbHi
nepesaru, cepeg SKUX: NiABULLEHHS KOMMOPTY ANS XBOPOro; 3HMXKEHHS HaBaHTaXEHHS
Ha nepcoHan i TexHonoriyHe obnagHaHHA MeOWYHUX YCTaHOB; 3MEHLUEHHS BapTOCTi
nikyBaHHs. BnpoBagxeHHs rinodpakuinHoi T po3sBonse pos3wmputv  AOocTyn Ao
OHKOMOTiYHOT AOMOMOrM Ha rnobanbHOMY piBHi, 3MeHLLYE AMCNPONOopLl0 B pesynbrartax
niKkyBaHHS OHKOMOFMYHUX XBOPUX MK KpaiHamu 3 HWU3bKUM i cepefHiM piBHEM [OXOAiB
Ta KpaiHaMM 3 BWUCOKMM piBHeM goxogiB. [inodpakuiiHi  pexnMm OonpoMiHEHHS!
BXOAATb A0 KMiHIYHMX HacTaHOB NPOMECiHMX CMiBTOBApWUCTB, $SIK AN HanbinbL
PO3MOBCIOMKEHNX DOPM  paKy, Tak | Ans 3MOsiKICHUX MyXJNIMH TOMIOBHOMO  MO3KY,
i € CTaHOapTOM NiKyBaHHA NPU NEBHUX KMiHIYHWUX BUNaAKax.

Haw pocsig 3actocyBaHHsA rinopakuiiHOro pexumy OMpOMIHEHHs1 6a3yeTbcst Ha
ap’toBaHTHOMY npomeHeBoMy nikyBaHHi 110 xBopux Ha I'b i B po3pisi KMiHiYHUX pe3ynb-
TaTiB € peneBaHTHUM MONIOXEHHAM, MpeACTaBNeHNM Yy HapaTuBHOMY ornsfi. AHanis
nokasaB BifiICYTHICTb CTaTUCTUYHOI Pi3HWLi MiX rpynamu ctaHaapTHOro dpakuioHyBaHHS
Ta rinodppakuiiHoi MT y 3B (Logrank-tect p = 0,06757) ta BPB (Logrank-tect
p = 0,43374). Y rpyni rinodpakuioHyBaHHS Npu MefdiaHi 4acy CrnocTepeXeHHs
22,3 wmicaui mepjiaHa 3B cknana 16,5 (95% [Ol 14,1-18,8) micsui; mepiava BPB —
9,0 (95% [AlI 8,0-10,0) micsauis. Y rpyni craHgapTHOrO PeXWMy OMPOMIHEHHSI Mpu
MefiaHi yacy cnoctepexeHHst 24,4 micaui megiaHa 3B cknana 15,0 (95% Al 14,1-17,1)
Micsauis; megiaHa BPB — 9,0 (95% [l 9,0—10,0) micsis.

BucHoBku. Po3pobka i BNpoBamXeHHs1 3axodiB, CMpPSIMOBaHMX Ha ONTMMIi3auilo BUKO-
pPUCTaHHA pecypciB MikyBarnbHUX MeAWYHWX YCTaHoB YKpaiHW, € HeobXigHOK YMOBOI
Ons 36epexeHHs1 BUCOKOSIKICHOI AOMOMOrA OHKOMOTYHMM XBOPWM B YMOBax MOBHOMac-
wTabHoi BiicbKoBOI arpecii, Wo TpuBae 3 24 nwtoro 2022 poky. binbw wwmpoke
3acTocyBaHHs rinodpakuiiHix nigxodiB B papiauiiHii oHKomorii Moxe po3rnsiaaTuch
SIK MOTeHUiiHe 3HapsaAs OnTUMisauii BMKOPWUCTaHHS pecypciB  CUCTEMU OXOPOHU
300pOoB’s YKpaiHW Ta 3MiLHEHHS! FPOMAaZCbKOro 340POB'A.

IpsizoB A.B., Maeaubkuin O.4., Yyeawosa O.10., Kpyyok |.B., M'psizo A.A., CtapeHbkuit B.IM., Kyniniu B., Magkux ®.B.,

3emckoBa O.B. AcnekTy rinodpakuioHyBaHHS B CydqacHii papiauiiiHin - oHKomorii.
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ABSTRACT

Background. In the modern world, the incidence of cancer diseases is rapidly
increasing and is the second most common cause of death. This is preconditioned by
the quantitative growth of the senior and elderly population, as well as the growth of
the main risk factors for cancer, which is related to the socio-economic development
of society. About half of cancer cases require radiation therapy (RT) as a component
of multimodal treatment, therefore its improvement, namely the introduction of
hypofractionated radiation regimens, is considered today as one of the most effective
ways to increase availability of oncological care and optimize the use of health care
system resources.

Purpose. To find out clinical and medico-social advantages of the hypofractionated
approach in radiation oncology in order to optimize the functioning of the health care
system by increasing availability of treatment for cancer patients. To highlight the
importance of hypofractionated RT in terms of evidence-based medicine for the most
common oncological pathology and in neuro-oncology. To demonstrate the influence
of the COVID-19 pandemic on the implementation of hypofractionated RT. To present
our own experience of using hypofractionated radiation regimens in patients with
glioblastoma (GB).

Materials and methods. MEDLINE (Pubmed), EMBASE (Ovid), Web of Science (Web of
Knowledge) databases were used to search for literature. The search was performed
in the English-language sources with the following keywords: «Radiation»,
«Hypofractionation radiotherapy», «Hypofractionated radiotherapy», «Hypofractionated
irradiation»; «Breast cancer»; «Prostate cancer»; «Lung cancer»; «Glioblastomay,
COVID-19. Systematic reviews, meta-analyses, randomized controlled trials and
retrospective clinical trials were reviewed in full. The primary sources were back-
referenced to identify additional relevant studies related to hypofractionated radiation
treatment regimens. The last date of the search is 05.25.2023.
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The authors’ own experience of the hypofractionated approach in the adjuvant
radiation treatment of patients with GB is presented briefly, as a reflection of the relevance
of the authors’ practical experience to the provisions of the narrative review, based
on the results of a retrospective single-center non-randomized study conducted at
the State Institution «Romodanov Neurosurgery Institute National Academy of Medical
Sciences of Ukraine» in 2014—2020. The oncological results of 110 (69.2%) patients
of the hypofractionated RT group (15 fractions, single fraction dose (SFD) 3.5 Gy,
total fraction dose (TFD) 52.5 Gy) and 49 (30.8%) patients of the standard RT group
(30 fractions, RVD 2.0 Gy, SVD 60.0 Gy) were compared. RT was performed with
Trilogy linear accelerator (USA) (6 MeV) using the intensity-modulated radiotherapy
method (IMRT). Overall survival (OS) and recurrence-free survival (RFS) in the
groups were analyzed.

Results and discussion. Hypofractionated approaches, which allow to significantly
decrease the duration of radiation treatment, have clinical, medical and social
advantages, including: increased comfort for a patient; reduction of the workload on
staff and technological equipment of medical facilities; reduction of the cost of treatment.
The introduction of hypofractionated RT allows to increase access to cancer care at the
global level, reducing disparity in the results of treatment of cancer patients between
low- and middle-income countries and the countries with high income level. Hypofrac-
tionated radiation regimens are included in the clinical guidelines of professional
associations, as for the most common forms of cancer and for malignant brain tumors,
and represent the standard of treatment for particular clinical cases.

Our experience of using the hypofractionated radiation regimen is based on the adjuvant
radiation treatment of 110 patients with GB and in terms of clinical results is a relevant
concept presented in a narrative review. The analysis showed no statistical difference
between the groups of standard fractionation and hypofractionated RT in OS (Logrank
test p = 0.06757) and RFS (Logrank test p = 0.43374). In the hypofractionation
group, with an observation time median of 22.3 months, the OS median was
16.5 (95% Cl 14.1-18.8) months; median RFS was 9.0 (95% CI 8.0-10.0) months.
In the standard radiation regimen group, with a median of observation time of
24.4 months, the median OS was 15.0 (95% Cl 14.1-17.1) months; median RFS
is 9.0 (95% CI 9.0-10.0) months.

Conclusion. Development and implementation of the measures designed to optimize
the use of resources of medical facilities of Ukraine is a necessary condition for
maintaining high-quality care for cancer patients in the conditions of full-scale military
aggression, which has been ongoing since February 24, 2022. Increased application
of hypofractionated approaches in radiation oncology can be considered as a potential
tool for optimization of the use of resources of the healthcare system of Ukraine and
enhancing public health.

Gryazov AB, Glavatskyi OYa, Chuvashova OYu, Kruchok IV, Griazov AA, Starenkyi VP, Kulinich HV, Hladkykh FV,
Zemskova OV. Aspects of hypofractionation in modern radiation oncology. Ukrainian journal of radiology and oncology.
2023;31(2):206—229. DOI: https://doi.org/10.46879/ukroj.2.2023.206-229

3B’30K po60TH 3 HOYKOBMMHW NPOrPAMAMMU,
NAGHOMM | TeMamum

PoboTa BUkOHaHa B paMkax HayKoBO-A4OCHigHOT poboTu
[epxaBHoi ycTaHOBWU «IHCTUTYT HeKrpoxipyprii iM. akag.
A.N. PomopaHoBa HauioHanbHOT akagemii megn4Hmx
Hayk YkpaiHu» «[ocnigntn egekTUBHICTb ag’toBaHTHUX
iIMyHOTEpaneBTUYHUX Ta pafioTepaneBTUYHUX TEXHOMOrIN
B KOMMMEKCHOMY  JiKYBaHHI  3MNOSAKICHUX  rhianbHUX
MyXSIMH FOSTIOBHOTO MO3KY», HOMEp AepXaBHOI peecTpadii
Ne0119U03900, npuknagHa, TepPMiH BMKOHaHHSA
2020-2022 pp., KepiBHUK TeMW — [OKTOP MeaUYHUX
Hayk, npodecop O.A. MMaBaubKuii.

BCTYN

3a ouiHKOK BcecBiTHBOI opraHisaLii 0OXOpoHU 300poB’s
(BOO3) y 2019 poui, pak € nepLuoto abo apyrot OCHOBHO
npu4MHoto cmepTi ocib Bikom go 70 pokiB y 112 3 183 kpaiH
i nocinae Tpete abo yeTBepTe Micue we y 23 kpaiHax [1].
MixHapogHi paHi, B3aTi 3 Globocan, AeMOHCTPYOTb,
WO KiNMbKiCTb BMNaAKiB 3axBOplBaHb Ha pak 3pocTe
3 19 wminbroHiB y 2020 poui oo maimxke 29 MiNbNOHIB
0o 2040 poky. MNpnbnnsHo koxHa wocTa cmepTb y 2020 poui

Relationship with academic programs,
plans and themes

The work was performed as a part of the planned
research project of the State Institution «Romodanov
Neurosurgery Institute National Academy of Medical
Sciences of Ukraine» «Investigation of the effectiveness
of adjuvant immunotherapeutic and radiotherapeutic
technologies in the complex treatment of malignant
glial  brain  tumors», state registration number
Ne0119U03900, applied, implementation term 2020-2022,
head of the program Doctor of Medical Sciences,
Professor O.Ya. Glavatskyi.

INTRODUCTION

According to the assessment of World Health
Organization (WHO) in 2019, cancer is the first or second
leading cause of death under the age of 70 in 112 of
183 countries and ranks third or fourth place in 23 count-
ries [1]. The world’s data taken from Globocan show that
the number of cancer cases will increase from 19 million
in 2020 to almost 29 million by 2040. Approximately one in
six deaths in 2020 was caused by cancer pathology [2].
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Hyna cnpuynHeHa oHKonoriyHoto naTororieto [2]. Boueuap,
3axXBOPIOBAHICTb Ta CMEPTHICTb Bif paky CTPIMKO 3pocTae
B YCbOMY CBITi, Lie 3yMOBMEHO SK KifIbKICHUM 3pOCTaHHSAM
HaceneHHsl CTapLIoro Ta MOXWMoro BiKy, TaK i 3pOCTaHHAM
OCHOBHUX (PaKTOpiB PM3UKY paky, LU0 MOB’SI3aHO 3 COLi-
anbHO-eKOHOMIYHMM PO3BUTKOM cycninbcTBa. Hanwsua-
e, KinbKiCTb HOBUX BUMNAAKiB OHKOMOriYHMX 3axXBOPHOBaHb
30iNnblIYETLCS B KpaiHax 3 TaKMM HU3bKUM iHTerpanbHuUM
nokasHWKOM, SIK iHAeKkc mnoacbkoro po3suTky (IN1P), Bpa-
XOBYHOUM, WO Ha MONYNAUINHOMY PiBHI Taki YMHHUKM,
K HW3bKWUM  couianbHO-eKOHOMIYHUIM piBEHb PO3BUTKY,
3abpyQHEHHs] HABKOMULLIHBOTO CEpenoBMLLa, He3banaHco-
BaHe XxapuyyBaHHsi, OoOMeXeHa [OOCTYMHICTb OO0 BUCOKO-
AKICHOT MeAu4yHOI JonoMorn €  akTopamu  pusnky
BMHUKHEHHS1 OHKOJOTYHMX 3axBoptoBaHb. BOO3 BusHa-
yae IJ1P sik koMGiHOBaHWUI NOKa3HMK TOro, HacKinbkn gobpe
KpaiHa poO3BMBAETLCA B TaKuWX KaTeropiax: odikyBaHa
TPUBAMICTb XUTTS MPU HAPOMPKEHHi; OCBiTa Ta 3HAHHS;
piBeHb XWUTTA Ta iHaHcoBUIA [06po6yT. 3a OUIHKO
Globocan, y nepiog 3 2020 no 2040 pik KinbKicTb BUNaakis
OHKOnoriyHoi nartonorii 3pocte Ha 96% y KpaiHax 3 HU3b-
kum NP, Toai sk y KpaiHax 3 gyxe BucokuMm IJIP BoHa
30inbwnTbca nuwe Ha 32,2%. Ak i 3axBOPIOBaHICTb,
CMepTHICTb BiA4 paky 3pocTae HauwBsuile B KpaiHax
3 Hu3bkuM IJ1P. Y 2020-2040 pokax CMepTHICTb Bif paky
B UMX KpaiHax 3pocTe Ha 98,4% nopiBHAHO 3 42,5%
y KpaiHax 3 ayxe Bucokum IJIP [3]. BignosigHo, Tarap
CMEpPTHOCTI BiA OHKOJSOTMYHMX 3aXBOPIOBaHb HEeMnponop-
LiMHO nagae Ha KpaiHM 3 HWU3bKUM i cepedHiM piBHEM
poxogy (KHCO), ski matwoTb Oinbll BUCOKI MOKa3HWKM
cMmepTHOCTI BiA paky [4, 5]. ICHylOTb 3HauyHi BiAMIHHOCTI
NMo BCbOMY CBiTYy B TOMY, XTO MOX€ OTpuMmMartu AOCTyn
00 AiarHoCTUKM | MiKyBaHHS OHKOMOFYHUX 3aXBOPHOBaHb,
Hacamnepen, 4epe3 OOMEXeEHHsi, NOB'A3aHi i3 BigCyT-
HicTi0 abo cnabkMM po3BUTKOM iHCPPACTPYKTYpU CUCTEMM
OXOpPOHW 300pOB’s (MepLl 3a BCe, 3a paxyHOK HegocTaT-
HbOI KifIbKOCTi BUCOKOTEXHOMOTYHOT anapaTtypu Ta BUCOKO-
kBanicikoBaHux creujianicTis). Aucnponopuis B [OCTym-
HOCTi [0 BWCOKOTEXHOSOrYHOI MEeAWYHOI [JOornoMoru,
WO CniBBIOAHOCUTLCA 3 pPIBHEM XWUTTS, PO3rMsSAaETbCSA
CbOTrOAHI B poO3pi3i aKkTyanbHUX rnobanbHUX 3arpos
Onsa CBiTY, nepLw 3a Bce, BIMCbLKOBOI arpecii Ta naHaemil.
Ockinekn U  gucnponopuis € ogHWM i3 ApanBepis
NMOCUNEHHS rnobanbHOi HecTabinbHOCTI Ta HeraTUBHOMO
BMMMBY Ha CTanuin pPO3BUTOK, MiXXKHapOOAHWMW OpraHisa-
LisMM [0OKNafgaeTbCs YvMmano 3ycurnb, abu onTumizyBaTtu
iHppacTpyKTypy OXOpOHWM 300pOB'SS Ha rnobanbHoOMy
piBHI, Nepw 3a Bce, 3a paxyHOK 30iMblUEHHSA IHBECTULIN.
BogHovac, roctpo noctae nUTaHHSA, SKMM YUMHOM  MOX-
nvBo Oinbl edeKTVBHO BUKOPUCTOBYBaTUM BXE HasBHI
pecypcn [Ana  30inblUEHHS JOCTYMHOCTI  OHKOMOriYHOI
ponomory, 3abesneyeHHs MynbTMMOAAnNbHOMO MiKyBaHHS
Ta NonifnweHHsA OHKOMOrYHUX pesynbTaTiB.

MpomeHeBa Tepania BigHOCUTBLCA OO0 HaWBINbLI BXU-
BaHUX HeXipypriyHMX MeTOoAIB JliKyBaHHA B OHKOMOrii
i 3aCTOCOBYETbCH LLOHAMMEHLUE OOHOro pasy MNpPOTAroM
nepebiry OHkO3axBoptoBaHHA npubnusHo y 50% Bcix
xBopux [6, 7]. ToMy cborogHi 6inbLuU LUIMPOKE BNPOBaaXEHHS
rinopakUinHUX PeXnMiB  OMNPOMIHEHHSA PO3rMAL4AETHCS
SIK OOMH 3 HaMbinbw edeKTUBHUX HanpPsIMKIB 30inbLUEeHHSsI
OOCTYMNHOCTI  OHKororiyHoi  gonomorn. Kpim Toro, rino-
dpakuiiHi NigxoaM noB’A3yloTb i3 MNEBHUMU  KMiHIYHUMMU
nepesaramu LWOAO BiAHOBIMEHHS PpecypciB i MoTeHuiany
OXOPOHWM 300pOB’'s, ki Oynu  nigipBaHi  naHAemieto
COVID-19 [8].

B uin poboTi npeacTaBneHo akTyanbHUA MOMMsig
Ha rinodpakuiiHe OMNPOMIHEHHSA Y PO3pPi3i MPUNHATHOT

Obviously, the incidence and mortality from cancer is
rapidly increasing all over the world, it is preconditioned
both by the quantitative growth of the senior and elderly
population, and the growth of the major risk factors for
cancer, which is associated with the socio-economic
development of society. The number of new cases of
cancer disease is increasing most rapidly in countries
with a low integral indicator such as the Human Develop-
ment Index (HDI), given that at the population level,
such factors as a low socio-economic level of development,
environmental pollution, unbalanced nutrition, limited
access to high-quality medical care are risk factors for the
development of oncological diseases. WHO defines HDI
as a combined indicator of country development progress
in the following categories: life expectancy at birth;
education and knowledge; standard of living and financial
well-being. According to Globocan, in the period between
2020 and 2040, the number of cancer pathologies will
increase by 96% in the countries with low HDI, while it will
increase by only 32.2% in countries with very high HDI.
Similar to the incidence, cancer mortality is increasing
most rapidly in low HDI countries. Between 2020 and 2040,
cancer mortality in these countries will increase by 98.4%
compared to 42.5% in the countries with a very high HDI [3].
Accordingly, the burden of cancer mortality lies dispropor-
tionately on low- and middle-income countries (LMIC),
which demonstrate higher cancer mortality rates [4, 5].
There are significant differences around the world
regarding those who can access cancer diagnosis and
treatment, primarily due to limitations associated with
the absence or weak development of the infrastructure
of the healthcare system (primarily due to the insufficient
amount of high-tech equipment and highly qualified
specialists). The disparity in access to high-tech medical
care, which correlates with the standard of living, is con-
sidered today in the context of current global threats to
the world, first of all, military aggression and pandemics.
Since this disparity is one of the drivers of increasing
global instability and negative impact on sustainable
development, international organizations are making
a lot of efforts to optimize health infrastructure at the global
level, primarily through increased investments. At the same
time, there is an urgent issue concerning the way in
which existing resources can be used more effectively
to increase availability of cancer care, provide multimodal
treatment and improve oncological outcomes.

RT belongs to the most used non-surgical treatment
methods in oncology and is used at least once during the
course of cancer disease in approximately 50% of all
patients [6, 7]. Therefore, today, the wider implementation
of hypofractionated radiation regimens is considered
one of the most effective ways to increase availability of
oncological care. In addition, hypofractionated approaches
have been associated with certain clinical benefits in
terms of restoring health care resources and capacities that
have been compromised by the COVID-19 pandemic [8].

This work presents a current view of hypofractionated
radiation as an acceptable alternative to standard
irradiation and the potential of the former to optimize
the functioning of the health care system in the world;
the author’s own experience in the use of hypofractionated
RT on the example of hypofractionated radiation therapy
of patients with GB has been demonstrated.

In 2021, according to the HDI indicator, Ukraine ranked
77th (HDI 0.773), which corresponds to a high level of
development [9]. At the same time, in terms of accessi-
bility to high-tech RT (first of all, in terms of the number
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ansTepHaTUBM CTaHAAPTHOMY OMPOMIHEHHIO Ta NoTeHLjiany
nepworo woao onTuMmidauii yHKUIOHYBaHHS CUCTEMMN
OXOPOHW 3[0POB’st Y CBITi; NPOOEMOHCTPOBAHO BNacHWi
JocBig 3acTtocyBaHHsA rinodpakuinHoi MNT Ha npuknagi
rinodpakLUinHOro NPOMEHEBOTO NiKyBaHHA XBOpUX Ha 'b.

Y 2021 poui 3a nokasHukom IJIP YkpaiHa nocigana
77 wicue (IJIP 0,773), Ak BiANOBIOAE BWCOKOMY PiBHIO
po3sutky [9]. BogHovac, 3a [OCTYMHICTIO A0 BWCOKO-
TexHonoriyHoi IMT (nepL 3a Bce, 3a KiNbKIiCTIO YHKLIOHY-
FOYMX BUCOKOTEXHOMOTMYHNX MPOMEHEBUX MPUCKOPIOBaYiB)
YkpaiHa Mmorna ©6yTu 3icTaBnoBaHOK 3 KpaiHamu, LWo
MatTb Hwk4ni nokasuuk IJIP (KHCAO). MoBHomacLiTabHi
BOEHHI Ail, aki posnoyanuca 24 nwTtoro 2022 poky,
npu3BennM [0 CyTTEBOrO NOMynNAUIHOIO NepeMilleHHs
Ta i3onsAuil OHKOLEHTPIB, L0 3HAXOAATLCH Ha OKYMOBaHMX
Teputopiax abo nobnuay niHii 6oroBnx fin. Lle npusso-
OUTb 00 3HA4yHUX obMexeHb B AOCTYMHOCTI OO BUCOKO-
TEXHOOriYHOro cnewjianiaoBaHoro nikyBaHHS, 3okpema, MT.
Tomy po3pobka i BNpoBagXXeHHs 3axofiB, CNpsiMOBaHMX
Ha ONTUMI3aLil0 BUKOPUCTaAHHA pPecypciB MNiKyBanbHUX
yctaHoB YKpaiHu, B TOMY 4ucCni UEHTpiB pagiauinHoi
OHKonorii, € HeobXigHO YMOBOK AN 36epeXeHHs] BUCO-
KOSIKICHOT OHKOMOriyHOI AOonoMorM B yMOBax NOBHOMAc-
LWTaAOHOI BINCLKOBOI arpecii.

MeTa po60Tu — 3’acyBaTu KniHiYHi Ta MeanKo-couianbHi
nepesaru rinodpakuifnHoro niaxoay B pagiauiiHii oHKonorii
3 METOK ONTUMI3auii YHKULIOHYBaHHS CUCTEMU OXOPOHU
300pOB’St  WNAXOM  30iMblUIEHHA [OOCTYMHOCTI JliKyBaHHS
OHKOIOMYHUX XBOPUX. BUMCBITANTM 3Ha4veHHsA rinodpak-
uinHoi MT B po3pi3i 4OKa30BOIi MeguunHU Ans HakobinbL
MOLUMPEHOI OHKOMOriYHOI NaTonorii Ta B HEMPOOHKONOTIl.
lMpeseHTyBaTM BRacHU [OCBIA4  BWKOPUCTaHHA  FiMO-
dpakuUitHMX PEeXUMIB OMNPOMIHEHHS Yy XBOPUX Ha rnio-
6nactomy (I'B).

MATEPIAAU TA METOAU AOCAIAXEHHA

3 MeTo MOLWYKY AaHuX y nitepaTypi BUMKOPWUCTOBY-
Banun 6asn MEDLINE (Pubmed), EMBASE (Ovid), Web of
Science (Web of Knowledge). Nowyk BMkoHyBaBcs cepes
aHIMOMOBHOI  fiTepatypn 3a HaCTYMHUMW  KIOYOBMMMU
cnoeamu: «Radiation», «Hypofractionation radiotherapy»,
«Hypofractionated radiotherapy», «Hypofractionated irra-
diation», «Breast cancer», «Prostate cancer», «Lung
cancer», «Glioblastoma», «COVID-19». CuctemHi ornagu,
MeTa-aHarniau, paHOOMI30BaHi KOHTPOMbOBaHiI  Aocnia-
XEHHsI Ta PeTPOCNEKTUBHI KMiHIYHI JOCMIMKEHHA PO3rns-
fanuce B noBHOMYy o06csa3i. bynu 3pobneHi 3BOpOTHI
nocunaHHA Ha nepliopkepena AnA BUSBNEHHS Joaar-
KOBWX peneBaHTHUX JOCHiOXeHb, LLIO CTOCYTLCA rinodpak-
LiNHWX pexuMiB npoMeHeBoro nikyBaHHA. OcTaHHA gara
nowyky 25.05.2023 poky.

3 MeToK CTUCIOI AEMOHCTpaLii Y3romkeHoOCTi Halloi
NPaKTUYHOI AiANBHOCTI Ta HAapaTUBHOIO Ornsagy, HaBeaeHo
OaHi peTpoCneKTMBHOrO OAHOLIEHTPOBOrO HepaHAOMi30Ba-
HOro [OOCHNIMXEHHS, NpoBedeHOoro B [lepXxaBHii yCTaHOBI
«lHcTuTYT Hewpoxipyprii  im. akag. A.l. PomogaHoBa
HauioHanbHOi  akagemii  MeauM4Hux  Hayk  YKpaiHu»
y 2014-2020 p. [10].

KpuTepii BKMOYeHHSA XBOPUX Y AOCAIOXKEHHS:

— Bik 218 pokiB;

— ycBigomneHa Ta pobposinbHa iHpopmoBaHa nUCh-
MOBa 3roga Ha NikyBaHHS i y4acTb Y JOCHiAXEHHI, baxaHHA
Ta 34aTHICTb AOTPUMYBaTUChb Mpouedyp AOCHiaXeHHS
" NoAanbLIOro CNOCTEPEXEHHS;

of functioning high-tech beam accelerators), Ukraine
could be comparable to the countries with a lower HDI
index (LMIC). Full-scale hostilities, which began on
February 24, 2022, led to significant displacement of
population and isolation of oncology centers located
in the occupied territories or near the combat lines.
This leads to significant limitations in access to high-tech
specialized treatment, in particular, RT. Therefore, develop-
ment and implementation of measures intended to optimize
the use of resources of medical facilities in Ukraine,
including radiation oncology centers, is a necessary
prerequisite for maintaining high-quality oncological care
in the context of full-scale military aggression, which
has been ongoing since February 24, 2022.

Objective — to find out clinical, medical and social
advantages of the hypofractionated approach in radiation
oncology in order to optimize the functioning of the health
care system by increasing the availability of treatment
for cancer patients. To highlight the importance of hypo-
fractionated RT in terms of evidence-based medicine
for the most common oncological pathology and in
neuro-oncology. To present our own experience of
using hypofractionated radiation regimens in patients with
glioblastoma (GB).

MATERIALS AND METHODS

MEDLINE (Pubmed), EMBASE (Ovid), Web of Science
(Web of Knowledge) databases were used to search for
literature. The search was performed in the English-
language sources with the following keywords: «Radiation»,
«Hypofractionation  radiotherapy»,  «Hypofractionated
radiotherapy», «Hypofractionated irradiation»; «Breast
cancer»; «Prostatecancer»; «Lungcancer»; «Glioblastomay,
«COVID-19». Systematic reviews, meta-analyses, ran-
domized controlled trials and retrospective clinical
trials were reviewed in full. The primary sources were
back-referenced to identify additional relevant studies
related to hypofractionated radiation treatment regimens.
The last date of the search was 05/25/2023.

In order to briefly demonstrate the consistency of
our practical activities and narrative review, we present
the data from the retrospective single-center non-rando-
mized study conducted at the State Institute «Romodanov
Neurosurgery Institute, National Academy of Medical
Sciences of Ukraine» in 2014—2020 [10].

Criteria for inclusion of patients in the study:

— age 218 years;

— conscious and voluntary informed written consent
for treatment and participation in research, desire and
ability to comply with research procedures and follow-up;

— life expectancy > 3 months;

— histopathologically confirmed diagnosis of GB;

— functional status according to the Karnofsky index (KIl)
= 60 points;
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— OYiKyBaHa TpUBanicTb XUTTA > 3 MicAuis;

— NaToriCToNorivYHo niaTBepoKeHnn giarHos 'b;

— (yHKUiOHanbHUIM cTaTyc 3a iHaekcoM KapHOBCBLKOro
(IK) = 60 6anis;

— rinodpakuinH1Uin pexunm onpomiHeHHs 15 dopakuin,
PBO 3,5 p, CBO 52,5 p abo cTanHOapTHUA pexum
onpomiHeHHs 30 dopakuin, PB[, 2,0 'p, CBA 60,0 Ip.

KpuTepii BUKNIOYEHHA XBOPUX i3 AOCTIIKEHHS:

— HebaxaHHs ©OpaTm y4vacTb Y [JOChimpkeHHi abo
He3daTHICTb  AOTpUMMYBaTWCb Mpouenyp  AOCHiIKEHHS
Ta NO4anbLUOro CMOCTEPEXEHHS;

— KOMOPOifHi 3axBoploBaHHA B cTagii AekomneHcauii,
BariTHICTb, iHLUIWIA pak, HasiBHWIA abo B aHaMHES3i;

— Oyob-sIKMW iHWMIA pexnm ag’toBaHTHOI [T, okpim
ak CBO 52,5 [Ip, nigBegeHa 3a 15 dpakuin abo
CB[ 60,0 I'p, niaBeaeHa 3a 30 dpakuin.

Y pobGoti Oynu 3icTaBneHi OHKOMOriyYHi pesynsTaTu
rinodpakuUinHOro Ta CTaHO4ApPTHOMO PEXMMIB OMPOMIHEH-
Hs1 MpW JOCNimKeHHi KoropTu xBopux Ha I'b, ae 110 (69,2%)
XBOPUX OMPOMIHIOBanNM 3a [OMOMOrok rinodpakuinHoi
MNT (rpynna I'MIT) i 49 (30,8%) xBopux onpomiHoBanM 3a
cTaHgapTHUM pexumom (rpyna CIT). Ycim xBopuM giarHos
I'b 4 ctyneHs 3noskicHocTi 3a BOO3 6yB BepudikoBaHui
naTomMopconoriyHo Nicns XipypriYHOro BTpy4aHHs, CNpsiMo-
BaHOro Ha BuaaneHHs nyxnuuu. [T BukoHyBanacb
B nicnsonepauinHomMy nepiogi sk etan ajg’toBaHTHOro
NiKyBaHHS. linodpakuinHun pexum ONPOMIHEHHS
(TOT rpyna, n = 110 xBopux): 15 dpakuin, PBO 3,5 Ip,
CBO 52,5 TIp. CraHOoapTHUA pexuMM  ONpPOMIHEHHS
(CMT rpyna, n = 49 xsopwux): 30 dpaxuin, PBO 2,0 p,
CBO 60,0 I'p. OetanbHa xapakTepucTvka AOCHigKyBaHOI
KOropTv npencTaBneHa Yy BulesasHayeHin nybnikadii.
BucokokoHhopmMHE npeuusiiHe ONPOMIHEHHS  MPOBO-
avnocb Ha niHinHomy npuckoptoBadi  «Trilogy» (CLUA)
(6 MeV) i3 3actocyBaHHAM Yy BCiX BuUMagkax MeETOOUKM
OMNPOMIHEHHSA 3 MOAYMOBaHHAM iHTeHcuBHocTi (IMRT).
AHania BWXMBaAHOCTI Yy [AOCNiMAXYyBaHUX rpynax MpoBo-
OmBcs i3 3acTtocyBaHHaM Metogy KannaHa—Maiepa,
norapudmiyHoro paHrosoro Tecty (Logrank-test) Ta
metoay [lipcoHa (Pearson Chi-square test). [NokasHuk
3aranbHoi BuxkuBaHocTi (3B) BU3Ha4yaBcs SK Yac Big oatu
XipypriyHoi onepaLii 4o gatM cmepTi abo gaTtM 0CTaHHbLOro
CMOCTEPEXEHHS; MOKa3HWK 0e3peunamBHOI BMKUBAHOCTI
(BPB) — Big patu XxipypriyHoi onepauii [0  KniHiKo-
pagionoriyHoro  nigTBEPOXKEHHA  MporpecyBaHHs  abo
cmepTi. TpUAHATTS pilleHb WOoAO CTaTUCTUYHOI 3Hady-
LWOCTi pe3ynbraTiB 34iMCHIOBANocs MOPIBHAHHAM BW3Ha-
YeHnx B poOOTi MokasHuKiB p-value 3 BCTaAHOBIEHUM
KPUTUYHUM pIBHEM MNPUAHATTA/BIAXUNEHHA CTaTUCTUYHKX
rinote3 o = 5%. CTaTUCTWU4YHI pO3paxyHKM MpOBOAUNN
3a [JOMNOMOroK CreLjianisoBaHoro nporpamHoro 3abesne-
yeHHsa STATISTICA 64 ver.10.0.1011.0 StatSoft Inc.

Y Bcix Bunagkax Oyna oTpumaHa nucbMoBa iHGOpP-
MOBaHa 3roja Ha nNpOBeAEHHHA [OOCMIOKEHHS, 3rigHO
3 lenbciHCbKOW Aeknapadieto  BcecBiTHbOI  MefuyHOT
acouiauii Npo eTWYHI NPUHUMMIM MPOBEAEHHS HayKOBMX
MeaMYHUX JocniaXKeHb 3a yyacTio nognHmn (1964—-2008 pp.),
OMpekTuBM €Bponencbkoro Tosapuctesa 86/609 cTocoBHO
yyacTi nopgen 'y  Meauko-6ionoriyHMx  AOCHioKeHHSX,
a TakoX Hakasdy MiHicTepcTBa OXOpPOHM 340POB’A YKpaiHu
i3 amiHamun Ne 690 Big 23.09.2009 p.

— hypofractionated irradiation regimen of 15 fractions,
SFD 3.5 Gy, TFD 52.5 Gy or a standard radiation regimen
of 30 fractions, SFD 2.0 Gy, TFD 60.0 Gy.

Criteria for exclusion of patients from the study:

— unwillingness to participate in the study or inability
to comply with the study and follow-up procedures;

— comorbid diseases in the stage of decompensation,
pregnancy, other cancer, present or in the history;

— any other regimen of adjuvant RT, except TFD
52.5 Gy, delivered in 15 fractions or TFD 60.0 Gy, delivered
in 30 fractions.

In this study, oncological results of hypofractionated
and standard radiation regimens were compared in the
study of a cohort of patients with GB, where 110 (69.2%)
patients were irradiated with the help of hypofractionated
RT (HRT group) and 49 (30.8%) patients were irradiated
according to the standard regimen (SRT group). In all
patients, the diagnosis of GB of grade 4 malignancy accor-
ding to WHO was confirmed histopathologically after
surgical treatment. RT was performed postoperatively
as the stage of adjuvant treatment. Hypofractionated
radiation regimen (HRT group, n = 110 patients):
15 fractions, SFD 3.5 Gy, TFD 52.5 Gy. Standard radiation
regimen (SRT group, n = 49 patients): 30 fractions,
SFD 2.0 Gy, TFD 60.0 Gy. A detailed description of the
cohort studied is presented in the above-mentioned
publication. Highly conformal precision irradiation was
performed with a Trilogy linear accelerator (USA) (6 MeV)
using intensity modulated radiation (IMRT) in all cases.
Analysis of survival in the studied groups was made using
the Kaplan-Meier method, the Logrank-test and the
Pearson Chi-square test. Overall survival (OS) was defined
as the time from the date of surgery to the date of death
or the date of last follow-up; the rate of recurrence-free
survival (RFS) — from the date of surgery to clinical
and radiological confirmation of progression or death.
Decisions regarding statistical significance of the results
were made by comparison of the p-value indicators
determined in the work with the established critical level
of acceptance/rejection of statistical hypotheses a = 5%.
Statistical calculations were performed using specialized
software STATISTICA 64 ver.10.0.1011.0 StatSoft Inc.

In all cases, written informed consent for the study
was obtained in accordance with the Helsinki Declaration
of the World Medical Association on Ethical Principles
of Scientific Medical Research with Human Participation
(1964—2008), European Society Directive 86/609 on the
Participation of Humans in Medical and Biological
Research, as well as the order of the Ministry of Health of
Ukraine with amendments No. 690 of September 23, 2009.
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PE3YABTATU TA IX OBFTOBOPEHHS

Mepesaru rinodopakLiitHoro niaxoay

B PAAiQLLiHiA OHKOAOTII

CnoBHuk HauioHanbHoro iHcTuTyTy paky CLUA Bu3Ha-
yae rinodppakuinHy [T Takum yuHom: «[T, npu sk
3aranbHa [o3a OMPOMIHEHHS LiNMMTbCA Ha BENWKi 03w,
a npouegypu MpoBOAATbCA OAMH pa3 Ha AeHb abo
pigwe. linodgpakuyioHoBaHa [T npoBoaUTLCA NPOTSArOM
KOpOTLIOro nepiogy 4Yacy (MeHwe AHiB abo TWXKHIB), HiX
ctaHgaptHa MT» [11]. Mig ctaHgapTHOO (KOHBEHLIAHOLO)
MT posymitoTb (ppakuioHyBaHHS i3 pa3oBO BOMHULLEBOKD
posoo (PBO) 2,0 Mp Ha KOxHY dpakuilo ONpOMIHEHHS,
5 [OHIB Ha TWXOEHb, NMPOTArOM AekinbKox TWxHiB [12].
BignosigHo, ocHOBHOW nepeBaroto rinogpakuinHoi MT
€ MeHLa TpuBarnicTb NPOMEHEBOro NiKyBaHHS Y NOPIBHAHHI
i3 cTaHgapTHUMKM cxemamu. TOMy HacTyMHi  KRiHiYHi
i MeguKo-coujianbHi nepesarn MoOXyTb BBaXaTucCb Mnoxia-
HUMW Bi, CKOPOYEHHSI TEPMiHY OMPOMIHEHHS: 30iNbLUEHHS
KOM(OPTY XBOPOro MNPOTSrOM Kypcy MPOMEHEBOIO riKy-
BaHHS; 3MEHLLEHHSA enigeMionoriYyHnX PU3UKIB; 3HMKEHHS
HaBaHTaXXEHHA Ha MepcoHan i ycTaTKyBaHHS MeOnyHWX
YCTaHOB; 3MEHLUEHHs1 BapTocTi nikyBaHHSA. OcCKinbKu
rinodpakuiiHe OMPOMIHEHHsI MOB’AI3aHe i3 3MEHLUEHHSM
KinbkocTi cppakuin MT i, BianosigHoO, BUMarae 30inbLUeHHS
003N 3a (ppakuito OnNpoMiHEHHs, WO MigBOAUTBCSA 00
MilleHi, ofHieto i3 HanbinbwmMx nepectopor wono OGinbL
LWMPOKOIro  BNPOBaXXEHHA  rinogpakuinHoro  nigxogy
€ MUTaHHA MNPOMEHEBOI TOKCMYHOCTI. ToMy 3pO3yMmino,
Wo rinoppakuinHi - pexxumm ONMPOMIHEHHS BUMararTb
HasiBHOCTi  BMCOKOTEXHOMOMYHOIrO  obnagHaHHA,  Ske
3aBOSAKN BUCOKI KOHCPOPMHOCTI i NpPeuunsiinHOCTi CTBOPHOE
YMOBM ANs1 CYTTEBOI MiHiMi3auii HeGaxkaHNX NMPOMEHEBMX
edekTiB. 3a gaHumu Rodin D. Ta cniBaBT., MOXNMBICTb
3acToCcyBaHHA pagioTepanii, MogensoBaHOi 3a iHTEHCUB-
HicTio (IMRT), € ogHMM 3 HaWCWUMbHIWNX NPeanKTopIB
BUKOPUCTaHHSA rinodpakUinHuX pexumiB B Henaniatus-
HOMY npomeHeBOMY nikyBaHHi [13]. Y cBol uepry,
notpeba y BWCOKOTEXHOMOrYHMX anapartax y pagiauin-
Hil OHKOMoOrii € BKpaW rOCTPOK CbOrOA4HI B KpaiHax,
€KOHOMiKa SIKMX pO3BMBAETbCA YU € MepexigHow, abo
3a3Hae HeraTvBHMX BMMUBIB rmobanbHMX 3arpo3, 3ago-
BOMIBHUTU  SIKUA  MOXIMBO MULIE  LUMASAXOM  MOTY>KHUX
iHBECTULIMHMX MPOEKTIB Ta KOHCOMILOBaHWX MiKHapoA-
HUX 3ycunb, SKi HE MOXYTb OyTW peani3oBaHi B KOPOTKO-
CTPOKOBIlN nepcnekTuei. HaTtomicTe Hacnigkm obmexeHoro
poctyny go MNT Hankpalle intoctpye 3BiT 3 bpasunii Big
2016 poKy, sIkM nokasae, Lo obmexeHun goctyn go MNT
npu3eis oo noHag 5000 cmepTten cepen XBOpMX Ha pak
nepeaMixypoBoi 3ano3n, rpygHoi 3ano3n, TOBCTOI KMLLKMK,
nereHis Ta wuirikn matkm [14]. Bigomo, wWwo MixHapogHe
areHTCcTBO 3 aTtoMHoi eHeprii (MATATE), 3 MOMeHTY cBOro
CTBOpPEeHHs y 1957 poui, 3i CBOIMM AepxaBaMu-YrieHamu
Ta YNCMNEHHMMM NapTHEpPamMun No BCbOMY CBITY, CNPSIMOBYE
3HaYyHi 3ycunns Ha po3WMpeHHs obcAry npoMeHEeBOoro
nikyBaHHS Ta nepexogy Ha iHHOBAUiHI TexHornorii B
pagiauinnin  oHkonorii [15], npoTe npobrnema 3abeane-
YEHHS BWCOKOTEXHOSOrMYHMMM anaparaMmyM NpOMEHEBOI
Tepanii Bce e 3anuaeTbCa akTyanbHOK AN 3HA4YHOI
KiNbKOCTI KpaiH CBiTy. AHanisytoun nepesaru rinodpakuin-
Horo miaxopy, ocobnmBoi yBaru 3acrnyroBye NUTaHHS NOro
BMAMBY Ha ONTUMI3aLito (PYHKLIOHYBaHHA CUCTEMM OXO-
POHW 300POB’S LUNSXOM MOXIUBOCTI MOKpaLLEHHSA JOCTYr-
HOCTi 10 NPOMEHEBOTO fiKyBaHHs. Libomy acnekTy npucesi-
yeHa cepia nyb6nikauin [16—18]. TMNokpalleHHa pocTyny
po MNT € nepwmnm Krno4oBMM KPOKOM A0 YCYHEHHSI AUCTPO-

RESULTS AND DISCUSSION

Advantages of the hypofractionated approach
in radiation oncology

The dictionary of The National Cancer Institute (NCI)
defines hypofractionated RT as follows: «RT in which
the total radiation dose is divided into large doses,
and the procedures are performed once a day or less often.
Hypofractionated RT is performed over a shorter period
of time (fewer days or weeks) than standard RT» [11].
Standard (conventional) RT refers to fractionation with
a single focal dose (SFD) of 2.0 Gy for each radiation
fraction, 5 days a week, for several weeks [12]. Accordingly,
the main advantage of hypofractionated RT is a shorter
duration of radiation treatment, compared to standard
schemes. Therefore, the following clinical and medico-
social advantages can be considered derived from the
reduction of radiation exposure time: increased comfort
of a patient during the course of radiation treatment;
reduction of epidemiological risks; reduction of the work-
load on staff and equipment of medical institutions;
reduction of the cost of treatment. Since hypofractio-
nated radiation is associated with a reduction in the
number of RT fractions and, accordingly, requires an increa-
sed dose per fraction of radiation delivered to the target,
one of the biggest concerns about the wider implemen-
tation of the hypofractionated approach is the issue of
radiation toxicity. Therefore, it becomes clear that hypo-
fractionated radiation regimens require the presence
of high-tech equipment, which, due to high conformity
and precision, creates conditions for significant minimi-
zation of undesirable radiation effects. According to
Rodin, D. et al., availability of intensity-modulated radio-
therapy (IMRT) is one of the strongest predictors of
the use of hypofractionated regimens in non-palliative
radiation therapy [13]. In turn, the demand for high-tech
devices in radiation oncology is extremely high today
in the countries with developing or emerging economies,
or economies negatively affected by global threats.
The latter can only be met through powerful investment
projects and consolidated international efforts which
cannot be implemented in the short term. Instead,
the effects of limited access to RT are best illustrated
by the 2016 report from Brazil, which showed that limited
access to RT resulted in more than 5,000 deaths among
the patients with prostate, breast, colon, lung, and cervical
cancer [14]. It is known that the International Atomic
Energy Agency (IAEA), since its establishment in 1957,
with its member states and numerous partners around
the world, has made significant efforts to expand the
scope of radiation treatment and transition to innovative
technologies in radiation oncology [15]. However, the
problem of providing high-tech radiation therapy devices
still remains topical for a significant number of countries
around the world. Analyzing advantages of the hypo-
fractionated approach, the issue of its impact on optimi-
zation of the functioning of the health care system by
possible improvement of accessibility to radiation treat-
ment deserves special attention. This aspect is the subject
of a series of publications, which focuses on the follow-
ing [16—18]. Improving access to RT is the first key step
toward eliminating disparities in cancer outcomes between
low-, middle-income and high-income countries. However,
if planned courses of RT cannot be actually completed
by patients, the clinical benefit of improved access is
significantly limited. Two of the most influential risk factors
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nopuin B OHKOMOTYHMX pesynbratax MK KpaiHamu
3 HM3bKMM Ta cepefHiM piBHeM goxody Ta KpaiHamu 3
BMCOKMM piBHeM Aoxofy. OgHak, SKLLO 3annaHoBaHi Kypcu
MT He moxyTb OyTW peanbHO 3aBepLUEHVMU XBOPUMM,
TO KIiHIYHA KOPWUCTb Big MOKpaLLleHHA [OCTyMny 3Ha4YHO
obmexyeTbca. [lBa 3 Hanbinbl BRAMBOBMX (hakTopiB
pu3uKy TOro, Lo xBopi abo He 3aBepuytoTb INT abo nepe-
pvBalTb NMPOMEHEBE IiKyBaHHSA, € LOBroTpMBamnicTb Kyp-
ciB [T Ta HWXKYUI couianbHO-eKOHOMIYHMI cTaTyc [19-21].
3a oujiHkotw Datta NR. Ta cniBaBT., nuwe Tinbkn BNpoBaa-
XEHHs rinodpakuioHOBaHMX Niaxo4iB B pajiauifHinn OHKO-
norii Hagae MOXNMBICTb NokpawmTh goctyn go MT B Asii
3 62% po 78%. linodpakuinHa MNT [o3BONSAE 3MEHLWNTH
KiNbKiCTb HeoOXigHMX anapaTiB Ans NPOMEHEBOro niky-
BaHHa B KHC[ 3 5987 o 4284, wo 3HayHO 3MeHLUyE iH-
BECTMLIi, HeoOXiaHi Ans nokpaweHHs goctyny go MT [22].
BogHouac, 3a gaHnmm, OTpUMaHUMKM 3 HaMBInbLUMX KpaiH
MiBoeHHOi Amepuku (Bpasunia) Ta Adpukn (Hirepis),
36inbLUEHHST NPONYCKHOI 34aTHOCTI 3a paxyHOK BrpoBaja-
XeHHs  rinogpakuinHoi T  nepeamixypoBoi  3anosu
posgonuno 6 yciM LUM XBOPMM OTpUMATW MiKyBaHHS
0e3 36inblUeHHs KiNbKOCTI  MiHIMHMX  MNpPUCKOpoBaYiB.
CKOpO4YeHHs 3aranbHOro 4acy nikyBaHHA 3a [OMOMOro
rinoppakuioHyBaHHS [03BOMSE KOXHOMY MiHINHOMY Mpu-
ckoptoBayy nponikyBaTtu Ginblue XBOpuX Ha pik, a yac Ans
NiKyBaHHA CTae [OOCTYMHIWMM YacTiwe. XBOpUM, SKUM
B iHWOMY BMnagky gosenocs 6 4yekaTu KinbKka TWXHIB
CBOEI Yepru Ha nikyBaHHs, Tenep MOXyTb OTpMMaTn Noro
B Oinbw cTtucni TepmiHn, 6e3 3atpumkm nodatky [T,
ocKinbkn 3atpumka [T Moxe npu3BoAUTM OO TFipLUMX
OHKOMOriYHNX pesynerarTis [23, 24].

OuiHka KNiHiYHMX HacnigkiB LWMPOKOro BrNpPOBaAXeHHS
rinocppakuinHoi MT y XBOpMX Ha pak rpyaHOI 3anosv B
MakucTaHi npogemoHcTpyBana 7% 36inbLieHHs y 15-piyHin
3aranbHin BmwkunsaHocTi (3B). OTxe, Ui AaHi Wwoao Kpaiw,
aka y 2017 poui mana nuwe 15 niHiMHMX npuckoproBadis
Ha 180 MINbNOHIB HaceneHHs, 4iTKO ifCTPYIoTh, £K
nokpawleHHa pgoctynHocti go [T 3aBgskm Bnposaga-
XEeHHI0 rinodgpakuinHoi T moxe npuBecTn Ao nonin-
LUEHHS pe3ynbTaTiB NikyBaHHA OHKOMOMYHUX XBOpUX [25].

Okpemo cnig o6roBoputM BMNUB  rinodpakuinHoro
OMNPOMIHEHHS Ha CMNPOMOXHICTb XBOPOro AOTPMMYBaTUChb
CXeMu MPOMEHEBOro MNiKyBaHHA. Binbll KOPOTKMA TepMiH
MNT moxe 3pobuTtn Binblw peanbHMM OOTPUMMAaHHS 3anna-
HOBaHOro Kypcy OMpOMIHEHHs 3 OOKy XBOpOro 3aBOsKu
3MEHLLEHHIO BUTpPAT Ha XXWTMNO Ta TPaHCMOPTHI BUTpaTW,
a TaKoX 3MEeHLWWTM Yac BiACYTHOCTI Ha poOboTi i B ciM’.
Cnig 3asHaunTU, WO LEe BaXnuBU MeauKo-coLianbHUA
acnekT 3anuwaeTbcsa i goci mano BuBYeHWM. CbOrofHi
BiOMO, WO WMPOKE BNPOBafKeHHA rinodpakuinHoi MT
B KMiHIYHY nNpakTuKy 36inbluye KinbKiCTb 3aBepLUeHuX
KypciB MPOMEHEBOrO IliKyBaHHS Ta MOKPALLyE KOHTPOIb
Hag MyxMWMHOK Ha nonynauiiHomy piBHi [26]. Lle € oGHa-
OiNNBMM 3 TOYKM 30pYy CMPOMOXHOCTI MO3UTUBHOIO
BAAMBY rinodpakuinHoi MNT Ha 3MeHLWeHHA aucnponopuii
pesynbTaTiB fiKyBaHHA OHKOMOTYHMX XBOPUX MiXK Kpai-
HaMM 3 HU3bKUM i BMCOKMM piBHEM foxofis. Baxnueum
acrnekToM, SIKMA XapakTepusye nepearu rinogpakuin-
HOro nigxody B papjiauifHiiA OHKOMOrii, € €eKOHOMIYHa
eeKkTUBHICTb. YMCneHHi JocnigpKeHHa nokasanu, LWo
rinocdpakuinHa MT € Hanbinbw eKOHOMIYHO edEKTUBHUM
PEXMMOM OMPOMIHEHHSI Mpu GaraTbox KhiHIYHMX BapiaH-
Tax [27-31]. Cnig 3a3HaunTK, WO GinbLlWiCTb AOCNIMKEHD,
SAKi NPUCBSAYEHI €KOHOMIYHIN edeKTUBHOCTI NMPOMEHEBOIO
niKyBaHHA, nNpoBefeHi Yy KpaiHax 3 BWUCOKMM piBHEM
poxopie. Xo4a ue MUTaHHS 3anuilaeTbCA CbOTOAHI MEHLLU
BuBieHMM B KHC[, icHylOTb nepekoHNuBi CBigYeHHS

for patients either not completing RT or interrupting
radiation treatment are long duration of RT courses and
lower socioeconomic status [19-21]. According to
Datta NR. et al., only implementation of hypofractio-
nated approaches in radiation oncology provides
an opportunity to improve access to RT in Asia from 62%
to 78%. Hypofractionated RT reduces the number of
required radiotherapy machines in LMICs from 5,987 to
4,284, which significantly reduces the investment required
to improve access to RT [22]. At the same time, according
to the data obtained from the largest countries in South
America (Brazil) and Africa (Nigeria), increasing capacity
by the introduction of hypofractionated RT of the prostate
gland would allow all these patients to receive treatment
without increasing the number of linear accelerators.
Reducing overall treatment time through hypofrac-
tionation allows each linear accelerator to treat more
patients per year, and treatment hours become available
more frequently. Patients, who would otherwise have
to wait several weeks for their turn for treatment, can now
receive it in a shorter time frame, without delaying the
start of RT, as a delay in RT can lead to worse oncolo-
gical outcomes [23, 24]. An evaluation of the clinical
consequences of widespread implementation of hypofrac-
tionated RT in breast cancer patients in Pakistan demonst-
rated a 7% increase in 15-year overall survival (OS).
Therefore, these data for the country that had only
15 linear accelerators per 180 million population in 2017,
clearly illustrate how better access to RT through the
implementation of hypofractionated RT can lead to
improved outcomes for cancer patients [25].

The impact of hypofractionated radiation on the
patient's ability to comply with the radiation treatment
regimen should be discussed separately. A shorter period
of RT can make it more realistic for the patient to
comply with the planned radiation course by reducing
housing and transportation costs, as well as reducing
time away from work and family. It should be noted that
this important medical and social aspect remains poorly
studied. Today, it is known that widespread implemen-
tation of hypofractionated RT in clinical practice increases
the number of completed courses of radiation treatment
and improves tumor control at the population level [26].
This is encouraging in terms of the potential for a positive
impact of hypofractionated RT to reduce the disparity
of treatment outcomes for cancer patients between low-
and high-income countries. An important aspect that
characterizes the advantages of the hypofractionated
approach in radiation oncology is economic efficiency.
Numerous studies have shown that hypofractionated RT
is the most cost-effective radiation regimen for many
clinical options [27-31]. It should be mentioned that most
of the studies on the economic efficiency of radiation
treatment were conducted in high-income countries.
Although this issue remains less studied in LMICs today,
there is convincing evidence of the positive impact of hypo-
fractionated RT on health care expenses in countries
with limited economic resources. Irabor O.S. et al. estimate
that reducing radiation treatment for breast cancer from
25 to 15 fractions in Africa would save approximately
US$ 1.1 billion between 2019 and 2025, while reducing
radiation exposure to prostate cancer patients from 39
to 20 fractions would save additional US$ 606 million
over the same time period. This represents significant
funds that could be further invested in health infrastruc-
ture [17]. The study conducted in Hungary showed that
moderately hypofractionated RT with IMRT (25 radiation

Ornsp nitepatypu

213

Literature review



YKpaiHCbKWI pafionoriyHWin Ta oHKkonorivHWi >xypHan. 2023. T. 31. Ne 2. C. 206—-229
Ukrainian journal of radiology and oncology. 2023;31(2):206—229

ISSN 2708-7166 (Print)
ISSN 2708-7174 (Online)

no3nMTMBHOrO BNNUBY rinodpakuinHoi MNT Ha Buaatkn B
CUCTEMi OXOPOHM 3O0pPOB’'St B KpaiHax i3 obMeXeHuMU
eKOoHOMiYHMMK pecypcamu. 3a ouiHkamu Irabor O.C. Ta
CniBaBT., CKOPOYEHHA MPOMEHEBOrO MiKyBaHHS  paky
rpygHoi 3anosm 3 25 pgo 15 dpakuin B Adpuui [o03BO-
nUTb 3aowaauTn npubnusHo 1,1 Minbspaa gonapis CLUA
B nepioa 3 2019 no 2025 pik, Toai K CKOPOYEHHSA ONpOoMi-
HEHHA XBOPUX Ha pakK nepegMixyposoi 3anosum 3 39
0o 20 dpakuin 3aowagnno 6 gogatkoBo 606 MinblOHIB
ponapie CLLUA 3a Ttom camun nepiog 4vacy. Lle 3HauHi
KoLTK, siki MOXHa Oyno 6 JoaaTkoBo iHBECTyBaTh B iHdpa-
CTPYKTYpy OXOpoHu 3popos’s [17]. JocnigxeHHs, npose-
JeHe B YropluHi nokasano, Wo MOMipHO rinodpakuio-
HoBaHa T 3a gonomoroto IMRT (25 dpakuinn onpomiHEHHS)
ONs NiKyBaHHA XBOPMX Ha pak nepeamixypoBoi 3anosu
possonse 3aowamkysatn 1141 eBpo y NOPIBHAHHI 3 KYypCcOM
35-39-cppakuinHoi 3D koHdopmHoi [T, HesBaxatoum
Ha [Jo[aTKoBi BUTpPATU Ha MraHyBaHHA Ta TEXHOMOTiYHI
BUTpaTK i BUMoru, noe’s3ani 3 IMRT. Kpim Toro, nomipHe
rinodppakuioHyBaHHa npuBeno Ao 30inbweHHa Ha 10%
KINbKOCTI XBOpMX, sIKi MOrmu OyTu MponikoBaHi 3aBOsaku
30iMblUEHHIO  MPOMYCKHOI  3aaTHocTi  anapata  [23].
3a gaHMMn KUTanCbKUX OOCNIAHUKIB, rinodpakLiiie onpo-
MiHEHHS acouitoeTbes i3 11% piBHEM 3HWXKEHHS BUTpaT
npu ag'toBaHTHIM T nicna macTekomii 3 mpuBoay paky
rpyaHoi 3anosu [32]. 3a gaHMMu iHLWIOro aHanisy, Heoan'to-
BaHTHa 10-dpakuinHa MT y XBOopMX Ha pak cTpasBoxoay
NpUBOOUTL A0 3HWKEHHA BUTpaT Ha 41% Yy MNOPIBHSAHHI
i3 20-cppakuinHnm pexxumom MNT [31].

Cnig 3a3HaunTK, WO MOXNMBICTb MO3UTUBHO BNNMBATU
Ha EKOHOMIYHY eEeKTUBHICTbL INiKyBaHHA € BaXNMBO
He TiNbKn Ans yciei cucTemMmn OXOPOHM 3[0POB’SA, ane i B
KOHTEKCTi (piHAHCOBOI OOTSKNMBOCTI ANsl  KOHKPETHOro
XBOpPOro Ta MOro poavHu. 3a OaHUMKM HeLo[aBHO Mpo-
BeOeHNX [ocnigkeHb, Oinblua KinbKiCTb  Hirepiicbkmnx
XBOpMX Ha paK LUMWAKM MaTKM Ta rpygHoi 3anosu (68%)
noMipHo abo 3Ha4yHO BTpPaTMNU [OXiO Yepe3 HeMOXu-
BiCTb npautoBaTu, MNpU4YOMYy TPETMHA 3 HMX MOBigo-
MWW, WO YNeHW TXHiIX CiMerl TakoX 3asHanu BTpar
y poxopax (32%). 3 ornsgy Ha Ui diHaHcoBi npobnemw,
23% Hirepiicbknx xBopux 3 Li€i koroptu 6panu KpeauTw,
abu MOKpUTM BUTPATU Ha MeauyHy OOMOMOry Ta LLIOAEHHI
notpebn [33]. [lomibHi npobrnemMn nNPOAEMOHCTPOBAHO
cepef, apreHTMHCbKUX XBOPUX Ha pak LUMAKM MaTKu i3
TakKMMW HEraTMBHUMK couianbHUMK Hacnigkamu, siK CKo-
podeHHs poboyoro vacy (45%), yacTiwi nepepsu B pobo-
Ti (25%), BTpaTta cimernHoro goxody (39%), 3MEHLUEHHS
KINbKOCTI i, AKy cnoxusae ixHa cim’'s (37%), 3aTpumka B
onnarti OCHOBHUX MOCIYT, Takux sik enekTpoeHepris (43%),
npogax MarHa abo BUKOPWUCTAHHA 3aollapkeHb AOns
nokpuTTs 6GasoBux notpeb (38%), a Takokx nepeboi
y HaByaHHi aiten (28%). [lNosigomnseTbes, WO XBOpi,
SKi BTpatunu goxig ciM’i B pesynbraTi MikyBaHHSA paky
3 MEHLUOK MMOBIPHICTIO goTpumyBanuca rpadika IMT, wo
TaKOX BKa3ye Ha B3aEMO3B'A30K MiX coLjiarnbHO-eKOHOMIY-
HUMMK dhakTopamMm Ta OHKOMOriYHMMK pesynbratamm [20].

PoAb rinodppakLioHyBaHHs

B CYYdACHIi paaiaLiiHiiA oHKoAorii

HesBaxatounm Ha nepearn, noe’A3aHi 3 rinodppakuin-
Hoto [T, piBeHb BNpOBagpKeHHS rinodpakuiiHOro fikyBaHHs
B pi3HMX KpaiHax Ayxe Biapi3HaeTbcAa. HelwogaBHo 6yno
onybnikoBaHO 3BiT E€BPOMNENCHKOro TOBapucTBa pagio-
Tepanii Ta oHkonorii «inogpakuiHa npoMeHeBa Tepanis
B peanbHux ymoBax: MixHapogHe gocnimkeHHs ESTRO-
GIRO» pesynbratiB onutyBaHHA 2316 papiauiiHux OHKO-
noris 3 ycboro cBiTy, nposefeHoro y 2018-2019 pokax [13].

fractions) for the treatment of prostate cancer patients
saved €1,141 compared to the course of 35-39 fraction
3D conformal RT, despite additional planning and techno-
logical costs and requirements associated with IMRT.
In particular, moderate hypofractionation led to a 10%
increase in the number of patients who could be treated
as a result of increased capacity of the device [23].
According to Chinese researchers, hypofractionated radia-
tion is associated with an 11% cost reduction in adjuvant
RT after mastectomy for breast cancer [32]. According
to another analysis, neoadjuvant 10-fraction RT in patients
with esophageal cancer leads to a 41% reduction in costs
compared with 20-fraction RT regimen [31].

It should be noted that an ability to positively influence
the economic efficiency of treatment is important not only
for the entire health care system, but also in the context
of financial burden for a particular patient and his family.
According to recent studies, a higher number of Nigerian
cervical and breast cancer patients (68%) experienced
moderate or significant loss of income due to inability
to work, with a third of them reporting that their family
members also experienced income loss (32%).
Given these financial challenges, 23% of Nigerian patients
in this cohort took out loans to cover medical expenses
and daily needs [33]. Similar problems have been
demonstrated among Argentinian patients with cervical
cancer with negative social consequences such as
reduced working hours (45%), more frequent breaks
from work (25%), loss of family income (39%), a decrease
in the amount of food consumed by their family (37%),
delayed payment for basic services such as electri-
city (43%), selling property or using savings to cover
basic needs (38%), as well as interruptions in children’s
education (28%). Patients who lost family income as
a result of cancer treatment were reported to be less
likely to comply with the RT schedule, further indicating
a relationship between socioeconomic factors and
cancer outcomes [20].

The role of hypofractionation

in modern radiation oncology
Despite the advantages associated with hypofrac-
tionated RT, the level of implementation of hypofractio-
nated treatment varies greatly from country to country.
Recently, the European Society for Radiotherapy and
Oncology published a report «Hypofractionated radio-
therapy in the real-world setting: An international ESTRO-
GIRO survey» of the results of a study of 2,316 radi-
ation oncologists from around the world conducted in
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3a pesynbratamMy ONUTYBaHHSA OLIHEHO piBEHb 3acToCy-
BaHHA riNOMpPakuiMHOro OMNPOMIHEHHA ANSA  NiKyBaHHA
XBOPUX i3 MeTacTasamu y KiCTKax, pakom rpyaHoi 3anosu,
pakom MnepeamixypoBOi 3ano3n Ta pakOM LUMWKW MaTKM.
BuasneHo, wwo, xoya rinodpakuiiHMiM nigxiga WMpoKo
3aCTOCOBYETbLCA ANA NaniaTUBHOrO OMNPOMIHEHHS, BUKO-
pUCTaHHA  rinodpakuioHyBaHHA  ana  AediHiTuBHOroO
NiKyBaHHA Mae€ 3HayHi perioHanbHi BigMiHHOCTI. Hanpwuk-
nap, rinodppakuinHa MT xBopux Ha pak nepeamixypoBoi
3ano3n  HWU3LKOIO PU3UKY YacTille BUKOPUCTOBYETHCS
B lMiBHIYHIN Amepuui (94%) nopiBHaHO 3 €Bpomnoto (67%),
NatuHcbkoto Amepukoto (44%), A3iicbKo-TUXOOKeaHCLKUM
perioHom (42%), Bnusbkum Cxopgom (31%) Ta Adpu-
koto (19%). Ona xBopux Ha pak nepeamixypoBoi 3anosmu
CepefHbOro Ta BWCOKOrO PU3WKY, pak rpygHOI 3anosun
3 HeraTMBHUMK NiMcpoBy3namn nicnsa namnekTomii, aHano-
riyHi TeHpeHuii 3bepiranucb. 3a AaHUMMKM LbOro OMUTY-
BaHHS OCHOBHUMMW MepeLukogaMu OO 3aCTOCYyBaHHSA rimno-
(paKLUifiHOrO OMNPOMIHEHHSI BM3HAHO OOMEXEeHM [OoCTyn
[0 Cy4yaCHUX BUCOKOTEXHOMOrYHUX anaparis, BiACYTHICTb
[aHuxX LWoAo pe3ynbraTiB  JOBroOTpMBAaroro crocrtepe-
XKEHHS!, 3aHEMNOKOEHHA LWoAO0 €dEKTUBHOCTI NOKanbHOro
KOHTPOIMIO Ta TOKCWMYHOCTI. ABTOPM BBaXalTb, WO ANA
Oinbll edEeKTUBHOINO BUKOPUCTaHHA CXeM paKLioHy-
BaHHS NPOMEHEBOro niKyBaHHA HeoOXxigHi 6inblw Uine-
CrpsIMOBaHi CUCTEMHI Ta perioHanbHi 3ycunns, Aki nonin-
WwytoTb 06i3HaHICTb haxiBuiB LLOAO0 HayKoBO OOrpyHTOBa-
HUX CXeM (pakUioHyBaHHA Ta CApUSTb ONTUMI3auii
npouecy MPUUHATTA KNiHIYHWMX pilleHb B pagiauinHin
oHKonorii. 3asHa4yaeTbCs, WO BNPOBAaMXKEHHSA rinodpak-
LioHyBaHHA Ha rrnobansHOMY piBHi € BaXKNIMBUM KPOKOM
B Bik po3LWMPEHHSA JOCTYNY 40 OHKOSOTYHOTO MiKyBaHHS.

HewopaBHs nyGnikauyis Cher B. Ta cniBaBT. npeg-
ctaBnsge cobow o0cobnuMBuiA iHTEpPEC 3 TOYKM 30pYy
OeMOHCTpaUil TeHaeHuii Wwoao BNpoBamXKeHHs rinodpak-
LiHUX PEeXUMIB ONMPOMIHEHHS B paMKax OfHI€l akagemiy-
Hol yctaHoBu 3a nepiog 2010-2020 poku [34]. Baxnueo
3a3Ha4MTh, WO Uen aHania € uikaBuM He nuwe 4epes
oTpuMaHi pesynsratu y poaspisi rinodpakuinHol MT, a n €
BAANMM NPUKNaAoOM METOLONOri NPOBEAEHHST MNOAIGHMX
JocnigkeHb, KX Bkpan Opakye cborogHi. BignosigHo,
ue [OOCMiMKEeHHS MOXHa BBaXaTu MOZEMNMo AN Toro,
SK iHWi MeaudHi yctaHoBM Mormu 6 ouiHMTM BRacHy
NPaKTUKy LOAO BM3HAYEHHS MEeBHUX TEHAEHLIN, 30Kpema,
aganTauii pexxumis rinodgppakuinHoi MT.

ABTOpPU [EMOHCTPYIOTb AUHAMIKy 3MiH Yy dpakuioHy-
BaHHi 3acTtocoBaHux pexumiBa [T B YyHiBepCUTETCbKIN
KniHidi M. Miuvran (CLUA) 3a 22865 kypciB onpoMiHEHHS
i3 3aranbHOO KinbkicTio 375446 dpakuin, ons 4 kareropin
XBOPMX: BCiX BWMNAaAKiB OHKOMOMYHMX 3aXBOPIOBaHb, LLIO
OMNPOMIHIOBaNNCh; OKPEMO AN paKy rpyaHOi 3anosu; paky
nepegmixypoBoi 3aro3un i MeTacTtasiB paky B KiCTKW.

CepenHs KinbKicTb (opakLiii 3a Kypc ONPOMIHEHHS ANs
BCiX BMAiB oHkonatonorii 3Hmn3unace i3 17,5 B 2010 poui
o 13,6 B 2020 poui. BiamiyeHo 3pocTaHHs BnpoBag-
XEHHA rinodpaKkuinHNX PexuMiB ONPOMIHEHHSI Y XBOPMUX
Ha BCi BMAM paky, NpUYOMy LS TeHAeHUis HanbinbL
CUIMbHO MPOsIBMIAach ANA XBOPUX Ha pak rpyaHoi 3anosun
Ta nepegMixypoBoi 3anosu. Lo cTocyeTbCss XBOPUX
i3 MeTacTtasamMm B KiCTKM, TO rinodpakuioHyBaHHA B
OCHOBHOMY Oyrno BNpOBapKEHO Lle A0 noyaTtky nepiogy
pocnigxeHHs. LlikaBumn BusiBUNUCA daHi LbOro aHamnisy
woao noTeHuiiHoro BnnvBy naHgemii COVID-19 Ha
TeHAeHLUito 00 Binbll IHTEHCUBHOIO 3anyyYeHHs y KNiHIYHY
NPakTUKy rinodpakuinHNX pexmMiB onpoMiHEHHS. Buasu-
nocs, wWo Ana OinblWOCTi 3axBopltoBaHb Nepexig Ha
rinodpakuiiHe npomeHeBe JikyBaHHA BigOyBcsA LWe [0

2018-2019 [13]. Based on the results of the survey,
the level of use of hypofractionated radiation for the
treatment of patients with bone metastases, breast cancer,
prostate cancer, and cervical cancer was evaluated.
It was found that although the hypofractionation approach
is widely used for palliative radiation, the use of hypo-
fractionation for definitive treatment has significant local
differences. For example, hypofractionated RT in patients
with low-risk prostate cancer is more commonly used
in North America (94%) compared to Europe (67%),
Latin America (44%), Asia Pacific (42%), Middle East (31%),
and Africa (19%). For patients with medium- and high-risk
prostate cancer, breast cancer with negative lymph nodes
after lumpectomy, similar tendencies remained. According
to the data of this survey, the main obstacles to the use
of hypofractionated irradiation are recognized as limited
access to modern high-tech devices, lack of data on the
results of long-term follow-up, concerns about effective-
ness of local control and toxicity. The authors believe
that more targeted systemic and regional efforts are
necessary for more effective use of radiation treatment
fractionation schemes. They increase professional skills
of the specialists in scientifically based fractionation
schemes and contribute to the optimization of the clinical
decision-making process in radiation oncology. It is empha-
sized that the introduction of hypofractionation at the
global level is an important step towards improving access
to cancer treatment.

A recent publication by Cher B. et al. is of particular
interest from the point of view of demonstrating the
trend of implementation of hypofractionated radiation
regimens within one academic facility for the period
2010-2020 [34]. It is important to note that this analysis
is interesting not only from the point of view of the obtained
results in hypofractionated RT, but also is a good
example of the methodology of conducting similar studies,
which are extremely limited today. Therefore, this study
can be considered a model for other medical facilities
to evaluate their own practice in terms of identifying
certain trends, in particular, the adaptation of hypofrac-
tionated RT regimens.

The authors demonstrate the dynamics of changes in
the fractionation of RT regimens applied in the University
Clinic of Michigan (USA) for 22,865 radiation courses
with a total number of 375,446 fractions, for 4 categories
of patients: all cases of cancer being irradiated; separately
for breast cancer; prostate cancer and bone metastases.

The average number of fractions per radiation course
for all types of oncopathology decreased from 17.5in 2010
to 13.6 in 2020. An increase in the implementation of
hypofractionated radiation regimens in patients with all
types of cancer was found, and this trend was most
pronounced for patients with breast and prostate cancer.
As for patients with bone metastases, hypofractionation
was mainly implemented before the beginning of the study
period. The data of this analysis regarding the potential
impact of the COVID-19 pandemic on the trend of more
intensive involvement in clinical practice of hypofrac-
tionated radiation regimens turned out to be interesting.
It was found that for most diseases, transition to hypo-
fractionated radiation treatment took place even before
the beginning of the COVID-19 pandemic. Bone meta-
stases were the only pathology where an increase in the
use of hypofractionated RT caused by the COVID-19
pandemic cannot be excluded. At the same time, in the
professional community, the opinion regarding an increa-
sing impact of the COVID-19 pandemic on the implemen-
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novatky naHgemii COVID-19. MertacTta3u y kictkn Oynu
€AVHOI0 NaTororielo, A€ HE MOXHA BUKITHOYUTU 3POCTaHHS
3acTocyBaHHA rinodpakuivHoi T, cnpuynHeHe naHae-
mieto COVID-19. BopgHoyac, y ¢axoBoMy cepenoBuLLi
OyMKa npo nocuneHHs Tucky naHgemii COVID-19 Ha
BMNPOBaKEHHSA TiNnodpakuioHyBaHHS OTpuMarna LUMPOKY
nigTpumky [8, 35-40]. BpaxoBylouu, WO 3a oOUiHKaMu
MATFATE noHag 50% xBopux y KpaiHax 3 HU3bKUMMU
Ta cepegHiMM 4OX0A4aMM MakoTb HU3bKI LLAHCKM Ha AOCTyN
no csoeyvacHoi MT [41], o4eBUOHMM € CyTTEBE MOCUMEHHSA
uiel npobnemun BHacnigok nangemii COVID-19.

Taknum YMHOM, CbOrofHi iCHyE YiTKe pOo3yMiHHA AOUiNb-
HOCTi Ginbll LUMPOKOrO BMPOBAMXKEHHSA TinodpakuinHnx
peXuMiB ONPOMIHEHHA B pafiauirHii OHKOMOrii, OCKINbKM
Take nikyBaHHs MOB'Ai3aHe i3 UinuUM psigoM  akTopis,
AKi MO3NTMBHO BMMMBAKTb Ha MEBHI MeauKo-couianbHi
acrnekTu, AKi NPoSABNSATLCA Ha rnmobanbHOMY piBHi.

B ocTtaHHi poku pesynbTaty AocnifkeHb cBigvaTb
npo 3Ha4YHW Mporpec y 3acTOCyBaHHi rinogpakuinHoro
nigxoay, L0 NpMBOAUTbL A0 CKOPOYEHHS 3aranbHoi TpuBa-
NocTi  NiKyBaHHA, NigBULLEHHA KomdopTy XxBopux 6e3
noripweHHsa pesynbTaTiB iX NiKyBaHHA, a TakoX onTuMmisa-
LiT HaBaHTaXXeHHs Ha BiAAiNeHHsA pajiauinHol OHKOOriT.

[oci iCHylOTb 3aHEMOKOEHHS LWoAO0 CniBBigHOLIEHHS
edeKTUBHOCTI Ta NobivyHuX edekTiB rinodpakLuioHyBaHHS,
a 3 ornsgy Ha Te, wWo GaraTto ekcnepTiB 3anuviiakTbes
CKEMTUYHO HamnawTOBaHUMW, [OCATHEHHS KOHCEHCYCy
notpebye noaanbLUNX 3yCuIb.

Cnig 3asHaunTy, WO YMCIEHHI pPaHOOMI30BaHi KhiHiYHi
JOCnifKeHHs Ta MeTa-aHanisau MopiBHIOBaNM  KniHiYHi
pesynbTati KoHBeHuioHanebHo! IMT Ta rinodpakuinHoi MT
y XBOPWX i3 Hanbinbw nowwmpeHuMn dopMammn paky
[42—48]. Hanbinbw nomiTHOro mporpecy B rinodpakuin-
HOMY OMPOMIHEHHI AOCArHYTO Ha CbOroAHi AN XBOPUWX
Ha pak rpyaHol 3anosun, pak nepegMixypoBoi 3anosu Ta
pak nereHiB, siki € HaWbinbw nownpeHnMn dopmamm
paky i, BignoBigHo, Hanyactiwe notpebytote MT [4, 49].
HewopaBHo ony6nikoBaHi pekoMeHAaLii npodecinHmX
CMiBTOBAPUCTB AEMOHCTPYHOTb HEODOXIAHUI piBEHb O0Ka30-
BOCTi Ansi OOrpyHTYBaHHs [OOUINMbHOCTI 3acTOCyBaHHS
rinopakuUinHUX PeXxumis B NPOMEHEBOMY IliKyBaHHi XBO-
pUX Ha pak nepeamixypoBoi 3amno3u, pak rpyaHoi 3anosm
Ta HepgpibHokniTMHHKMIA pak nereHiB: «Clinically Localized
Prostate Cancer: AUA/ASTRO Guideline» (2022) [50],
«Evidence-based guidelines for hypofractionated radia-
tion in breast cancer: conclusions of the Catalan expert
working group» [51], «GOECP/SEOR radiotheraphy
guidelines for non-small-cell lung cancer» [52].

BnAaue nanaemii COVID-19

HA BMPOBAAXEHHSA

rinodopakLLiHOi NpomeHeBoi Tepanii

Manpgemia COVID-19 ctana ogHuM i3 HanbinbLww Baro-
MUX OpariBepiB BNPOBaMKEHHS rinodpakuinHoro nigxoay
B pafiauinHin oHkonorii, 3 ornsgy Ha nepesarn Takoro
NiKyBaHHA B CKOPOYEHHi TEPMIiHIB MiKyBaHHS, 3MEHLUEHHI
HaBaHTa)XXEHHs1 Ha YCTaTKyBaHHSA i MepcoHan MeanyHuUX
3aKnagiB Ta MiHimisauii enigemionoriyHnx puaukise [53, 54].

Y cuctemHomy ornagi Piras A. Ta cniBaBt. (2022)
npoaHaniaoBaHo 3MiHW KMiHIYHUX MigXO4iB Woao npome-
HEeBOro niKyBaHHS, O Bigbynuncst NpoTsrom 2 pokiB nicns
novatky naHgemii COVID-19 [55]. Y 6a3ax gaHux PubMed,
Medline Ta Embase 3 BUKOPUCTaHHAM MOLLUYKOBUX TEpMi-
HiB «COVID and Radiotherapy» i3 2733 ny6nikauin 6yno
BigidpaHo 281 crarTio. B pesynbraTti LUboro maclutabHoro
nowyky 6ynu 3pobreHi BUCHOBKM, LLO KMiHiYHI nepesaru,
noB’si3aHi 3 rinogpaKkUiitHUMN peXnMaMmn ONpPOMIHEHHS,

tation of hypofractionation received wide support [8,
35-40]. Considering that, according to IAEA estimates,
more than 50% of patients in low- and middle-income
countries have low chances of having access to timely
RT [41], it is obvious that this problem has significantly
increased due to the COVID-19 pandemic.

Hence, today there is a clear understanding of the
feasibility of a wider implementation of hypofractionated
radiation regimens in radiation oncology, since such
treatment is associated with a number of factors that
positively affect certain medical and social aspects that
are manifested at the global level. In recent years, research
results indicate significant progress in the use of the
hypofractionated approach, which leads to reduction of
the overall duration of treatment, an increase in the comfort
of patients without compromising treatment outcomes,
as well as optimization of the workload on the radiation
oncology departments. There are still concerns about
the efficacy and side effects of hypofractionation, and
since many experts remain skeptical, further efforts are
required to reach a consensus. It should be noted that
numerous randomized clinical trials and meta-analyses
compared the clinical results of conventional RT and
hypofractionated RT in patients with the most common
forms of cancer [42—48]. The most significant progress
in hypofractionated irradiation has been achieved today
for the patients with breast cancer, prostate cancer and
lung cancer, which are the most common forms of cancer
and, accordingly, most often require RT («Erratum:
Global Cancer Statistics 2018: GLOBOCAN Estimates
of Incidence and [4, 49]. Recently published guidelines
from professional associations demonstrate the necessary
level of evidence to prove the feasibility of using hypo-
fractionated regimens in radiation treatment of patients
with prostate cancer, breast cancer, and non-small cell
lung cancer: «Clinically Localized Prostate Cancer:
AUA/ASTRO Guideline» (2022) [50], «Evidence-based
guidelines for hypofractionated radiation in breast cancer:
conclusions of the Catalan expert working group» [51],
«GOECP/SEOR radiotherapy guidelines for non-small-
cell lung cancer» [52].

Impact of the COVID-19 pandemic

on the implementation

of hypofractionated radiation therapy
The COVID-19 pandemic has become one of the
most significant drivers for the implementation of the
hypofractionated approach in radiation oncology, given
the advantages of such treatment in shortening the
duration of treatment, reducing the load on the equipment
and staff of medical centers, and minimizing epidemio-
logical risks [53, 54]. In a systematic review, Piras, A.
et al. (2022) analyzed changes in clinical approaches
to radiotherapy that occurred within 2 years after the
onset of the COVID-19 pandemic [55]. The 281 articles
were selected from 2,733 publications in PubMed,
Medline, and Embase databases using search keywords
«COVID and Radiotherapy». As a result of this extensive
search, it was concluded that the clinical advantages
associated with hypofractionated radiation regimens
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[O3BONWUMM MPOMEHEBOMY JliKyBaHHIO Bifirpatv Kro4oBy
ponb npu naHaemii COVID-19, ockinbkn Len BUA OHKOJO-
riYHOro NiKyBaHHSA BMABMBCA BinbLU CTIKUM, HiX XipypriyHe
BTPYYaHHSA Ta XximioTepanis. ABTOpM BBaxatoTb, LWO FiMo-
dpakuiiHa npoMeHeBa Tepania Ta TenemeguumHa 6yayTb
OCHOBHMMM CTpaTeriaMu i B nocTnaHgemMiyHun nepiog.

B ony6nikoBaHomy B 2023 poui cucteMHOMy ornsfi
Muka T. Ta cniBaBT., po3rnsiHyTo BnnvBe naHaemii COVID-19
Ha MpodiNakTUKy OHKOMOrYHMX 3aXBOPIOBaHb, MEHEMX-
MEHT B OHKOIOrYHIN rany3i Ta noTpebu OHKOMOriYyHMX
xBopux [56]. Baxnueo 3a3HaunTu, WO KONEKTUB aBTopiB
€ iHTepHauioHanbHMM, OO0 CKragy SKoro BXoAsTb dhaxisLi
i3 CWA, Weenuapii, MOHKOHry, B TOMy uucni npeacras-
nswoTb  yHiBepcuteT CreHdopga. 3a gaHumMu  Uboro
aHanisy CcnocTepiraeTbCs 3Ha4yHUW, ane HeOLHOPIAHWNA,
BnnuB naHgemii COVID-19 Ha OHKOMOriyHy [OMnoMory.
Bci npoaHanizoBaHi B omsAgi nybnikauii nocnigoBHO
NOBIJOMIANWY NPO 3MiHW B MiKyBaHHi, NpU4oMy HawnbinbLue
3MiHW  CTOCYyBanuCb 3MEHLUEHHS MMaHiB  MiKyBaHHS
OHKOJOMYHNX XBOPWX, WO crnocTepiranocs B 65% meany-
HUX LeHTpiB 3a aaHumu Di Cosimo S. Ta cnieaBr., 2022 [57].
PekomeHgauii wopgo Oinbll  LWMPOKOrO  BUKOPWUCTAHHSA
HexipypriyHoro nikyBaHHa 3aMmiCTb XipypriyHoro Oynu
OCHOBHMMM 3aranbHMMK 3MiHaMW, SiKi cTocyBanucb Krii-
HiYHMX pekomeHaauin [56]. Cnig nigkpecnutu, WO BUKNa-
JeHi aBTopaMu 3arasnbHi KniHiYHI NONOXEHHA nepLl 3a Bce
NMOBHOBAaXHi LWOAO eKcTpanonsauii came Ha rinopakuinHy
npomeHeBy Tepanito. Lle nigTBepoxyeTbcs AaHWMKM ornsay
LOoAOo CYTTEBOrO 3MillleHHs1 B Oik rinodpakuinHmx nigxo-
0iB Yy pajiauinHiin  OHKONOrii, CNPUYMHEHOrO MNaHAEMIED
COVID-19. 3asHayaeTbCs, WO MOPIBHSAHO i3 4acom, Lo
nepegyBas NaHAeMil, pekoMeHaaLii Wwoao rinogpakuinHoro
NPOMEHEBOro IiKyBaHHSA PYHTYIOTLCA Ha HWXYOMY pPiBHI
[OKa30BOCTi | YacToO MPEe3eHTYI0Tb eKcrnepTHy AyMKy [53].
OTxe, ManbyTHi BMCOKOSIKICHI [OCNIMpKEHHA 3 Oinblunm
NonNynAUiMHUM  OXOMJSIEHHAM Ta HaNeXHUM [U3anHOM,
€ HaranbHOK0 HeOoOXIQHICTIO Y Ui ranyai.

FinodppakLLioHYBAHHS B HEMPOOHKOAOTIT

b (rmioma 4 cTyneHa 3nosikicHocti 3a BOOS3)
€ HamnbinbLl arpecyBHOK MNEPBMHHOIO MYyXJIMHOK TOMoB-
HOro MO3Ky cepef [AOPOCIIOro HacemneHHs, SKii nputa-
MaHHMN BKpan MECUMICTUYHMIA MPOrHO3 i3 MepjiaHow
3B 12-18 micauis [58].

3axBoptoBaHicTb Ha 'b € HM3bKOK NMOPIBHSAHO 3 iHWMMK
OHKOJSOrMNYHUMM  3aXBOpPIOBaHHAMKU [59], TakuMu §K pak
nereHis, rpyaHol 3anosun, nepeamixypoBoi 3ano3n Ta
TOBCTOI KWLIKW, ane BOHa MepeBepllye Ui iHWi Tunu
NyXIWH 32 NOKa3HWKOM «CepefHiX BTpa4YeHNX POKIB XKUTTA»
(20,1 p. npotn 6,1 p. ANs paky nepeamixypoBoi 3anosun
i 11,8 p. Ansa paky nerexis) [60].

3a ouiHkamu Miller K. Ta cniBaBT. (2021) 3a ocTaHHi
4 pecatunitta gns xeopux i3 B gocarHeHHs y npodoi-
NakTuui, paHHbOMY BUSIBMEHHI Ta MiKyBaHHI € HANMEHLLUNMMU
cepeq YCiX 3MOSKICHUX MYXNWH rOfoBHOro Mo3ky [61].
Y TOW yac, Sk M'ATUpiYHa BMXKMBAHICTb AN BCIX 3MOSIKICHMX
rNiOM rosIOBHOIO MO3KYy pa3oM 3pocna 3 1975 no 1977 pik
i 32009 no 2015 pik 3 23% [o 36% (3 OiNbLMM 3pOCTaHHAM
cepen, MOnoALnX BIiKOBUX TPyM), MATUPIYHA BMXKUBAHICTb
onsa b 3pocna nuwe 3 4% 0o 7% 3a Ton xe nepiog.

Otxe, I'b 3anuwaeTbCs rocTpolo NPobnemord B OHKO-
norii, Npu UbOMY MNPOrHO3 AfS LMX XBOPUX 3MiHMBCSA
HEeCyTTEBO NPOTAroM ocTaHHix 50 pokis [62, 63].

lMpomeHeBe niKyBaHHA € HEBIQ'EMHOK CKMagoBO
MynbTMMOZanbHOI Tepanii xBopux Ha b, ake wWWMpoKo
NpoaeMOHCTPpyBano edekTuBHicTb. Cnig 3asHauvTH, LWo

allowed radiation therapy to play a key role during
the COVID-19 pandemic, as this type of cancer
treatment proved to be more stable than surgery and
chemotherapy. The authors believe that hypofractionated
radiation therapy and telemedicine will be the main
strategies in the post-pandemic period as well.

A systematic review published in 2023 by Muka T. et al.
analyzed the impact of the COVID-19 pandemic on
cancer prevention, management in oncology, and needs
of cancer patients [56]. It is important to note that the
group of authors is international, including specialists
from the USA, Switzerland, Hong Kong, and representing
Stanford University. According to this analysis, there is
a significant but heterogeneous impact of the COVID-19
pandemic on cancer care. All of the publications analyzed
in the review consistently reported changes in treatment,
with the major change related to reduction in treatment
plans for cancer patients, which was observed in 65% of
medical centers according to Di Cosimo S. et al., 2022 [57].
Recommendations for extended use of non-surgical
treatment rather than surgical treatment were the main
overall changes related to clinical guidelines [56]. It should
be emphasized that general clinical provisions presented
by the authors are primarily authoritative for extrapolation
to hypofractionated radiation therapy. This is supported
by the review data on the significant shift toward hypo-
fractionated approaches in radiation oncology caused
by the COVID-19 pandemic. However, it is stated that
compared to the time before the pandemic, recommen-
dations for hypofractionated radiation therapy are based
on a lower level of evidence and often represent expert
opinion [53]. Therefore, further high-quality studies
with larger population coverage and appropriate designs
are urgently required in this field.

Hypofractionation in neuro-oncology

GB (grade 4 glioma according to WHO) is the most
aggressive primary brain tumor in the adult population,
and is characterized by an extremely pessimistic prog-
nosis with a median OS of 12—18 months [58].

The incidence of GB is relatively low compared to
other oncological diseases [59], such as lung, breast,
prostate, and colon cancer, but it exceeds these other
tumor types in terms of «average years of life lost»
(20, 1 years versus 6.1 years for prostate cancer and
11.8 years for lung cancer) [60].

According to Miller K. et al. over the past 4 decades,
advances in prevention, early detection, and treatment
for patients with GB have been the least among all malig-
nant brain tumors [61]. Whereas the five-year survival
rate for all malignant brain gliomas combined increased
from 1975 to 1977 and from 2009 to 2015 from 23%
to 36% (with a greater increase in younger age groups),
the five-year survival rate for GB increased only from 4%
to 7% over the same period. Therefore, GB remains
a serious problem in oncology, while the prognosis for
these patients has changed slightly over the past 50 years
[62, 63]. Radiation therapy is an integral component
of multimodal therapy for GB patients, which has success-
fully demonstrated its efficacy. It should be noted that
until the late 1960s, there were no prospective randomi-
zed ftrials available focusing on postoperative treatment
of malignant gliomas [64].
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00 KiHuA 1960-x pokiB He Byno JOCTYMHUX NPOCNEKTUBHUX
paHAOMI30BaHMX [JOCriaXeHb, ski 6 OynuM npucBsiYeHi
nicnsonepauinHoMy MikyBaHHIO 3NOSAKICHUX rniom [64].

Y 1966 poui pyna 3 BMBYEHHSA MyXMH TOMOBHOMO
mo3ky (the Brain Tumor Study Group (BTSG)) iHiuitoBana
KNiHiYHe [OCRigXEeHHs, B AKOMY MiTpamiuMH cTaB nep-
WM npenapaTtoM, LO OUiHIOBaBCA B NiKyBaHHI aHa-
NAacTUYHOI rMiOMU B XOA4I MYMbTULEHTPOBOrO KMiHIYHOMO
pocnigxeHHs [65].

Pesynbtat UbOro OOCrigXXeHHS He Mnokasanu nokpa-
LLIEHHS BUKUMBAHOCTI XBOPUX, SIKi OTPMMYyBanu MiTpamiLmH,
ane BaXNMMBMM BUCHOBKOM LIbOrO JOCHIIKEHHSA cTano Te,
o XxBOpi, Aki oTpumyBanu nicnsonepauivHy [T, manu
OOBLUY BWXWMBAHICTb, HXX Ti, XTO 1i He OoTpuMMyBaB. Xouya
JOCNiKEHHA He Mano Ha MeTi OUIHUTU eEeKTUBHICTb
aptoBaHTHOi [T, 1oro pesynstatv ganu MnowToBX [0
noganblIoro Bu3HaveHHs BnnvBy [T Ha BMXMBaHICTb
XBOPUX i3 3MOSIKICHUMM TnioMaMu, sike Ha Tol 4ac Oyno
He3po3yMinum [64].

BignosigHo, y 1969 poui BTSG iHiuitoBana 3HakoBe
KniHiyHe pocnimkeHHa BTSG 69-01, B ske Bxoguno
303 xBopuXx i3 3n0sKiCHUMK rriomamu [66]. Lle KoHTponbo-
BaHe, MNPOCMEKTUBHE, paHOOMI30BaHe  OOCIiAXEHHS
ouiHoBano 3actocyBaHHs  1,3-6ic(2-xnopetun)-1-HiTpo-
cevoBuHn (BCNU) Tta/abo MT y nikyBaHHi XBOpUX, SiKi
6ynn npoonepoBaHi Ta Manu ricTornoriyHe MiaATBEPAXKEHHS
aHannacTM4HOI rmiomn | Gynn posnogineHi Ha 4oTupu
BMMNaZKoBi rpynu, ski oTpumyBanu kapmyctuH (BCNU)
Ta/abo [T, abo Hankpawe nigTPUMyO4e IiKyBaHHS
6e3 ximiotepanii un MT. KoxHa 3 ABOX rpym, siki oTpumy-
Banu [T, mMana Kpawi NOKasHWKW BWKMBAHHSA MOPIBHAHO
3 rpynamun 6e3 MNT. MegiaHa 3B xBopux cTaHoBuna Ans
niagTpumyroyoro nikysaHHa 14 TuxHiB; BCNU — 18,5 TwxkHSs;
MT — 35 TmxknHiB; BCNU B noegHanHi 3 MNT — 34,5 TukHS.
Cnig 3asHauntv, wo [T npoBoamMnacs 3a AOMNOMOrOH
OMNPOMIHEHHSA BCbOTO MO3Ky i3 3aranbHOl [030K Bif
5000 go 6000 pag meTtogom 3yCTpiyHWX nonis; B JOCniA-
XKEHHi 3a3Ha4YaeTbCA NPUNHATHUI piBEHb TOKCUYHOCTI [MT.

OTXe, BULlEBKa3aHi paHOOMi30BaHi KniHiYHI gocnig-
XKEHHS 3anovaTkyBanu nigrpyHTs [OOKa3oBOCTi  LWOAO
BU3Ha4YeHHa pouinebHocTi [T B nikyBaHHI HEMPOOHKOO-
riYHMX XBOPUX. Y noganbLUOMy KifbKiCTb KMiHIYHUX gocnia-
XeHb, sKi npogeMoHcTpyBann edyekTmBHicTb [T npwu
3M0SKICHUX rniomax, cTpimko 3pocna [67-70].

Came pocnimkeHHa Walker M. Ta cniBaBT., ony6niko-
BaHe y 1979 poui, ke npeacraenano cobor peTpocnek-
TMBHWUIA aHani3a XBOpMWX, SKi Oynu 3anyyeHi y NpOTOKOr
pocnigxkeHHss BTSG, npogemMoHCTpyBano B3aEMO3B’S30K
MiXK 30iNbLUEHHAM BWXMBAHOCTI Ta 30inblleHHAM ao3u MT.
3a pesynbratamu LpOro AOCMIOXKEHHA CymMapHa [Josa
60,0 p 6yna BcTaHoBneHa sik ctaHgapT npu MT xBOopuUx
Ha b [68].

Cnig nigkpecnutn, WO CTaHOapTHI [O030Bi pexunmm
ans MT HepOOHKONOriYHMX XBOPUX BynKn KOHLEeNnTyasrbHO
po3pobneHi 3 ypaxyBaHHsSM X 3aCTOCyBaHHA Mpwu
ONPOMIHEHHI BCbOrO rONMoBHOrO MO3Ky. 3 4acom Bigbyscs
3cyB y Oik Ginblwl KOH(OPMHMX i MpeumsinHMX MEeTOAIB
OMPOMIHEHHS, LLO NOB’A3aHO 3 MOAEPHI3aLE TEXHOMOTIN
NMPOMEHEBOr0 MiKyBaHHSA Ta MOKPALUEHHSIM PO3YMiHHSA
GionoriyHoOi noBefiHKM  3MOSKICHMX [NioM i, 30Kpema,
3aKOHOMIpPHOCTEN HeBAad nicna  nikyBaHHA  [71-75].
Tomy BIAMOBIgHI TexHOMNOriYyHOMY nporpecy cnpobu moau-
dikauii cTaHOapTHUX PEeXUMIB OMPOMIHEHHS, AKUMU B
pagiauifHiin  OHKOMOriT KOPUCTYIOTLCA NPUHaNMHI GinbLue,
HbX 4YoTupu pecaTunittd, € obrpyHToBaHumn. Cnig
BpaxoByBaTu, LU0 pe3ynbraT Micnsg 3acToCyBaHHSA [OBro-
TPUBANMX CXEM OMPOMIHEHHSI MOXe OyTu CKOMMPOMETO-

In 1966, the Brain Tumor Study Group (BTSG)
initiated a clinical study in which mithramycin became
the first drug to be evaluated in the treatment of anaplastic
glioma in a multicenter clinical trial [65].

The results of this study did not show improvement
in survival of patients who received mithramycin, but
an important finding of this study was that patients who
received postoperative RT had longer survival than those
who did not. Although the study was not designed to
assess the effectiveness of adjuvant RT, its results
gave rise to further determination of the impact of RT
on survival of patients with malignant gliomas, which was
unclear at the time [64]. Consequently, in 1969 the BTSG
initiated the landmark clinical study BTSG 69-01, which
included 303 patients with malignant gliomas [66].
This controlled, prospective, randomized trial evaluated
the use of 1,3-bis(2-chloroethyl)-1-nitrosourea (BCNU)
and/or RT in the treatment of patients who underwent
surgery, had histologically confirmed anaplastic gliomas
and were randomized into four groups, which received
carmustine (BCNU) and/or RT, or best supportive treat-
ment without chemotherapy or RT. Each of two RT groups
had better survival rates compared to the groups
without RT. The OS median of patients was 14 weeks
for supportive treatment; BCNU - 18.5 weeks; RT —
35 weeks; BCNU combined with RT — 34.5 weeks. It should
be mentioned that RT was performed with the help of
irradiation of the entire brain with a total dose of 5000
to 6000 rads by the method of opposing fields; the study
reported an acceptable level of RT toxicity.

Therefore, the above-mentioned randomized clinical
trials provided the evidence base to determine the
expediency of RT in the treatment of neuro-oncology
patients. Subsequently, the number of clinical studies
that demonstrated the effectiveness of RT in malignant
gliomas increased rapidly [67-70].

It was the study by Walker M. et al., published in 1979,
which provided a retrospective analysis of the patients
enrolled in the BTSG study protocol, and demonstrated
the relationship between increased survival and increased
RT dose. According to the results of this study, a total dose
of 60.0 Gy was established as the standard for RT for
patients with GB [68].

It should be emphasized that the standard dose
regimens for RT of neuro-oncology patients were concep-
tually developed taking into account their administration
during whole brain irradiation. Over time, there has been
a shift towards more conformal and precise irradiation
methods, which is associated with modernization of
radiation treatment technologies and improved know-
ledge of the biological behavior of malignant gliomas and,
in particular, the failure patterns after treatment [71-75].
Therefore, consistent with technological progress, attempts
to modify standard radiation regimens, which have been
used in radiation oncology for at least more than four
decades, are reasonable. It should be taken into account
that the result after the use of long-term radiation schemes
can be compromised by the repopulation of tumor cells
in such tumors as GB, which is characterized by a rapid
rate of repopulation [76].

According to Loeffler J. et al., from 12% to 37.5%
of patients with malignant gliomas may progress clinically
at the end of standard radiation treatment [77]. Modifi-
cation of the dose and fractionation regimen of RT as
a potential option to reduce toxicity and improve disease
control and survival of patients with malignant gliomas
has attracted attention of many researchers who have
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BaHUN penonyrnauied NyXAMHHUX KNITUH  MpU  Taknx
nyxnuHax, gk I'b, ona gkoi npyutamaHHWA WBUOKUA TeMn
penonynsuii [76]. 3a ouiHkoto Loeffler J. Ta cniBaBT,
Bio 12% po 37,5% xBopux i3 3M0sKiCHAMM rniomamm
MOXYTb KIiHIY4HO nporpecyBaTy HaMpUKiHUi cTaHA4apTHOro
npoMmeHeBoro rikysaHHa [77]. Mogudikauia posn Ta
pexumy dpakuioHyBaHHA [T, AK NOTEHUiMHUA BapiaHT
3MEHLUEHHS TOKCMYHOCTI Ta MOKpaLlEHHA KOHTPOMo
3aXBOPIOBAHHSA | BUXKMBAHHSA XBOPUX Ha 3MOSKICHI rniomu,
npueBepHyna yeary 6araTbOx AOCMIAHUKIB, SKi 30cepeaunm
CBOI 3yCUNMSA Ha NOKPALLEHHI NiKyBaHHSA HEMpPOOHKOMNOriy-
HUX xBopux [78-83]. BigToai rinodpakuinHun nigxig
po3rnagaeTbCa AK NPUIHATHA ansTepHaTMBa cTaHaapT-
HOMY NPOMEHEBOMY IliKyBaHHIO Yy XBOPMX Ha 3MOSKiCHI
rnmiomn. CbOrofHi NPoOJOBXYETbCA OUCKYCIS LIOO4O Micus
rinocppakuUioHyBaHHS B HEMPOOHKOMOTIi, L0 YiTKO AEMOHCT-
pylOTb HelloAaBHO onybrnikoBaHi CUCTEMHI ornsgau Ta
meTa-aHanian [84-88]. 3pocTae [ocBig 3acTocyBaHHSA
rinopakuUinHOro OMPOMIHEHHSI Y XBOPWUX Ha 3MOSKICHI
rioMW, NPUYOMY He TifbKM 49K TepaneBTUYHOI onuii
ONs «XBOPWX MOXUIOro Biky Ta/abo 3 noraHMM NPOrHo3oM»
[89-95], ane B Mexax KOrOpT «MOSfoaux i 36epexeHnx
xBopux» [96—99].

CborogHi rinogpakuiiHa MNT gk TepaneBTUYHa moaarb-
HICTb MPY NEBHMX KIiHIYHMX BUNadKax y HEMPOOHKOMOriy-
HMX XBOPWX (XBOpPi MOXMMOro BiKy i/Ta 3 MOraHUm NporHo-
30M) BHeceHa B MpOBIgHI HacTaHOBU NPOdECINHUX
cnistoBapucte CLUA Tta €sponencbkoro Cotosy (NCCN,
ASCO, ESMO, EANO), ane cnig BigMiTUTH, WO iCHYIOTb
neBHi Po3BiKHOCTI MiXK UMMM pekoMeHaauismu. HewonaesHo
6yno npoBedeHO y3aranbHEHHS MOTOYHMX pPeKoMeHaauin
woao nikyeaHHa I'b y mogen noxunoro Biky [94, 100, 101].

TakMm 4YMHOM, 3icTaBniOBaHWA PiBEHb OHKOMOTYHUX
pesynbTaTiB Ta MPUUHATHUIA NPoinb TOKCUYHOCTI rino-
opakLiiHOro ONPOMIHEHHST [03BOMsie OOHaMAiIinMBO an-
BUTUCb y Oik Ginblu LIMPOKOro BNPOBa[XEHHS TaKoro
nigxo4y y HEMpOOHKOMOriYHUX XBOpMX, 0COBNMBO, Bpaxo-
BYIOUM BULLIE3ragaHi nepesarn rinopakuioHyBaHHA CuUC-
TEMHOIO XapakTepy, a He MOB'A3aHOro nuwie 3 NEBHO
OHKOrMoriyHoto natonorieto.  [JocnigHukn  nigKpecnowTb
HaranbHy HeOOXiAHICTb PO3LUMPEHHS HayKOBOrO MOLLYKY,
NPUCBAYEHOro rinodpakLiitHoMy NPOMEHEBOMY NiKyBaHHIO
XBOPMX i3 MyXMMHaMK rONOBHOMO MO3KY Ta HaronoLlyTb
Ha HeoOXigHOCTI 36iNblUEHHA KINbKOCTI MPOCMEKTUBHUX
OM3aliHy, 3anyyeHHst sskomora GinbLUoi KinbKOoCTi daxiBuiB
Ta perioHiB OO Takmx BunpobyBaHb, abw 3MeHWUTK
ynepemkeHHs wWoao rinogpakuinHoi MNT Ta nogonatu
nporanuHu B iHppacTpyKTypi.

Okpemoi yBaru 3acnyroBye NuTaHHA pO3pO6KM HOBUX
pagiobionoriyHmx mogenen, siki 6 4o3Bonanun BinbLl TOYHO
ouiHoBaTn GionoriyHy edeKTUBHICTb  pi3HUX  pexuMmiB
OMpPOMiIHEHHA. Ha cbOrogHi e BBaXaloTb OAHIE0 3 Hau-
Ginbl CcyTTEBUX Mepelkon A0 6Ginbll LIMPOKOro Bnpo-
Ba[pKeHHS rinodpakuioHyBaHHs. Mogenb LQ Hanvacrtiwe
BMKOPUCTOBYETLCHA ONSA MPOrHO3yBaHHA pafiobionoriyHmx
edeKTiB OMPOMIHEHHA MPU HU3bKUX | CepedHixX aosax
3a ppakuilo, AN SKMX BOHA, K BUMAAETbCH, AOCUTb
nobpe Bignosigae kniHiyHMM paHum [102]. BogHouac,
iCHYIOTb AaHi, AKi cBig4YaTb NPO MEHLLY CMPOMOXHICTb L€l
mMogaeni nepefbayvatv edhekT ONPoOMiHEHHSI Npu rinogpak-
LioOHyBaHHi, o0cobnmBo ynbTparinogpakuioHyBaHHi, Lo
BMKOPWUCTOBYETLCHA MPU  CTEPEOTaKCU4YHIi  NMPOMEHEBIN
Tepanii abo cTepeoTakcuyHin pagioxipyprii [103—-107].
OTxe, rinodpakuioHyBaHHS BMMarae po3podku 6inbLu
HafiNHWX [HCTPYMEHTIB pPO3paxyHKy i3oedekTy. YHiBep-
canbHa KpvBa BWXMBaHHA, MogudikoBaHa MiHiMHA KBag-

focused their efforts on improving treatment of neuro-
oncology patients [78-83]. Since then, the hypofractio-
nated approach has been considered as an acceptable
alternative to standard radiotherapy in patients with
malignant gliomas. Today, there is an ongoing discussion
about the place of hypofractionation in neuro-oncology,
as clearly demonstrated by recently published systematic
reviews and meta-analyses [84—88]. The experience of
the use of hypofractionated irradiation in patients with
malignant gliomas is expanding, and not only as a thera-
peutic option for «elderly patients and/or those with poor
prognosis» [89-95], but within the cohorts of «young and
surviving patients» [96—99].

Today, hypofractionated RT as a therapeutic modality
in certain clinical cases in neuro-oncology patients (elderly
patients and/or patients with a poor prognosis) is included
in the leading guidelines of the professional associations
of the USA and the European Union (NCCN, ASCO,
ESMO, EANO), but it should be mentioned that there are
certain discrepancies between these recommendations.
Current guidelines for the management of GB in the elderly
have recently been summarized [94, 100, 101].

Thus, the comparable level of oncological results and
acceptable toxicity profile of hypofractionated radiation
allow us to look forward to the wider implementation
of this approach in neuro-oncology patients, especially
considering the above-mentioned advantages of hypo-
fractionation of systemic nature, and not associated only
with certain oncological pathology. The researchers
emphasize an urgent need to expand scientific research
focused on hypofractionated radiation therapy for patients
with brain tumors and underline the importance of
increasing the number of prospective randomized clinical
trials, optimizing their design, involving as many specialists
and regions as possible in such trials, in order to reduce
prejudice regarding hypofractionated RT and overcome
infrastructure deficiencies.

Special attention should be paid to the development of
new radiobiological models that would allow more accurate
assessment of the biological effectiveness of different radi-
ation regimens. Today, this is considered to be one of the
most significant obstacles to the wider implementation of
hypofractionation. The LQ model is most commonly used
to predict radiobiological effects of radiation at low and me-
dium doses per fraction, for which it seems to be quite well
consistent with clinical data [102].

At the same time, some evidence suggests that this
model is less capable of predicting the effects of irradiation
during hypofractionation, especially ultrahypofractionation
used in stereotactic radiation therapy or stereotactic radio-
surgery [103-107]. Therefore, hypofractionation requires
development of more reliable tools of isoeffect calculation.
The universal survival curve, the modified linear-quadratic
model (LQL) and the generalized LQ model showed better
radiobiological modeling of high dose per fraction than the
LQ model. These models primarily predict tumor control
in case of hypofractionated irradiation, but assessment
of radiation toxicity to normal tissues at higher doses per
fraction remains a challenging task [102, 105, 108—110].

In this publication, we briefly demonstrate the results
of our study, the purpose of which was to analyze the
oncological results of hypofractionated RT in the adjuvant
treatment of patients with GB. The details of this analysis
are presented in another publication [10]. Within the
framework of this study, we consider it necessary to confirm
the relevance of our practical experience to the above-
mentioned statements in terms of clinical results.
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patuyHa mogenb (LQL) i ysaranbHeHa mogens LQ noka-
3anu Kpaule pagiobionoriyHe MoaentoBaHHsS BUCOKOT 403K
3a ppakuito, Hix mMogenb LQ. Lii mogeni B nepuwy yepry
NPOrHO3YyTb KOHTPOMb MYXNWHWU MNpu  rinodpakuinHoMy
OMPOMIHEHHI, 0fHaK OLiHKa MPOMEHEBOT TOKCUYHOCTI LWoao0
HOPManbHUX TKaHWH Npu OinbluMX [o03ax Ha dpakuito
3anunwaeTbecs cknagHum 3asganHam [102, 105, 108—-110].

B Hawin poboTi My nuwe CTUCNIO [EMOHCTPYEMO
pes3ynsTaTty NpPOBEAEHOr0 HaMy  AOCHIAKEHHS,, METO
sKkoro Oyno npoaHanidyBaTuU OHKOSMOFYHI  pesynsraTtu
rinocdopakuiviHoi MT B ag’toBaHTHOMY nNiKyBaHHi XBOPUWX
Ha b, geTanisauisa UbOro aHanisy npeacraBneHa B iHLWIN
ny6nikauii [10]. B pamkax paHoi po6otn mu BBavaemo
HeoOXiaHICTb 3acBigYMTU PeneBaHTHICTb HALLOro NpaKTUy-
HOro JOCBigy BWLLE PO3MMAHYTUM MOJMOXEHHAM B pO3pisi
KNiHiYHMX pesynbraTiB. 3a pesynsratamm CTaTUCTUYHOrO
aHanizy B rpyni xsopux Ha B, fkum 3acTocoByBaBcs
rinoopakuinHUin  peXxnm OMNPOMIHEHHSA MNpu MediaHi 4acy
crnoctepexeHHs 22,3 wmic. megiaHa 3B cknana 16,5
(95% QA 14,1-18,8) mic. B rpyni ctraHgapTHoro pexvmy
OMPOMIHEHHS MpW MediaHi Yacy cnocTepexeHHs 24,4 wmic.
megiaHa 3B cknana 15,0 (95% O 14,1-17,1) micsui..
AHani3 3a Logrank-TecToM npogemMoHCTpyBaB BiACYTHICTb
CTaTUCTUYHO 3HAYYLLOI Pi3HMLi MiX nokasHukamu 3B rpyn
cTaHgapTHoi Ta rinogpakuinHoi MNT (p = 0,06757).

AHani3 BwxuBaHocTi 6e3 nporpecyBaHHs rpyn CIT
i MMT He 3adikcyBaB cTaTUCTMYHOI pi3HUUi 3a BB Mix
ummun rpynamu (Logrank-tect p = 0,43374). BignosigHo,
B rpyni CIMNT megiaHa BPB 6yna 9,0 (95% A1 9,0-10,0) mic.;
B rpyni I'MT megiaHa BPB 6yna 9,0 (95% Al 8,0—10,0) mic.
B obox rpynax npoTsiroMm nepiofy CnocTepexeHHs He Byno
3apeecTpoBaHO KOOHOTO BWNafKy HebaxaHux npome-
HEBMX peakuiln Ta yckrnageHb = 3-ro CTyneHs BignoBigHO
o Common Terminology Criteria for Adverse Events
(CTCAE version 5.0), ki 6u BUKNMKanM MNOripLUEHHS
CTaHy XBOPOro, WO noTpebye rocnitanisauii Ta iHTeH-
CUBHOI Tepanii, 3arpoXyBanu XuUTTio XBoporo. lNpomeHesi
peakujii 6ynM KOHTPONbOBaAHMMK CTEPOIQHOK Ta CUMMTO-
MaTU4HOI Teparieto.

BUCHOBKMU

lNnodpakuinHnin  nigxia, SKWn  O03BONSAE  3HU3UTU
TpuBanicTe MPOMEHEBOr0 INiKyBaHHS, [A€ MOXIMBICTb
NoKpaLLeHHs1 pe3ynbTaTiB JikyBaHHSI OHKOMOTMYHUX XBOPUX
LUMASIXOM 3MEHLUEHHA TepMiHIB odikyBaHHs [T; 3MeHLIeHHSA
BMMNaZKiB NepepuBaHHs Kypcy OMPOMiHEHHS; 30inblUeHHs
BMNazkie npoeeneHHs MNT B 3annaHoBaHOMY 06Cs3i.

lNnodpakuinHi - pexmmm  ONpPoMiHEHHST  4O3BOMAKOTb
36inbyBaTM KOMEOPT XBOPOro MNPOTSIrOM MPOMEHEBOrO
NiKyBaHHS, 3HWKYBAaTU EKOHOMIYHE HaBaHTaXEeHHs Ha
XBOPOro Ta YS1eHIB NOro pogauHu.

BnpoBagxeHHs rinodpakuinHoOro npomMeHeBoro miky-
BaHHS [MOB’'SI3aHO 3i 3HWKEHHSM HaBaHTaXeHHs1 Ha
Mean4YHUIn NepcoHan i yctaTKyBaHHS BigAineHb pafiauin-
HOI OHKororii, 30iNbLUEHHSAM EKOHOMIYHOT edeKTUBHOCTI
NiKyBaHH4, WO ONTUMI3ye (YHKUIOHYBaHHS iHpacTpyK-
TYpU CUCTEMU OXOPOHM 300POB’S.

BnpoBagxeHHs rinodpakuinHux nigxodie B KAiHIYHY
npakTuky Biabynocs we o novatky naHgemii COVID-19.
Mpote came naHgemis COVID-19 3aegana HaibinbL
CYTTEBOrO MOLWITOBXY [0 LWWMPOKOiI aganTtauii rinocppak-
LiHUX PEXUMIB  OMPOMIHEHHS!, OCKifIbKM CKOPOYEHHSI
BiABiAYyBaHb XBOPUMW MEOUYHWUX YCTAHOB Ta 3MEHLLEHHS
obcsAry nikyBaHHsS [03BONSIE  MiHiMi3yBaTW enigemiono-
FiYHi PU3NKN.

According to the results of the statistical analysis,
in the group of patients with GB who received a hypo-
fractionated radiation regimen with a median follow-up
time of 22.3 months, the median OS was 16.5 (95%
Cl 14.1-18.8) months. In the standard radiation regimen
group, with a median follow-up time of 24.4 months,
the median OS was 15.0 (95% CI 14.1-17.1) months.
The Logrank test analysis demonstrated the absence
of a statistically significant difference between OS
indicators of the standard and hypofractionated RT
groups (p=0.06757).

The analysis of progression-free survival of SRT
and HRT groups did not show any statistical difference
in RFS between these groups (Logrank test p=0.43374).
Respectively, in the SRT group, the median OS was 9.0
(95% CI 9.0-10.0) months; in the HRT group, the median
OS was 9.0 (95% CI 8.0-10.0) months. In both groups,
during the observation period, there were no cases
of adverse radiation reactions and complications
of = 3rd grade according to the Common Terminology
Criteria for Adverse Events (CTCAE version 5.0), which
could cause deterioration of the patient's condition,
requiring hospitalization and intensive care, or threaten
the patient’s life. Radiation reactions were controlled by
steroid and symptomatic therapy.

CONCLUSIONS

The hypofractionated approach, which allows to reduce
the duration of radiation treatment, makes it possible to
improve the results of treatment of oncological patients
by reducing waiting time for RT; reduction of cases of
interruption of the irradiation course; increase of RT cases
in the scheduled amount.

Hypofractionated irradiation regimens allow to increase
a patient’'s comfort during radiation treatment, reduce the
economic burden on the patient and his family members.

The introduction of hypofractionated radiation treat-
ment is associated with a smaller workload on medical
personnel and equipment of radiation oncology depart-
ments, an increase in cost-effectiveness of treatment,
which optimizes functioning of the infrastructure of the
healthcare system.

The introduction of hypofractionated approaches into
clinical practice occurred even before the start of the
COVID-19 pandemic. However, it was the COVID-19 pan-
demic that gave the most significant boost to the wide adap-
tation of hypofractionated radiation regimens, since the
reduction of patient visits to medical facilities and reduction
of the therapy scope allow to minimize epidemiological risks.

Hypofractionated radiation is promising in the context
of bringing low- and middle-income countries closer to
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lnodpakuiiHe onNpoMiHEHHS € OOHAAINNMBUM 3 TOYKM
30py HaOMMXKEHHS KpaiH 3 HU3bKMM i cepegHiM piBHEM
Joxopfis 0O KpaiH 3 BUCOKMM pPiBHEM [OXOAIB 3a OHKOMO-
riyHMMK pesynstatamu. Ha rnobanbHoMy piBHi BnpoBag-
XeHHs1 rinodppakuinHoi MT noB’si3ytoTb 3 MOXIMBICTHO
30inbLUEHHSA AOCTYMHOCTiI OHKOMOTiYHOI 4ONOMOTN.

PekomeHgauii npodecinHnx cniBTOBapuUCTB LEMOHCT-
pylOTb HEoOXigHWA piBEHb [OOKA30BOCTI AN OOr'pyHTY-
BaHHS [OOUINbHOCTI 3aCTOCYyBaHHS rinodpakUinHNX pexu-
MiB Y MPOMEHEBOMY JliKyBaHHi XBOPMX i3 HAaWOINbLl 4YacTot
OHKOIOriYHOW naTonorield (pak nepenMixypoBOi 3arnosw,
pak rpyaHoi 3arnosu, pak rnereHis).

lNnodpakuinHa [T BHeceHa B NpOBiIAHI HacTaHOBM
npodpecitHnx ToBapucte CLUA Ta €sponevicbkoro Cotosy
(NCCN, ASCO, ESMO, EANO) wopo nikyBaHHA Henpo-
OHKOIoriyHoi naronorii. 3acTocyBaHHS LbOro niaxogy
pPEKOMEHOYETLCA MPU MEBHUX KMiHIYHMX Bunagkax (neplu
3a BCe, XBOPi MOXWMOro BiKy Ta 3 MOraHWM MpOrHo3oMm).
[MpoTe cborogHi HakonmuMYyeTbCs [OCBIO riNOMPaKLioHy-
BaHHA Yy MoOrnogumx Ta 30epeXeHnX HeWpPOOHKOMOrYHMX
XBOPMX, SIKUA CBIAYUTb MPO CYMHIBHY OOUINbHICTE B 06Me-
XKEHHi 3aCTOCyBaHHA Takol TepaneBTUYHOI MOAAnbHOCTI
nvLIe XBOPMMM NMOXMIIONO BiKy Ta NMOraHUM MporHo3om.

3a pesynbTataMu BNacHOro AOCHiAKEHHs rinodpak-
UirHuA pexnm apg’toBaHTHoi T xBopux Ha B npo-
OEMOHCTPYBaB  3iCTaBMIOBAHICTb  OHKOMOTYHUX  pe3yrb-
TaTiB i3 rpynot MOPIBHAHHSA, Oe 3acTOCOBaHWW CTaH-
JapTHun pexkum IMT.

MigBULEHHS piBHS AOKA30BOCTI WOA0 rinogpakuinHuX
pPeXMMIB OMPOMIHEHHSI BUMAarae 306iMblUEHHS  KiNbKOCTI
NPOCMNEKTUBHMX MYIBTULEHTPOBMX PaHOAOMI30BaHUX [J0-
cnimpkeHb, rapMoHisauii ix gusanHy, skomora 6inbLu
LUMPOKOMY 3any4yeHHio daxiBuiB Ta 36inbLUeHHI0 perio-
HarnbHOrO OXOMJEHHS.

HaiiGinblw onTumanbHe 3acTocyBaHHS rinodpakuiiHMX
nigxoA4iB y pagiauinHii oHkonorii Bumarae 6aratorpaHHoro
nigxody, WO BKMNOYae iHBeCTUUIT B iHPACTPYKTypy Ta
TEXHOMoril, HaBYarnbHi LEHTPpUM Ta nporpamu And KhiHi-
umMcTiB | isnKiB, PO3LIMPEHHS KNiHIYHMX LOCHIAXEHD,
MiXHapoZHy cnienpadto 3 rnobansH1UMK NapTHepamu.

Pospobka i BNnpoBagKeHHs 3axoAiB, CNpsSMOBaHUX Ha
ONTMMI3aLil0 BMKOPUCTaAHHA pecypciB MikyBanbHUX YCTa-
HOB YKpaiHu, € HeoOXiaHOK YMOBOK [A5isi 30epeXkeHHs
BMCOKOSKICHOT OHKOMOFYHOI AOMOMOrM B YMOBaXx MOBHO-
MacLTabHoi BIMCLKOBOI arpecii, Wo TpuBae 3 24 noToro
2022 poky. binbLw WwWmnpoke 3acTocyBaHHSA rinodpakuinHmX
niaxo4is B pajiauifHii OHKOMOriT MOXe po3rnagaTncb [K
NnoTeHLiNHe 3HapsAaa onTUMI3aLii BUKOPUCTaHHS pecypciB
CUCTEMM OXOpPOHW 340pOB’A  YKpaiHM Ta 3MilUHEHHs
rpoMagCcbKoro 30OpoB'si.
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high-income countries in terms of cancer outcomes.
At the global level, introduction of hypofractionated RT is
associated with the possibility of increasing access to
oncological care.

The recommendations of professional associations
demonstrate the required level of evidence to substantiate
the feasibility of implementation of hypofractionated
regimens in the radiation treatment of patients with the
most common oncological pathology (prostate cancer,
breast cancer, lung cancer).

Hypofractionated RT is included in the main guidelines
of professional associations of the USA and the European
Union (NCCN, ASCO, ESMO, EANO) regarding the
treatment of neuro-oncological pathology. The implemen-
tation of this approach is recommended in certain clinical
cases (primarily, elderly patients and/or patients with
a poor prognosis). However, today accumulating
experience of hypofractionation in young and surviving
neuro-oncological patients indicates the dubious expe-
diency of limited use of such therapeutic modality only
to elderly patients and/or patients with a poor prognosis.

According to the results of our research, the hypo-
fractionated regimen of adjuvant RT for patients with GB
demonstrated comparable oncological results with
the comparison group, in which the standard regimen
of RT was used.

Improving the level of evidence regarding hypofrac-
tionated radiation regimens requires an increase in the
number of prospective multicenter randomized studies,
harmonization of their design, wider involvement of
specialists and increased regional coverage.

The most appropriate use of hypofractionated
approaches in radiation oncology demands a multifa-
ceted approach, which includes investments in infra-
structure and technologies, training centers and programs
for clinicians and physicists, expansion of clinical research,
international cooperation with global partners.

The development and implementation of measures
aimed at optimizing the use of resources of medical
centers of Ukraine is a necessary condition for maintaining
high-quality oncological care in the context of full-scale
military aggression, which has been ongoing since
February 24, 2022. The wider use of hypofractionated
approaches in radiation oncology can be considered
as a potential tool for optimizing the use of resources
of the healthcare system of Ukraine and strengthening
public health.
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Prospects for further research

The use of hypofractionated radiation therapy allows to reduce
the duration of radiation treatment, makes it possible to improve
the results of treatment of oncological patients by reducing
waiting time and cases of interruption of the radiation course;
reduction of the radiation course; increased cases of treatment
in the scheduled volume. Hypofractionated radiation regimens
allow to increase a patient’'s comfort during radiation treatment,
reduce the economic burden on a patient and his family
members, reduce the burden on medical personnel and equipment
of radiation oncology departments, increase economic efficiency
of treatment, minimize epidemiological risks, namely those
caused by the COVID-19 pandemic. The development and imple-
mentation of measures aimed at optimizing the use of resources
of medical facilities of Ukraine will allow the maintenance of
high-quality care for cancer patients in the conditions of full-scale
military aggression, which has been ongoing since February 24,
2022. Wider application of hypofractionated approaches in
radiation oncology can be considered as a potential tool for
optimizing the use of resources of the healthcare system of
Ukraine and strengthening public health.

Ornsp nitepatypu

227

Literature review


https://doi.org/10.1002/14651858.CD011475.pub3
https://doi.org/10.1007/s11060-022-04151-z
https://doi.org/10.14791/btrt.2022.0001
https://doi.org/10.3390/curroncol29010032
https://doi.org/10.1126/scitranslmed.3000864
https://doi.org/10.1088/0031-9155/49/20/012
https://doi.org/10.1118/1.2969065
https://doi.org/10.1016/j.semradonc.2008.04.005
https://doi.org/10.1016/j.ijrobp.2013.06.1682
https://doi.org/10.1016/j.radonc.2013.08.027
https://doi.org/10.1016/0360-3016(82)90299-1
https://doi.org/10.1088/0031-9155/51/13/R16
https://doi.org/10.1016/j.ijrobp.2007.10.059
https://doi.org/10.1002/14651858.CD011475.pub3
https://doi.org/10.1007/s11060-022-04151-z
https://doi.org/10.14791/btrt.2022.0001
https://doi.org/10.3390/curroncol29010032
https://doi.org/10.1126/scitranslmed.3000864
https://doi.org/10.1088/0031-9155/49/20/012
https://doi.org/10.1118/1.2969065
https://doi.org/10.1016/j.semradonc.2008.04.005
https://doi.org/10.1016/j.ijrobp.2013.06.1682
https://doi.org/10.1016/j.radonc.2013.08.027
https://doi.org/10.1016/0360-3016(82)90299-1
https://doi.org/10.1088/0031-9155/51/13/R16
https://doi.org/10.1016/j.ijrobp.2007.10.059

YKpaiHCbKWI pafionoriyHWin Ta oHKkonorivHWi >xypHan. 2023. T. 31. Ne 2. C. 206—-229
Ukrainian journal of radiology and oncology. 2023;31(2):206—229

ISSN 2708-7166 (Print)
ISSN 2708-7174 (Online)

KoHAIKT iHTepeciB

ABTOpU pyKONMUCy CBIAOMO 3acBiAYylOTb BiACYTHICTb (DAKTUYHOIO
abo noTeHUinHOro KOHMNIKTY iHTepeciB LWOAO0 pesynbraTtie
uiei pobotn 3 hapmaueBTUYHMMKM KOMMAHIAMW, BMPOGHMKaMM
6ioMeanyHUX NPUCTPOIB, IHWMMK OpraHi3auismMu, Yni NpPOAYKTH,
nocnyru, iHaHcoBa MiATPMMKa MOXyTb OyTM MOB’A3aHi
3 npegMeToM HajaHux MmartepianiB abo sk crmoHcopysanm
npoBeaeHi AOCMiAXKEHHS.

IHdbopmalis Npo chiHAOHCYBAHHS

Pobota ciHaHcyeTbes 3 [lepxkaBHOro GromxeTy YkpaiHu.

BIAOMOCTI NPO ABTOPIB

FpsizoB AHgpin BopucoBuY — [OOKTOpP MEOMYHUX Hayk,
CTapwui JocnigHuK, 3aBigyBad BigAineHHs pagioHenpoxipypril
LepxxaBHoi ycTaHOBU «IHCTUTYT Herpoxipyprii iM. akag. A.lN. Pomo-
naHoBa HauioHanbHOI akagemii MeaMdHUX Hayk  YKpaiHu;
Byn. NMnatoHa Man6opoawu, 6ya. 32, m. Knis, Ykpaina, 04050;

e-mail: grandoc61@gmail.com

mMo6.: +38 (097) 280-71-50

BHecok aemopa: KoHuenuisi ma ousalH O0C/TiOXeHHS.

MaBaubku OnekcaHap AKOBUY — JOKTOP MEAUYHUX Hayk,
npodecop, HayanbHWK Biadiny ag’toBaHTHUX METOAIB MiKyBaHHS
npyv nNyxnuHax UeHTpanbHOI HepBOBOI cuctemn [lepxaBHOI
ycTaHoBu «lHCTUTYT Hewpoxipyprii iMm. akag. A.ll. PomogaHoBa
HauioHanbHOT akagemii MmeguuHnx Hayk YkpaiHux»,; Byn. [natoHa
Maibopoaw, 6ya. 32, m. Kuis, Ykpaina, 04050;

e-mail: oleksandr.glavatskyi@gmail.com

mob6.: +38 (067) 466 34 73

BHecok aemopa: KoHuenuisi ma ousalH O0CTiOXEHHS.

Yygawosa Onbra KOpiiBHa — JOKTOp MeAMYHUX Hayk, cTap-
LM HayKOBWUIA CNiBPOBITHWK, HaYanbHWK Bigainy Hempopaaionorii
Ta pagioHevpoxipyprii OepxaBHOi ycTaHOBM «IHCTUTYT Hewmpo-
xipyprii im. akag. A.Jl. PomogaHoBa HauioHanbHOi akagemii
MeanyHuX Hayk YkpaiHu»; Byn. [natoHa Mawnbopogu, 6ya. 32,
M. KuiB, YkpaiHa, 04050;

e-mail: cho72@ukr.net

mo6.: +38 (050) 331-45-52

BHecok aemopa: 36ip ma obpobka OaHux.

Kpyyok IpuHa BonogumupiBHa — kaHOugaT MeguuHuMX
Hayk, fnikap 3 NpoMeHeBoi Tepanii BiogineHHsa pagioHenpoxipyprii,
MOMOALWMIA HAyKOBMI CRiBPOBITHWK Bigdiny Henpopagionorii ta
pagioHenpoxipyprii [lepaBHOi ycTaHOBU «IHCTUTYT Herpoxipypril
iMm. akaag. A.IN. PomopaHoBa HauioHanbHOI akagemii mMeguyHmux
Hayk YkpaiHuy; Byn. [natoHa Mawnbopoaun, 6ya. 32, m. Kuis,
Ykpaina, 04050;

e-mail: kruchokirina86@gmail.com

mob6.: +38 (097) 696-91-10

BHecok aemopa: 36ip ma obpobka OaHux.

IpsizoB AHOpin AHOpivoBuY — nikap 3 NpoMeHeBoi Tepanii
BigAaineHHs pagioHenpoxipyprii [epxaBHOi yCTaHOBM «IHCTUTYT
Hewvpoxipyprii im. akag. A.lN. PomogaHoBa HauioHanbHoi akagemii
MeandHuMX Hayk YkpaiHuw»; Byn. lNnatoHa Mamnbopoawn, 6ya. 32,
M. KniB, Ykpaina, 04050;

e-mail: precisemaningame@gmail.com

mob6.: +38 (093) 054-08-95

BHecok aemopa: 36ip ma 0bpobka OaHux.

CrapeHbkun Biktop lMeTpoBMY — OOKTOP MEQUYHUX Hayk,
npodecop, 3aBigyBad Bigainy pagionorii [epxaBHOi yCTaHOBM
«lHCTUTYT MeamyHoi pagionorii Ta oHkonorii im. C.I. Mpurop’eBa
HauioHanbHOT akagemii mMeaudHux Hayk YkpaiHuy; Byn. [lyw-
KiHCbKa, Bya. 82, M. Xapkis, YkpaiHa, 61024;

e-mail: starenkiy.victor@gmail.com

mob6.: +38 (067) 578-21-47

BHecok aemopa: po3pobka KoHuenuii OoCioxeHHsI.

Conflict of interest

The authors of the manuscript consciously declare the absence
of actual or potential conflicts of interest regarding the results
of this work with pharmaceutical companies, manufacturers of
biomedical devices, other organizations, the products, services,
financial support of which may be related to the subject of the
provided materials or which sponsored the research.

Funding information

The work is financed by the State Budget of Ukraine.

INFORMATION ABOUT AUTHORS

Gryazov Andrii Borisovich — Doctor of Medical Sciences,
Senior Researcher, Head of Department of Radioneurosurgery,
The State Institution «Romodanov Neurosurgery Institute
National Academy of Medical Sciences of Ukraine», 32, Platona
Mayborody Str., Kyiv, Ukraine, 04050;

e-mail: grandoc61@gmail.com

mob.: +38 (097) 280-71-50

Author’s contribution: the concept and design of research.

Glavatskyi Oleksandr Yakovich — Doctor of Medical Sciences,
Professor, Head of the Department of Adjuvant Treatment of CNS
Tumors, The State Institution «<Romodanov Neurosurgery Institute,
National Academy of Medical Sciences of Ukraine»; 32, Platona
Mayborody Str., Kyiv, Ukraine, 04050;

e-mail: oleksandr.glavatskyi@gmail.com

mob.:+38 (067) 466-34-73

Author’s contribution: the concept and design of
research.

Chuvashova Olga Yuriivna — Doctor of Medical Sciences,
Senior Researcher, Head of the Department of Neuroradiology
and Radioneurosurgery, The State Institution «Romodanov
Neurosurgery Institute, National Academy of Medical Sciences
of Ukraine»; 32, Platona Mayborody Str., Kyiv, Ukraine, 04050;

e-mail: cho72@ukr.net

mob.: +38 (050) 331-45-52

Author’s contribution: data collecton.

Kruchok Iryna Volodymyrivha — Candidate of Medical
Sciences, RadiationTherapist, Department of Radioneurosurgery,
Department of Neuroradiology and Radioneurosurgery, The State
Institution «kRomodanov Neurosurgery Institute National Academy
of Medical Sciences of Ukraine»; 32, Platona Mayborody Str., Kyiv,
Ukraine, 04050;

e-mail: kruchokirina86@gmail.com

mob.: +38 (097) 696-91-10

Author’s contribution: data collecton.

Griazov Andrii Andriiovych — Radiation Therapist, Depart-
ment of Radioneurosurgery, The State Institution «Romodanov
Neurosurgery Institute National Academy of Medical Sciences
of Ukraine»; 32, Platona Mayborody Str., Kyiv, Ukraine, 04050;

e-mail: precisemaningame@gmail.com

mob.: +38 (093) 054-08-95

Author’s contribution: data collecton.

Starenkyi Viktor Petrovich — Doctor of Medical Sciences,
Professor, Head of the Department of Radiology of the State
of Organization «Grigoriev Institute for Medical Radiology and
Oncology of the National Academy of Medical Sciences
of Ukraine»; 82, Pushkinska Str., Kharkiv, Ukraine, 61024;

e-mail: starenkiy.victor@gmail.com

mob.: +38(067) 578-21-47

Author’s contribution: Study concept development.

Ornsp nitepatypu

228

Literature review


mailto:grandoc61@gmail.com
mailto:oleksandr.glavatskyi@gmail.com
mailto:cho72@ukr.net
mailto:kruchokirina86@gmail.com
mailto:precisemaningame@gmail.com
mailto:starenkiy.victor@gmail.com
mailto:grandoc61@gmail.com
mailto:oleksandr.glavatskyi@gmail.com
mailto:cho72@ukr.net
mailto:kruchokirina86@gmail.com
mailto:precisemaningame@gmail.com
mailto:starenkiy.victor@gmail.com

YKpaiHCbKWI pafionoriyHWin Ta oHKkonorivHWi >xypHan. 2023. T. 31. Ne 2. C. 206—-229
Ukrainian journal of radiology and oncology. 2023;31(2):206—229

ISSN 2708-7166 (Print)
ISSN 2708-7174 (Online)

Kyniniy ManuHa BacuniBHa — kaHOugaT MeOUYHUX Hayk,
3aBigyBayka BigdiNeHHs MpomMeHeBoi maTomnorii Ta naniaTuBHOI
MEeAVLVHW, CTaplUMii HayKoBUI cniBpobiTHUK [lepxaBHoOi ycTa-
HOBU «IHCTWUTYT MepuuHoi pagionorii Ta oHkonorii im. C.M. T'pu-
rop’eBa HauioHanbHOi akagemii MeauMdHMX Hayk YKpaiHuy;
Byn. MywkiHcbka, 6ya. 82, Xapkis, YkpaiHa, 61024;

e-mail: kulinich.galina@gmail.com

Mo6.: +38 (067) 799-08-36

BHecok aemopa: po3pobka du3saliHy 0CIiOXeHHS.

Mapkux ®epip BonogumupoBuy — KaHanaat MeanyHWUX
Hayk (mokTop dinocodii B ranysi OXOpOHM 300pPOB’st  3a
cnevjanbHicTio «MeguumHa»), MONMOALLWIA HAYKOBUIA CNiBPOBITHWK
rpynu npoMeHeBoi natororii i namiatuBHoi MeguuunHu Bigainy
pagionorii [lepxaBHoi ycTaHoBM «IHCTUTYT meauyHoi pagionorii
Ta oHkonorii im. C.IM. Mpurop’eBa HauioHanbHOI akagemii megny-
HUX Hayk Ykpainuy; Byn. MNyuwkiHceka, 6ya. 82, m. Xapkis, YkpaiHa,
61024;

e-mail: fedir.hladkykh@gmail.com

Mo6.: +38 (099) 782-78-72

BHecok aemopa: 36ip i 06pobka iHhopmauil.

3emckoBa OkcaHa BonogumupiBHa — KaHaMAAT MeaNMYHKX
Hayk, nikap 3 npoMeHeBoi Tepanii BigAineHHs pagioHenpoxipyprii,
HayKoBWI cniBpoBITHWK Biadiny aa’loBaHTHUX MeTOAIB NiKyBaHHS
npu nNyxnuvHax LUeHTpanbHOi HepBOBOI cucTeMu [epxaBHOi
ycTaHoBU «IHCTUTYT Hewpoxipyprii iM. akag. A.lN. PomogaHoBa
HauioHanbHoi akagemii MegnyHux Hayk Ykpainu»; Byn. MNnaTtoHa
Manbopogau, 6ya. 32, m. Kuis, Ykpaina, 04050;
e-mail: oxzemskova@gmail.com
mMo6.: +38 (095) 575-05-75
BHecok aemopa: aHania nimepamypu, KoHuenuis ma
OizaliH QocrnidxeHHs1, 36ip OaHHUX ma iHmepnpemauis
ompumMaHux pesynibmamis, HarnucaHHs cmammi.

Kulinich Galina Vasilivha — Candidate of Medical Sciences,
Head of Promeneutic Pathology and Palliative Medicine, Senior
Scientific Specialist of the State of Organization «Grigoriev
Institute for Medical Radiology and Oncology of the National
Academy of Medical Sciences of Ukraine»; 82, Pushkinska Str.,
Kharkiv, Ukraine, 61024;

e-mail: kulinich.galina@gmail.com

mob.: +38 (067) 799-08-36

Author’s contribution: Study design development.

Hladkikh Fedir Volodimirovich — Candidate of Medical
Sciences (Doctor of Philosophy in the Department of Health
Protection for the specialty «Medicine») of the State of Organi-
zation «Grigoriev Institute for Medical Radiology and Oncology
of the National Academy of Medical Sciences of Ukraine;
82, Pushkinska Str., Kharkiv, Ukraine, 61024;

e-mail: fedir.hladkykh@gmail.com

mob.: +38 (099) 782-78-72

Author’s  contribution:
information.

Collecting and procesing

Zemskova Oksana Volodymyrivna — Candidate of Medical
Sciences, RadiationTherapist, Department of Adjuvant Treatment
of CNS Tumors, Radioneurosurgery Department, The State
Institution «kRomodanov Neurosurgery Institute National Academy
of Medical Sciences of Ukraine», Department of Radioneuro-
surgery, Department of Neuroradiology and Radioneurosurgery;
32, Platona Mayborody Str., Kyiv, Ukraine, 04050;

e-mail: oxzemskova@gmail.com

mob.: +38 (095) 575-05-75

Author’s contribution: analysis of the literature, the
concept and design of research, data collection, inter-
pretation of the results, writing an article.

Pykonuc Haginwos
Manuscript was received
18.04.2023

Received after review
03.05.2023

OTpumMaHo nicns peLeH3yBaHHs

MpuHATO OO APYKY Ony6nikoBaHo
Accepted for printing Published
30.05.2023 15.06.2023

Ornsp nitepatypu

229

Literature review


mailto:kulinich.galina@gmail.com
mailto:fedir.hladkykh@gmail.com
mailto:oxzemskova@gmail.com
mailto:kulinich.galina@gmail.com
mailto:fedir.hladkykh@gmail.com
mailto:oxzemskova@gmail.com

